I

q -

T '
I

....

.,
,

,~

....

-,

THE

PALJJONTOGRAPHICAL SOCIETY.

INSTITUTED MDCCCXLVII.

LONDON:
lIDCCCLXIV-lID.CCCIJCXXII.

-

THE CRETACEOUS ECHINOIDEA.

DIRECTIONS TO THE BINDER.
The Monograph on the Cretaceous Echinoidea will be found in the Volumes of the Palreontographical
Society for the years 1862, 1867, 1869, 1870, 1872, 1873, 1875, 1878, 1881, and 1882.
Cancel the Title-pages affixed to the separate parts, and 8uh8titute the general Title-page provided in
the Volume for the year 1882.

ORDER OF BINDING AND DATES OF PUBLICATION.
l'AGES

l'LATES·

Title-page, Contents, i-xviii
1-64
65-112

I-Ill, IlIA, IV-VII, VIIA, VIII

---

-

113-136
137-160
161-184
185-224
225-264
265-300
301-324
325-371

ISSUED IN VOL.
POR YllAB

.

Hl82
1862
1867
1862
1867
1869
1870
1872
1873
1875
1878
1881
1862

IX, X
XI
ni-XXI, XXIA, XXIB
XXII-XXIX, XXIXA, XXIXB
XXX-XXXIX
XL-XLIV
XLV-LII
LIII-LXII
LXllA, LXIII-LXIX
LXX-LXXV
LXXVI-LXXX

•

PUllLISHlID

June, 1882
August, 1864
June, 1868
August, 1864
June, 1868
January, 1870
January, 1871
October, 1872
February, 1874
December, 1875
March, 1878
May, 1881
June, 1882

"

-;BI
CQt:::

MONOGRAPH

W'lS ,)h'/
v. I

ON THE

/NVl.
BRITISH FOSSIL

ECHINODERMATA
FROM

THE CRETACEOUS FORMATIONS.

BY

THOMAS WRIGHT, M.D.,

F.R~S.,

F.G.S.,

VICE·PRESIDENT OP THE l'ALlEONTOGRAPHICAL SOCIETY; CORRESPONDING MEMBER OF THE ROYAL SOCIETY OF SCIENCES
OF LIEGE; THE SOCIETY OF NATURAL SCIENCES OF NE)JCH1TEL; VICE·PRESIDENT OF THE COTTESWOLD
NATURALISTS' FIELD CLUB; CONSULTING SURGEON TO THE ltHELTENHAM HOSPITAL;
AND MEDICAL OFFICER OF HEALTH TO THE UllJlAN SANITARY DISTRICTS
OF CHELTENHAM, CHARLTON KINGS, AND LECKHAMPTON.

VOLUME I.-THE ECHINOIDEA.

LONDON:
PRINTED .FOR THE PAL1EONTOGRAPHICAL SOCIETY.

1864-1882.

PBINTllD BY

J. E. ADLARD, BARTHOLOMEW

CLO~E.

•

I1

CON TEN rr S.

PAGE

i, ii

PREFACE

o·

RETROSPECT
HISTORY OF ECHINOLOGY SINCE

o

1862

IV-Xll

xiii-xviii

BIBI.IOGRAPHY OF DITTO
DIVISIONS OF THE CRETACEOUS FORMATION IN ENGLAND

iii, iv

1-14, 343, 344

CLASSIFfCATION OF THE ECHINODERMATA

15-20

TERMINOLOGY 0' THE COMPONENT ELEM.ENTS OF THE TEST OF THE ECHINOIDEA

21-28

CLASSIFICATION OF THE ECHINOIDEA, ENDOCYCLICA AND EXOCYCLICA

29-34

DESCRIPTION OF THE F AMlLIES, GENERA AND SPECIES OF THE BRITISH CRETACEOUS
ECHINOIDEA

35-342

0

345-359

SUMMARY OF DITTO

360

RANGE IN GEOLOGICAL TIME OF DITTO

361-371

INDEX

a

..". ..

•

,I'

't~

PREF ACE.

WITH this Preface the history of the British Fossil Cretaceous Echinoidea is
brought to a close, and it only remains for the Author to record his warmest
aoknowledgments to the many kind friends, enumerated in the retrospect, 'who
have generously assisted him in his long and laborious task. The duty imposed
upon him by the Council of the Palreontographioal Society, occasioned by the
untimely death of his distinguished colleague, Prof. Edw. Forbes, F.R.S., has
been much lightened by their ready, willing, and friendly aid at all times.
When the Plates for this Monograph had been nearly completed his aoeomplished artist, Mr. Charles Bone, who had assisted .him during so many years, likewise passed away; so that in writing this preface the Author is solemnly reminded
of the mutability of all human undertakings, and desires to express his deep regret
that one who had aided him for nearly thirty years by steady, continuous, and
most accurate work, had not been spared to see the conclusion of his labours.
The Author, therefore, embraces the present opportunity of recording his high
appreciation of Mr. Bone's artistic drawings, which for beauty and accuracy in
lithographic art have not been surpassed, whilst all essential details relating to the
anatomical structure of the Echinoidea have been faithfully rendered throughout.
The Author in an especial manner desires to return his warmest acknowledgment and very best thanks to his old friend the Rev. Professor Wiltshire, F.G.S.,
the indefatigable Secretary of the Paleeontographical Society, for his unwearied
attention to every part of his work as it passed in successive years through the
press. The admirable summary of the British Cretaceous Echinoidea and
copious index which he has kindly contributed to complete this volume, have added
much to its value and general usefulness; and he must further add that the liberal
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supply of fine specimens from his rich collection of Chalk Echinoderms, in order
to furnish the artist with the best possible specimens for the plates, has been of
very great assistance in carrying out the work, and for which he now expresses
his deep obligations, and records his lasting gratitude for all his most kind,
generous, and friendly aid from first to last.

4,

ST. MA.RGARET'S TERRACE, CHELTENHAM;

25th April, 1882.
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A RETROSPECT.

BEFORE bringing this Monograph to a termination I desire to state to my Readers
(many of whomhave joined our Societysince the work was commenced), the circumstances
under which I became the historian of the British Cretaceous Echinodermata, and
the difficulties I experienced and had to overcome during the progress of its composition, as they help to explain the apparent delay that has occurred and the length of time
which has elapsed between the issue of the first and last part of the Monograph.
When the History of the British Fossil Echinodermata was first proposed to the
Council of the Palreontographical Society in 1851, by the late Professor Edward Forbes,
it was arranged that. the description of the Cretaceous species was to be undertaken by
him, and that of the Jurassic species by myself. Long, however, before the Jurassic
portion was complete my highly esteemed and learned colleague died (in November,
1854), very soonafter he had attained the object of his life's ambition, the Chair of Natural
History in the University of Edinburgh. Before leaving London, Professor Forbes had
gathered from various sources a large collection of materials for the Cretaceous Monograph; these he took with him to Edinburgh, intending to commence the work as soon as
he had settled down into the routine duties of his new chair; but his sudden death
•
unfortunately deprived science of the rich store of facts and notes on the specimens he
had collected from various cabinets for this work. Under these painful circumstances
the Council of the Palreontographical Society urged me to undertake the description of
the Cretaceous forms as soon as I had finished the J urassic species; and this I consented
to do in the belief that the materials collected by Professor Forbes would be available for
the work. On making inquiry, however, I found to my dismay that after the death of
my friend the fossils had been packed up with other property and sent into the cellars
of the University, and could not be touched until some legal matters were arranged. A
long delay now took place; and at last, when a search was made, the cases containing
the Cretaceous specimens of Echinides could not be found. In this dilemma, and not
then having a. good collection of Chalk Urchins myself (all my energies up to that time
having been given to complete my Jurassic collection), I applied to the authorities of
the British Museum, to the Director of the Museum of Practical Geology (the late Sir
Roderick Murchison); and to the Earl of Ducie, the Rev. Thos. Wiltshire, the late Dr.
Bowerbank, the late Professor Tennant, the late Dr. S. Woodward, Mr. W. Cunnington,
b
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Major Cockburn, Mr. Caleb Evans, Mr. Robert Etheridge, and Mr. Weist. Messrs. E. T.
Newton and Sbarman, Assistant Naturalists of tbe Jermyn Street Museum, most kindly at
all times aided me in making selections of specimens for figuring in the plates.
On the Continent I have bad much friendly aid from MM. Gustave Ootteau, of
Auxerre, Perceval de Loriol, of Geneva, Herr Struckmann, of Hanover, Professor De
Koninck, of Liege, and the late MM. Seemann and 'Iriger, of Paris.
In addition to the valuable aid of the above kind friends, to whom individually and
collectively I tender my warmest thanks, I have made many tours of inspection to all
the best private collections in England containing Chalk Echinoderms, and have visited
and worked the quarries in the different Cretaceous formations, in order to identify the
distribution of the species with the beds from whence they were said to have been
collected. All these proceedings have occupied much time, and were undertaken at a
period when I was fully occupied in the laborious practice of my profession, so that I found
much difficulty in bringing out the parts consecutively in the annual volumes of the
Palreontographical Society.
The many duties and incessant occupation connected with my present position as
Medical Officer of Health having deprived me of the leisure necessary to continue my
sketch of the History of Echinology, I ventured to ask my much esteemed friend, M.
Perceval de Loriol (author of the' Echinologie Helvetique '), to uudertake this portion of
the work. Monsieur de Loriol, with bis usual kindness, consented to do so, I have,
therefore. now the pleasure of introducing his masterly sketch (for the translation of
which I alone am responsible) of the progress made in Echinology during the last twenty
years. For this most valuable addition to my work I beg to return my highly accomplished friend my very warmest thanks•
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"ON THE HISTORY OF ECHINOLOGY SINCE

1862.

BY PERCEVAL DE LORIOL.

The fourth part of the vast Monograph, undertaken by Dr. Wright. relating to the
description of the Jurassic Echinides, was published in 1861. Dr. Wright had enriched
that part with a Table, giving a list of the works concerning the Echinides, that had
come to his knowledge up to that date. It will not be without interest and utility.
therefore, to terminate the Monograph on tbe Cretaceous Echinides, to which Dr. Wright
is now adding the last pages, with a rapid review of the progress which has been accomplished during the last twenty years in the domain of Echinology, and to take a glance at
the magnificent discoveries for which we are indebted to the late Expeditions, which
had for their object the investigations of the depths of the sea.
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, Dr. Wright's numerous professional occupations not permitting him to enter upon
this branch of the subject. he has asked me to take it upon myself. and it is with very
great pleasure that I embrace the occasion of co-operating, in however feeble a degree.
in a great and beautiful work, brought so happily to a conclusion by my learned
friend.
Commencing with an enumeration of the many works written on the Fossil Echinides,
I think we shall proceed with more method if they be grouped by countries and by
regions, taking into consideration, not the nationality of the authors, but the Echinitic
fauna upon which they have made their observations."
The study of the Fossil Echinides of Great Britain appears during late years to be
concentrated in the general Monograph by Dr. Wright, and I find myself able to cite
only one paper, that by Mr. Keeping (1)," On the Genus Pelaneckinu«, a new Section
established for the Hemiperlina corallina, Wright,' the coronal plates of which appear to
have been in some measure imbricated, resembling those in .Astlteno8oma.
France has contributed a great number of works on Echinology, of which most are
due to the indefatigable zeal and untiring industry of M. Gustave Cotteau, of Auxerre;
and it is important to mention above all a work of the first order. the •Echinides
de la Paleontologie Franeeise ' (2). the publication of which is still being actively
carried on.
The • :EchinidesCretaces,' commenced by d'Orbigny and continued by M. CotteatI, is
now completed. Two volumes of the •:Echinides Jurassiques' have already appeared.
They comprise the Echinirles irreIJuliers. the family of the CIDARIDlE, and those of the
SALENIADlE; those of the DIADEMATID1E will SOOl1 follow. Three other very important
works of M. Ootteau, commenced many years ago. have been completed; the description
of the Echinides of the Department of the Sarthe (3), in which he has made known the
Urchins, so numerous and varied. which the J iirassic and Cretaceous strata of this
Department contain, and the illustrations of which required sixty-five plates; the second
part of the ' Echinides of the Yonne' (4), comprising the description and figures of ninetynine species from the Terrains Cretaces; and lastly the first series of new or little known
Echinides, which have successively appeared in the' Revue et Magasin de Zoologie' (5),
and in which are found valuable observations upon known species, as well as the
'description of numerous new species, the most part derived from France, but also
from other countries. Independently of these works. as a whole, M. Cotteau has
published many local Monographs. which have made great steps towards an exact know1 To avoid the incumbrance of notes I shall add an appendix to this essay, in which I shall give the
titles of the works to be identified by corresponding figures in the text. I have not cited all the works in
which Fossil Echinides are mentioned, but only tbose which appear to me more specially important either
as general works on the subject, or those in which some 'discovery is recorded. To this end I have made as
conscientious aninvestigatioD of all the works as was in my power; but possibly some publications may
have.escaped. my notice. If such should be the case I make an honorable amende in advance for the
omission which I shall be the first to regret.

vi

. BRITISH FOSSIL ECHINODERMATA.

ledge of the Echinitic Fauna of France. These contributions are in the form of
notes, or lists of species, with observations made to clear up critical questions, with
sometimes more complete studies on which the species are found entirely described and
figured. M. Cotteau has thus made known successively the Nummulitic Echinides of
Biarritz (6); the Cretaceous Urchins of Martigues (7); the Echinides of the Pyrenees
(8); those of the Aube (9); and those of the Oxfordian of the Ardeche (10); new species
from the Environs of Bordeaux (11); the Echinides of the Cretaceous Colony of the
H Garonnien" of the Department of Aude (12), among which was found the first Cretaceous
8cltizaster known; those of the Miocene deposits of Corsica (13); those of the Jurassic
strata of Normandy (14) ; and lastly, a supplementary note (15) completes the characteristics of the curious new genus Tetracidaris, from the Neocomian of Central France,
which possesses two series of pairs of pores in each poriferous zone, and four
series of inter-amubulacral plates. In addition to these beautiful monographic studies
of M. Cotteau, there are other works upon the Echinides of France, which still remain
to be enumerated.
Thus, Saemann and Dollfuss, in 1861, characterised with care
some species from TrouvilIe (16). Dumortier, in his remarkable work upon the ' Dep8ts
Jurassiques du Bassin du RhOne,' has described many Echinides from the Lias (17).
M. Tournouer (18), has given a revision of the Echinides of the Calcaire a. Asteries
(Tongrian) of the South-west of France, with figures of new species and critical remarks
on the same. Caffin (19) has occupied himself with the Echinides of the Environs of
Evreux. M. Bucaille (20) has given a Catalogue Raissonue of those of the Seine Inferieure, with descriptions of new species. Professor Hebert (21) has endeavoured accurately to diagnose the characters of certain Hemiasters, and he has (22) described two
new Hemipneuste« from the Chalk of the Pyrenees. M. Sauvage (23) has made known
new species from the Upper Jurassic of the Boulonnais. M. Arnaud (24) has endeavoured to facilitate the determination of the numerous Cretaceous species of the genus
Cypnosoma, to which he has added some new forms. Desmoulins (25), to whom
Echinology was already indebted for numerous works, has made some interesting observations upon six species of Echinolampas, upon the spines of Echinocidaris, and upon a
Miocene 8patan!/UB from Saucats. Finally, I have published (26) a description of some
Echinides from Berrias and Aizy (27), and have been occupied with those from the
Portlandian of the Yonne (28), also with those from the Upper Jurassic of the Boulonnais (29), and of the Haute Marne (30). A general work, by Dujardin and Hupe,
upon the Echinoderms (31) has likewise to be mentioned.
In Switzerland the Echinologic studies, to which Agassiz and Desor had already
given such vigorous impulsion, have been continued. Etallon (32), who had already
studied the Echinides from different formations bordering on the frontiers of France (33
and 34) and of Switzerland, aided in the enlargement of a posthumous work of
Thurmann's, 'Le Letheea Bruntrutana' (35), in which numerous species of Echinides are
found described and figured. M. Ooster (36) a few years afterwards published his
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Synopsis of Fossil Echinoderms of the Swiss Alps,' in which numerous species from the
Nummulitie formation are found figured. He has given also indications of certain Alpine
species in his C Protozoa Helvetica' (37). I have described also some Echinides from the
Neocomian of Mont Ssleve (39), from the Valangian of Arzier (40), and the Urgonian
of Landeron (41). I have also undertaken, under the title of Echinologie Helvetique '
(42), the publication of the Fossil Urchins of Switzerland. In the First Part comprehending the J urassic Echinides I had the happiness of having for my collaborator
M. Desor, I afterwards finished alone the Second and Third Parts, which treat
of the Cretaceous and Tertiary Echinides. Four hundred and thirty-eight species
are the contingent of the Echinitic fauna furnished up to the present time by the Secondary
and Tertiary formations of Switzerland.
Thanks to M. Cotteau, the Fossil Echinides of Belgium, hitherto known in a very
summary manner, have been submitted to a new and very necessary revision. He has
published, in succession, a C Note on the Cretaceous Echinides of Hainaut' (43), with some
species figured; the' Description of the Echinides of the Calcaire Grossier' of Mons,
Senonian (44); and the • Description of the Tertiary.Echinides of Belgium' (45), an
important Monograph, in which thirty-one species are found figured and described, and of
which thirteen speciesonly were previously known, and the most of these very imperfectly.
It is likewise to M. Ootteau that we owe the knowledge of three interesting species
from the Upper Chalk of Sweden (46).
Among the works which have appeared on the Echinides of Germany it behoves me
to cite, in the first place, the volume on the' History of Fossils of Germany,' which
Professor Quenstedt has devoted to the Echinides (47). The Atlas of twenty-eight
plates contains no less than 1700 figures, with numerous magnified views; whilst the
text treats of not only the Echinides of Germany, but also many others which are
not found there. This work, the result of very considerable labour, comprehends
a great number of useful indications and previous observations; but it is to be regretted
that Professor Quenstedt persists in his refusal to accept the nomenclature adopted in
the mean time by all authors and corresponding to the actual state of our knowledge.
The want of method and the improper denominations occasion much confusion, so that
the practical utility of the work is much diminished. et Die Echiniden " has, nevertheless,
a real value, and has advanced science principally in making known several details of the
structure of many species which had not been previously observed, and in many cases it
will be consulted with advantage. The Chalk of the North of Germany has furnished to
M. Schliiter (48) many new species which he has described and figured. Subsequently
he indicated some others, but only gave short diagnoses of them (49).
Besides,
many of the Cretaceous species from the same region have been well figured and
described by Bchloenbach (50); and M. Dames has given a description of the Jurassic
species collected in the North-west of Germany. The Echinides of the Upper Creta.ceous strata of the Valley of the Elbe have been described and figured by Prof.
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Geinitz (52); and 'M. Schafhsutl has given figures of the Tertiary species from Kressenberg, but in general tbey have not been determined in a correct manner. It is
important moreover to cite the new' Handbuch der Palreontologie" by Prof. Zittel (54),.
and especially the well-written chapter treating of Echinoderms.
For the Empire of Austria I have equally many Echinologic works to mention. M.
Cotteau (55) has made known the Echinides of Stramberg, derived from the strata about
which so much controversy has taken place. M. Laube has deeribed those from the
Bathonian stage at Balin (56), and those from the Upper Tertiaries of Austro-Hungsry ,
and he has discovered in the Eocene of the Mattsee (58) a new genus, the Oolaeter
bordering on ~Ana'J2clt!Jtes. The Miocene strata of Ottnang have furnished to Herr R.
Hoerness (59) some species; and from those of the environs of Felmenes some others.
have been noted by Herr Loczy (60), amongst others a new and interesting Bcltinocardium.
The Urchins from the Eocene deposits of Hungary and Transylvania have been
studied by Herr Pavay (61), who had undertaken a general Monograph on the Echinides
of Hungary (62), of which his premature death only permitted him to give a first part to·
the world.
The Cretaceous strata, but especially the Tertiary beds, of Istria and of Friuli (64)
have furnished many Echinides to M. Taramelli. His summary descriptions have been
completed by M. Bittner (65), who has also enriched the Tertiary fauna of Istro-Dalmatia
with new and interesting species.
The Tertiary strata of a region bordering upon Lombardy have been for a long timecelebrated for their richness in Echinides, but a monographic study has not yet been
made of them. Herr Schauroth (66), in his Catalogue of the Museum of Coburg, has.
made known in a very imperfect manner some new species. Herr Laube (67) has.
much augmented the number of forms, and grouping the whole of the known
species, has endeavoured to establish a parallelism amongst the beds in which they
are found. Herr Dames (68), following up these observations in a very extended
memoir, has revised certain of Herr Laube's species, added new ones to the list, and
establisbed two new interesting groups :-the genus Ilarionia, which spproaches
P!J!lorlt!J'J2c!eus, but possesses a pentagonal periostome; afterwards the curious genus
Ovicl!Jpeus, which approaches very near to Conocl!Jpeus, and like it, was provided with a
masticatory apparatus. It behoves us still to cite a fossil species of the genus Paleopneustes recently discovered in the Seas' of the Antilles. The Tertiary beds of the
Vicentin seem to be almost inexhaustible, for Herr Bittner (65), following up the precited memoir with another, has been able to add many more species, among which he
has discovered several new forms that were unknown to his predecessors.
The Miocene Mollusca of Italy have yielded to M. Manzoni (69,70) many interesting
Echinides; and in the Middle Miocene he has collected a large and curious species of
Spatan$iale (71, 72). M. Gemellaro (73) has described some species from the Upper
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Sequanian of Sicily; and the Abbe Stoppani (74) has described some species from the
Lower Lias of Lombardy.
Regarding the Echinides of Spain I have only a few remarks to make. There are
two works by M. Cotteau, one very short, relative to some new Echinides collected in
Spain by M. de Verneuil (75), and the other being a contribution to a memoir of M.
Barrois upon the Cretaceous strata of the Province of Oviedo, giving a description of
some new Echinides from the Urgonian (76).
The Echinitic fauna from the Miocene beds of the Island Of Malta, which is very rich
in fossil Urchins in a fine state of preservation, had been previously studied and reported
upon by Dr. Wright (77). 'I'hese fossils were subsequently the subject of a second
memoir, in which are additional notes, and the description and figures of some new
species. In the Island of Melos a very interesting little Echinitic fauna has been
found, apparently of Pliocene age, and in which Herr Dames has discovered a Cidaris,
very different from those which now live in the Mediterranean (78).
Before terminating my remarks relating to Europe I have still to mention a little
work which I have made on the Tertiary and Cretaceous Echinides brought from the
Crimea, by M. Ernest Favre (79).
Crossing now the Mediterranean to pass into Africa we arrive in Algeria, which
appears to be the promised land to the Echinologist, for in almost all the geological
formations of this region the Echinides abound in a surprising manner. M. Coquand.
(80), in his 'Palreontology of the Province of Oonstantine,' first made known a great
number of species. Afterwards came the large and beautiful publication of MY. Cottean,
Peron, and Gauthier (81), which, commencing with the Jurassic strata, undertakes to
describe all the Fossil Echinides of Algiers; this work has now reached the Senonian.
stage of the Cretaceous deposits. Among the numerous species which these rocks
have yielded, the number of .those appertaining to the genus Hemiaster is truly extra-ordinary. In a recent work ~y M. Coquand (82), a great number of additional species
of the same genus are described, but unfortunately not figured, hence it is impossible
to give an exact account of the value of their characters.
I am of opinion that a general revision of the species would result in diminishing the
number, for I cannot but suspect that sufficient allowance has not been made for sexual
differences, which are important, and which have been studied in Hemiasier oaoemosue
living in the Seas of Kerguelen, by Sir Wyville Thomson (' Challenger, Atlantic,' vol. ii,
p. 229), and by Dr. Theoph. Studer (" Ueber Geschlechts Dimorphismus bei Echinodermen," 'Zool. Anzeiger,' Nos. 67 and 68, 1880). The beds in the North of Africa
are certainly far from being exhausted, and the Tertiary strata yet unexplored doubtless
contain many Echinides which by-and-by will become known. Mr. Etheridge has
described a new Scutelloid genus obtained from the Miocene of Morocco (83), the genus
Rotuloitiea. The Tertiary deposits of Egypt contain numerous species of Echinides, of
which some only have been described, and for the most part very imperfectly.; they have
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been studied more completely of late years. .Prof. Fraas has given an account of
many Nummulitic species (84), and has discovered the large Clypeaster of the Pyramids
(Olypeaster .&'gyptiacU8, Wright), from a Miocene rock. I have since published a C Monograph of the Nummulitic Echinides of Egypt' (85), in which forty-four species are figured
and described, and in another Monograph (86) the Eocene Echinides of Egypt and of"
Lybia, brought by Professor Zittel from his voyage of discovery with Dr. Rohlfs,
the new species are added by me to that interesting Echinitic fauna. I may remark
en passant that I have given in these monographs figures of the masticating apparatus of
Oonoclypeu8 eonoideus which Dr. Zittel had already discovered. This genus ought,
therefore, to be removed from the family of the CASSIDULID~, in which it has hitherto
been classed.
Our knowledge of the fossil Echinides of Asia is not yet very extensive. Since
the'Monograph on the Nummulitic Beds of India,' by MM. d'Archiac and J. Haime,
the only extended memoir which has been published on the subject, to my knowledge at least, is that of M. Stolitzka (87), on the 'Echinoderms of the Cretaceous
Formations of India,' in which thirty-eight species are figured and described. Some
isolated documents may still be noticed. Prof. Duncan has enumerated eleven Cretaceous species collected in the South-east of Arabia, and at Bagh on the Nerbudda
(88). He has likewise given indications of the Cretaceous Echinides of Sinai (89).
M. Cotteau, in a notice on the Echiuides collected in Syria by M. L. Lartet, has
described some new species. Prof. Fraas (91), in his recent travels in Lebanon, hag,
satisfactorily proved that the spines so long known under the name of Oidarisglandifera,
and believed to be identical with those from the Sequanian stage are, on the contrary,
distinct, and are found in Cenomanian beds. M. Fuchs, lastly, has. made known someEchinides from the Miocene beds of Persia (92).
In the Island of Borneo Nummulitic beds are found containing Eohinides, of which
M. Fritsch has described some, establishing the genus Verbeelcia, still very imperfectly
characterised (93).
Thanks to Professor Zittel we know some Echinides from the Tertiary strata of New
Zealand (94).
Many recent works, have had for their object the Echinides from the Tertiary strata
of Australia; whence new species have been described by M. Laube (95), Mr. Etheridge
(96), and Prof. Duncan (97), who has given a list of the species from the Tertiary
strata of Australia actually known. They are to the number of twenty-four, and:
embrace two new genera, Paradorcecltinu8, Laube, and Megalaster, Duncan,
It now remains for us to cross the Pacific to California, where we shall have toremark upon some very curious Miocene and Pliocene species of Echinides, discovered
by Mr. Remond (98), and figured anew by Dr. Gabb (99). Some new species are still
to be indicated from the Eocene of South Carolina, by M. Conrad. Beyond this I have
only been able to discover a few isolated notices upon the Secondary and Tertiary~
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Echinides of the United States in the works published during the last twenty years. On
the other hand, assisted by the activity of my learned friend M. Cotteau, whose name
I have had to mention in connection with the Echinitic faunas of almost every region,
the fossil Echinides of the Antilles are now very well known. Mr. Guppy had already
published nine new species from the Tertiary formations of the Island of Anguilla. M.
Cotteau (102) has added as many as twenty-six Eocene and Miocene forms. He has
made known the magnificent speeies of the genus Asterostoma (103), of which we had
. known only up to the present the single individual type, coming from the Tertiary strata
of the Island of Cuba, where it is accompanied with some other species, which will
be figured afterwards,
In South America the Echinitic works within my knowledge are the isolated
descriptions of some new species. Philippi Cl 04) has described some from Bolivia;
Herr Steinmann (105) has just added two others ~ and I have described one from
Ecuador (106).
To this rapid expose of the progress of our knowledge of the fossil Echinides
during the last twenty years, it will not be out of place to add a few words on the
recent discoveries which have been made among living Echinides in the existing seas.
It does not, however, appear necessary to enter into much detail or to do more than
mention the published works. The magnificent and excellent work of Alexander
.A.gassiz (107), c Revision of the Echini,' published between 1872 and 1874,faithfully
resumes all the works anterior to it, and, so to speak, fixes our ideas upon the species of
Echinides known up to this time in our seas. It will always serve as a poin~ de depart
for all future works. The number of distinct species which are there found established and described amounts to 206. Since then the number has been considerably
augmented, but always and almost solely by the recent Expeditions undertaken for the
exploration of the bed of the sea, aided by dredges and appropriate machinery placed at
the command of the explorers. Most of the new types which have been discovered
belong to the most extraordinary forms; and some of these represent genera found
hitherto only in a fossil state, connecting in a very remarkable manner the existing fauna
with that of former times. Already in the Dredging Expedition of the cC Porcupine,"
Wyville Thomson had observed in the living state and made known in a complete
manner the Astheno8oma (109), those regular Urchins so curious with a flexible test composed of imbricated plates, reminding us of certain Paleeosoic genera and belonging to
a family, the ECHINQTBURID..E, represented up to the present time by some fragments
found in the Upper Chalk and a single example of a recent species from an uncertain
province. We know actually that it was one of two species all "living in depths from
10 to 2,750 fathoms, but principally in the greatest depths. The appearance of the first
species of Pourtalesia, dredged by Franeois de Pourtales in the latitude of the Antilles,
had astonished all the Echinologists. This extraordinary genus, bordering on the
Holaster and almost on the Injuta8ter, approached more particularly the Urchins of the
c
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White Chalk. We have lately discovered that there are several species, most of them
bizarres forms; and the Expedition of the cc Challenger U has made known many new
genera, which are connected with it, so that now this species, known at first by a single
example, has become the point de depart, a few years after its discovery, of a family
which appears to be truly limited to great depths. These two examples will suffice
perhaps to make us appreciate the development of our knowledge of the Echinides of
the actual seas during the last eight' years.
I do not intend to enlarge her.e upon the new species and the new genera which have
been successively brought to light by the dredging expeditions of the cc Porcupine," of
the cc Hasler ' (lIO), of the" Josephine," of the cc Blake U (Ll l ), of the rr Challenger U
(112). This last, which perhaps may be considered ·the most fruitful, has brought to our
knowledge no less than forty-four new species and sixteen new genera. We are able to
estimate roundly at 300 the number of the species which we know in our actual
seas, and it is not only the discovery of new types which we owe to these expeditions,
so rich in results of all kinds, but numerous and valuable indications and information on the geographical distribution of species, and on their vast bathymetrical limits,
which are of the greatest utility in explaining certain facts relative to the distribution
of fossil species, a subject upon which, perhaps, we may have experienced embarrassment.
Now that we know that the 8patangus Rashi is found from the Hebrides to the Cape of
Good Hope, that the Brissopsis lyrifera and the Schieastertragilis are met with both in
the seas of Norway and in the south of the Indian Ocean, and that certain species of
Cidaris descend from the shore to 2000 fathoms, and that a Pkormosoma descends from
200 to 2700 fathoms, many facts relating to fossil Echinides will perhaps be able to find
an interpretation.
This is not the place to recapitulate the progress of the state of our knowledge upon
the Morphology, the Anatomy, and the Embryogeny of the Echinides; moreover, I am
not competent to undertake the work.
I desire only to mention a remarkable work by M. Loven (113), r Etudes
sur les Echinides,' accompanied by fifty-three excellent plates which contain very
curious and most interesting researches on the structure of the solid skeleton of Urchins,
and on the different points in their organisation. This useful work ought to be studied
by all those who wish to make the Echinides the object of serious research.
My task is now brought to a termination. I hope that those who. in the next
twenty years, undertake a similar work will be able to register as many new faeja, 3S
many new discoveries, and as much progress of all kinds in the study of this very
interesting group of animals, of which I have endeavoured to give a resume in the following summary Table, which is probably less complete than I wished it to be•
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CRETACEO,US' ECHINODERMATA.

ON THE CRETACEOUS GROUP.
THE Cretaceous g·roup, as a whole, as developed in England, has been so fully
described by Conybeare and rPhillips,' and its subdivisions by other authors," that it
appears to be unnecessary to devote any great space to this branch of the subject, beyond
an epitomized outline of the subdivisions of the Cretaceous rocks, with brief notes on the
species of Ecltin~d(J! found therein, and the eo-relation of these stages with their equivalent
zones of life in the Cretaceous systems- of the Continent of Europe; and as the Isle of
Wight exhibits some of the best coast-sections of the Cretaceous rocks in the British
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Islands, in their stratigraphical order of superposition, I shall take these as a type of the
whole, supplying any deficiency in the series by examples afforded by other localities.
THE LOWER GREENSAND.
The Lower Greensand, occupies an extensive tract in the southern part of the Isle of
Wight, where it attains a thickness of nearly 900 feet; this great formation has been so
carefully examined and well described by the late Dr. Fitton,' in his strati graphical
account of the section from Atherfield to Rocken End,on the south-west coast of the
island, that I must refer the reader for full information to that valuable memoir for further
details. Having worked several times over all the beds of that remarkable and most instructive district, and in my excursions had the advantage of the local knowledge and
assistance of Dr. Fitton's collector and guide," I shall now merely attempt a generalized
account of this section, for the purpose of pointing out the beds with which we are more
immediately interested, in our description of the Echinidee contained therein.
The entire series of the Lower Greensand beds, 809 feet in thickness, rise in succession from the shore and ascend into the cliffs between Atherfield Point and Rocken End,
towards which they dip at an inclination of about 2°.
The following Subdivision

of the Athe1:field Section was proposed by Dr.

Fit/on, in

ascendin(J order.
1; Perna Mulleti Bed

,

11.
Ill.
IV.
V.

Atherfield Clay
The Cracker Rocks......
The Lower Gryphrea Group
Scaphites Group
VI. Lower Crioe;.eras Group
_.........
VII. Walpen Clays and Sands
VIII. Upper Crioceras Group...
IX. Walpen and Ladder Sands
X. Upper Gryphrea Group
'
XI. Cliff-End Sands
XII. Foliated Clay and Sand....................................
XIII. Sands of Walpen and Black-Gang Undercliff
XIV. Ferruginous Sands of Black-Gang Chine...............
rv. Upper Clays and Sand-Rock
,
XVI. Various Sands and Clays

Feet. Inches.
5
3
60
0
85
0
32
0
50
4
16
3
57
0
46
2
42
0
16
0
20
0
25
0
97
0
20
6
1I8
0
1I8
4
808

1 "A Stratigraphical Account of the Section from
the Isle of Wight," 'Jour. of the Geol. Soc.' vol. iii,
2 Mr. Charles Wheeler: fisherman, at Ventnor, is
ledge of the range and position of all the beds, and
guide to the Atherfield Section.
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Atherfield to Rocken End, in the South-west Coast of
p. 289, 1847.
the person alluded to, he has a most correct knowof their fossil contents, and is a most trustworthy
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1. fie Perna beds, which here form the base of the Lower Greensand, rest upon
Welild clay; the junction between the lacustrine series of the latter with the marine
deposits of the former exhibit no trace of disturbanee , a thin seam of bone-bed, composed
of the teeth of fish of lacustrine species, attest a change of conditions similar to that
observed in some junction-beds in other formations, as between the Upper Keuper and the
Lias, and the Upper Silurian and Devonian ser-ies. This junction, which is only sometimes
visible, occupies about eight inches of vertical thickness; on one 'occasion I succeeded
in detaching a block of rock, about a foot thick, from -the beds, the lower half of
which contained the lacustrine shells of the Weald clay, whilst in the upper half Perna
Mulleti, Desh., EaJ0!lY'I'a sinuata, Sow., and other Lower Greensand shells, were found.
The Perna beds rise from the base of .the .cliff. at a point a few yards to the east of the
flag-staff of the ooastguard-station , they consist of dark..blue sandy clay and greenish
sand, forming in parts a very hard rook, and.eharaoterised by that remarkable shell Pema
Mulleti, Desh., which is not found in aiiy other bed in the section. Nearly one hundred
species of marine shells are found in the Perna heds; among these Nautilus llequinianus,
d'Orb., and EaJO!J!lra sinuata, Sow., appear for the first time, of very large size, and
Hemipneustes Fittonii, Forb., among the Echinida, with the remains of fish belonging to
the genera Eamna, Odontaspis, Saurocf'pltalus, HylJodWJ, &c.

n.

The Atherjield Clay is of a drab colour, passing into bluish-gray, and contains
flat nodular masses. Ammonites IJeshayesii,Leym" Pinna llobinaldina, d'Orb., and several
other species of Conchifera, with the bones of a Turtle, and the remains of Echinidre, are
found in this bed.

....

Ill. The Crackers, so called from the noise produced by the waves dashing over the
ledges formed by these rocks on the shore, are. the most interesting fossiliferous group of
the entire series, and consist of alternations ·of sandy clays ana clays, and two layers of
ferruginous sandy nodules. All the clays resemble Fullers' earth, and the sand between
the nodular concretions in the lowejebed is sometimes indurated into an imperfect stone.
The lower part of this group is a brown clay and sand, called the Lower Lobster bed, from
the number of Aetaoue Veetensi«, Bell, found therein; the succeeding beds are sands,
containing concretionary masses of sandstone full of beautiful fossil shells, Ammonites
Desltayesii, Leym., Pholadomya Martini, Forb., Myacites plicata, Sow., Corbula striattda,
Sow., and several other Conchifera. Many of the Myad(/J are found in the upright position
they assumed during life. The lower sandstone, from a foot to eighteen inches in thick.
ness, is almost entirely made up Qi Gervillia aoiculoides, Sow., Tri!l0nia Dedalea, Park.,
Ammonites ])eshayesii, Leym., and other shells. The upper layer of sandstone contains
coniferous wood and a Teredo, and the upper clays are fossiliferous throughout. In the
concretionary nodules of the lower series of this group I have collected Pseudodiadema
Autissodorense, Cott., P. Ibbetsoni, Forb., arid Hemipneuste« Pittoni, Forb., ,!ith the
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beautiful winged shells Rostellaria !Jlabra, Forb., R. retusa, Sow., Pterocera Fittoni,
Forb., andsev:eral species of Cerithia, as Cerithium turriculatltm, Forb., C.Neocomiense,
d'Orb., and i!. Phillipsi, Leym.

IV. The Lower Gryphcea or ]3rJJo!Jyra Group has for its base a thick bed of ferruginous sand, overlain by sand containing Perna alaformi«, Sow., and Terebratula sella, Sow.,
in great abundance, in thin seams of sand, The zones with ErJJ0!Jyr.a sinuata, Sow., which
here are. very large, are found in the upper part of the g·roup.
V. The Scapkitee Group forms three beds; the lowest iseomposed of brown ferruginous sand, containing ErJJ0f/yra sinuat«, Sow., Terebratula sella, Sow., Rltynchonella
Gibbsiana, Sow.; and of the Echinidee I found Cardiaster Benstedi, Forb., and Nucleolite«
Olfersii, Ag.; the middle beds, about tW0 feet in thickness, contain layers of nodules
enclosing 8capltites !Ji!Jas, Sow., and Scaplbites lliltsii, Sow.; the upper consist of thick
beds of greenish sand, containing, in the upper part, fine large specimens of Exo!Jyra
sinuata, Sow.

VI. The Lower Orioceras Group oonsists of ranges of large sandy nodules. enclosing
Orioceras Bowerbankii, Sow.; the lowest range rises on the west of Whale Chine, and is
succeeded by two other ranges, all three enclosed in sand about nine feet thick; the
lowest, furnishing the best fossils, passes the bottom of Whale Chine, from whence I
have obtained several large specimens.
VII. The Walpen and Ladder Sands and Clay extend from the east of Walpen !o ha!!
way between Ladder and Whale Chines, where they are well seen ; the lower half of this
group contains Ammonites Martini, d'Orb., and a large" Grl/phcea; the upper half,
which is clayey below and sandy above, contains IJentalium, ffIyacites mandibula, Sow.,
Pinna Robinaldina, d'Orb.

•

VIII. The Upper Criooeras Group consists of sandy nodules imbedded in sand, and
contains Crioceras Boeerbankii, Sow., Ammonites Martini, d'Orb., Gervillia solenoides,
Defr., 1'erebratula sella, Sow., and several other shells. This group is seen for some
distance along the shore east of Walpen Chine, which is crossed by it, as are also Ladder
and Whale Chines,
IX. The TYalpen and Ladder Sands consist of g•.enish and gray sand, with a layer
of large fossiliferous nodules at the base, containing Serpulce, Thetis, Gervillia, Oucullcea,
Corbuia, and other shells, together with an Urchin belonging to the genus BriS8US.
X. .The Second Gryphcea or ErJJ0f/yra Group.-The lower part of this group consists of
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sand and Clay containing small nodules enclosing a Brissu«, Ammonites Martini, d'Orb.,
and detached valves of 'EflJoIJl/ra ainuata; above are three or four ranges of EflJoIJl/ra
sinltata,· Sow., the parallel edges of these large shells, as seen in the cliff,.indicate three or
four continuous strata, with irregular clusters between them. 'I'he second or upper
Grypheea group appears at low water at Shanklin, where the several ran,ges of EflJoIJl/rOJ
are seen rising beneath each other. Varieties
of this shell appear to me . to charac.
terize different beds; for example, the specimens of EflJogl/rOJ from the Crackers and
Lower Grypheea. group. present. marked differences when compared. with shells of the
same species from the ppper 'Gl'yphrea group. A similar observation 'has been made by
M. Cornuel on the ExofJl/r$ collected by him near Vassy, in France. This geologist
assured Dr. Fitton.." that he could at once assign each variety of form to a special place
in the section of.,that vicinity." Small fragments of vegetable remains (Lonckopteri«
'Mantellii, Brong.) occur not only in these beds, but nearly throughout the entire
formation.
XI. The Cliff-End SandS' consist of uniform sand about fourteen feet thick, with a
subordinate bed of fossiliferous clay containing Trigo,,!ia Diedalaa, Park., in the lower part,
and plant-like pyritiferous concretions in sand and clay in the upper part.
XII.. Foliated Claj; and Sand.-. Consist .of alternations of dark. blue clay and greenish,
translucent, siliceous sand, containing nodules of pyrites and.largeirregulal' masses of
coarse sandstone. These beds are well seen in Walpen and Black-Gang Chines, but no
fossils have hitherto been found in them. ;
XIII. Sands of Walpen and Black- Gang Underclijf.-This group commences with
a bed, about ten feet in thickness, of loose white sand, with thin laminee of gray clay;
this is succeeded by seventy feet of greenish and brownish sand overlain by seven
feet of coarse ferruginous sand, with rounded grains of iron-ore in the lower half of
the bed, and by twelve feet of alternating sand and clay, making a total of 100 feet.
There are only very few. fossils in this group-MlIacites plicata, Sow., and M. mandibulata, Sow.
XIV. Tlte FerruIJinou8 Bands ofBlack-GanfJ Chine rise from the shore between Rocken
End and Black-Gang Chine, and form the uppermost fossiliferous group of the Lower
Greensand; they are composed of brown and yellow sand, with layers of ferruginous
concretions, overlain by a bed of ferruginous sandstone, about five feet in thickness; the
groupis about twenty feet in all, and is the equivalent of the zone of Lower Greensand at
Parham Park, and other places in Sussex, and near Sandgate in Kent. The sands in this
group are fossiliferous throughout, and the species identical with those found in the Perna
bed and Cracker rocks at the bottom of the section.
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XV. The Upper Clays atld Sand Rock consist of forty feet of dark clay with pyrites,
separated by eighteen feet of white and green-coloured sand from a mass of clays and
sands sixty feet thick. The bed 47 of thjs group is dug near Rocken End for the
manufacture of glass; it contains no fossils.
XVI. Various Sands and Clay. constitute the remainder of the section; they measure
about 120 feet in thickness, and are overlain by the Gault.
The Lower Greensand represents the upper portion of the rocks known as the
Terrain Neocomien of MM. Thurmann and d'Orbigny -;JJ/errain Ji#1'a8sique superieur of M.
Matheron , Couches adossees au Jura of Von Buch.; FormationWaldienne et Neocomienne
of MM. Dufrenoy and Elie de Beaumont, Oalcaire SpatanIJuea, 1/Argile ostreene, of
M. Cornuel , ArIJiles te(Julines et IJres vert and cc Terrain Neocomien" (Wealden) of M.
Leyrnerie. The French geologists consider theWealden clay and Hastings sand as the
inferior, and the Lower Greensand the supermr;po;tion·.of their Neooomien, whilst English
geologists describe the Wealden and Lower Greensand as distinct formations.

a

THE GAULT.
In several coast-sections the Gault is seen separating the Lower from the Upper
Greensand , this bed of dark clay is called" the blue slipper," from the tendency of the
overlying strata to form landslips by gliding over its surface. The charming scenery of
the Underoliff has been in a great measure produced by the foundering of theUpper
Greensand and Cretaceous rocks overthe Gault clay; the rain-water having saturated these
porous beds, bursts forth in springs, which wet the surface of the clay, and occasions
slips of the superiucumbent strata. A rich fertile soil is thus formed upon a broad terrace
of stiff clay, exposed to the south, and sheltered from the north by a high mural
escarpment of Upper Greensand. Under these favourable physical conditions vegetation
springs up in great. luxuriance, on a natural terrace high above the sea, producing a
coast-scene unequalled in beauty in the British Isles.
The Gault is about 100 feet in thickness, and in the Isle of Wight contains few fossils,
as Inoceramus sulcatue, Sow., and L concentricus, Sow.; near Folkstone and Charmouth it
has yielded many beautiful shells in high preservation. I shall figure some rare Echinidce
from this bed at Folkstone.
The Red Ghalle is a remarkable stratum, supposed to be the equivalent of the Gault;
it is limited both in thickness and extent, for if we take, says the Rev.rr. Wiltshire, one
hundred feet as its maximum and four feet as its minimum thickness, and 100 miles as its
extreme length, we shall not be far from the truth. It is said to be peculiar to the English
Chalk. It is well exposed at Speeton, near Filey, on the Yorkshire coast, and at Hunstanton
Cliff, near Lynn, Norfolk; in both localities it is a red calcareous rock, deeply coloured by
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the peroxide of iron, and containing minute siliceous grains, and small pebbles of chalcedony, quartz, flint, &c. 'I'his rock from Hunstanton yielded by analysis carbonate of
lime, with a little alumina, 82'3; peroxide of iron, 6'4; silica,' 11'3 =; 100.

Hun stant on Cliff,' of which the annexed woodcut. gives an idea, consists of five
different beds-1st, the uppermost, or white chalk, is forty feet thick ; 2nd, bright-red
chalk, four feet; 3rd, yellow sandy bed, ten feet; 4th, a dark brown pebbly stratum, forty
feet; and 5th, a dark-coloured bed, almost black, twenty feet.
These divisions at Hunstanton, the Rev. T. Wiltshire states, do not run into each other,
but are .quite distinct; the red chalk is as clearly separated from the white as though the
one had been covered by a broad band of paint, and the same remark holds true of the others,
When the sun shines upon the cliff, and lights up the bright white, bright. red, the pale
yellow, and the dark brown and black, and casts 11 shadow over the mass of gaily tinted
materials at the base, a picture is produced not easy to be surpassed in beauty, and
certainly not to be fully appreciated unless it is seen.
The Red Chalk'is very fossiliferous, containing Ammonites, 'Belenm ites, Brachiopoda,
Echinidre, and Corals.
In compliance with my request, my friend the Rev. '1'. Wilt shire, F.G.S. has kindly
sent me the following note, embodying his latest observations on the Reel Chalk at Speeton."
"In answer to your inquiry respecting thc natural' section of the Red Chalk at the
For ample details, see the Rev. Thos. Wiltshire, on th e 'Red Chalk of Englnnd .'
To this gentl eman 's kindness I am likewise ind ebted for the above woodcut, copi ed from a watercolour drawing in his collection.
1

2

8

SPEETON CLAY.

most northern extremity of that bed in England, vis., in the neighbourhood of the little
Yorkshire village of Speeton, I send you a few scanty notes. On my first visit' to
Speeton, some years since.-I imagined, as .Lsubsequently described in the second volume
of the C Geologist Magazine,' and in the C Proceedings of the Geologists' Association' for
1859, that the Red Chalk in Yorkshire consists of a couple of bands of a highly coloured
marl, of about thirty feet in thickness from top to bottom, and that its fossils 'are of such
forms as to imply a close relationship with Gault species. This opinion! derived from seeing
the section in a gulley to the east of the village; but subsequent investigations made upon
the shore under the cliff, at a mile or more from the ravine, showed me that my former observations were slightly incorrect, and that the Red Chalk, in that part of Yorkshire at least,
contains two more additional coloured bands, and that its total thickness from top to bottom
is not less than 100 feet, and that-its upper portion belongs to the Lower Chalk series.
cc 'I'he highest bed of Red Chalk at Speeton may be seen rising from the beach at a
very gentle inclination, at about a mile and a half to the south-east of the gulley. This
bed, which is of varying thickness throughout its course, may be estimated as being on
an average-about five feet thick; it is of a pale pink colour, very hard, and presents a
strongly marked appearance from the white chalk, above' and below, with which it
is in contact. The fossils found in it, are Rh!/ncltonella Mantelliana, Gr!/p!u:ea oesicularis, Discoidea c!/lindrica, Holaater'aubfjlobosua, Spinea of Oidaria, Spinea of Diadema
small vertebrreand teeth,together with a considerable number of Terebratulint:e !Jracilea.
Above this bed, in the 'white chalk, are found Holaeter 8uo!Jlobo8Ua and Ammonitea
peramplus. 'l'he pink band just mentioned is followed by a greenish-yellow chalk, about
forty feet thick, almost destitute of. organic remains, except fragments of Inocerami, and
marked by numerous thin layers of marl, not unlike those met- with in the Lower Chalk of
Sussex. The next bed in descending order, is one of a light pink colour, about three feet in
thickness, likewise destitute of fossils, with the exception of fragments of Inocerami, This
is followed by another stratum of greenish-yellow chalk, about nine feet thick, containing
small Gr!/phmm, and Terebratule seilti!Jloooat:e, and Peltasies, but, like the two preceding
beds, generally unfossiliferous. The greenish-yellow chalk is succeeded by five feet of
white and red chalk, in thin bands, very deficient in organic. remains, and this rests
upon a pale-red band, about seven feet thick. In the upper part of this last seven feet
of red material are many Fermicularie umbonate, and in its lower portion many
small Terebratula: and Inocerami. About ten feet of greenish-white chalk, somewhat
hard, is the next bed, in which few fossils are to be noted except a Terebratula and
bone or two of a Star-fish. In all these strata enumerated there is a marked absence of
Belemnites, but in the succeeding and last bed, one of a bright-red colour, and more than
thirty feet thick, they become exceedingly abundant. This red band -is the one from which
most of the Red Chalk fossils from Speeton are derived; it is exceedingly fossiliferous. In
its uppermost portion very large Terebratulr.e may be obtained, and generally 'many of an
ordinary size; at about twenty feet below its commencement, Belemnites, Pentacrisi,

a
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and spines of a Cidaris occur, which appeal' to be distinct from the Cidaris spines, ninety-four
feet above, in the pink band. There are, moreover, no traces of Holaster subfJlobo8U8 nor
Discoidea cylinrlrica in this bright-red bed; and Ammonites cannot be seen, though so
numerous in the Speeton Clay, upon which it rests. 'I'his red band gradually becomes
nodular, and of a bluish cast, and gradually merges into the Speeton Clay.
" Inland the Yorkshire beds put on a somewhat different appearance, for on the escarpment of the Welds, as at Great Givendale, the beds of Red Chalk abound in pebbles
and in Terebratule bipticat(/!, a feature that is absent at Speeton, though conspicuous at
Hunstanton, in Norfolk.
" A careful inspection of the fossils derived from the Red Chalk series of Yorkshire and
Norfolk shows that the two extremities of the bed are very distinct in character, and have not
much in common, and that the southern stratum is a more littoral deposit than the northern:'
My friend John Leckenby, Esq., F.G.S., of Scarborough, having studied critically the
fossils of the Speeton Clay, has kindly supplied the following note on that formation, from
which it appears that until now the true relations of this deposit have not been clearly
understood.
"The Speeton Clay of Yorkshire, besides many minor subdivisions, presents two
important and well-marked sections; well-marked lithologically, still more so by their
fossils. The line of separation midway, or nearly so in the series, is also distinct and clear,
with no passage-beds indicating a transition from one set of conditions to another. Its
entire thickness cannot be less than 4!OO feet, but in consequence of the denudation of the
inclined edges of its beds it nowhere presents a continuous section of more than 150 feet.
"The lower divisiou is characterized in its upper beds by Ammonites and Gasteropeds, which I at one time felt inclined to refer to the Oxfordian system, and many
peleeontologists yet contend that the thick coronated Ammonites which here abound
belong to the Oxfordian group. Without, however, doing violence to our preconceptions
of strati graphical relations, we shall find that they approach much more nearly to
Portlandian types, as figured by d'Orbigny; and Am. Graoesianu« cannot be distinguished
from a common, but unpublished form, in the Speeton Clay. In the lowest beds of
this lower division are found A/n. tripticatue, Am. cecaoatue (var, alternates, Von Buch),
with univalve and bivalve shells identical with species which I have obtained from the
Kimrueridge Clay of Lincolnshire, in a railway-cutting near Brigg. The line of demarcation
before referred to is characterized by a thickish band of pseudo-coprolites, and by many
remains of Saurian animals; it would appear that here there has been a period of repose,
during which the Saurian dwellers upon a shallow reef disported themselves, and that we
have a well-marked division between the close of the Jurassic and the commencement of
the Cretaceous period. A large and almost perfect example was lately procured and is now
in the possession of Right Hon. Lord Londesborough, the lord of the manor of Speeton.
"'rhe habit of referring the whole of the Speeton Clay of Yorkshire to the Cretaceous
period, in deference to established authorities, has hitherto prevented a clear reading of
2
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the evidence furnished by its fossils, and from the fact of so many of its Ammonites of.
the Oolitic type being found, not ill- situ, but in boulders, has led to the inference of the
-existence, at some remote period, in Filey Bay, of great beds of Oxford Clay similar in
-character to the Oxford Clay of the south of England.
"'fhe Ammonites can, however, with much more propriety, be referred to Portlandian
types, and the wasted beds which have furnished the boulders doubtless pertain to the
-same epoch.
"Above the line of Saurian remains alluded to, all the fossils belong to the Ore. iaceous type; and amongst the exact representations of a Neocomian fauna many others
.are found which in general features closelyresemble them. Amongst the former, Ammonites
J)eslta!Jesii, Leym., and Vermicuiaria 80werbii may be mentioned, while Orioceras Beanii,
Phil., cannot easily be distinguished, if at all, from C. Oornueliasuen, d'Orb.
" If we seek for the equivalents of the Upper Greensand in the Speeton Clay, we must do
so rather in the lower beds of Red Chalk which overlie that deposit than ill the clay itself;
and the frequent presence therein of Inoceramus Ooquanrlianus, d'Orb., favours this view.
"The junction of the lowest beds of Speeton Clay with the Coralline Oolite cannot
be traced along the coast, but may be seen at some distance inland, near the village
of Grimston, one of the stations on the line of railway between Malton and Driffield."
The Gault is the equivalent of the h~talJe Albien of d'Orbigny, and the Gault of the
Germans.
THE UPPER GREENSAND.
This formation forms an important feature in the physical geology of the Isle of
Wight; in Compton and Sandown Bays it is seen in its relative position to the Lower
Greensand below and the Chalk above, and in the Undercliff it forms a bold, mural,
light-coloured escarpment, with rugged lines of cherty beds, producing a fine effect above
the rich foliage which clothes the uudercliff. According to H. W. Bristow,' Esq., F.G.S.,
the Upper Greensand under St. Catherine's Down is about 155 feet thick; the lower fiftyfive feet consist of "bluish, sandy, micaceous beds, throwing out water at their junction
. with the Gault, and passing upwards into yellowish-gray sand, also micaceous, with
sandstone and some chert, forty feet thick.
Sandstone and chert imbedded in sand
make up the greater part of the rest of the section, the middle portion of which is
mostly blue chert based upon seven feet of sandstone, inclosing a bed of freestone four
feet thick, whilst the uppermost fifteen or twenty feet consist of calcareous sandstone,
forming a vertical face at the summit of the cliff."
In the island the remains of Echinideeare not abundant in these beds; the Upper Greensand, near Warminstel' and Devizes (Wilts); Blackdown (Devon); and near Charmouth
{Dorset), and Cambridge, are the best localitiesfor the fossil Echinodermata of this formation.
1

"Memoirs of the Geological Survey," the' Geology of the Isle of Wight,' p. 24•
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CHLORITIC MARL.
At the base of the Chalk, and dividing that formation from the Upper Greensand, is.
a remarkable fossiliferous bed, full of green specks of silicate of iron, and called, inconsequence, Chloritic Mad, which at St. Catherine's Down measures five feet in thickness. 'I'his Marl is characterized by a suite of fossils, some of which, as Scapltiies cequalis,
Sow., here appear for the first time, and seem to be special to the bed; with these are
found Armnonites oarians, Sow., Amm. splendens, Sow. j several PROTOZOA belonging tothe genera 8jJongia, Sipltonia, and 8cypltia; ECHINODERMATA, as Anancltytes lann», Deluc ;.
OatojJlJlJUS carinatus, Goldf.; and Discoidea suouculus, Leske; together with several species.
of MOI,LUSCA. The same stratum occurs near Chardstock, from whence I have obtained
many fine specimens of Pseudodiadema tumidum, Forbes, P. suonudum, Ag., Pedinopeie,
HolectyjJu8, and several other species, most of which are common to this rock and theUpper Greensand, of which it probably forms the uppermost bed.
The Upper Greensand appears to correspond to the Giauoonie cralJeuse of the 'French,
the Tourtia of the Belgians, the Grulzsand of the Germans, and the EtaIJe Oenomanien of
d'Orbigny.
THE LOWER CHALK, AND CHALK-MARL.
The Chalk formation occupies a large area in the Isle of Wight, and in the southern
and eastern parts of England. It consists of nearly pure carbonate of lime, and in many
cases is almost entirely composed of microscopic shells, either fractured or entire. My friend
H. C. Sorby, Esq., F.G.S., by preparing thin slices of chalk on slides of glass for microscopic
examination, has shown that many beds of that rock consist of from 90 to 95 per cent.
of the cases of Foraminifera, and of comminuted shells. The chief difference between
the Upper or soft white Chalk, and the Lower or hard Chalk is caused by the filling up of
the cavities of the shells by calcite or crystalline carbonate of lime, where it has probably been deposited by infiltrating water, which has carried away some of the lime in
percolating through the higher beds. The Chalk formation is divided into Chalk-marl at
the base, Lower or hard Chalk without flints, and soft or Upper Chalk with flints. In the
Isle of Wight the whole formation is 1300 feet in thickness, whilst in England it varies
from 600 to 900 feet.
The Lower Chalk near Dover is of a grayish colour, and much indurated in parts. It
is very rich in Ecltinirlce, and contains several new species. Unfortunately, many of the
finest specimens are impregnated with iron, and perish by th~ decomposition of the
pyrites. At Lewes, in Sussex, it is a hard, close-grained rock, with an earthy fracture,
and contains many urchins in fine preservation.
.
The following section, by the Rev. W. D. Conybeare, of the Chalk cliffs near Dover,
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exhibits so well the position and relation of the Gray Chalk, which contains so many
fine Echinidee, that I have introduced it here for reference. The strata lie in the following
descending order, and are collectively about 820 feet thick.
1st. The Chalk 10itlt numerous flints; it is about 350 feet thick, and may be thus
divided:
1. With few organic remains.

n.

A bed consisting chiefly of organic remains in which numerous flints of
peculiar forms are interspersed; and a few beds of flints run along it.

2nd. The Cltalk 10itlt few flints.

This stratum is about 130 feet thick.

3rd. Tlte Chalk without flints is 140 feet thick, and consists of-

I. A stratum containing very numerous and thin beds of organic remains,
90 feet thick.

n.

A stratum about 50 feet thick, with few organic remains.

4th. The Gm!! Chalk. This is estimated to be not less than 200 feet in thickness,
and is that from which has been collected most of the fine specimens of Cidaris
Boioerbanbii, Forb.; Pseudodiadema ornatum, I!'orb.; P. tumidum, Forb.; P.
variolate, Brong.; P. Bronpniarti, Ag.; P. J£flckiei, Wowd., Salenia Austeni,
Forb.; 8. Clarkii, Forb.; 8. gibba, Forb.; 8. granulosa; Forb.; and S. petalifera, Defr., with other specimens of Chalk-marl species.
The Lower Chalk and Chalk-mar! are represented on the Continent by the Untere
Kreide and Planer of the Germans, the Craie tuifeau of the French , and the Eta/le
Turonien of d'Orbigny.

THE WHITE CHALK.
The uppermost portion of the Cretaceous formation extends across the island in an east
and west direction, from the Needles to Culver Cliff, and all its beds are fully exposed in
several magnificent coast-sections; as these beds are nearly vertical or highly inclined
at Alum and Scratchells Bays on the east, and at Culver Cliffs on the west, the subdivisions of the whole Cretaceous formation, and the way the beds pass into each other,
may be most satisfactorily ascertained. The bands of flints are well displayed in ScratchelIs
Bay and Culver Cliffs, and there is a fine exposure of vertical Chalk strata in a pit on
Brading Down , in all these localities, and many others which it is unnecessary to
enumerate, the flints appear as parallel layers at certain intervals in the strata, presenting
a striking contrast from their blackness to the snowy aspect of the Chalk with which they
are interstratified,
"In consequence of the high angle at which the Chalk dips throughout the greater
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part of its range from west to east, the surface occupied by it is very inconsiderable COlUpared with that of most of the other strata above and below it, but its horizontal extension
becomes greater in proportion as the inclination of the strata diminishes. For this reason,
from Alum Bay to Mottestone Down, and from Carisbrook to Culver Cliff, between which
intervals the Chalk is nearly vertical, it constitutes a mere ridge of high land, which is scarcely
a quarter of a mile broad in Aston Down; but between Mottestone Down and Carisbrook,
where the strata are less inclined, the width of the Chalk exceeds three miles."!
er The flints in the Chalk are for the most part irregular in shape, but they sometimes
constitute tabular layers coincident with the stratification, 01' else filling cracks and joints.
Those flints which occur parallel with the bedding are of a different age from those filling
the cracks and joints. The former are derived from siliceous matter, frequently, and
perhaps in most instances, deposited contemporaneously with the calcareous sediment of
which the Chalk is composed, around sponges and other organized bodies, the forms and
internal structure of which are still preserved. The latter, on the contrary, are of more
recent origin, having been carried by percolating water holding silica in solution into cracks
and joints formed by the Chalk during or after its solidification. The tabular bands
of flint filling cracks and joints are therefore, and as might be expected on the last supposition, unfossiliferous, instead of abounding in fossils, as is the case with the other system
of flints." "In the upper part of the Chalk, where the beds are the most highly inclined,
the flints, which appear to be whole when viewed in situ, are found, on closer examination,
to be nearly all broken so that when extracted from the quarry they fall to pieces."
"Shattered flints may be observed in the large chalk-pits south of Newport, and on Arreton
Down; also on Ashley Down, where the Chalk is rather hard (as is most frequently the case
where it is inclined at a high angle), dipping 656 in a direction slightly east of north."?
The White Chalk contains many species of Echinidte, of which the most common are
Ecltinocorl/s vul!Jm'is, .Breyn.; Galerites albo-galerus, Lamck.; Micraster cor-anpuinum,
Klein; Oidaria clavigera, Konig , Oidarie sceptrifera, Mant.; Oidaris subvesiculosa,
d'Orbigny, and several other forms, to be figured and described in the following pages.
The " Upper White Chalk with flints" of English authors corresponds to the Oraie
blanche of the French, the Obere Kreide of the Germans, and the i:tage Senonien of
d'Orbigny.
Besides the localities already mentioned, it is well exposed and very fossiliferous at
Lewisham, Grays, Northfleet, Norwich, Brighton, Dover, and other places in the counties
Sussex and Kent, and at Flamborough Head, on the Yorkshire coast.
The following table exhibits at a glance the subdivisions of the Cretaceous formations,
with their lithological characters, chief localities, and foreign equivalents, so as to afford
an easy reference .to the stratigraphical distribution of the species of Echinida in each of
the beds.
1

2

Bristow, on the "Geology oC the Isle of Wight," 'Mem. of the Geol. Surv.,' p. 28.
Bristow, ibid., p. 31.
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A TABLE OF THE CRETACEOUS GROUP
LITHOLOGICAL CHARACTER.

SUBDIVISIONS.

m'

LOCALITIES.

#
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CLASSIFICATION OF THE ECHINODERMNfA.
The name ECHINODERMATA was given by Klein, in 1734,1 to the shells of Seaurchins called Echini. Bruguiere" subsequently gave the name Echinodermata to that
division of the animal kingdom which comprised the Star-fishes and the Sea-urchins.
Cuvier" included in his class ECHINODERMES, with Asterias and Echinus, the Holotkuria,
animals destitute of the prickly skin of the more typical forms, and which had many
external affinities with some Mollusca; and subsequently, in his 'Regne Animal," he
grouped in this class tes Ecltinodermes sans piede, forming the order Sipunculida, which
connect the Radiata with the Annulose Articnlata.
The Echinoderms are highly organized animals, for the most part covered with a
coriaceous integument. In several orders it is strengthened with numerous calcareous
pieces, which together form a complicated skeleton. The external surface of the skin, in
many families, develops spines of various forms, which serve as instruments of defence
or locomotion to the creatures possessing them. By far the largest number of these
animals have a complicated system of vessels for circulating water through their bodies.
These aquiferous canals are intimately connected with the life and motion of the animal;
by means of this vascular water-system most of the typical groups erect those remarkable
suckers which protrude in rows from different divisions of the body; in the Echinoidea
they escape through holes in' the poriferous zones, and in the Asteroidea pass through
apertures between the small plates forming the middle of the rays; whilst in the Sipun»
culida these organs are altogether absent.
No class of the animal kingdom more clearly exhibits a gradation of structure than
the Echinodermata; for, whilst some remain rooted to the sea-bottom, and in this sessilecondition resemble the Polypi/era, others, clothed in prickly armour, and exhibiting the true
rayed forms characteristic of the central groups, conduct, through a series of beautiful
gradations, to soft elongated organisms, whose outline mimics the Ascidian Mollusca,
whilst others exhibit the long cylindrical body, annulose condition of the skin, and
reptatory habits of the .dpodou« Annelida.
With so fertile a field for investigation, it is not surprising that the minute anatomy
of the Echinodermata should have engaged the attention of some of the most distinguished
zoologists of our age, and have yielded fruits which the physiologist reckons as .amongst
the most marvellous contributionsto morphological science.
'Naturalis Dispositio Echinodermatum,' Jacobi Theodori Klein, 1734.
'Tableau Encyclopedique des trois Regnea de la Nature,' 1791.
s r Tableau Elementaire de l'Histoire naturelle des Animaux,' 1798.
'" 'Regne Animal destribue d'apres son Organisation,' 1834.

1
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'I'he class Echinodermata is divided into eight orders, which, in descending sequence,
may be thus arranged:
1. SIPl'KCULOIDEA.
2. HOLOTHUROIDEA.
3. ECHINOIIJEA.
4.· ASTEIlOIDEA.

5.
6.

QPHIUROIDEA.

7.

CYSTOIDEA.

8.

CRINOIDEA.

BLASTOIDEA.

Order 1. SIPUNCUI,OIDEA-form the apodal Annulose Echinoderms , they have a
long cylindrical body, divided into rings by transverse folds of the int.egument; they have
neither tubular suckers nor calcareous parts developed in their body, nor is it divided
into a quinary arrangement of longitudinal lobes; some have horny hooklets like the
feet of many Annulosa, which they much resemble; their mouth is provided with a
retractile proboscis, and surrounded by small tentacula, differing both in structure and
arrangement to the homologous parts in the Holothuria. In them the type of Radiata
vanishes and that of Anmdoea appeal's. They are unknown in a fossil state.
Type. Sipunculus edulis, PalIas.
Order 11. HOLO'L'HUROIDEA.-Body in general elongated; skin in general soft and
leathery, in a few genera strengthened by calcareous or horny spines. Five avenues of
suckers divide the body into as many nearly equal segments; mouth surrounded by
plumose tentacula, the numbers of which are usually multiples of five; vent at the
opposite extremity of the body; digestive organs consist of a large intestine, which makes
several coils in passing through the body; respiration performed by internal ramified
tubes, like a miniature tree; locomotion effected by contractions and extensions of the
body, and by rows of tubular suckers, similar to those in the Star-fishes and Sea-urchins.
The softness of their naked integument prevents their preservation in the stratified rocks.
Type. Cucumaria frondosa, Gunner.
Order Ill. ECHINOIDEA.-Body spheroidal, oval, or depressed, enclosed in a test,
composed of twenty columns of calcareous plates, with ten rows of holes for the passage of
retractile tubular suckers; the surface of the test is studded with tubercles, which have
jointed with them moveable spines, of various sizes and forms in the different families.
and genera; at the summit of the test is the apical disc, composed of give genital plates, .
perforated for the passage of the ovarial and seminal tubes, and five ocular plates for
lodging the five eyes. The mouth, situated always at the under surface, is in many
genera armed with five powerful, complicated jaws and teeth, and in others the peristome is edentulous; the vent occupies various different positions, sometimes within the
apical disc and surrounded by its elementary parts, sometimes external to the disc, and
at the upper surface, side, or base, the relative position of the vent to the disc affording
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an important character for the subdivision of the order into two" primary groups.. The
intestine winds rounds the shell, attached by a mesentery, the surface of which, as well as
the membrane lining the shell, "is covered with vibratile cilia.
Type, The common Sea-urchin, Ecltinus spltOJ1'a, Miiller.
The ECHINOIDEA are represented by one family in the Palseozoic rocks, and by
numerous families ill the Mesozoic and Tertiary groups, several of which characterize
these great periods of geological time. They likewise abound in our present seas.
Order IV. ASTEltOIDEA.-Body stelliform, depressed, with :five or more lobes or
hollow arms, forming a continuation thereof, and containing prolongations of the viscera;
the mouth is always inferior and central, and the intestine often terminates in a vent
opening at the upper surface; in some genera the vent is absent; rows of retractile
tubular suckers occupy the ambulacral areas in the centre of the under surface of the
rays. Skeleton complicated, composed of numerous solid calcareous pieces, variable as to
number, size, and disposition; skin coriaceous, studded with calcareous spines of various
forms; a madreporiform plate on the upper surface, near the angle between two rays;
eyes placed at the extremity of the rays; reptation performed by tubular suckers.
Type. The common Star-fish, Urasier rubene, Linn.
This order is represented in the Silurian rocks by several genera. The Oolitic, Cretaceous, and Tertiary rocks contain many extinct forms. The existing species are very
abundant in all our present seas.,
Order v. OPHIUROIDEA.-:{lQdy discoidal. distinct, depressed, provided with long,
slender arms, in which there is no excavation nor prolongation of the viscera; they
are special organs of locomotion, independent of the visceral cavity, and hare spines,
and membranous tentacula developed from their sides; mouth always below and central,
serving at the same time as the vent. Skeleton complicated, composed of calcareous
pieces, of which the size and number varies in different genera. Their long, slender rays
are supported internally on a framework of central vertebra-like pieces; they form special
organs of locomotion. independent of the visceral cavity, and numerous plates and spines
are regularly disposed along their sides to assist in reptation.
Type. The common Sand-star, Opltiura teeturata, Lamarck.
This order is represented by one genus in the Silurian, and several genera are
found in the Oolitic, Cretaoeous, and Tertiary rocks, as well as in onr present seas.
Order VI. BLASTOIDEA.-Body in the form of an oval calyx, composed of solid,
calcareous plates, provided with five inter-ambulacra and :five ambulacra, the latter united
superiorly, striated transversely, and having a deep furrow down the middle; ten ovarial
holes, opening into five at the summit, with a central oral aperture, a short, slender
stem, and the body destitute of arms.
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Type. Pentremites iT/jlatus, Sow. Carboniferous Limestone.
The genera are all extinct, and belong to the Palseozoic rocks. One species appertains
to the Upper Silurian, six to the. Devonian, and twenty-four are special to the Carboniferous rocks.
Order VII. CYSTOIDEA.-Body more or less spherical, supported on a jointed stem;
the bursiform calyx is formed of close-fitting polygonal plates, varying in number in the
different genera, and investing the surface like a coat of mail, except above, where there
are three openings, one for the mouth, one for the vent, and one with a valve for the
reproductive organs; the fourth aperture is below, and continuous with the canal in
the stem. Some have two or four arms, others are armless; certain forms possess articulated tentacula and curious comb-like appendages, or pectinated rhombs, in connection
with the plates.
.
Type. Pseudocrinites quadrifasciatus, Pearce. Upper Silurian.
This order is extinct. All the genera are found in the Silurian and Devonian rocks.
Order VIII. CRINOIDEA.-Body fusiform, distinct, formed of a calyx composed of a
definite number of plates, provided with five solid arms, independent of the visceral
cavity, and adapted for prehension; mouth and vent distinct; no retractile suckers;
ovaries at the base of the arms opening into special apertures. Skeleton complicated,
calcareous, composed of thick plates closely articulated together; their number
and arrangement are determinate in the different families, the multiples of five being
those which predominate; the central plate of the .body is supported on a long,
jointed column, that was firmly rooted to the sea-bottom. The mouth is central, and
prominent; the vent is situated at its side; the arms are mostly ramose and multiarticulate, and when extended formed a net-like instrument of considerable dimensions.
The mouth is always placed upwards, and retained so by the column being jointed to the
central plate of the calyx. The normal station of the CRINOIDEA is the reverse of the
ASTEROIDEA and ECHINOIDEA.
Type. Pentacrinue Gaput-Medus01, Miller. From the seas of the Antilles.
Extinct families of Crinoids have lived in all seas from the Silurian upwards, and
only one or two representatives now exist.
From the above analysis of the class ECHINODERMATA, it appears that, as the 8ipunculoidea and Holotkuroidea are not found in a fossil state, and the Blastoidea and Gystoidea
are special to the Palseozoic rocks, our field of investigation in this Monograph is limited
to the ECHINOIDEA, ASTEROIDE'A, OPHIUROIDEA, and CRINOIDBA, which we now propose
to consider seriatim, commencing with the ECHINOIDEA.
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Order-EcHINOIDEA.

Tbe body is spheroidal, oval, depressed or discoidal, and enclosed in a calcareous
test or sbell, composed of ten columns of large plates, the inter-ambulacral areas, and ten
columns of small plates, tlte ambulacral areas, separated from each other by ten rows of
holes, the jJoriferous zones. 'I'he external surface of tbe plates is studded with tubercles
of various sizes, in the different families; to these the spines are moveably articulated by
ball-and-socket joints; the spines are of various forms and dimensions, and serve well to
characterize the species.
At the summit of the test is the apical disc, composed of five genital plates, perforated
for the passage of the ovarial and seminal canals, and five ocular plates, notched or
perforated for lodging the eyes. There are two great openings in the test, one for the
mouth and the other for the vent; the relative position of these apertnres varies in different
families, and forms an important character in their systematic classification.
The mouth in some families is armed with a complicated apparatus of jaws and teeth,
in others it is edentulous. The internal organs of digestion consist of a pharynx,
eesophagus, stomach, and intestine, which winds round the interior of the test, attached
thereto by a delicate mesentery; its surface, as well as the lining membrane of the
shell, is covered with vibratile cilia; these cause currents of water to traverse the
interior of the body, and perform an important part in the function of respiration ,
the blood is circulated in arteries and veins, aided by a central pulsating organ or heart.
The five ovaries and testicles occupythe ambulacral divisions, and open externally through
holes in the genital plates. Locomotion is performed by tbe joint action of .the
tubular retractile suckers and the spines. Many sea-urchins attach themselves to rocks
by their tubular feet, and some bury themselves in limestone and sandstone, or even
granitic rocks, by the abrading action of the spines.
The nervous system consists, according to M. Van Beneden, of a circular cord, which
surrounds the entrance to the digestive organs, and sends branches into the divisions of
the body. Professor Agassiz, and the late Professor Edward Forbes, regarded the organs
situated in the ocular plates as eyes, but M. Dujardin 1 denies them even a nervous
system. In the absence of more direct anatomical evidence on the point, the following
observation, related by M. Alcide d'Orbigny," has an important bearing on the question,
. and supports it affirmatively:
Captain Ferdinand de Oande, who commanded the 'CleoplHre' in the Chinese seas,
told M. d'Orbigny that he had captured, on the coast of that region, an urchin with long
spines, probably a Diadema, which he examined in a vessel of water, "I hastened to
1
2

Lamarck, 'ADimaux Bans Vertebres,' 2nd ed., tom. iii, p. 200.
'PaleoDtologie Fran9aise, Terrain Cretace; tom. vi, p. 12.
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seize it," he observed, U when it instantly turned all its spmes in the direction of my
hand, as if to defend itself.
U Surprised at this maneeuvre, I made an attempt to seize it on the other side, when
immediately the spines were directed towards" me.
" I thought from this that the urchin saw me, and that the motion of the spines was
intended as .an act of self-defence; but, to prove whether the movement of the animal
was produced by my approach, or merely by the agitation of the water, I repeated the
experiment very slowly, and even over the water with a stick. 'I'he urchin, whether in
the water or out of it, having always directed its defensive spines towards the object which
approached it. From these observations I arrived at the conclusion that these urchins
see, and that their spines serve them as defensive instruments."
It is worthy of remark, that Captain Cande, at the time he watched this urchin, was
ignorant of the anatomical fact that eyes had been detected in the Echinidee, and his
inference was the conclusion drawn from carefully made observations.
The calcareous test of the Echinoidea is the only. part of the structure of these animals
preserved in a fossil state. It has hitherto failed to attract that amount of attention from the palaeontologist which the importance of its study demands; although in a
strati graphical point of view this skeleton is not inferior to that of any other class of the
Animal Kingdom. The fact. seems to have been almost entirely overlooked by paleeontologists, that most of the generic characters of the different groups of Echinidse are more
indelibly impressed on the separate pieces of their test than in the skeletons of any other
class of the Invertebrata.
Unlike the shells of the Mollusca, the test of the Echinoidea constitutes an internal and
integral portion of the animal, being secreted by, and enclosed within, organized membranes, it participates in the life of the organism, and certain parts of the skeleton are
intimately connected with the organs of digestion, respiration, and generation, as well as
with those of vision and locomotion.
As it is intended to give an analysis of the test of the Echinoidea, with anatomical
details of the structure of the skeleton in the Echinodermata in general, in the General
Introduction to these Monographs, it is at present unnecessary to enter minutely into the
subject; but, as many of our readers are doubtless unacquainted with the terminology
employed in the description of the test, and the characters on which a diagnosis of the
species is made, it is desirable now to preface our description with brief explanations of
the same, illustrating the terminology by a reference to the plates for accurate figures of
different parts of the test, and magnified details of the anatomical characters thereof."
I In connection with the physiology of the Echinodermata, the following discovery, made by Dr.
Wallich, is most important:
"Thirteen living star-fishes, differing in no important particular from a species common on our own
and most northern coasts, were brought up f~om a depth of 1260 fathoms, or very nearly a mile and a
half, at a point midway between the southern extremity of Greenland and Rockall, and 250 miles distant
from the nearest land. These star-fishes, however, cannot be said to have been captured by the sounding-
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TERMINOLOGY,
01' a descriptive a1lal!Jsia

of the component elements ofthe test of tlte Echinoidea.

'I'he test of the Echinoidea is composed of the following parts:
a. Five ambulacral areas.
b. Five inter-ambulacral areas.
c. Ten poriferous zones.
d. Vent. opening and anal plates.
e. Mouth-opening, peristome, buccal membrane and plates.
f Five jaws when organs of mastication exist.
g. Tubercles of various sizes, developed from the outer surface of the plates.
h. Spines of different forms and dimensions, jointed with the tubercles.
These are the essential parts to be known; others, of secondary importance, will be
described in their proper place in the Monograph.
The body of the Echinoidea is divisible into three parts :-lst. The calcareous envelope,
or skeleton, which has a globular, circular, oval, pentagonal, hemispherical, conoidal, or
discoidal form, and is composed of a framework of hexagonal, pentagonal, or polygonal
calcareous plates. This testaceous box is. called the test; it is the form, the test, of
Agassiz; the generalform, the test, of Desmoulins , le coquille, d'Orbigny.
machine, for they came up adhering by their spine-covered arms to the last fifty fathoms of the soundingline, not as voluntary exiles from below, but owing to their having coiled themselves around a material
from which they found it impossible afterwards to disengage themselves. Now, apart from all other
evidence, the facts in connection with this particular sounding were sufficient to indicate that the starfishes had been raised from the sea-bed itself, and had not grasped the line whilst floating in some stratum
of water intermediate between it and the surface. But, by a singular piece of good fortune, the question
as to their last resting-place admitted of definite determination on evidence that they bore along with
them. To comprehend the value of this, it is necessary to mention that, by means of a separate observation taken upon the same spot, the bottom was found to consist almost entirely of the minute shell-covered
organisms (Foraminifera) already referred to; aud taking into consideration the fact that many of the shells
were completely filled with the gelatinous substance of which their bodies are composed, and, lastly, the fresh
appearance of this substance, the probability is very great that they, in common with the star-fishes, had
lived and multiplied at the bottom. But the only circumstance which ought to be accepted as direct proof
of their vitality, namely, motion after reaching the surface, was wanting; as it well might be, since
the passage through the vertical mile and a half of water occupied nearly an' hour, and the change of
conditions to which the creatures became subjected during that period must necessarily have been very
great. Nevertheless, the chain of circumstantial evidence was rendered complete; for, on examining the
stomachs of the star-fishes, they were found to contain the minute shelled creatures in abundance, thus
clearly establishing the fact of the star-fishes having attached themselves to the sounding-line whilst it
rested on the bottom, and adding the strongest confirmation to the view that the minute creatures referred
to were brought up from their natural habitation." (Dr. Wallich, "On the Deep-Sea-Bedof the Atlantic, and
its Inhabitants ," , Quarterly Journal of Science.' No. 1, p. 40.)
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2nd. The visceral cavity, containing the organs of digestion, respiration, circulation,
and generation, is formed entirely by the interior of the test.
3rd. The. external surface of the test is covered with spines, which are moveably
articulated, with the tubercles seen on the surface.
The normal position of the bod!J.-In describing the different parts of the test of the
Echinoidea, it is assumed that an urchin, the common purple heart-urchin, 8patangus
pU1]Jureus, Muller,' for example, is placed before the observer. The side with the single
ambulacrum lodged in the anteal sulcus, and the mouth in that third of the base, is the
anterior region. The side having the single inter-ambulacrum in the middle and the ventopening in the upper part of the border is the posterior region. The four other ambulacra are disposed in pairs, and correspond to the right and left sides of the observer's
body; there is, therefore, a right antero-lateral and a right postero-lateral, a left anterolateral and left postero-lateral, ambulacral area. The four other inter-ambulacra, besides
the single one in which the vent is situated, are likewise disposed in pairs, two of
these, with the single ambulacrum, forming the anterior part, the other pair, with the
pairs of ambulacra, the sides, and the single inter-ambulacrum the posterior part of
the test.
All Echinoideee have the mouth situated at the under side of the body; the surface in
which the opening is placed is the base, that region of the test opposite t.he base is the
upper or dorsal staface.
The most convex part of the margin, border, or sides, between the base and upper
surface, is the circumference, or ambitu« of some authors; it is round, flat, convex, angular,
or carinated, according to the general form and thickness of the test.
The length or anteroposterior diameter is the distance between the anterior and
posterier regions, and corresponds to the middle line of the body.
The breadth or transverse diameter is the distance between the greatest lateral
-convexity of the circumference in the direction of a line cutting the line of length at
~~~.

.

The height is the distance between the most convex part of the upper surface and the
plane on which the base of the test rests. 'I'he apical disc is generally situated at the
vertex, but it is not always so; the height has always reference to the highest point of the
test, quite irrespective of any other consideration. The test has invariably two openings,
'One for the mouth, the other for the vent.
The mouth-opening is always situated at the under surface; to its circumference is
attached the buccal 'membrane, and through the central aperture thereof protrudes the
five jaws (PI. V, fig. 1; PI. VII, fig. I) ; when they exist, the buccal, like the anal membrane in many families, is clothed with numerous small plates.
In the OidariB, Rabdocidaris, Goniocidaris, IJiplocidaris, and probably in all other
1

The common Chalk-urchin Miraater cor-anginum, Klein, will answer equally wen.
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CirJarirlOJ, the mouth-opening is central, circular, or slightlypentagonal (PI. IV, fig. 16);
but in Hemicidaris, Pseudodiadema, Hemipedina, Pedina, Ecltinua, and other Ecltinirlt:e, the
mouth-opening is more or less decagonal, its margin being divided by notches (entaillea)
into ten lobes; the lobes, in general, are unequal in size, those corresponding to the
base of the ambulacra being the largest; they are called the ambulacml lobe«, corresponding to the base of the inter-ambulacra are the inter-ambulacrallobea. . The margin of
the mout.h-opening is called the ,L"Jeriatome, to it the buccal membrane which closes the
base of the test is attached.
The mouth-opening is central and armed with jaws in the CIDARIDJE, ECHINIDlE,
SALENIDlE, GAI,ERITIDlE, and CL¥PEASTERIDlE. It is more or less excentral and edentulous
in the ECHINONIDlE, COLLYRITIDlE, ECHINOLAMPIDlE, ECHINOCORYDlE, and SPATANGIDlE;
in them it is round, oval, or pentagonal; sometimes its margin is ring-like, or surrounded
by five prominent lobes; in others it is distinctly bilabiate.
The vent, 01' anal opening, is always in the upper surface, in the centre of the genital
and ocular plates, directly opposite to the mouth, and is either central or subcentral in
the CIDARIDJE, ECHINIDJE, and SAJ"ENID1E (PI. VI, fig. 1). In other families its position
varies much; sometimes it opens on the upper surface, as in some GALERITID.£ and
CASSlDULID1E. Sometimes it opens on the margin or is 8upra-1lzarginal, marginal or
infra-marginal; often it opens at the base between the mouth and the border. During the
life of the animal this opening is closed by an anal membrane and a series of small angular
anal plates; their number and disposition varies in the different genera. The anal plates
are seldom preserved in fossil species, and the term anal opening is given to all that part
of the test occupied by them and the vent. PI. VI, fig. 1 a, is a magnificent specimen of
.Cidaria seeptrifera, Mant., belonging to the British Museum, in which the anal plates are
finely preserved in sit».
The Ambulacral and Inter-ambulacral Areas.
The test is composed, Ist, of twenty columns of calcareous plates of different sizes, the
plaquettee, Talelchen, AaaulOJ of authors; they are pentagonal in form, and united by
harmonial sutures to form rays, which proceed from the mouth, where they have their
greatest breadth, to the apical disc, where they are narrowest. 2nd. Of a series of hexagonal
or polygonal plates, forming a disc, which occupies the upper surface of the test. 3rd. Of
ten rows of small plates, notched on their margins to form holes; these form the
poriferous zones. 4th. ,Of moveable spines, that are jointed. with eminences on the outer
surface of the columnar plates.
.
The ambulacral plates form two narrow columns, which are bounded by two poriferous
zones. The space thus circumscribed is the ambulacral area. There are five of these areas'
in the test of the Echinoidea. In the CIDARIDlE the ambulacral areas are very narrow,
and support only granules (PI. VI, fig. 1, a, b, c, d). In the ECHINIDlE, they are much
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wider, and have large tubercles on their surface. The comparative width of the ambulacra
as compared with the inter-ambulacra has led some authors 1 to divide the family Oiaariate,
including therein the Ec!tinia{/!, into two tribes, the AN GUSTIS'!'EI,L...E, or Cidaridee with
narrow ambulacra, and the LATISTELLlE, or Cidaridee with broad ambulacra. These two
tribes nearly represent our two families; the CIDARID1E are equal to the ANGUSTIS'l'EI,LlE,
and the ECHINIDlE are nearly equal to the LATISTELLlE.
One of the ambulacral areas is single, and always represents the anterior region in the
spheroidal Eckinida: and Salenide. This is detected by its relation to the apical disc,
as the right antero-lateral plate always carries the madreporiform body; in the oval,
pentagonal, or elongated forms, its position and relation to the mouth renders it unmistakeable. The four other ambulacra are disposed in pairs.
The inier-ambulacral plates form two broad columns, composing the inter-ambulacral
areas; of these, like the ambulacral, there are five, which alternate with them in the architecture of the test. The poriferous zones form the line of demarcation between these two
. classes of columnar plates. The plates are all pentagonal, and many times larger than
the ambulacral j they carry on their surface the large primary tubercles. Of the five interambulacral areas, one is single and posterior, and in all the Echinoidesewhich have the anal
opening external to the apical disc it is in the single inter-ambulacrum that the vent terminates. The other four inter-ambulacra are disposed in pairs, and form the greater
part of the anterior and lateral parts of the test; they are the anterior pairs and posterior
pairs, respectively, to distinguish them from the odd area, which is the single interamb ulacnan.
PI. VI, fig. 1, shows the form and structure of the inter-ambulacra in the Ciaarid{/!.
In the Oidarida: the inter-ambulacral areas have only two rows of primary tubercles j
but in many of the Echinid{/! there are four, six, eight, or ten rows of primary tubercles
in these areas.
The Porifcrous Zone8.
The poriferou« zones are situated on each side of the ambulacral areas (PI. VI, fig. 1);
they are composed of a very great number of small pieces, articulated together in such a
manner as to form a series of holes. The corresponding edges of the plates remaining
uncalcified, at certain definite intervals produce foramina, which are destined for the
passage of retractile tubular suckers. The form and structure of the poriferous zones form
a good generic character. As there are two poriferous zones bordering each ambulacral
area, it follows that there are ten zones. Some authors give the collective name ambulacra
to the zones and the area; but for obvious reasons, I consider them distinct sections of
the test, and treat them as such.
1 Albin Gras, C Description des Oursins Fossiles du departement de l'Isere,' p. 20.
des Echinides Fossiles,' p. 20,
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The pores are rou,,!d, oblong, or elongated; the pores forming a pair may be equal or
unequal; in relation to each other, they may be transverse or oblt'que, contiguous or
remote, and when united by a transverse sulcus they are said to be conjugate.
The pores are differently arranged in the zones in the different families: when they are
disposed in single pairs, they are said to be unigeminal (PI. VI, fig. 1, d); when in double
pairs, bigeminal; when in triple oblique pairs, trigeminal; and when grouped in a greater
number, as in many living species of the genus Echinus, they are J)olygeminal.
When the zones extend in a straight uninterrupted line from the mouth to the apical
disc, they are said to be simple, as in the CidaridtlJ, EchinidtlJ, Salenide, Galeritida,
EchinonidtlJ; when the zones, after parting from the apical disc, expand, and again
contract, thereby forming a leaf-like figure on the upper surface of the test, they are said
to be petaloidal, as in the ClypeasteridtlJ; when the petal is not so complete, as in the
CassidulidtlJ, it is subpetaloidal. The zones are complete when they extend without interruption from the mouth to the disc; they are interrupted when they terminate on the
upper surface, and reappear again at the base near the mouth; they are limited when
they form only a star on the dorsal surface. These terms represent generic characters
of greater or less value, and require to be carefully noted in the description of the
speCIes.

The Apical or Genital Disc.
The apical disc occupies the centre of the summit of the test, and is composed in
most genera of ten plates, namely, five genital plates and five ocular plates (PI. V I,
fig. 1, a). In the Salenida: there is one or more additional plates introduced. The jive
genital or oviductal plates correspond to the summits of the inter-ambulacral areas , two
plates form an antero-lateral pair, two a postero-Iateral pair, and the single plate is
placed behind. On the right antero-Iateral genital plate (PI. VI, fig. 1, a) is a spongy,
prominent mass, called the madreporiform body; the plate supporting this body was
supposed by Agassiz and Desor always to represent the posterior part of the test, but I
have shown that it is invariably placed on the right antero-Iateral plate.
1'he ocular plates are at the summit of the ambuJacral areas; they are small, heartshaped bodies (PI. VIII, fig. 4, b), wedged into the angles of the genital plates around
the circumference of the disc.
1'lte suranal plates are found only in the SALENID~; they consist of one or many
elements placed in the centre of the genital circle, and always before the anal
openmg.
The anal plates (PI. VIII, fig. 4, b), are very small bodies, and variable as to number;
they clothe the membrane of the anal opening, and are well seen in recent urchins; but
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are seldom preserved in fossil species; they are admirably shown" however, in the fine
specimen of Cidaris subuesiculosa (PI. VIII, fig. 4), from the collection of our kind
friend, Dr. Bowerbank, F.R.S.

The Tubercles.

°

The plates composing the test of the Cidariate, Echinidte, and Salenidte, have
large tubercles developed on their surface; they are divided into primary tubercles, semitubercles, secondary tuboercles, minute tubercles, gmnules, and miliary granulation. In the
other families the tubercles are smaller, more numerous, and less complicated.
The primary tubercles form two rows in the inter-ambulacral areas of the Cidaridce,
(PI. I and II), and four, six, eight, ten, or twelve rows in many Echinidce.
The semi-tubercles are found at the base of the ambulacral areas of the genus Hemicidaris. In a section of the genus Hemipedina they likewise are found at the base of the
ambulacra.
'I'he secondary tubercles are found in many of the Echinidce, ranged, in general, on the
ambulacral side of the primary tubercles. They are found likewise on the centro-sutural
side of the primary rows of many Pseudodiadema, Pedina, Hemipedina, and Echinus.
The minute tubercles are the small tubercles found on the margins of the ambulacral
areas of the genus Oidari» (PI. VIII, fig. 1); and they sometimes fill up spaces at the base
of the inter-ambulacral areas. In some Pseudodiademata they are raised on little
eminences, and perforated like the secondary and primary tubercles. In this respect
they are distinguished from the granules.
The granules are small, round, hemispherical elevations, scattered more or less regularly
over different parts of the plates of the test. In some species of the genus Cidaris they
are arranged in rows in the centre of the ambulacral areas, or form circles around the
circumference of the areolas of the primary tubercles (PI. VIII).
The miliary granulation is formed by a number of small granules closely set together
in the centre of the ambulacra, or on the inter-tubercular surface of the large plates
composing the inter-ambulacra (PI. VIII, fig. 1).
The primary tubercles of the genera Oidaris, Hemioidaris, Pseudodiadema,
Hemipedina, Pedina, &c., consist of the following parts:
The hemi8jJherical tubercle, or mamelon, is sometimes perforated in the centre, sometimes imperforate, as in many Echinidce (PI. VII, fig. 3 c).
The boss, or mammillar!! eminence, is the conical prominence on the surface of the
tubercular plate; its summit supports the tubercle, and the margin thereof is crenulated
in Hemicidaris and Pseudodiadema, and smooth in Hemipedina and Pedina.
These characters are important for generic distinctions.

•

I' ,

..

TERMINOLOGY.

27

The areola, or 8C1'obicute (PI. VI, fig. 1, d), is the round, oval, or elliptical, smooth,
excavated space which surrounds the base of the boss. This space is sometimes narrow,
and its. margin elevated into a ridge, that completely encircles it, when the scrobicule
or areolar circle is said to be complete; if the upper and under sides of the circle are
wanting, it is incomplete, and the areolas are then said to be confluent.
The row of granules encircling the areolas is called the areolar or scrobicular

circle.
The miliary zone is the space comprised between two ranges of primary tubercles,
it is in general covered with a close-set granulation; when destitute of miliary
granules, jt is said to be naked; the ambulacral and inter-ambulacral miliary zones
occupy these different regions of the shell,
When the granules are .microscopic, and closely clustered together within certain
narrow, circumscribed bands, or fascioles, intersecting the general tubercular surface, and
It
.
occupying fixed positions on the test, they are called fasciolar.
Fascioles are only found in two families, in one genus of the Echinocoridt:e, and in
almost all the genera of the 8patangidt:e. The form, width, structure, and position of these
bands must be carefully noted, as they afford important characters, both positive and
negati~e, for the diagnosis of the genera.
When a fasciole surrounds the circumference of all the petaloidal portions of the ambulacral areas, it is peripetaloue , if it encircles the single ambulacrum alone, it is internal;
when it. extends along the flanks, it is lateral; if it passes in whole, or in part, along
the circumference, it is marginal; and when it surrounds the base of the single interambulaerum, it is subanal, Sometimes there is only one, sometimes there are two or
three, of these fascioles hi different genera,
Each family haa a special arrangement of the tubercles, granules, and fascioles; a
detailed account of these will be found in the general outline of the structural characters
.prefixed to the description of each natural group.
The 8utural impressions are the lines along which the plates are united together; sometimes they are mere lines; or the impressions amount to excavations out of the borders
of the plates, and give rise to cavities therein, as in the genus Temnopleurue.
The angular or 8uturalpores are small impressions, situated in some genera at the
angles of the plates, upon the median line of the miliary zones.

The eeiernai Appendage8 of the Test.
The spines, or radiolee, as they were called by Plott, Lang, and other old authors, are the
calcareous appendages that are moveably articulated to the tubercles of the test; they
present numerous modifications as to size, form, and sculpture, which are all intimately
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connected with specific characters; some are short or elongated, flattened, cylindrical, fusiform, or subulate; others are compressed, spatuliform, or triangular; others, on the contrary,
are expanded, pyriform, or claviform. The surface of the spines is smooth or striated with
fine or coarse longitudinal lines ; some have verticillate processes at regular intervals, others
have asperities, prickles, or granules, disposed with more or less regularity over the surface.
'l'he different parts of the spine have received the following names:
'l'he articular cavity, or acetabulum, is the socket by which the spine articulates with the
tubercle; its margin is smooth or crenulated, according as the summit of the boss is smooth
or crenulated (PI. VI and VII); in all the genera with perforated tubercles there is
a corresponding pit in the socket of the spine, for the attachment of the round ligament
which passes from the tubercle to the spine.
The head is that part of the spine containing the articulating cavity, and is united to
the stein near the neck (PI. VII, fig. 4).
'l'he milled ring surrounds the head; it is a prominent ridge, more or less deeply
crenulated, around which the muscular fibres that move the spine are firmly attached.
The neck is the smooth space between the line of junction above the milled ring and
the rugose body of the spine (PI. VII and VIII). In long, slender, tapering spines, it is
often finely striated with longitudinal lines, and cannot be distinguished from the body into
which it passes.
The stem or bod!! of the spine is the part that exhibits the greatest variety of forms,
smooth and muricated varieties are figured in PI. I, Il, IV.
The organs of mastication forming " the lantern of Aristotle" are rarely preserved in
fossil species; they consist of five jaws, each carrying a long tooth (PI. V and VII). As
these parts form a complicated mechanism, their analysis and description will be given at
length in the anatomical part of the introduction.

On the. relative value

of the

external organs in the classification

of the Echinoidea.

The mouth is always basal, central, subcentral, or excentral, but the excentricity is
invariably towards the anterior border. 'I'his opening does not, therefore, afford a character of primary importance, although, in connectiou with others, it is valuable in the definition
of families. The mouth is sometimes armed with jaws, but it is oftener edentulous.
The position of the anal opening affords a character of primary importance. In one great
section the vent opens within the centre of the apical disc, surrounded by the genital and
ocular plates. The relation, therefore, of the digestive organs to those of generation and
vision, is an important primary character for the zoologist. In another section the vent
opening is without the apical disc, and is more or less external to, and at a greater or less
distance from, the genital and ocular plates. The physiological importance of the external
relation of the organs of digestion, generation, and vision, to each other, imparts great

•

CLASSIFICATION.

29

value to the position of the anal opening; and hence it forms the basis of the subdivision
of this order into two sections, which are thus defined:

Echinoidea endocyclica.
A. Test circular, spheroidal, more or less depressed, rarely oblong; mouth in the centre
of the base. Vent ill the centre of the upper surface, directly opposite to the
mouth, surrounded by five perforated genital plates, and having external to them
five ocular plates. Mouth always armed with five powerful calcareous jaws, formed
of many elements, disposed in a vertical direction.

Echinoidea emocl/clica.

B. 'rest sometimes circular and hemispherical; oftener oblong, pentagonal, depressed,
clypeiform, or discoidal; mouth central or ex-central. Vent external to the circle
of genital and ocular plates, never opposite the mouth, and situated in different
positions in relation to that opening: four of the genital plates are generally
perforated. The mouth is sometimes armed with' five jaws, oftener it is
edentulous. 'I'he elements of the lantern are disposed in a more or less horizontal
. direction.
The structure of the ambulacral areas, and poriferous zones, afford good characters
of secondary importance for grouping the genera into natural families, especially when
taken in connection with the position of the vent, which varies in its relation to that of
the mouth-opening in different families.'
The form, number, and arrangement of the tubercles, and the spines that are jointed
with them; the miliary granulation; the hands of microscopic granules forming the fascioles, having permanent positions on the test; also the size and number of the
elements of the apical disc, and the position of the vent," afford collectively good characters
for defining the genera.
The minute details of the structure of the plates; the form, size, and number of the
tubercles on each of them; the arrangement of the pores, their proximity or remoteness
from each other in the zones; the general outline of the test, which has only certain
limits of variation; the form of the areolas; the presence, absence, size, and distribution,
of the granules forming the scrobicular circle; the completeness or incompleteness of the
same; the length of the spines, their form and sculpture, are points affording good specific
characters, as they are persistent details that are developedon every considerable fragment
of the. test and spines of the Eehinoideee,
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Taking these general principles for my guidance, I subdivide the Echinoidea into
the following thirteen natural families:

Echinoidea endocyclica.

{

Vent within the genital plates,
always opposite the mouth.

Cidaridre.
Hemicidaridre.
Diademadre.
Echinidre.
Salenidee.
Echinoconidre.

Collyritidse,

Order- ECHINOIDEA.
Echinoidea exocyclica.

Eehinonidse.
Echinobrissidee,
Echinolampidre.
Olypeasteridee.
Eehinocoridee,
Spatangidee.

Vent without the genital plates,
never opposite the mouth.

Pamily 1. CIDARID..E.-Test thick, spheroidal; inter-ambulacral areas very wide;
primary tubercles large, perforated; bosses crenulated or uncrenulated, spines large,
thick, mostly claviform , ambulacral areas very narrow; poriferous zones narrow, pores
unigeminal, rarely bigeminal; mouth-opening large, inferior, central, circular or pentagonal; peristome destitute of notches, always armed with large, powerful jaws. Ventopening wide, superior, opposite the mouth, surrounded by five large genital plates
perforated for the ovarial canals, and five small ocular plates excavated for lodging the
eyes; buccal and anal membranes coveredwith scales.
Types. Cidaris clavigera, Konig (PI. IV). Cidaris sceptrifera, Mantell (PI. VI).
Family 2. HEMICIDARID..E.-Test thick, spheroidal, or more or less depressed; ambulacral areas narrow or wide, with semi-tubercles at their base only, or exterided throughout
the area; inter-ambulacral areas with two rows of primary tubercles, rarely more than
eight in each row; tubercles of both areas perforated, and bosses deeply crenulated;
poriferous zones narrow and undulated; pores unigeminal throughout, except near
the peristome, where they are bigeminal and trigeminal. Mouth-opening large; peristome
decagonal, and divided more or less deeply by notches into ten lobes; jaws large and
powerful; apical disc small,opposite the mouth, composed of five genital and five
ocular plates. Spines long, thick, cylindrical, tapering, elaviform, or stout, compressed,
or angular; surface smooth, or covered with fine longitudinal lines, as far as known,
neither prickles nor asperities are developed thereon.
Types, Hemicidarie intermedia, Fleming. Aorocidaris formoea, Agassiz.
Fami£lI 3. DIADEMAD..E.-Test thin, circular, or pentagonal, more or less depressed;
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ambulacral areas wide, with two or four rows of primary tubercles; inter-ambulacral areas
with two, four, six, or more rows of tubercles, nearly of the same size and structure as
those of the ambulacra , tubercles perforated or imperforated, crenulated or uncrenulated, in different genera; apical disc small, opposite the mouth, composed of
five genital and five ocular plates; poriferous zones narrow; pores unigeminal or
bigeminal. Mouth-opening large and decagonal; peristome divided into ten lobes by
deep notches; spines long, cylindrical, more or less slender, either tubular or solid;
sometimes encircled by spiral verticillate processes, or their surface is sculptured with fine
longitudinal lines.
Cypltosoma Ka3niIJii, Mantell. Pseudodiadema
Types. AstroPYIJa radiata, Leske.
tumidum, Forb.

Familll 4.

ECHINID..E.-Test thin, spheroidal; inter-ambulacral areas, with small
primary tubercles, of various sizes, perforate or imperforate; bosses crenulate or uncrenulate , ambnlacral areas wide, always supporting two or more rows of primary
tubercles; poriferous zones narrow or wide, pores unigeminal, trigeminal, or polygeminal,
and disposed in arcs; spines short, mostly subulate. Mouth-opening large, inferior,
always decagonal; peristome divided into lobes by notches more or less deep. Vent
small, superior, opposite the mouth, surrounded by five genital and five ocular plates;
buccal membrane naked.
Types. Ecltinus 8jJluera, Muller. Codiopsis Doma, Desmarest,

Family 5. SALENIDIE.-Test thin, spheroidal , inter-ambulacral areas wide, with few
primary tubercles, either perforate or imperforate, crenulate or uncrenulate; ambulacral
areas narrow, carrying secondary tubercles.
Mouth-opening small or large, inferior,
decagonal; peristome more or less notched. Vent superior, surrounded by the plates of
a large apical disc, composed of more than ten pieces, occupying a wide aperture in the
superior part of the test. Poriferous zones narrow, pores unigeminal, except near the
peristome, where they are trigeminal. Spines long, subulate, circular, or flattened.
Species all extinct; the genera distributed in the Oolitic,· Cretaceous, and Tertiary
rocks.
Types. Salenia petalifera, Defrance. .dcroealenia ltemicidaroides, Wright.. Gonioph01US lunulatus, Agassiz. Hyposalenia Wri!llttii, Desor.

Family 6.

ECBINOCONID..E.-Test thin, circular, elongated or pentagonal, elevated or
depressed; inter-ambulacral areas wide, ambulacral areas narrow; external surface of
the plates covered with numerous small, perforated, and crenulated tubercles; poriferous zones narrow, pores unigeminal, except near the base, where they are trigeminal.
Mouth-opening inferior, central, circular, or pentagonal, armed with five jaws; peristome
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notched, dividing the circumference into ten nearly equal lobes. Apical disc central,
superior, composed of five genital and ~ve ocular plates; madreporiform body large,
extending from the right antero-lateral genital plate into the centre of the disc. Vent
situated at the upper surface, in the margin, or at the inferior surface of the test. Spines
small, short, subulate. Species all extinct; .genera distributed in the Oolitic and
Cretaceous rocks.
Types. Ecltinoconus albo-fJalerus, Klein. PYfJaster semisulcatus, Phillips. Discoidea
cylindrica, Lamarck.

Family 7. COLLYRITID.d'l.-Test thin, circular, or oval; ambulacral areas meeting at
two points, more or less apart, on the upper surface; poriferous zones narrow, pores
unigeminal; tubercles small, numerous, perforated, and crenulated. Mouth-opening' excentral, small, round, oval; peristome feebly fissured; jaws unknown. Vent round,
oval, supra-marginal; elements of the apical disc detached; four genital holes. Species
all extinct, and distributed in the Oolitic and Cretaceous rocks.
Types. Collyrites rin!lens, Desmoulins. Coll!Jrites ouaiis, Parkinson.
Family 8. ECHINONID.d'l.-Test thin, oval; poriferous zones narrow, meeting at the
apical disc; pores unigeminal; tubercles of both areas nearly equal, neither perforated
nor crenulated; spines stout, subulate. Mouth-opening nearly central, irregularly pentagonal, and edentulous. Vent oblong or pyriform, basal or marginal, closed by anal
plates; apical disc nearly central; four genital pores. One group living in tropical seas;
another fossil in the Cretaceous rocks.
Types. Echinoneus cyclostomus, Leske. Fyrina Desmoulinsii, D'Archiac.
Family 9. ECHINOBRISSID1E.-rrest thin, circular, oblong, sub-pentagonal or clypeiform,
covered with microscopic perforate tubercles, surrounded by excavated areolas; ambulacra
narrow, enclosed by poriferous zones, more or less petaloidal; pores set at different distances
apart, and united by connecting sutures. Mouth-opening small, nearly central, pentagonal,
edentulous, in general surrounded by five lobes. Vent, opening in a sulcus, in the
upper surface of the single inter-ambulacrum, or in a marginal depression thereof; apical
disc small, four genital plates; madreporiform body extending into the centre of the
disc. Species living and extinct, the latter distributed in the Oolitic, Cretaceous, and
Tertiary rocks, the former in the seas of New Holland, and the Antilles.
Types. Ecltinobris8us cluniculari«, Llhwyd. Cl!Jpeus Plotii, Leske. Catop!lfJU8 oarinatus,
Goldfuss. P!I!laulus cylindricus, Desor.
Family 10. ECHINOLAMPID.d'l.-Test thin, oblong, oval, elevated, or sub-discoidal;
ambulacra large, petaloid j poriferous zones wide; pores apart, and united by
suture; zones extending near to the margin. Mouth small, surrounded hy five lobes,
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Vent· transversely oblong, and infra-marginal; apical disc small, excentral, with four
genital holes. Some species are now living in warm seas, but the greatest number are
extinct, and distributed in the Oolitic, Cretaceous, and Tertiary rocks.
Types. Oonocl?Jpus Eeskei, Goldfuss. Echinolampas orientali«, Gray. P?JfJurus
KrenifJi, Gray.

Famil!J 11. CLYPEASTERIDJE.-Test thick, elevated or depressed, circular, elliptical, or
pentagonal; surface closely covered with small, nearly equal-sized tubercles, sunk in
the plates, and surrounded by ring. like areolas, tubercles carrying short hair-like spines.
Mouth" large, central, and pentagonal, armed with five strong jaws, containing the
same number of teeth. Vent posterior, marginal or infra-marginal; interior of the
test divided by pillar-like processes, formed of the inner layer of the plates. The dorsal
portions of the ambulacral areas have a petaloid form, circumscribed by large poriferous
zones; the basal portions are narrow, rectilineal, or branched; the five genital
plates form a circle round the madreporiform body, and between these are wedged the
five ocular plates. This family includes the genera OI?Jpeaster, Lamk., LafJanum,_ Klein,
Echinarachnius, Van Phels., Arachnoide«, Klein, 8cutella, Lamk., Dendraster, Agass.,
Lobophora, Agass., Enoope, Agass., Echinodisclts, Breynius, Metlita, Klein, Runa, Agass.,
Moulinsia, Agass., Scutellina, Agass., Echinoc?Jamu8, Van Phels., Pibularia, Lamk.,
Lenita, Desor.
Types. OI?Jpeaster rosaceus, Lamarck, 8cutetla subrotunda, Lamarck. Ecltinarachniu8placenta, Gmelin.
Famil?J 12. ECBINOCORIDJE.-Test thick, oval or cordate, and sometimes conoidal;
'amhulacral areas contracted; poriferous zones narrow, pores unigeminal; test covered with
small perforated and crenulated tubercles. Mouth small, excentral, tranversely oblong.
Vent nearly of the same size, oblong, marginal or supra-marginal. Apical disc elongated,
nearly central, with four genital pores; the cordate forms have an anterior central depression, and one genus "has a marginal fasciole. The species are all extinct, and limited to
the Cretaceous rocks.
Types. Echinocor?J8 vulfJari8, Breynius. Holasier 8ubfJlobo8u8, Leske. Oardiaster
fJranulo8u8, Goldfuss, .
Famil?J 13. SPATANGID1E.-Test thin, oval, oblong or cordiform, exhibiting the bilateral symmetry of the Echinoidea. Vent posterior and supra-marginal, closed by a complicated series of small plates. Apices of the ambulacral areas united at the summit of
the test. The single ambulacrum has a different structure from the antero- and posterolateral pairs, and is lodged in general in a depression of the test, which extends to the
anterior border, and forms the anteal sulcus; test extremely thin, and covered with
small tubercles, which support hair-like spines. Besides these there are some larger
5
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crenulated and perforated tubercles for supporting large spines. There are two or four
genital pores, placed close together in some genera, but apart in others. The eyeplates, five in number, are situated at the apices of the ambulacra, in a pentagonal form,
around the genital plates. On the surface of the test of some 8patallgidte certain delicate
lines are observed, having a smoother appearance than the tubercular surface of the test;
these are the fascioles, which are strewed with microscopic tubercles, and destined to carry
very delicate spines. The fascioles have a different disposition in each genus, and afford a
good character in making definitions of the same. When the fasciole surrounds the
ambulateral petals like an undulating groove, as in Hemiaster, 8cltizaster, &c., it is peripeialous, when it surrounds the single ambulacrum, as in Antpltidetus, it is internal;
when it extends along the sides, as in ScMZo,ste1', it is lateral; when it surrounds the
circumference of the test, as in Pericoemus, it is margi1tal; when it is limited to the base
of the anal opening, it is sub-mzal. Sometimes, in the same genus, more fascioles than one
exist; thus the sub-anal and peri-petalous are frequently associated together.
Types. 8patangus purpureus, Muller. Briseus lyrifer, Forbes, Briseopsie Duciei,
Wright.
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Test thick, turban-shaped, more or less depressed at the oral and anal apertures.
Mouth-opening wide. central; peristome circular or pentagonal. without notches;
aperture closed by a buccal membrane, covered with small spines, metamorphosed into
imbricated scales, upon which the pores from the zones are prolonged.
Opening for the apical disc very large; disc composed of five large, equal-sized,
angular, genital plates, and five ocular plates; vent opening in the centre, directly opposite
the mouth; anal membrane clothed with small angular plates, unequal in size,and variable
in number.
Ambulacral areas extremely narrow, composed of a great number of very small plates,
having only minute tubercles, or rows of small granules on their surface, and never
supporting tubercles with primary spines.
Inter-ambulacral areas very wide, composed of large plates, rarely more than from six
to eight in a column; the external surface of each plate carries a large perforated
tubercle, raised on a prominent boss, and encircled by a round or oval areola, having
an elevated margin, on which are a circle of granules, usually larger than those filling the
miliary zone.
Poriferous zones narrow, extending without interruption from the margin of the buccal
membrane to the apical disc; pores in general unigeminal, in one genus bigeminal; pores
contiguous, or separated by septa more or less thick.
Jaws. five in number, forming a very powerful lantern. moveably connected with, and
supported by, a series of calcareous processes or auricles, arising from the inner surface
of the test; the teeth are more simple, and the lantern less complicated than in the
Eckinid(JJ.
The spines in this family exhibit a great variety of forms, they are large, strong. cylindrical, fusiform, prismatic, club-shaped, or flattened j and their surface is covered with
fine longitudinal lines, or with prickles or granules, having .in general a linear arrangement, or a more or less irregular disposition; the form and sculpture of the spine has a
specific value, as its dominant characters appear to be persistent.*
The Oidasid« are the most ancient type of the Echinoidea. The remains of different
forms of this family are found in the Paleeozoic rocks, as well as in those of the Secondary

* The form and general character of the spine should, in every case, be examined with scrupulous
attention, and, whenever in fossil species the spines are found attached to their test, the facts connected
therewith should be noted with the greatest accuracy. The neglect of this caution has been the cause of
much confusion, and led to some serious errors.
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and Tertiary epochs. In his valuable Synopsis, M. Desor describes six genera in this
family: these are Oidaris, Klein; Babdocidari«, Desor; ])iplocidaris, Desor; Porocidaris,
Desor; Goniocidaris, Desor; Paleocidaris, Desor. Of this number three are extinctDiplocidaris, Porocidaris, and Paleooidarie , two contain both extinct and living forms
-Cidaris and Babdocidarie : and one is only found living-Goniocidari8.

A.-Species from the Gault.

CIDARIS GAULTINA, Forbe«, MS.

PI. I, fig. 2, a, b, c, d, e , fig. 3, a, b; fig. 4 a, b, c.

CIDARIS GAULTINA, Eorbee, Morris's Catalogue of British Fossils, 2nd ed., p. 74,
1854.
Woodward. Memoirs of the Geological Survey, Decade v, expl.,
pI. v, 1856.

The specimen figured in PI. I, fig. 2, belongs to the British Museum, and was kindly
communicated by my friend, S. P. Woodward, Esq., F.G.S. It consists of five interambulacral plates, and a trace of an ambulacral area,with a number ofspines. Detached plates
of this urchin resemble those of Cidarie oesiculosa, Goldf. In the large plate (fig. 2, ~),
magnified two and a half times, the depth is greater than the breadth; the wide circular
areola is nearer the lower border, its margin is elevated, and surrounded by a circleof thirteen
small tubercles, each set upon a distinct base; the boss is flat, its summit smooth, and
the tubercle large and distinctly perforated; the rest of the plate is covered with a fine
close-set granulation (fig. 2, a, b).
The remaining fragment of the ambulacral area is too imperfect for description.
The spines vary in form; they are in general long and slender, and taper slightly
(figs. 2 and 3). The surface is covered with longitudinal ridges, the edges are distinctly
serrated (fig. 2, a, and fig. 3, b), and the stem represents a miniature fluted column. 'I'he
truncated summit shows a star-like structure (fig. 2, e), produced by the serrated ridges
meeting around the circumference of a central circle. The neck is smooth, short, and
thick (fig. 2, d, and fig. 3, b); the milled ring broad and flat, and covered with very fine
lines; the head is short, and the acetabulum surrounded by a line (fig. 2, d).
In one of the broken spines that accompanies the plates the upper extremity is
expanded and cup-like (fig. 4, a, b, c), whilst in the other spines the extremities are
contracted and truncated (fig. 2, a, c).
Affinities and diJIerences.-This urchin very closely resembles Cidaris veaiculosa, Goldf.,
found in the Chalk-marl of Essen and Ruhr. The resemblance is so great between the
German and English forms, that without a comparison of specimens a correct diagnosis
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cannot be given. In Oidaris veeiculosa, Goldf., the marginal circle of areolar tubercles
is not so prominent as in Oirlaris Gaultina, Forb., but the general character of the
ornamentation on the plates is the same in both. The spines figured by Goldfuss
closely resemble those of O. Gaultina; they have the same slender, elongated form, and
fluted structure; most of them are spindle-shaped, and some have an expanded cup-like
termination, like the spine fig. 4, a.
Locality and 8tratillrapltical Position.- Oidaris Gaultina is a very rare urchin. I
only know the specimens contained in the Museum of the Royal School of Mines, and the
subject of our .figures, which belongs to the British Museum; both these fossils were
obtained from the Gault at Folkstone. Oidaris oesiculoea, Goldf., on the contrary, has
been collected from the Chalk-mar! of Germany, and the Grey Chalk at Dover.

B.-Rpecies/rom tlte Upper Greensand.

CIDARIS VELIFERA, Bronn,

PI. I1, fig. 2 a, b, o, d, e.f', fig. 13 a, h; fig. 4 a, b.

CIDARIS VELIFERA,
PISIFERA,
VELIFER,
MICHELIKI,
GLOBICEPS,

Bronn. Jahrb., p. 154, the name only, 1835.
Agassiz. Catalogus Systematicus, p. 10, 1840.
Bronn. Index Paleeontologicus(" = Salenia: sp."), 1848.
Sorignet. Ours. Foss. de l'Eure, p. 18, 1850.
Quenstedt. Handbuch der Petrefactenkunde, p. 577, pl. 49,
fig. 17, 1852.
VELIFERA, Woodward. Mem. Geol, Surv., Decade v, pI. v, 1856.
HEBERTI, Deeor, Synopsis des Echinides Fossiles, p. 12, 1858.
VELIFERA, Desor, Ibid., p. 34, 1858.
Cotteau. Paleont, Franeaise ] Echinides, pI. 1054, figs. 14-21,
p.241.

oft

Test small, circular, depressed; ambulacral areas narrow and sinuous, with four rows
of granules; inter-ambulacral areas wide, tubercles large and prominent, gradually
increasing in size from the peristome to the apical disc, where they are globose and conspicuous; spines short, stems large and globular, surface covered with longitudinal rows
of pustular elevations.
.Dimensions.-Height, three tenths of an inch; transverse diameter, eleven twentieths
of an inch.
.Description.-This beautiful little Cidaris is one of the oldest representatives of the
group possessing claviform spines, Radioli Illandarii, for all doubt about the identity of the
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test, and the spine appertaining thereto, is removed by the discovery of the interesting
specimen figured in PI. II, fig. 4, a. The spines of this species were first discovered in
the Craie chloritee of Essen and Frohnhausen, and were named by Bronn velifer; as the
asperities on their globular stem impart a peculiar character to them, and that author, in
his 'Index Palseontologicus,' referred them to a Salenia, M. Desor described a small
Cidari« Heberti from the Craie chloritee of Cap la Heve, which I believe to be the test of
this species. The short diagnosis given in the' Synopsis' agrees so well with the specimens before me that I have no hesitation in concluding it to be the same :-" Petite espece
it scrobicuie« petits et serres, mais it tuberculee tre8-grOS, SU1·tOUt it la face superieure.
Quatre rangeea de granules amb7tlacraire8."
The ambulacral areas are slightly sinuous, and furnished with four rows of small
granules (fig. 2, e) closely set together, the marginal rows being the most uniform in their
arrangement. The narrow poriferous zones lie in a deep groove formed by the prominence
. of the adjoining granules; the pairs of small holes are obliquely inclined, with thickened
septa, each having a small tubercle (fig. 2, e) between them.
The inter-ambulacral areas have two rows of tubercles placed so near the poriferous
zones that the inter-tubercular space in the middle of the area is about the same width as
the ambulacra, whereby the ten rows of tubercles are situated nearly equidistant from each,
thus imparting a regular appearance to this species (fig. 2, c, b). There are five tubercles
in each row, which increase gradually in size from the peristome to the disc; the three
basal tubercles are small and set closely together (fig. 2, b), whilst the two upper tubercles
are large and wide apart (fig. 2, c); the mammillary eminence is depressed, the areolee are
narrow (fig. 2, e), and their margin surrounded by a circle of well-defined granules
(fig. 2,f). The tubercle is large and prominent, and the narrow boss on which it rests
is destitute of crenulations (fig. 2, eJ) ; the summits of all the tubercles are perforated, those
on the upper part of the test are, however, best preserved. A broad band of granuletions separates the two rows of tubercles; five or six rows of granules are closely placed
together; and the granules in the band and those in the ambulacra are nearly of the same
.
.
SIze.
In the specimen figured at 4, a, there are seven spines attached to the test in their
natural order. The spines (fig. 3, a) have a very short neck and a large globular stem,
covered with rows of pointed elevations (fig. 3,b) rising from the midst of an apparently
villous surface. The milled ring (fig. 4, b) is close to the acetabulum, it is moderately
prominent, and crowded with fine lines. From the manner in which these globular spines
are arranged on this small test, very little individual motion was possible among. them,
and yet the delicate surface of the spines, when examined with a lens, gives no evidence of
abrasion, from the friction of moveable bodies laid so closely together as these spines were
placed.

AjJlnities and diJIerences.-The test of this beautiful little Cidaris is nearly related to
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Oidari8 clavitJera, Kenig, both in the form of the tubercles and the narrowness and depth
of the areolee , but in the structure of the spines there is a manifest difference, which will
be more fully appreciated by comparing PI. IV, fig. I, exhibiting a series of spines of
O. clavi.gem, with PI. H, fig. 3, b, showing a magnified view of the spine of a. velifera.
Locality and 8trati!Jrapltical P08ition.-W. Cunnington, Esq., F.G.S., of Devizes, to
whom I am indebted for the loan of specimens of this species, obtained them from the
Upper Greensand near Warminster; I had seen the plates of the test and portions of the
spines, but never before have I seen these parts " in situ."
• The foreign distribution of this urchin is as follows :-The spines are found in the
Craie chloritee of Essen, Prussia, and of Frohnhausen, Hesse-Cassel, and the test,
described under the name Oidari8 Heberti, Des., was collected from the Craie de
Vendome, from the Craie chloritee du Cap la Heve and la Madeleine, near Vemon
(Eure) ill l'Etage Cenomenien, where it is very rare.

C.-Species/ro1ll tlte Grey
CIDARIS CARTERI, Forbes.

altallc~

PI. I, fig. I, a, b, c, d, e.f;

CIDARIS CA.RTERI,

Eorbe«.
Morris.
Desor,

Memoirs of the Geol. Survey, Decade v, pI. v, 1854.
Morris's Catalogue of Brit. Fossils, 2nd ed., p. 74, 1856.
Synopsis des Echinides FossHes, p. 12, 1858.

Test small, inflated, subconical; ambulaeral areas narrow, winding, with two marginal
rows of moniliform granules, and a deep median sulcus; .inter-amhulacral areas wide;
tubercles small, remote; areolas at the equator narrow, complete, those on the npper plates
small, elongate, and obsolete.

Dimensions.-Height, eight lines; transverse diameter, ten lines.
De8cription.-Should subsequent discovery confirm the opinion that this is an adult
test, it will be the smallest Cidaris in the English Chalk. It very much resembles, in
many points of structure, Oidaris sceptrifera, Mant., from which it differs, however, in
sizeand figure, and in the developmentof the tubercles and their areolee, especially those on
the upper plates. The ambulacral areas are narrow and winding; they have two rows of
prominent moniliform granules on the extreme margins of the areas (fig. 1, c) ; and in the
depth of one equatorial inter-ambulacral plate I have counted sixteen of these; between
them is a deep sulcus, on which two indistinct central rows of microscopic granules are
sparsely distributed.
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The inter-ambulaoral areas are wide, and consist of large, deep plates (fig. 1, c), about
four or five in each row, those at the equator are the largest; the tubercle is small
and perforated; the boss is flat, with a smooth summit; the areolee are narrow and
complete, and encircled by a moniliform circle of sixteen small granules, raised on
scale-like plates (fig. 1, c); from the equator to the mouth the tubercles and their
areolre gradually diminish in diameter, and on the upper surface the plates they are very
deep, and their areolee small, elongated, and entirely obsolete; the inter-tubercular surface
of the plates is covered with close-set miliary granulations.
The poriferous zones are narrow and deeply sunk, in consequence of the thickness of
the plate-ornamentation; the holes are small, the pairs oblique, and there are sixteen
pairs opposite one large inter-ambulaoral plate, one pair of holes being opposite one of the
large marginal ambulacral granules.
The apical disc is wide, occupying all the summit of the test (fig. I, a, b); the
ovarial plates are large (fig. 1, d), and of an irregular rhomboidal figure; their surface is
covered with small granules sparsely distributed thereon, and the oviductal holes are
perforated at the outer third of the plates. The oculars are small and heart-shaped, and
intercalated between the angles formed by the ovarials; the orbits appear to have been
marginal.

Affinities and diJIerences.-This species resembles Oidari« sceptrifera, Mant., but the
depth of the inter-ambulacral plates and the limited number in a column, together with
the smallness of the areolas and the obsolete character of those on the upper plates, prove
that this urchin is quite distinct from that form.
Localit!J and Stratigrapltical Poaition.-The only specimen at present known was
collected by James Carter, Esq., F.G.S., of Cambridge, from the Grey Chalk of that
neighbourhood; and it belongs to his collection. In Morris's' Catalogue' it was stated by
mistake to have come from the White Chalk, and in M. Desor's 'Synopsis,' from the Gres
vert superieure d'Angleterre.
Hislor!J.-l'his species was first figured in the 'Memoirs of the Geological Survey,'
in plate v of the Fifth 'Decade of British Organic Remains.' The original specimen
formed the subject of Mr. Bone's drawings for this work.
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ClDARIS VESICULOSA,

Golrlfu88.

Plate II, fig. 5, a, b, c, d , Plate Ill, fig. 1, a, b, c, d, e.

CIDARIS VEtlICULOSA, Gold/u88. Petref. Germanire, t. i, p. 120, pl, xi, fig. 2, 1826.
Aga88iz. Prod. Mem. Soc. Nat. de Neuchatel, tom. i, p. 18S, 1836.
Desmoulins. Etudes sur les Echinides, p. 332, No. 23. 1837.
Bronn, Lethrea Geognostica, p. 607, pI. xxix, fig. 76, IS37.
Geinitz. Charakter der Schichten und Petrefacten Kreidegebirges, p. S9, pI. xxii, fig. 1. a, D, c, d, 1839.
Boemer, Norddeutschen Kreidegebirges, p. 2S, 1840.
Dujardin, in Lamarck, Anim. sans Vert., 2e ed., t. iii, p.338,
1840.
ReU88. Versteinerungen der Bohm. Kreideform., p. 57, pI. xx,
fig. 14, 1845.
Aga88iz et Desor. Catal. rais. des Ech. Ann. des Se, Nat.,
3e serie, t, vi, p. 328, 1846.
Bronn, Index Palreont., p. 301, IS48.
Quenatedt. Handbuch der Petrefacktenkunde, p. 5i5, pI. xlviii,
fig. 47, 1852.
SPINULOSA, Gu~ranger. Essai d'un rep. paleont. de la Sarthe, p. 40, lS53.
VESICULOSA, Desor, Synopsis des Ecbinides Fossiles, p. 11, pI. V, figs. 24,
25, IS55.
R<EMERI,
Cotteau, in Davoust, Note sur les Fossiles speciaux
la Sarthe,
p. 49, 1855.
VESICULOSA, Pictet. Traite de Paleont., 2nd ed.• t. iv, p. 254. IS~O.
Cotteau et Triger. Echinides de la Sarthe, p. 133. pI. xxv,
figs. 1-6. IS60.
Cotteau. Note sur les Echinide~ reeueillis en Espagne, par MM.
Verneuil, Triger, et Collomb.• Bull. de la Soc. GeoI. de France.
2e serie. t. xvii, p. 375. IS60
Cot/eau in D'Orbigny's PaIeontologie Franeaise, t. ii, p. 222, pI.
1050, and pI. 1051, figs. 1-6.

a

Test circular. inflated, nearly equally depressed at both poles; ambulacral areas flexed,
depressed in the middlo.and filled with from six to eight rows of close-set, nearly equalsized granules, diminishing to two or four rows near the disc and peristome , poriferous zones
very narrow, and flexuous; pores small, having a moniliform line of granules separating the
pores; inter-ambulacra wide, four to five plates in each column; tubercles moderate in
size, perforated, and uncrenulated, set very wide apart on the upper half of the test;
areas round, superficial, much inflated at the border, and surmounted with a circle of
prominent, mammillated granules. Near the disc the tubercles on the alternate columns
become dwarfed, are destitute of areolee, and occupy the middle of a long granular plate;
miliary zone large, much depressed, and filled with small equal-sized granules , discal and
oral 'apertures about the samediameter.
6
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Dimensions.-Height, nine tenths of an inch; transverse diameter one inch and a half.

Description.-This urchin, which forms so characteristic a species in the Lower Chalk
of the Continent, as shown in the table of synonyms, has hitherto escaped the notice of
English geologists. The species from our Upper Chalk, erroneously referred to this form,
being quite distinct from the true Oidari« »eeiculoea, Goldf., from the Gray Chalk and
Upper Greensand; specimens from each of these formations I have figured in PIs. II and HI.
The test is of moderate size, much inflated at the sides, and nearly equally depressed
at both poles; the ambulacral areas are flexuous, depressed in the middle, and filled
throughout with numerous rows of small, regular, close-set, equal-sized granules; at the
equator there are eight rows, which, near their terminations, diminish to two or four rows
(PI. Ill, fig. 1, tl); the inner rows are those which gradually disappear, whilst the outer
rows are persistent throughout.
The poriferous zones are very narrow, following the flexures of the ambulacra , they
are composed of small round pores, separated by a granule, the series forming a moniliform
line down the middle of the zone, fig. 2, d.
The inter-ambulacral areas are composed of very large plates, those in the upper h'alf
of the columns being the largest and most inflated; there are from four to five plates in
each series. The areas are circular and superficial, with very prominent borders surrounded by a circle of distinct regular mammillated granules (PI. Ill, fig. 1, tl) ; on the
under half of the test the tubercles are approximated (PI. Ill, fig. 1, b); whilst on the
upper half they are set wide apart, from the increased height of the plates (PI. Ill, fig. 1,
a and c) ; ~ear the summit the uppermost tubercles on the alternate columns are imperfectly
developed, and often destitute of areolee, and placed in the middle of a long granular plate
(PI. Ill, fig. 1, a and c). The tubercles are moderate in size,and perforated; the summits
of the bosses are quite smooth, and without any trace of crenulations (PI. Ill, fig. 1, e).
The miliary zone is large and much depressed, and provided with numerous flat,
uniform granules, closely set together on the entire surface of the plates (fig. I, tl).
The peristome is circular (fig. 1 b), and the opening for the apical disc (fig. I, a) is
nearly the same diameter as the oval aperture.
'I'he spines of this species, according to M. Cotteau, are elongated, cylindrical, sub.
fusiform, with compressed longitudinal ribs, more or less spinous, and denticulated, the
processes being always at regular distances apart. Towards the base, the ribs diminish
and disappear, and the stem is provided only with fine, close-set striee, The neck is short
and striated, the milled ring prominent, the articular head smooth, and surrounded by a
small groove.
Length, twenty-five to thirty millimeters ; thickness, five millimeters.
Variety, spinulo8as, Agassiz: length, forty-seven millimeters , thickness, six millimeters.
AjJtnities and diffe'l'ence8.-This species is distinguished from Oitlari8 Beeptri/era,
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Mant., of the White Chalk, by having fewer tubercles in the columns, which are wider
apart in the upper portion of the test; the areolas are likewise shallower, and the border
more prominent. In Oidaria sceptrifera the tubercles are largely developed (PI. VI, VII),
with deep areolas surrounded by a circle of prominent granules, and with a narrow sinuous
miliary zone. The spines likewise are large and fusiform, having their surface covered with
prominent spiny granules. Oidaria eeeiculosa, Goldf., differs from O. aubvesiculo8a, d'Orbig.,
in having the test flatter, the tubercles smaller, less numerous, and more apart.
The specimens of this urchin, collected from the Upper Greensand of Wiltshire, were
by the late Professor Forbes' referred to Oidari« inai!Jnia, Gras. Through the kindness of
my friend W. Cunnington, Esq., F.G.S., I have been enabled to examine the beautiful
series of this species in his collection, and in PI. 11; fig. 5, have figured his largest and
finest specimen. A careful study of these fossils has satisfied me that they are not the
species described by Dr. Albin Gras," and which he thus characterized :-" Aires ambulacraires ondulees, paraissant presenter deux rangees verticales de granules tres serrees et
rapprochees les unes des autres , probablement cinq tubercles inter-ambulacraires non
creneles dans chaque rangee (quatre paraissent seulement dans notre exemplaire, dont la
partie superieure manque), Sur les cinq tubercles, les trois inferieurs augmentent progressivement de grandeur en allant de bas en haut; leurs scrobicules et leurs cercles scrobiculaires rends, saillants et formes de granules serres, sont tres-prononces, tangents entre
eux et avec ceux de la rangee voisine; ils sont au contraire presque effacee dans le petit
tubercle qui vient ensuite, lequel diminue brusquement et repose pourtant sur une treslarge plaquette couverte de nombreux granules." Thearnbulacral areas in O. oesiculosa,
Goldf., have, at the equator, six rows of small, equal-sized granules, closely -arranged in
parallel lines,and diminishing to four rows at the narrowest parts. This persistent
structure affords a character by which the species is distinguished from O. insignia.
The British Museum contains a fine specimen of O. veaicUloaa, Goldf., from the Gray Chalk
of Dover (PI. Ill, fig. 1). This test I have carefully compared with Mr. Cunnington's
Upper Greensand specimens, and the examination has convinced me that they belong to
the same species; the test of the specimen from the Gray Chalk is that of a larger, and
older individual j some of the plates, however, in the upper part of 'the columns, are
proportionally more inflated; but in all other respects its characters are identical with
those of the Upper Greensand forms.
The test is spheroidal, of medium size; and nearly equally depressed at both poles; the
ambulacral areas form narrow, flexuous, granular bands, which decline towards the
central suture; they are entirely filled with small, close-set, equal-sized granules, arranged
in. regular parallel rows, of which there are from six to eight at the equator, diminishing
to four in the narrowest parts, near the peristome and apical disc; the poriferous zones
1 Morris, <Catalogue of British Fossils,' 2nd ed., p. 74.
:a <Description des Oursins Fossiles du departement de l'Isere,' p. 21, 1848.
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are very narrow, and the small pores are placed close together, each septum being surmounted by a little granule; there are 23 pairs of holes opposite one of the large plates.
The inter-ambulacral areas are formed of large deep plates, the limits of which are
very distinctly defined by well-marked suturallines; there are four or five plates in each
column, those at the lower part of the test are small and regular (fig. 1, b), and. those at the
upper part of the column are large; deep, and rather irregular in figure, from the extreme prominence of the areolar margin (fig. 1, a, c); each plate. with the exception of the uppermost
in each alternate column. supports a large primary tubercle; it is surrounded by a shallow
circular areola; the boss is not prominent; and the summit is smooth, without a trace of erenulation; the tubercle is large, sessile,and perforated (fig. 1, e) ; the margin of the areola is
very prominent, which, in the larger plates especially. produces an inflation of their surface,
and probably suggested the specific name oesiculosa (fig. 1, a). A complete circleof mammillated granules. larger than those on other parts of the test, surrounds the margin of the areolas,
and forms a prominent boundary thereto (fig. 1, d). The uppermost plate in each alternate
column. in most specimens, is either destitute of a tubercle. or represented only by a rudimentary warty body, without areola, and situated in the midst of a long, narrow,
imperfectly developed plate, on all sides surrounded by granules,
The mouth is small and circular, and of the same diameter as the aperture for the
apical disc, which is likewise entirely circular.
Locality and Stratigrapltical Position.-The specimen figured in Plate Ill, fig. 1, belonging to the British Museum, was collected from the Gray Chalk, at Dover, and the one
figured in PI. I1, fig. 5, belongs to my friend W. Cunnington, Esq., F.G.S., Devizes, and was
obtained from the Upper Greensand of Wilts.1.'he specimen in ~y own collection is
from the Gray Chalk of Dover. I believe this urchin is very rare, as I have seen very
few specimens in the different collections of Cretaceous fossils. The Rev. 1'. Wiltshire,
F.G.S., has communicated a fragment, collected from the Red Chalk of Hunstanton Cliff,
together with three detached spines, of the same species. I am inclined to refer to this
species the specimen, figured in PI. Ill, fig. 3, collected by C. B. Rose, Esq., F.G.S.,
from the Red Chalk, and .kindly communicated for this work. The test is much defaced
by friction, but still many of the more remarkable characters of the urchin are well
preserved.
Hi8tory.-This urchin was figured and described for the first time by Goldfuss, from
some isolated plates and spines collected from the creta mar/lacea of Westphalia; that
author cites, as identical with Oidari8 vesiculosa, a fragment from the White Chalk of
England figured by Parkinson, but which belongs to another species, probably Oid.
perornata, Forb. This error has led to much confusion, for we find Oid. oesiculosa, Goldf.,
cited in many English lists as having been obtained from the White Chalk of Kent, Sussex,
and Wilts; whereas the new form now figured and identified with Goldfuss's species has
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been collected only from the Gray Chalk of Dover and the Upper Greensand of Wilts.
Ciaaris oesioulosa, Forbes, is a very different form from the true C. vesiculosa, Goldf, ; and I
must refer the reader to the article on that species for more ample details. This species
has been beautifully figured and well described by M. Cotteau, both in his Monograph on
the Echinidee of Sarthe, and his continuation of D'Orbigny's Echinides de Terrains
Cretaces" in the Paleontologie Franeaise, a work which has profited so much by M. Cotteau's extensive knowledge of this subject. This species has now been identified and
figured as British for the first time.

CIDARIS BOWERBANKII, Forbee.

PI. Il, fig. 1, a-a.

ClDARIB "BOWERBANKII,

Forbes, in Dixon's GeoI. and Fossils of Sussex, pl, xxix, fig. 4',
p. 330, 1850.
Forbee, in Morris's Cat. of Brit. Foss., 2nd ed. P: 74.

Test spheroidal, depressed, ambulacral areas with four or six rows of nearly equalsized granules; inter-ambulacral areas wide, five or six large spinigerous tubercles, with
small areolee in each column; miliary zone wide, filled with small, close-set,
equal-sized granules. Spines very large, thick, and inversely conical, stems short, the
surface covered with irregular, longitudinal rows of granulated spines.
IJimensions.-'fransverse diameter one inch; height unknown.
Description.-The body of this Ciaaris, which is very nearly allied to C. clavilJera, is
more compressed above and below than in that species.
The ambulacral areas are occupied by four or six small, nearly equal, granular
tubercles in each transverse row, and the poriferous zones are narrow and slightly
sinuous'.
The inter-ambulacral areas are wide; the spinigerous tubercles, five or six in each
column, have- small areolee, without prominent margins; the miliary zone is flat, and
undepressed; and the entire surface is thickly covered with minute nearly equal-sized
granules, of which a circle of larger ones surround the border of the areolee.
The primary spines, seen in situ on the test (fig. 1, a), are thick, almondshaped, inversely conical bodies, with a short neck, into which the body suddenly
contracts (fig. 1, b) ; the milled ring is broad and prominent (fig. 1, c), and the acetabulum
has a narrow rim close to the ring; the surface is minutely granulated with small spinous
points, arranged in regular longitudinal rows (fig. 1, b); the spines which clothe the
granular tubercles are small, compressed, conical bodies, with a striated surface (fig. 1, d);
several of these are found in situ on the plates of the test.
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A/Jinities and tlijferencea.-This species most nearly resembles O. clavigera, Kenig , it
is distinguished from that species, according to Professor Forbes, by having" the ambulacral segments slightly broader in proportion to the inter-ambulacrals, and instead of their
breadth being occupied by transverse series of about four granular tubercles, two of which
are very small and inconspicuous, there are four, or, centrally, even six, nearly equal
granular tubercles in each transverse row. The large spinigerous tubercles of the ambulacral plates are placed in areolse, much smaller in proportion to the entire body than in
0. clavigera, and the tubercles themselves are also smaller. The spaces between the
rows of spinigerous tubercles are wider; they are thickly studded with nearly equal
granules."
'l'he spines of O. Bowerbanlcii resemble those of o. clavigera; but the club-shaped
. head occupies the entire stem in the former, whereas in 0. clavigera the club-shaped head
is carried on the long stem. Compare PI. H, fig. 1. with PI. IV, fig. 1-3.
Locality and Stratigrapltical Position.-This species has been found only in the Gray
Chalk of Dover.
The fine specimen I have figured is unique, and belongs to the
cabinet of our kind friend Dr. Bowerbank, F.R.S.
History.-First figured by Prof. Forbes, in Dixon's 'Geology and Fossils of Sussex,'
who likewise established the species in that work. The same specimen has been kindly
lent by Dr. Bowerbank to figure in this Monograph.
CIDARIS

DISSIMILIS,

Forbes.

PI. Ill, III a, figs. 1 and 2.

CIDAlI.IS SCEPTRIFERA,
DISSIMILIS,

Porbee, in Dixon's Geology of Sussex, pI. xxv, fig. 3.
Eorbes, in Morris's Cat. of Brit. Fossils, 2nd ed., p.. 74.
Woodward. Mem. GeoI. Survey, Decade v, espl, pI. v.

Test small, depressed, ambulacral areas narrow, flexuous, with six rows of. small
granules; inter-ambulacral plates, four to five in a column; areolas circular, wide apart,
surrounded by distinct secondary tubercles; principal tubercles prominent, bosses slightly
crenulated, the inferior oral tubercles minute, the uppermost discal, rudimentary, and
without areolse , miliary granules large and prominent; spines slightly fusiform, surface
covered with longitudinal lines of prickles.

IJimellsio1l8.-A. Transverse diameter eleven lines; height six and a half lines.
B. Transverse diameter, one and one fifth inches.
.DeacripNon.-Tbis urchin resembles Ciaaris sceptrifera in its general characters, but
was separated from that species by Professor Forbes in his MS. notes on this Cidaria•
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The test is small and depressed at both poles; the ambulacral areas are narrow, with six
rows of granules at the equator, diminishing to two rows at the discal and oral apertures
(PI. III a, fig. 2, c).
The inter-ambulacral areas are wide, and the plates large, from four to five in a column;
the areolre are circular and wide apart, the margins prominent, and surrounded by
distinct secondary tubercles; the boss is prominent and slightly granulated; the tubercle
is moderate in size and perforated; the tubercles near the peristome are small (fig. 2, b),
and those nearest the apical disc rudimentary (fig. 2, a), and destitute of true areolre
(fig. 2, c).
The miliary zone is wide and sig-zag, and covered with large prominent granules
(fig. 2 c), among which smaller granules are irregularly strewed.
I have given in fig. 1 a a drawing. of the fine specimen of this species from the late
Mr. Taylor's collection, now in the British Museum, and in fig. 2, a, b, a larger specimen
from the cabinet of the Rev. T. Wiltshire, F.G.S.
The spines, according to Mr. S. P. Woodward, are of two kinds, "the largest above.
twenty-four lines in length, slightly swelling above the collar (two and a half lines in
diameter), and then tapering to a fine point; collar short, striated finely; shaft granulated
in lines; spines of the lower surface very slender, three- to, six-sided, serrated at the
angles; spines of the areolar circles two lines'in length, compressed and striated!'
Fig. 1, b, is a spine of O. dissimilis belonging to the British Museum.
Fig. 2, a, e,f, are spines from the collection of the Rev. T. Wiltshire.

Affinities and ])if!erences.-This urchin so closely resembles O. 8ceptrifera that it was
identified as such by Professor Forbes in Dixon's Geology of Sussex; in his manuscript
notes on more perfect examples he had separated it under the name O. dissimilis. All
the best specimens known to me I have figured in PI. III a.
Locality and Stratigrapltical Position.-This species was collected by Messrs. Clarke,
Dixon, 'I'aylor, and the Rev. T. Wiltshire, from the Gray Chalk at Dover; the finest of
these specimens I have now figured for the' first time. Fig. 1. a, b, belonged to the
late Mr. Taylor's collection. and is now in the British Museum. Fig. 2. a, b,f, and figs.
3 to 5, belong to the Rev. T. Wiltshire's cabinet.
History.-This Oidari8 was referred to O. 8ceptrifera by Professor Forbes in his
description of that species in Dixon's Geology of Sussex. The subsequent discovery of
more perfect specimens induced him to separate it from that form under the name of
O. dissimitis in the MS. notes he left on the Cretaceous urchins.
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D.-Species from the 1fTltite Challe.
CmARIS CLAVIGERA,

Konig.

Pl. IV, PI. V, figs. 1-15.'

De Luc. Mem. sur un Echinide singulier Mem. Acad.
Roy. des Sciences, t. ix, p. 467, pl. xii, 1763.
Andrea, J. G. R. Briefe aus der Schweiz nach Hannover Geschr. in dem Jahr., 1763.
CIDARIS PAPILLATA, var.
Eeske.., Klein, Nat. disp, Echinoderm, p. 134, pl. xlvi,
figs. 2 and 3.
SPINIS CLAVICULATIS, Parki718on. Organic Remains, t. iii, pI. iv, figs. 1 and
21, 1811.
CLAVIGERA,
Konig, in Mantell's Geol, of Sussex, P: 194, pl. xvii,
figs. 11 and 14, 1822.
Konig. Ieones Fossilium Seetiles, 1825.
Aga88i::. Prod. Mem. Soc. des Se. Nat. de Neuchatel,
t. i, p. 188, 1836.
Desmouline. Etudes sur les ::Ecbinides, p. 383, No. 34,
1837.
PROPINQUA (pars)
Desmoulins, Ibid., p. 332, No. 22, 1837.
CLAVlGERA,
Geinitz. Charakter der Schict. und Petref. Kreidegebirges, p. 90, 1839.
Ag08siz. Catal. Syst. Foss., p. 10, 1840.
Hi8inger. Letheea Suecica, pl. xxvi, figs. 5, 6, 1840.
Boemer, Norddeutschen Kreidegebirges, p. 28, pl. vi,
fig. 7, 1840.
Morri8. Cat. of Brit. Fossils., P: 49, 1843.
Aga88iz et Desor, Cat. rais, des Ech. Ann. Sc. Nat.,
3e serie, t. vi, fig. 327, 1846.
Reu88. Versteinerungen der Bohmischen Kreideform.,
p. 57, pI. xx, figs. 17-20, 1846.
Groves. Essai sur la top. Geog. du dep, de I'Oise,
p. 692, 1847.
Bronn, Index Paleeontologicus, P: 298, 1848.
D'Orbigny. Prodrome de Paleont., t. ii, p. 273, Et. 22,
No. 1246, 1850.
Sorignet. Ours. de l'Eure, P: 1, 1850.
Forbes, in Dixon, Geol. of Sussex, p. 338, pI. xxv, figs.
10, 11, 14, 18, 19, 20, 1852.
Quen8tedt. Handbuch der Petrefackt., p. 575, pl. xlviii,
fig. 46, 1852.
Forbes, in Morris's Cat. of Brit. Fossils, 2nd ed., p. 74,
1855.
Desor. Synopsis des Echinides Fossiles, p. 12, pl, vi,
fig. 15, 1855.
Desor. Ibid., p. 12, 1855.
HEBERTI,
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CID,\RIS ,eLA VI~ERA,

HEBERTI,

Pletet, Traite de- Paleontol., 2nd ed., t. iv, P: 254,
pl. xcviii, fig. 8, 18,1j7.
Ootteau, Paleontologie Fraueaise] Ter. Cretace, t, vii,
pl, 1069, 107(), 1071, p. 285, 1862.
Dujardin, et Hupe.
Hist. Nat. des Zooph.; ~cbino~
dermes, p. 480, 1862.
Dujardin et Hupe. Ibid.

Thst circular, moderately inflated, of medium size, and nearly equallydepressed at
both poles. Ambulacral areas narrow, slightly flexed, with four rows of mammillated
granules, the inner being smaller than the outer rows; inter-ambulacral areas wide,
five very large tubercles in each row; areolas deep, circular, and complete; margin
surrounded by a circle of mammillated granules; tubercles large and imperforate, boss
smooth; miliary zone wide, not depressed, furnished with large granules j peristome
small, subpentagonal , apical disc large, subcircular; . spines large, clavate, crowded with
longitudinal, prickly ribs.
IJim.ensio'lls.-Transverse diameter, one inch and three tenths
of an inch.

j

height, seven tenths

Descriptio'll.-The finest examples of this urchin extant are those now figured in
Plates IV and V, the one belonging to my friend, Dr. J. S. Bowerbank, PI. IV, the
other to the British Museum,' PI. V, fig. I; both these specimens were collected and
developed by the late Mr. Taylor, and formed part of his collection of Cretaceous Echinodermata. Having had abundant materials at my disposal for the illustration of this species,
I have endeavoured to give accurate figures of all parts of the test, as well as of the
remarkable spines which armed it. An examination of the series I have figured will
show how vel'y much the spines, from different parts of the test, differ from each, and how
cautious we ought to be in founding species of Oidaris on the spines alone.
. The test is of medium size, circular, moderately inflated, and nearly equally depressed
at both poles. The ambulacral areas are narrow, slightly flexed, and provided with four
rows of granules; the external are the largest, and most regular,' and are elevated on
mammillated summits close to the border of the poriferous zones; the internal rows are
composed of smaller granules, irregular in size, arrangement, and extent; towards the
ends of the areas they diminish in size, and gredually vdisappear whilst 'the external
rows are persistent throughout. A number of microscopic granules are irregularly
scattered among the internal rows, and form a regular series at the angle of the external.
granules, on the border of the poriferous zones, and opposite each pair of holes.
The poriferous zones are narrow, depressed, and slightly flexed; the pores are large,
round, and open, closely approximated to each other, and having small elevated granules
On the. septa (PI. IV, fig. 1, b).
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The inter-ambulacral areas are wide (PI. IV" fig. 1; PI. V, fig. 2, a, IJ), with five very
large, prominent tubercles in each row; the areolas are narrow, deep, and circular, closely
approximated near the peristome (PI. V, fig. 2, ,b), and wide apart at the upper surface
(PI. V, fig. 2, a); the margin is surrounded by a circle of small mammillated granules
(PI. IV: fig. 1, b, c), a little larger than those which fill the miliary zone; the boss is
small, and not prominent, and its summit quite smooth (PI. IV, fig. b, c); the tubercle
is very large and prominent (PI. V, fig. 2; and PI. IV, fig. 1, b, c) ; it forms three fourths
of a sphere, and the smface' is imperforate; the tubercle' nearest the disc is sometimes
surrounded by a rudimentary areola (PI. IV, fig. 1, a; PI. V, fig. 2, a), and placed
wide apart from its penultimate fellow. The areolas at the under surface are so closely
approximated that many of them are separated only by a single row of granules.
The apical disc (PI. V, fig. 3) is wider in diameter than the peristome , the five ocular
plates are large, with prominent orbits surrounded by a radiated structure; the ovarial
plates have a rhomboidal figure, with the hole distant from the border; the anal plates
are well preserved in the specimen fig. 3, in which sixteen plates remain in situ; the
surface of all the elements of the disc is covered with small granules, set well apart from
each other; fig. 3 shows the disc and its elements magnified two and a half times.
The jaws and teeth are in situ in the specimen belonging to the British Museum
(PI. V, fig. 1); the peristome is small (fig. 2, b); and more than half the opening was
filled by a buccal membrane, on which two or three rows of scale-like plates' are disposed
in an imbricated manner. PI. V, fig. 4, exhibits the buccal membrane and its plates
magnified two and a half times.
The fo~m of the spines varies in different parts of the test. In general they are'
claviform, more or less developed, with massive bodies, elongated necks, and small
articular heads. 'I'he body and neck are ornarnented with numerous longitudinal ridges;
those on the massive body develope a denticulated, spiny margin, as seen in PI. IV, fig. 5,
and in other series of spines figured in this plate. The denticulated ridges are sometimes
prominent and 'regular, unequal, oblique, and rudimentary; on the neck the ridges are in
general smaller, longitudinal, and with finer denticulations on the margin; at the inferior
third of the neck they diminish in size and disappear, and are replaced by granules, which
likewise fill up all the intermediate space between the ridges, both on the neck and
massive head. In some spinee.with a large head and short neck, the weight of the
spine is diminished by a series of canals, which extend into the head beneath the spaces
between the ridges; the head is sometimes traversed by a large channel, opening at the
summit, as ill a specimen (PI. V, fig. 6) from the Rev'. 'I'. Wiltshire's collection. "I'he
collar is very small, aud finely striated; the milled ring is narrow, and separated from the
collar by a depression , both ring and depression beiug finely milled; the acetabulum (fig.
2) is moderately deep, with a well-defined ring round the margin. In Plate IV, I have
figured the finest specimen extant of this species; it belongs to my friend Dr. Bowerbank,
and shews two tests with their spines attached in situ. This specimen exhibits the various
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forms of 'the spines in different' regions of the shell, 'and the series of figures between
3 and 23 shows some of the extreme shapes these appendages assume.

Affinities ana Differences.-This urchin is readily distinguished from other species of the
White Chalk by its small test, equally depressed at both poles, narrow areolee, prominent
imperforate tubercles, and large claviform spines, more or less elongated, and covered with
spinous ridges. In this respect 'it resembles' C. Bowerban1cii, Forb., PI. II, fig. 1, from
which it is distinguished chiefly by the character of the spines, and the larger size of the
inter-ambulacral tubercles, . Compare PI.U! fig. 1, a/ with PI. IY, fig. 1.
Locality and StratifJraphical Positz'on.-This is the most common Cidaris in our
White Chalk; it is found at Woolwjch, Gravesend, Lewes, Brighton, and in the same
formation in Wilts and Dorset. The specimens figured in Pls, IV and V were found
near Woolwich, and developed by the late Mr. Taylor. The grand specimen figured In.
PI. IV is in the possession of Dr. Bowerbank, that in PI. V, showing the dental appar~tus,
peristomal plates, and apical disc, belongs to the British ~useu.m.
. It is . very abundant in the Etage Scnonien of France, and found, according to M.
Cotteau, at Dieppe, F6camp, Tancarville (Seine-Inferieurej , Falaise (Somme); Vernonnet,
Giverny, Clachaloze, Petit-Andelys, Pinterville pres Louviers, Hougue-marre, Sinneville
(Eure) , Notre-Dame-du-Thil.. Mory la Herelle, le Mesnil-Saint-Fermin, PouillyLa.
boissiere (Oise}, Maintenon, Ohateau-Gaillard (Seine-et-Oisej , le Mesnil-Saint-Thomas
(la Poterie) (Eure-et-Loire).
History.-This urchin was first figured and described by De Luc in 1763, and afterwards by Leske and Parkinson; in 1822 by Mr. Kcenig, in Mantell's ' Geology of Sussex,'
who named it 0. clavifJera. The first accurate description of the test and spines was made
by M. l'AbM Sorignet, who pointed out the size and imperforation of its tubercles as
important diagnostic characters. . It has recently been well figured by M. Humbert for
M. Cottean in the' Paleontologie Franeaise ;' and Mr. Bone has given most ample details
from all the best English specimens that I am acquainted with.
CIDARIS SIJ:RRIFERA,

Forbee, 1850. PI. XI, fig. I, a, b, c, d, e,/, 9, 'h, fig. 6..

CID.\RIS CLAVlGERA,

ReU88.

Versteinerungeuder Bohmischen Kreidef., p. 57, pI.

xx, fig. 21, 1845.
SERRTFER.A.,

PUNCTIT,LUM,
SERRIFERA,
PUNCTILLUM,

SERRIFERA,

Eorbee, in Dixon's GeoI. and Fosa. of Sussex, p. 3313, pI. xxiv,
figs, 15-19, and pI. xxv, fig. 2, 1850.
Sorignet. Oursins Foss. de l'Eure, p. 9, 1850.
ForIJe8, in Morris's Cat. of Brit. Foss., 2nd ed., p. 75, 1854.
Deser. Synopsis des Echinides Foss., p. 15, 1856.
1)vjardin et Hupe, Zoophytes; Echinodermes, p. 481, 1862.
Cotteau. Paleomologie Franeaise , Ter. Cret.; :rochinides, tom.
ii, p. 293, pI. 1071,figs. 5-15, 1863.
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Test small,circular, convex above, flat below, poriferous zones narrow, depressed,
slightly flexed, pores oval, approximated, separated by a small granule; ambulacral areas
sinuous and depressed in the middle, with from six to eight rows of small, round granules;
inter-ambulacral areas wide and inflated above, with four to five small perforated tubercles
in each row, placed wide apart, with a miliary zone between them; spines long, slender,
cylindrical, covered with longitudinal, compressed, spiny ribs, having a wide valley and
granulated surface between them.

IJimensions.-Transverse diameter, one inch and one sixth; height,
an inch.

SIX

tenths of

.Descrption.-1'his beautiful urchin was distinguished by Professor Forbcs from
C. clavigera, for which it had been mistaken by Reuss, and was first figured in Dixon's
, Geology of Sussex;' it forms a well-marked species, which is very rare in our Cretaceous
rocks. The test is small, and circular; inflated at the equator and upper surface, and
flattened below; the poriferous zones are slightly flexed, .narrow, and depressed; the pores
are small, oval, and approximated; there is a granule between them on the septum , and
an oblong transverse ridge between each pair. The ambulaoral areas are narrow, and
slightly undulated; the plates incline gently towards the median suture, and are provided
with from four to six rows of small, close-set granules, of which the external rows are the
largest, and raised on mammillated eminences; the smaller and shorter middle rows
disappear near the disc and the peristome, where there are only the two external rows
of mammillated granules; there are from fifteen to seventeen files of granules opposite
one of the large plates. The wide inter-ambulacral areas are slightly inflated above and
near the equator, and have from four to five deep plates in each series; the areolee are
small, and gradually increase in diameter from the peristome to the uppermost tubercle;
on the uppermost plate of each alternate series the tubercle is nearly obsolete; the border
of the areola is a little elevated, and surrounded by a circle of small, spaced-out, mammillated granules (fig, 1, d), a little larger than' those which fill the miliary zone; the boss
is small, the summit smooth, and the tubercle perforated in all the specimens I have
seen; the inter-tubercular spaces and central miliary zone are filled with a fine, uniform,
close-set granulation; on the upper part of the shell the tubercles nearest the disc are
small, imperfectly developed, eud surrounded by the merest trace of an areola; the
sutures of the plates are depressed and conspicuous; the peristome (fig. 1, b) is small,
circular or subpentagonal ; the discal opening is larger than the peristome, and subpentagonal; a portion of the disc, concealed in the specimen (fig. 1, a), exhibits a finely
granulated surface,
In a fossil I collected twenty years ago a.t Lewes, in Sussex, many of the spines
are preserved in situ on the fragment of the test (fig. 1, e,f, g); they are long, slender,
and cylindrical, having seven 01' eight compressed ridges, with a denticulated border; the
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valleys between the ridges are concave, and the surface of these is very finely granulated;
the neck is long and smooth (fig. l,:f, and fig. 2); it is bounded by a fine line, and
beyond this is a narrow circle with microscopic lines.conducting to a milled ring: which is
prominent and finely sculptured (fig. l,.f. and fig. 2); the head is small, and the rim of
the acetabulum striated; the small secondary spines are flat and conical (fig. I, h), and
have the surface ornamented with :fin~ longitudinal lille~.
Affinities ana DiJlerences.-This species ,is allied to Ciaaris ve8icul~sa, Goldfuss, but
distinguished from' that form' by having the test more regularly convex, the plates of
the inter-ambulacra less inflated, and fewer tubercles in each series. The spines of the
two species are likewise different. It resembles Ciaaris scepirifera, Mantell, but has smaller
areolas, less prominent scrobicular circles, fewer tubercles in each column of plates; and the
spines are very distinct (compare for example PI. VII, fig. I, with PI. XI, fig. I). According
to Professor Forbes, it differs from Oidari« subvesiculosa, d'Orbigny, in having the interambulacra composed of large plates with impressed areolee around the spiniferous
tubercles, four to six in the perpendicular row.. Tubercles larger in proportion to the
areolee than in the last species. Superior plates with indistinct tubercles, but not so
obsolete as in C. subvesiculosa. Granulated portion of the plates finely grained; the
sutures are not impressed; the avenues of pores, of which -about' fourteen correspond to
the largest plate, are broader in proportion to the ambulacra. There is a tubercle
between each pore, and an oblong transverse
ridge between each pair.
,

Locality ana Stratigraphical Position.-I collected, about twenty years ago, a
specimen of this urchin with the spines attached to the test, in the Upper Chalk, at Lewes,
in Sussex; the example of this species figured in Dixon's work was obtained from the
same locality. The fine fossil which I have figured in PI. XI, fig. I, was kindly communicated for this Monograph by Henry Willett, Esq., F.G.S., Brighton. This specimen
appears to be the original fossil which was figured before by Sowerby in Dixon's 'Geology"
of Sussex;' if so, it formed the subject of Professor Forbes' observations.
In France this urchin is very rare; it was found in the Etage Senonien at Oivieres,
Giverny (Eure}: Royan (Charente-Inferieure).
.
Histor!J.-This species was first well figured as Cidaris serrifera by Professor Forbes
in Dixon's Geology of Sussex' in 1850. The same year M. l'Abbe Sorignet described
it under the name C. punctillum in his work on the Fossil Urchins of the Department of
the Eure , as this account was not accompanied by a figure, I have retained the name
the figured specimen. In 1845, Prof. Reuss figured this Cidaris in his fine work on
the Fossils of the Bohemian Chalk-formation, and erroneously referred it to Cidm'is
~iavi!lera, Konig, from which it differs in many important details both in the structure
of the test and spines.
C
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CIDARIS SCEPTRIFERA,

Mantell. PI. V, figs. 16, -17; PI. VI j PI. VII, figs. i, 2; PI;
VII a, figs. 1, 3.

CIDARIS CUCUMERINA,
llCEI'TRIFERA,

Parki1UJon. Organic Remains, vol. iii, pI. iv, fig. 2, 1811.
Mantell. GeoI. of Sussex, p. 194, pl, xvii, fig. 12 (spine),
lR22.
Agas8iz. Catal. Syst. Ectyp. Foss., p. 10, 1840.

Bceme«.
CRETOSA,

VESICULOSA,

SCEI'TRIFERA,

Norddeutscheu Kreidegebirge, p. 28, 1840.

Morris. Catalogue of Brit. Foss., p. 49, 1843.
Agas8iz et Desor. CataI. rais, des Echinides; Ann. Sc.

Nat., 3e ser., t, vi, p. 328, 1846.
Beuss, pars. Versteinerungen der Bohmischen Kreideformation, p. 5i, pI. xx, fig. 15, 1846.
Graves. Essai sur la Topogr. GeoI. du Dep. de l'Oise,
p. 688, 1847.
~ronn. Index Paleeontologieus, p. 2!J8, 1848.
d'Ol'bigny. Prod. de Pal. Strat.;t..ii, p. 274, 1850
Soriqnet, Ours. de l'Eure, p. 6, 1850.
Eorbes, in Dixon, Geol, of Sussex, p. 338, pI. xxv, figs. 3-7.
1850.
Eorbes, in Morris, Catal. of Brit. Foss., 2nd edit., p. 74, 1854.
Desor, Synopsis des :Echinides Foss., p. 13, pI. v, fig. 28,
1855.
"'oodward. Mem. of the GeoI. Survey, Dec. v, expl. to
pI. v, fig. 12, 1856.
Leymerie et Raulin. Stat. Geol, du Depart. de I'Yonne,
pp. 510-620, 1.858.
CO'luand. Synops. des Foss. Form. Cret. du Sud-Ouest de
]a France; Bull. Soc. Geo!., 2e ser., t. xvi, p. 1013,
1860.
Cotteau et Triger. :Ech. du Dep. de la Sarthe, p. 253,
pI. xlii, figs. 1-8, 1860.
Cotteau. Paleont, Franeaise, p. 251, pl, 1056 - 57 - 58,.
1863.
Hupe. Hist. Nat. Zooph.; Echinodermes, p. 480, 1862. '

'rest moderately large and inflated; more or less elevated, and nearly equally flattened
at both poles; ambulacral areas narrow, depressed, flexuous, with six rows of granules in
the middle, diminishing to four rows above and below; poriferous zones narrow, winding,
and depressed; inter-ambulacral areas wide; plates very large, five to six in a column;
areolee deep, circular, with an elevated, prominent, scrobicular margin, encircled by a
series of small granules, scarcely larger than those of the miliary zone; boss not prominent,
summit feebly crenulated in young, and smooth in old shells; tubercle moderate in size
and perforated; proximal discal plate in each column with a rudimentary tubercle, and an
elongated obsolete areola j miliary zone filled with small, equal-sized granules, much
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depressed along the line of all the sutures; apical disc wide; ovarial plates thick, large;
'Qcular plates heart-shaped; spines long, cylindrical, fusiform, enlarged at the inferior third,
and tapering gently to the summit; surface covered with regular, longitudinal rows of
spiny, projecting granules, the intervening space being finely shagreened.

IJimf11lsions.-Height, one inch and four tenths; transverse diameter, one inch and
three tenths.
Description>« A very good figure of a fragment of the test and spines of this urchin
'was given in Parkinson's • Organic Remains," pI. iv, fig. 2, and a fair drawing of the
upper surface of the shell in pI. i, fig. 11; both were, unfortunately, unaccompanied by
any description.
This beautiful species attains a considerable size; the test is circular, and nearly
equally depressed at both poles (PI. VI, fig. 1, c); the ambulacral areas are very narrow
~d flexuous, with six rows of granules at the equator, diminishing to four rows at both
poles; the external rows are the largest and most persistent, and the internal rows are
found only in the wide portion of the area ;in large shells there are many smaller granules,
dispersed among the regular rows (PI. VI, fig. 1, d) ; the poriferous zones are very narrow
and depressed, following. the flexures of the areas; the pores are small, round, closely
approximated, and disposed obliquely, having a minute granule on the septum, and there
are twenty-four to twenty-six pores opposite one of the larger plates (fig. I, d).
The inter-ambulacral areas are very wide, and there are from four to fivelarge plates in a
column; in consequence of the prominence of the scrobicular circle, each plate is thickened
at the middle, and the lines of sutures between the plates are all very much defined, in
~onsequence of the plate sloping away from the scrobicular circle to the suture; the areolas
are wide and circular, and surrounded by a thick, prominent border (fig. 1, d), encircled by a
series of seventeen granules, each raised on a distinct, shield-like, mammillated plate; the
boss is not prominent, its summit is feebly crenulated in young shells, and smooth in old
ones (PI. VI, fig. 1); the..tubercle is moderately large and perforated; the plates near the
peristome (PI. VI, fig. 1, b) are disproportionately small compared with those of the
equator (fig. 1, c, d); and the last plate of each column in old shells (fig. 1, a, e,f) has
an elongated form, with a rudimentary tubercle, and curious elongated furrow, representing
an obsolete areola. Mr. Bone has given most" accurate drawings of this remarkable plate
from the fine specimen in the British Museum; the singular star-like structure which
these plates form on the upper surface of the test, surrounding the large apical disc, forms
a remarkable character of this species, fig. I, a.
. '1'he miliary zone is narrow, zig-zag,depressed in the middle, and providedwith fine.closeset, nearly equal-sized grauules, very much smaller than those surrounding the areolas.
1 • Organic

Remaius,' vol. iii, pI. iv, fig. 2.
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The apical disc is very.wide (PI. VI, fig. 1, (l); the ovarial plates. are large, thick,
irregular pentagons (fig. 1, !J), and the ocular plates are heart-shaped; the surface ~
both series is covered with a close-set granulation; the ovarial and ocular holes are very
conspicuous in this species; within the ovarials the external circle of anal plates are found
ill situ (fig. 1, a, !J, It).
.
The mouth-opening (Pi. VI, fig. 1, b) is nearly circular, and smaller than the anal
opening; the jaws are strong and powerful, as seen in PI. VII; fig. 1, a, b.
The spines are long, cylindrical, and fusiform, thickest at the lower third, and tapering
gently from thence to the point (PI. VI, figs. 2-5); they are covered with small, spiny,
equal-sized granules, the points of which are directed outwards; they are arranged it.
regular, longitudinal rows, with a valley between them; the prickles diminish in size near
the collar, and at the summit of many of the large spines the rows of granules form a'
stellate termination (PI. VI, fig. 3, a, b, e) ; the valleys are covered with a finely corrugated
surface, the eminences forming microscopic longitudinal lines. The neck is very short
and delicately striated (fig. 4, 11), the head moderately large, and the milled ring not
prominent; the rim of the acetabulum is feebly crenulated, and its concavity contains
a deep depression for the round articular ligament; the length of the large spines, figured
in Pi. VI, figs. 3 and 4, contained in the British Museum, is two inches and nine tenths.
One figured by M. Cotteau, from the French Chalk, is three inches long.

Ajjinities and ])ijferenees.-Cidaris sceptrifera so closely resembles, in many points of
structure, Oidaris suboesiouiosa, d'Orbigny, that by some they have been thought to be
varieties of one species; the facts on which their distinctness may be maintained are the
following: Oidaris subvesiculosa has a more elevated test, with a greater number of plates
in a column, the areolas are smaller and less depressed, the circle of scrobicnlar granules
is less prominent, and the obsolete tubercles on the upper plates of the columns are
smaller, more numerous, and differently formed; the granules covering the miliary zone
are smaller, and more regularly disposed in rows radiating from the areola. The grand
distinction is found in the spines, which are much smaller in C. sceptrifera, tapering, but
not fusiform, and covered with longitudinal serrated lines. Compare the different excellent
figures of Cidaris 8ubvesiculosa, d'Orbigny, in PI. VIII, with the admirable dl:awings of
&idaris sceptrifera, Mantell, in PI. VI and VII.
Localil!J q.nd 811'ati!Jrapltical POSitz'011.-Cidaris sceptrifera is found in the Upper
White Chalk of Kent, Sussex, and Wilts. The truly magnificent specimens fignred in
PI. VI, fig. 1, and PI. VHa, fig. 1, belong to the British Museum; the specimens figured in
PI. VI, fig. 2, and PI. VII, fig. 1, belong to the Museum of the Royal School of Mines.
I need scarcely add they are the finest known,
In France, M. Cottean enumerates the following localities in which this species is
found: Dieppe (Seine-Inferieurej , la Faloise (Sommej , Vernonnet, Giverny, Civieres,
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'Petit-Anaelys; Pinterville pres Louviers, Senneville, Evreux (Eure); Notre-Deme-du-Thil
Frocourt, les Blam.onts, Therdonne, Pouilly, Reims, Broyes, la Herelle, le Meenil.SaintFirmin, Mory (Oise); Ohalons-sur-Mame (Marne); la Ferte-LoupiereYonne) ; Clachaloze,
Maintenon (Seine-et-Oisej , Maroon (Sarthe); Villedieu, Limeray (Loir-et-Cherj , le
Menil-Saint-Thomas (la Poterie) (Eure-et-Loir) ; Aubeterre (Charente); Talmont, SaintGeorges, Royan (Charente Inferieure), Etage Senonien. Saint-Paterna (Sarthe) ; Etage
'I'uronien, zone Terebratella Bourgeoisii.

HilJtorl/.-First figured by Par~inson in 1811; the test and spines are both well
drawn, so that no doubt as to the species intended can exist, although no description of
the urchin was given. In 1822, Mantell figured one of the spines, and gave it the
name which it still retains. This species was not indicated in France until 1840, when
it was entered in M. Agassiz' Catalogus sl/stematicus; since then its test and spines have
been found in the· localities enumerated above.

CmARIS SUBVESICULOSA,

d' Orbif/nl/.

Pl. VIII, figs. 2, 4, 5, 6.

Parkinson. Organic Remains, vol. Hi, p. 39, pI. iv, fig. 3,
181 I.
CIDARIS CRETOSA,
Man tell. GeoI.of Sussex, Trans. Gaol. Soe., vol. iii, p. 205,
1835.
•
ManteU. Geol. of Sussex, p. 194, pI. xvii, fig-. 13, 1822,
l'APILLATA,
Morris. CataI. of British Fossils, p. 50, 1843.
CRETOSA,
Morris. Ibid., p. 51, 1843.
VESICULOSA,
Reuse. Die Versteinerungen der Bobmischen KreideformaPAPILLATA,
tion, P: 57, pI. xx, fig. 22, 1846.
GrafJes.Essai s\l.i'-.Ja .Topog, Geog. du Depaetement de
CRETOSA,
rOise, p. 688, 1847.
Bronn. Index Paleeontologicus, p. 298, 1848.
SUBVESICULOSA, d'Orbigny. Prod. de Paleontol, Strat., t, ii, p. 274, 1850.
Sorignet. Ours. Foss. de l'Eure, p. 9, 1850.
OVATA,
Sorignet. Ibid., p. 10, 1850.
AMBIGUA,
ForlJeB, in· Dixon's GeoI. of Sussex, p. 338, pI. xxv, figs.
VESICULOSA,
1-4,1850.
Que'Mtedt. Handbuch der Petrefactenkunde, p, 375, pl,
xlviii, fig. 49, 1854.
Eorbes, in Morris's· Catalogue of British Fossils," 2nd· M.,
p. 75, 1854.
SUBVESICULOSA, Deeor, Synopsis des Echinides Fos8-., p. 13, pl, v, fig. 27,
1855.
GRANULO-STRTATA, Desor, Ibid., p. 14, pl, V, fig. 26, 1855.
QVATA,
Desor. Ibid., p. l4.
AMBIGUA,
Desor, Ibid., p. 15.

CIDARES PAPTLLATlE,

R

CIDAlUS
CIDARIS SUBVESICULOSA,

Coquand. Bull. Soc. Geol. de France, 2e serie, tom. xVi, p.
1013, 1860.
Cotteau et Triger. ltchin. du dep. de la Sarthe, p. 250, pl,
xli, figs. 1-9, 1860.
CoUeau. Palecntolcgie FraDCiaiBe, Ter. Cretace, tome vi, p.
257, PIs. 1059-1061, 1863.

Test large, circular, inflated, nearly equally depressed at both poles; ambulacral areas
slightly flexed, wide, with six rows of nearly .equal-sized granules at the equator,
diminishing to four and two rows at the poles, the external series being the largest and
most persistent; poriferous zones narrow, depressed, and composed of simple oval pores,
separated from each other by an elevation of the septum; inter-ambulacral areas wide, six
or seven large plates in a column; the three equatorial plates with large areolee, those
near the peristome small, and the two upper plates near the disc with small rudimentary tubercles; areolas circular, depressed, surrounded by a ring of mammallated
granules, boss flat, with a smooth summit, tubercle moderate and perforated; miliary zone
wide, filled with fine close-set homogeneous granules, disposed in very regular horizontal
lines, radiating from the scrobicular circle to the border of the plates; peristome small
and pentagonal; apical disc large, ovarial plates wide, narrow, and perforated at a
distance from the border ; ocular plates heart. shaped, with marginal orbits. Two consecutive series of cuboidal anal plates arranged within the pentagonal area formed by the
ovarials; vent small and sub-central.
Spines slender, elongated, and cylindrical; surface coveredwjth longitudinal elevations,
having a fine serrated or spinous border gradually becoming attenuated towards the base;
neck short, with longitudinal lines; milled ring prominent, articular surface without
crenulations.

lJimensiolls.-Specimen fig. 5-heigbt, one inch and one tenth; transverse diameter,
one inch and seven tenths.
lJescription.-This urchin has been mistaken for Cidaris oesictdosa, Goldf., from
which it differs, however, in many important characters; these have already been indicated
in the description of that species (p, 41). The test is in general of moderate size, and
nearly equally depressed at both poles; the ambulacral areas are slightly flexed, with six
rows of granules at the equator; the external rows have larger mammillated granules than
the inner rows; which gradually disappear as the area becomes narrower near the peristome
and disc; the poriferous zones are narrow, depressed, and sub-flexuous , the pores are
oval, and oblique as they approach the disc, and the septa have small elevated granules
between the holes. The inter-ambulacral areas are large, the plates wide and deep, six or
seven in a column (PI. VIII, figs. 4, 5), the areolas are circular and moderately depressed;
they are widely spaced out at the" upper surface, and placed closer together at the infra-
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marginal region and near the peristome , the margin is sur~ounded by a complete circle of
large mammillated granules raised on shield-like plates. On the two uppermost plates of
each column the areolee are very narrow, or altogether obsolete (fig. 4, a). The boss has a
ft'at smooth summit (fig. 1, c), and the large tubercl~ is deeply perforated (fig. 1, c and d).
The miliary zone is very wide at the equator, and becomes narrower near the peristome
and the disc. It is more or l~ss depressed'in the middle, along the line of. the sutures,
and covered with fine homogeneous granules set closely together; the granules are
arranged in regular horizontal lines (fig. 1, c, d, e), which radiate from the circumference
of the areolee to the border of the plate.
.
The apical disc is large and pentagonal (fig. 4, a, b), -and well preserved irt situ in the
fine specimen, fig. 4, a. The five large ovarial plates have an irregular rhomboidal form,
with the ductal holes near the border; the oculars are heart-shaped, and have marginal
orbits; the anal plates form a double series within the discal circle, .and the vent (fig. 4, b)
is a small excentral aperture with a third series of small plates on its anterior part only.
All the elements of the disc are' closely covered with the same style of granules that fill
the miliary zone:
The peristome, smaller than the discal opening, is of a pentagonal form; in none of
our specimens are the dental pyramids preserved.
The spines are long, slender, cylindrical, with longitudinal ribs having a spinous.
border (fig. 2, a, b); the valleys between the elevations have a finely chagreened surface ;.
th~ neck is short and striated; the head moderately large, and the milled ring prominent
(fig. 2, c). The acetabulum has a smooth rim. One spine must have measured 2~ inches
in length. The large mammillated granules surrounding the areolee supported small, fiat,
triangular spines (fig. 6), having their ,su~:face ornamentedwith longitudinal microscopic
lines, and articulated to the tubercle by a semicircular depression at the base. I have
figured one of these scrobicular spines at fig. 6, where the line shows the natural size, and
the figure is enlarged four diameters.

Affinities and differences.-This species has long been considered to be the Oidaris
»esiculoea, Goldf., but is distinguished from that urchin in having the ambulacra less
flexed, a greater number of plates in the inter-ambulacral columns, the upper tubercles'
of both series rudimentary, and in having the granules in the miliary zone arranged in.
horizontal rows.. Cidaris vesl,culosa, Goldf., has a smaller test, the ambulacra much more.
flexed, the plates in a column fewer, the tubercles consequently wider apart, the upper.
tubercles largely developed, and the granules in the miliary zone not arranged in horizontal rows. The spines in C. sub.vesiculosa are long, slender, and tapering; those in C.
vesiculOl'ra' are shorter and thicker.. This urchin so closely resembles C. perlata, Sorignet,
and C. Vendooinensi«, Ag.,that they appearto me to be only varietiesof C. slf,bv.esiculosa,
d'Orbig, ; .the. spines of the latter likewise closely resemble those attributed to O. serrata,
Desor, It is possible that if a collection 'of geod type-specimens of these different reputed
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specieswere compared with each other, they would be .found to be only so many cognate,
varieties of one form.
Locality ana Stratigraphical position.-This species is found in the Upper Chalk of
Kent, Sussex, and Wilts.
In France M. Cotteau gives the following localities in which it is very common in the
Etages Turonien et Senonien : Bolbec (Seine-Inferieurej , Houguemarre, Vernonnet, Petit- .
Andelys (Eure); Notre-Dame-du-Thil, Tartigny (Oise); la Faloise (Somme); SaintFraimbault, Maroon, les Menus (Sarthe); Villedieu, Villiers (Loir-et-Oherj , Semblancay,
Limeray (Indre-et-Loire); Briolay (Maine-et-Loirej, Barbezieux, Aubeterre, Lavalette,
Salles (Charente); Royan, Saint-Georges 'I'almont, Saintes, Cognac (Cbarente-Inferieure) ,
Perigueux, 'I'retissac, Neuvic (Dordogne); Bugarach, Soulatge (Aude).
History.-This urchin was first figured byParkinson in 1811. The test and spines are
sufficiently well drawn, in the absence of a description, to enable us to identify the species.
In 1822 Mantell described, under the name O. cretosa, a Cidaris represented by Parkinson (' Organic Remains,' Vo!. Ill, PI. I, fig. 11), and united to fig. 3, PI. IV, of the
same work, which served as the type of O. stdmesiculosa, Professor Forbes identified this
species with the O. vesicuiosa, Goldf., and figured it under that name in Dixon's 'Geology
of Sussex.' In 1850 M. d'Orbigny, in his' Prodrome de Paleontologie,' separated it from
that form under the name su1Jvelsiculosa, which has been adopted by MM. Desor, Cotteau,
and other authors.
CIDARIS MERCEYI, Ootteau.
CIDARIS

PI. VIII, figs. 1, 2, 3.

MERCEYI,

Cotteau. Paleont, Franeaise, Ter. Cretace Echinodermes, tom. vii,
p. 281, pI. 1068, 1862.

. Test large, circular, and elevated above, inflated and depressed below; ambulacra
narrow, depressed, and slightly flexed; two rows of small regular mammillated granules
on the external border, and four rows of smaller, irregular granules on the central portion.
of the area; poriferous zones narrow, flexed, composed of round pores in oblique pairs;
inter-ambulacra wide, six or seven large plates in a column; tubercles well developed at
the base and equator, but small and obsolete on the upper surface j areolee circular,
depressed, margin surmounted by a circle of regular mammillated granules.
lJimensions.-Height, two inches; transverse diameter, two and a half inches.
])escription.-'fhis remarkable urchin, which appears to be an elevated vl'.!1'iety of
Cidans 8ubvesiculosa, has been described by M. Cotteau a~ a distinct species under the
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name C.'Merceyi. The test is large and circular, elevated at the upper surface, inflated at
.the equator, and flat at the base (fig. I, a, 0). The ambulacrel areas are narrow and
slightly flexed, much depressed at the medium suture, and furnished at the widest part
with six rows of granules. The two marginal rows have larger granules. very regular in
size and arrangement, and raised on small plates (fig. 1, c); the four inner zones' are
much smaller and less regular (fig. I, c); the poriferous zones are narrow, deeply sunk, and
slightly bent; the small round pores are disposed in oblique pairs, of which there' are
twenty-one, opposite one large equatorial plate (fig. I, c).
The inter-ambulaoral areas are wide and largely developed; there are from six to
seven plates in each column, of which the four or five lower plates have large areolee, with
moderately sized tubercles; the two uppermost plates are destitute of areolee, and have
small rudimentary tubercles (fig. I, a and 0). The areolee at the base and equator are
narrow and deeply depressed, well spaced out from each other at the equator, and set
closer together at the base. The scrobicular margin of one of the equatorial plates is
surrounded by a circle of eighteen regular mammillated granules, larger than those filling
the miliary zone (fig. I, c); the boss is prominent, the summit smooth, and the tubercle
moderately large and widely perforated (fig. 1, d). Above the equator the two or three
upper tubercles entirely change their character, the areolte become extremely narrow or
disappear (fig. 1, 0), and the tubercle becomes a mere rudiment in the midst of the miliary
granulation. The plate of this series nearest the equator, the third from the discal end,
supports a very narrow areola (fig. I, e) with a small tubercle, and on the two uppermost
plates the tubercles are mere warty rudiments surrounded by granules.
The inter-ambulacral plates are large, convex, and inflated (fig. 1, c, d, e) towards the
middle, and slope gently towards the sutures, which are vel'y well marked in this species.
The miliary zone'is wide and well developed, depressed in the middle and between
the plates; the granules are fine, abundant, and homogeneous, and arranged in regular
lines that radiate horizontally from the areolee to the borders of the plate (fig. 1, c, d, e),
resembling in this respect O. suovesiculosa.
The mouth-opening is small, and the peristome pentagonal; the upper surface of the
test is fractured, and the disc absent. M. Cotteau, who has' figured a very complete
specimen of this Oidaris, says that the periproct is pentagonal and star-shaped, and the disc
solid and inflated, and larger than the peristome , the ovarial plates are thick and angular,
their internal surface smooth and marked by three facettes for articulation with the
external row of anal plates; the ocular plates are small, subpentagoaal, deeper than wide,
and not notched at the summit of the ambulacra,
The spines have not been found in relation with the test.
Affinities and differences.-This species resembles in so many important particulars
the preceding species, that I hitherto considered it to be a conoidal variety of that form.
. M,. Cotteau says this is one of the most curious species of Cidaris. Its form is in
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general inflated and sub-conical, its superior inter-ambulacral plates are entirely deprivedof tubercles, the structure of its periproct .and apical disc impart a peculiar physiognomy
to it, and clearly distinguish it from its congeners. It is distinguished from O. subvesiculosa by its greater size, its inflated sub-conoidal form, its straighter ambulaora, and
smaller and less regular granules. Its inter-ambulacral plates are more numerous, and
the three uppermost plates in each column are entirely deprived of tubercles in the
specimen figured by M. Cotteau, and they are small an? rudimentary in the urchin figured
in our PI. VIII, fig. 2.
Locality and StratitJrapJtical position.-Collected from the White Chalk, where it is
very rare. The fine specimenfigured by Mr. Bone belongs to Dr. Bowerbauk's collection.
That figured by M. Humbert for M. Cotteau was collected at La Faloise pres Breteuil
(Somme); in the Efage Seuonien, where it is very rare. It belongs to M. Tombeck's
collection.

CIDARIS PERORNATA, Forbes, 1850.
CIDARIS PERORNATA,

PI. VII a, fig. 2.
Forbes, in Dixon's Geol. of Sussex, p. 339, pI. xxv, fig. 8.

1850.
Sorignet. Ours. Foss. de l'Eure, p. 19, 1850.
SARTHACENSIS, d'Ol'lJigny. Prod. de Pal. Strat., t, ii, p. 274, 1850.
PERORNATA,
Eorbee, in Morris's Catal. of Brit. Fossils, 2nd edit., p. 74,
1854.
Ootteau. Paleontologie Fraueaise, t, vii, p. 274, pI. 1065,
figs. 3-14, 1862.
LO~GISPJNOSA,

Test elevated, melon-shaped. Ambulacra nearly straight, narrow, depressed. Six
rows of small granules, the marginal the largest and most regular, the inner small, with
intermediate smaller ones. Inter-ambulacra wide, seven or eight large plates in each
column; areolee wide, circular, with a marginal circle of very small granules; ,boss smooth
or slightly crenulated; tubercles small and perforate; sutures well marked, depressed.
Spines long, cylindrical, several-ridged; ridges irregular towards the base, and serrated,:
the interstices granulated.
.Dimensions.-Height, one inch and eight tenths; .transverse diameter, two inches.

.Description.-The test of this fine urchin is high and melon-shaped, and reminds 'me
of O. maeimus, from the Coral-rag of Germany. 'I'he ambulacral areas are narrow, .
•
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nearlystraight, and provided with six rows of small granules , the marginal series are the
largest, the inner ones are small, and between them are some still smaller granulets
scattered about the area. Theporiferous zones are only gently waved, the holes round,
and placed transversely r there are fifteen pairs opposite each of the equatorial plates.
'fhe inter-ambulacral areas are very regularly formed , the plates, about eight in each
. .
column, are large and uniform , the areolee are wide and circular, and occupy the entire
depth of the plate; the margin is surrounded by a circle of very small mammillated
granules, about twenty-one in number, and well spaced out from each other , the boss is
not prominent, and only some of the summits are feebly crenulated, whilst the others are
smooth. The tubercle is small, and deeply perforated (fig. 2, a, b). . The miliary zone is
wide, and depressed in the middle , the granules are fine, homogeneous, and nearly equalsized, and arranged in regular horizontal rows, which follow the angles of the median
sutures. As the areolee occupy the centre of the plates, there is a considerable granular
~pace between the ambulacral side of the areolas and the poriferous zones. 'I'he sutures
are all very distinctly marked, and the median inter-ambulacral is much depressed. The
.peristome is sub-pentagonal and large. The spines are long, cylindrical, and sub-acuminatedat the summit (fig. 4, a). The stemsare provided with long, narrow spines, projecting
at-intervals from many regular, longitudinal ridges, and having the interstices finely
granulated (fig. 4, c). For the most part these spines are equally and uniformly disposed ,
sometimes, however, they lose their homogeneity, and vary in their height and in preserving a longitudinal disposition. The valleys between the ridges on the stem are
throughout covered with fine, delicate, microscopic; sub-granular, longitudinal striee, which
are only visible by the aid of a lens (fig. 4, c). The neck is without ridges and spines;
the collar is long and finely striated, and separated from the stem by a distinct line (fig.
4, b). The head is large, the milled ring prominent, with thicker striee than those on the
collar, and the rim of the acetabulum is smooth (fig. 4, b). •

.

Affinities and dijferences.-The melon-shaped test, very regular inter-ambulacral areas,
sreolee and tubercles gradually increasing from the base to the upper surface, added to the
long, slender spines, with prickly ridges, serve to distinguish this speciesfrom its congeners
of the White Chalk. The spines resemhle those attributed to O. spinifJera, Cott.• of the
Neocomian stage, from the middle of France, but they manifest differences which are
sufficiently distinctive of each. In C. perornata the spines arise from ridges at regular
intervals, which are absent in O. spinifJera.
Locality and 8tratigraphical position.-This species was collected from the White
Chalk of Kent and Sussex. The specimens figured are from the cabinets of Dr. Bower.
bank and Rev. T. Wiltshire.
The foreign localities of this .urchin are, according to M. Cotteau, Vemonnet,
Giverney, Pinterville, Houguemarre (Enre), Epagny (Somme), Tartigny (Oise), La ;J!'Ieche,
.(Sarthe).; where the spines are common in the Etage Senonien.
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History.-The late Frederick Dixon, Esq., F.G.S., and Professor Forbes, first figureJ;.
in 1850, the test and spines of this species from the White Chalk.of Sussex, and the latter
described it as a new species under the name O. perornata. M. PAbM Sorignet described
the spines which he collectedin the department of the Eure under the name O.lon!lispinosa,
and Professor d'Orbigay those found in the Sarthe as O. Sartkaceneis. As Professor
Forbes first figured and described the urchin, and the other authors only described it, the
name of the figured specimen is for this reason retained.

CIDAH.IS

HIRUDO,

Sorignet, 1850.

PI. X, figs. 1-5 ; PI. IX.

CIDARIS HIRUDO,
·Sorignet. Ours. Foss. de l'Eure, p. 17, 1850.
SCEPTRIFERA, Eorbes, in Dixon's Geol, of Sussex, p. 33tl, pI. xxv, figs. 32 and.33,
var. SPINIS TRUNCATIS; 1850.
SULCATA,
Forbe«; in Morris's Catal. of Brit. Fossils, 2nd edit., p. 75, 1854.
Woodward. Mem. of Geol. Surv., Decade v, explanation of pl, T,
p.3, 1856.
HIRUDO,
Cotteau. Paleontologie Franeaise, tom. vii, p. 244, pI. 1054.
figs. 6-16.

•

Test, in general, of moderate size, sometimes large, slightly depressed equally at both
poles; ambulacral areas narrow, flexed, with six rows of granules at the equator, diminishing to two at the apertures; in the two external rows the granules are larger and mammillated, in the inner rows they are very regularly disposed, but smaller and unequal;
poriferous zones very narrow, depressed, and flexed, and formed of small round pores,
the intervening septum having a slight divisional elevation; inter-ambulacral areas wide;
columns with five or six large plat.es; areola moderate, depressed, margin elevated, and
surrounded by a circle of marnmillated granules. well spaced out apart; boss with a
smooth summit; tubercle moderate in size and perforated, the areolse and tubercles increasing gradually in magnitude from the peristome to the upper part of the columns;
miliary zone depressed in the middle, and filled with equal-sized granules; line of the
sutures well marked throughout.
Spines elongated, cylindrical, subfusiforrn , stem enlarged at the middle, and tapering
at the upper third, summit truncated and presenting a stellate figure; the longitudinal
ridges on the stem have a granuliform structure, and the intervening val'Ieys are finely
chagreened , the neck' is short, distinctly defined, and marked with longitudinal mieroscopie
lines; the head is small, the milled ring prominent, and the acetabulum has a smooth ring
around the brim.
.Dimensions.-Specimen PI. X, fig. 2-height, nine tenths of an inoh , trensveese
diameter, one inch and. four tenths. Specimen Pl. IX-height, one inch. and three .
tenths; transverse diameter, one inch and nine tenths (P) •
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.Descriplion.-'l'his beautiful Oidari«; formerly identified by Professor E. Forbes as a
variety of O. sceptrifera, and afterwards catalogued by him as a distinct species, under the
name G. sulcate, had been previously considered by the Abbe Sorignet, from its spines
alone, as a new form, and described in 1850 as G. hirudo in his work on the "Oursina
fossiles du departement de l'Eure,' and this name has the priority.
The test of the fine specimen belonging to Henry Willett, Esq., F.G.S., and.
fully illustrated in PI. IX., fig. 1 a, b, c, attains a moderate size, is inflated at the
equator, and equally flattened at the poles. The ambulacral areas are narrow. sinuous,
and band-like. forming prominent. well-marked segments in the test, filled with small.
close-set. regularly arranged rows of granules; there are six rows at the equator,
four rows in the upper and lower thirds, and two rows only near the discal and
oral apertures. The most prominent granules are in the external rows; they are
slightly mammillated and extend throughout the entire area. PI. IX, fig. 2 b, is an equatorial inter-ambulacral plate, with the ambulacral area attached, magnified three diameters.
In the second row the granules are nearly as large, and extend through eight tenths of the
area; the third rows extend through the height of two large plates; the granules are
set very closely together, and regularly arranged in transverse rows. The poriferous zones
are narrow, depressed and flexuous, fig. 2 b j the pores are small and round, and the septum
supports a small round granule; the entire series of septal granules forms a moniliform
line between the pores, which gives an apparent lateral extension to the width of the area j
and opposite one of the large plates there are twenty-three pairs of pores.
The inter-ambulacral areas are wide, the plates composing them being deep and broad,
five or six in each column j the areolas are circular and moderately depressed j they are
closely approximated on the under side, wider apart at the equator. and still further apart
above.
PI. IX, figs. 1 and 2, PI. X. figs. 1, 2, 3, show the character of t'he areolee , the margin
is slightly elevated (PI. IX, fig. 2 b) and encircled by a row of larger mammillated
granules; the uppermost plate in each alternate column has a rudimentary wart-like
tubercle without areola (PI. IX, fig. ] a, b); and in the other column the tubercle is small,
but complete, and surrounded by a narrow shallow areola (fig. 1 a, b); the base has a
smooth flat summit, with only rare indications of crenulations; those in fig. 2 b, are
strongly drawn: the tubercle is large and perforates. The miliary zone is wide, depressed
along the middle of the area, and along the transverse lines of the sutures: the granulations on the surface of the plates are large in size and uniform in arrangement thereon,
The apical disc (PI. IX, fig. 2 a) is large. and composed of five ovarial and five
ocular plates; the rhomboidal ovarials are widely perforated, and the cordate oculars have
small marginal orbits in the disc (fig. 2 c); the aperture is pentagonal, and there are indications of the outer series of small anal plates.
The mouth-opening (PI. IX, fig. 3, and PI. X. figs. 1 a, and 3 b) is small, and the
peristome slightly pentagonal; in PI. IX. fig. 3, there is a rudiment of a jaw and tooth.
9
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The spines exhibit a considerable variation of form; in some they are elongated and
cylindrical, as in PI. IX, fig. 1 6; or elongated and subfusiform, as in fig.: 5, and PI. X,
fig. 1 6, and figs. 5, 6. In all the stem is slightly enlarged in the middle, and tapers
towards the upper third. The surface in some specimens is sculptured with fine longitudinal lines, as in PI. IX, fig. 1, and PI. X, figs. 1, 4, 6; or has granulated ridges with
intervening valleys, as in PI. IX, fig. 5, and PI. X, fig. 5. The summit is truncated more
or less in all the specimens, and exhibits a stellate figure with severalcentral convexities as
in PI. IX, figs. 4 a, and 4 c, 5, the radii being formed by the development of the longitudinal ridges.
,
In the more finely sculptured spines the longitudinal lines on the stem have a granuliform
structure; the intervening valleys are finely shagreened throughout, and provided with
delicate subgranular striee. The neck is short, distinctly defined, with a finely sculptured
line above the ring (PI. IX, figs. 4, 5, PI. X, figs.' 1, 4, 6).
The milled ring is moderately prominent, with coarser lines than those on the neck; the
articular cavity is smooth, or has some feeble crenulations on its margin (PI. IX, figs. 4,
5, PI. X, figs. 1, 4, 6).
A.ffinities and J)ijferenees.-This form has long been considered to be a mere variety of
O. sceptrifera , the proximal discal plate, however, has generally a rudimentary tubercle
of larger size and rounder shape than that found on C. sceptrifera. The second discal
plate (counting downwards) has the upper three quarters of the boss much more strongly
crenulated than in the other species (at p. 64 the upper bosses of O. ltirudo were
accidentally stated to be not crenulated). The large size of the areolas, their comparative
continuity, the prominent mammillated granules upon their circumference, and the
circumstance of the highest areola bearing a perfect tubercle being distant from the anal
margin by not more than half its diameter, easily separate this species from C. sceptrifera,
in which the areolas have more sloping borders, smaller and more numerous mammillated granules, and in which the highest areola bearing a perfect tubercle is generally
distant from the anal margin by the length of its diameter. The spines are much
shorter and more uniform in diameter than in C. sceptrifera, having their greatest
swelling midway between the acetabulum and summit, instead of towards the former;
their extremities are more truncated, often becoming stellate, as on Plate IX. fig.
4 c; their surface is covered with longitudinal ridges, armed with very much shorter
spiny projections, often almost obliterated; the collar is shorter, and the acetabulum is
marked with stronger crenulations. O. ltirudo is a rather small species, less than
C. sceptrifera, and not so common. An average size will be about one inch and one
tenth in transverse diameter, height six tenths, length of spine one inch, greatest
diameter of spine three twentieths.
Locality and Strali!Jraphieal Position.-The specimens I have examined have been
collected from the White Chalk of Sussex and Gravesend. In France M. Cotteau
gives the following localities where this Urchin is common-the Etage Cenomanien, de Havre
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(Seine-Inferieure), Fourneaux la Madeleine (Eure), Saint-Parres pres Troyes (Aube), Etage
Senonien Inferieure, Etretat (Seine Inferieure), Tartigny (Oise), ~halons-sur-Mame
(Marne).
Hiatory.-The Abbe Sorignet in 1850 described a spine of this species under the
name O. ltirodo. The same year the test was well figured with its spines attached
by the late Mr. F. Dixon, and described by the late Professor Forbes as O. aceptri/era
var. apinis truncatia; subsequently it was found that Mr. Dixon had given it the MS.
name O. aulcata, under which name it appeared in the second edition of the ' Catalogue of
British Fossils,' and in Dr. Woodward's notes on Cidaris in the Fifth Decade of the
C Memoirs of the
Geological Survey.' The Abbe Sorignet's name has been properly
retained by M. Cotteau in his continuation of D'Orbigny's Paleontologie Franeaise.
CIDAIUS DIXONI, Ootteau.
CIDARIS.

PI. XI, fig. 4; PI. XII, fig. 6.

Dieon, GeoI. of Sussex, p. 339, pI. xxiv, fig. 25, 1850.
Cotteau. PaIeontologie Franc;aise, tom. vii, p. 238, pl, 1051, fig. 78, 1862.

CIDARJS DIXONJ,

'I'he test of this fine Urchin is unknown.
lJeacription.-Spine very large; stem thick, oblong, glandiform, much enlarged in the
middle, and tapering towards the neck and apex; the lower part is covered with convex,
scale-like plates, arranged without much regularity; in the middle part they are larger,
and have much the same character; at the upper third they are less closely set together,
become ridged, and form granulated lines, which pass towards the summit; the intervening .
valleys are covered with fine longitudinal lines.
The neck is short and smooth, although there are traces of longitudinal lines j the
milled ring is not prominent, and the articular cavity indicates a small tubercle; the rim
of the acetabulum is smooth.
1Jimenaio'lla.-Length of the entire spine, from acetabulum to apex, l10ths of an inch;
length of neck and head laths of an inch; length of stem l.i;ths of an inch; thickness of
stem, at widest part, ij;ths of an inch.
.Locality ana 8tratifJrapltical Poaition.-Found in the Grey Chalk near Folkestone
by the Rev. T. Wiltshire, F.G.S., whose cabinet contains a very fine specimen. Mr.
Dixon's type, which formed the subject of fig. 4, PI. XI, is in the collection of Henry
Willett, Esq., F.G.S. M. Cotteau records two specimens from the Etage Cenomanien,
at Havre (Seine Inferieure), where it is very rare.
CIDARIS PLERACANTHA, .AfJaasiz.

PI. XI, fig. 5; PI. XII, fig. 5.

CJDARIS PLERACANTHA,

Aga88iz.
Sorignet.

ental. Syst. Ectyp. Foss., p. 10, 1840.
Oursins foss. de l'Eure, p. 4, 1850.
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CIDABIS PLERACANTHA,

D'Orbigf&lI' Prodrome de Pal Strat., t. ii, p. 274,]!it. 22, 1850.
Dieon. Geology of Sussex, tab. xxiv, fig. 23. 1850.
Desor, Synopsis des tchinides (oss., t. vi, fig. 7-10,
p. 14, 1855.
Woodward.
Mem. Geol. Snrv. .Decade V, Expl., pI. v,
p.3, 1856.
Cot/eau. Paleonrologie Fr~n~., Ter. Cret., tom. vii, tab. 1075,
fig. 1-13, p. 310, 1865.

Test unknown.
.Descrption.-Spine very large, inflated, pyriform, -with an obtuse and unequally
rounded summit; stem ornamented with longitudinal strie, very fine or subgranular, and
visible near the lower part, the upper part is smooth; the stem suddenly contracts to form
a very short neck and a small head; milled ring a little elevated and marked by fine lines;
acetabulum small with a smooth ring.
Spines of this species are very rare indeed in the English Cretaceous rocks. The
specimens collected at Meudon, near Paris, and at Oivieres (Eure), vary much in form
and dimensions; some are short, thick, or pyriform, and have the stem round or depressed
at the summit, or inflated, subcylindrical, aecuminated, or truncated; and' in a large
specimen before me from France the stem is bifurcated.
Locality ana 8tratifjraphical Position.-Mr. Dixon's specimens were said to have been
found in the Grey Chalk of Sussex. It occurs also in the Lower Chalk of Dorking. The
specimen figured, Plate XII, fig. 5, in the Cabinet of J. R. Capron, Esq., F.G.S., came
from that locality.

CIDARIS FARRINGDONENSIS, WrifJht.

PI. 11, figs. 6, 7, and 8 a, 6, c.

Test known only by isolated plates.
.Description.-Spines long, slender; lower portion of the stem smooth, upper portion
ornamented with longitudinal rows of granules forming tuberculated lines or ridges in
different spines, and terminating in a star-shaped summit at the apex. The proportional
length of the smooth to the granulated ornamentation of the stem varies in different spines
-in some with a long smooth portion the line of separation is defined by an annular
elevation, in others with a shorter smooth portion the granulations arise without any such
ridge. The valleys between the longitudinal ridges have a finely shagreened surface; the
head is moderate in size, the milled ring prominent, and the small acetabulum has a
well-defined marginal rim.
The isolated plates of the test are much worn by friction; the primary tubercle is
small, the areola wide and smooth, and the margin surrounded by a circle of large welldefined granules, resembling the plates of Oidarie vesiculosa.
AjJinities and lJijferences.-The spines of Oidari« Farrinfjdonenaia differ so much from
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all other forms at present known that they cannot be mistaken for any other species, the
long smooth lower portion of the stem forming such a conspicuous specific character of
this spine.
Strati,?rapltical Positi01l.-The specimens I have figured were collected from the
Sponge-gravel near Farringdon, in Berkshire, associated with Pscudodiadema rotulare, Ag.,
H!lposalenia Wri,?htii, Desor, H!lposalenia Lard!li, Desor, Salenia areolata, Wahlb., and
two new species of Eclti'llobrissU8, together with the' Amorphozoa and Mollusca that
characterise this remarkable formation.
My kind friend the Rev. T. WILTSHIRE, F.G.S., at my request, has contributed the
following additional notes on some rare tests and spines of Oidares in his collection.
These are figured in PIs. XII and XIII.
"In the course of last year you expressed the desire that I should send you some
notes in reference to the fossils figured in Plates XII and XIII of your Monograph on
.the Cretaceous Echinodermata. In compliance, therefore, with your wish, the following
remarks are forwarded, to be used or rejected as may seem most fitting.
et The Urchin drawn in figure 1, Plate XII, is probably a new species intermediate
between Oida1'is sceptrifera and O. subvesiculosa. I would suggest it should be named
O. {ntermedia; it may be thus defined:-

CIDARIS INTERMEDIA, Wiltsltire.

PI. XII, figs. 1 a, 1 b.

"Test moderately large, inflated; ambulacral areas narrow, depressed, flexuous, with
six rows of granules in the middle, the outer two the largest, diminishing to four rows
above and below; poriferous zones winding, narrow, depressed, at the ambitus about the
same width as the semi-ambulacral areas, narrower above, wider below; interambulacral
areas wide, plates large, five in a column; areolas proximate, deep, suboval, with an
elevated slightly overhanging scrobicular margin, encircled by a series of small granules,
equal in dimensions to those of the outerrow of the ambulacral areas, bosses not prominent,
summit smooth, tubercle moderate in size, perforated; proximal discal plate in each
column with a rudimentary tubercle, in a circular area; miliary zone narrow, filled with
small equal-sizedgranules depressed along the line of sutures; apical disc wide,of the same
diameter as the peristome, ovarial plates thick; jaws stout, triangular; spines long, slender,
cylindrical, slightly tapering, surface marked by regular longitudinal rows of spiny
projecting granules, the intervening space finely shagreened.
"lJimensions.-Height I~ths of an inch (the specimen being very slightly crushed);
transverse diameter 1 inch and ~ths.
" lJescription.-The test of this Urchin is circular, and is equally depressed at both
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poles; the ambulacral areas are narrow and flexuous, rather more so than in O. Bceptri/era,
rather less so thau in O. 8ubvesiculo8a; granules six in number at the ambitus, diminishing
to four at the poles; the central rows at the upper and under surfacesminute and irregular;
the four central rows at the ambitus composed of granules of less size than those of the
exterior rows, consisting of greater numbers, and somewhat' irregularly arranged; the
poriferous zones are narrow and depressed, and follow the flexures of the areas; the pores
are round, closely situated, and disposedobliquely; there are eighteen pores (thirty-six
in all) opposite one of the largest plates; the interambulacral areas are very wide,
five to six plates in a column; the areolas are wide, slightly oval (the minor axes being
towards the poles) at the ambitus, circular at the peristome and anal margins, and are
surrounded by an undercut overhanging border, encircled by a series of about twenty
granules, each raised on a distinct shield-like mammillated plate; the areolas at the
equator have their borders separated from the upper and under plates by a small interval
occupied by about five sets of granules; at the under surface these granules are absent,
ana the scrobicular margins are in contact; at the upper surface the granules increase in
number; the penultimate plate of the anal surface has an areola rather larger than that
below; the final plate has a rudimentary tubercle in a small circular areola, this last plate
is covered with granules; the boss is not prominent, its summit is smooth and without
crenulation, the tubercle is moderately large and perforated; the miliary zone is narrow,
and the granules are so arranged as to present the appearance of radiating from the
scrobicular margin towards the sutures; they are much smaller than those surrounding
the areolas; the surface on which they are studded dips towards the sutures, causing the
latter to be clearly defined. 'I'he apical disc is of the same size as the mouth-opening
and in the specimen figured is six tenths of an inch in diameter; the plates with which
it is furnished are large, and covered with granules; the mouth is furnished with strong
jaws, shown in the plate.
"rfhe spines are long, cylindrical, and very slightly tapering, covered with small,
strong, equal-sized granules, the points of which project outwards. They are
arranged in ten regular longitudinal ridges) with a sulcus between them covered with
a very fine granulation. The spiny granules continue to within a tenth of an inch of the
collar; the neck is very short and smooth, the head moderately large, cone-shaped, and
longitudinally striated with numerous fine lines; the rim of the acetabulum is very finely
crenulated. The length of the longest spine, that of the ambitus, is one inch and eight
tenths; it is slightly broken at the extremity, and therefore would, if perfect, be rather
longer; its diameter is one tenth of an inch; the short spine, which is unbroken (seen in
the right hand of the plate), has its extremity suddenly expanded.
" Ajjinitie8 and ])iJference8.-0idariB intermedia, in the general appearance of its test,
closely approaches O. sceptrifera and C. 8ubve8iculo8a; it differs from the former in the
scrobicular margins from the ambitus to the peristome being in contact, or not separated by
more than one granule,-in the more narrow miliary zone,-in the lesser number of rows
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of granules in the ambulacral areas at the ambitus (0. 8eeptri/era in specimens of the same
size as that under consideration having eight at the equator, whilst this species has six),in these granules being more irregularly disposed and more crowded together,-in the
proximal discal plate being marked with a more prominent tubercle, and in its shape
being less elongated,-in the areolas being relatively larger,-in the spines being uniformly
cylindrical instead of fusiform, and of much less diameter,-and in the serrated ridges of the
spines being fewer, wider apart, and continuous the whole length, whilst in O. 8eeptrifera
some of the ridges cease at the widest part of the spine. O. intermedia differs. from
O. subve8iculo8a in the scrobicular margins of adjacent plates being less widely separate.
-in the granules on the. margins of the areolas being more distant,-in the sutures of
the miliary zones being less marked,-in the miliary zones being smaller,-in the spines
being of less diameter, with less numerous ridges, and apparently shorter (some
spines of O. subvesiculo8a, of a test of equal dimensions, reaching a length of three inches),
-and in the plates presenting a flatter and less tumid appearance.
" Locality and StratziJrapltieal P08ition.-Collected from the White Chalk of Sussex,
apparently from the base of the Chalk-with-flints; rare. The specimenfigured, Plate XII,
fig. 1 a, is of the natural size. Fig. 1 b, one of smaller spines magnified, length 1 inch,
diameter i.,th of an inch.
,

"ADDITIONAL NOTES ON OIIJARIS GLAVIGl!JRA, KiJnig.

(See p. 48.) .

" Very marked as are the variations in the general aspect of the spines of G. clavifJera,
it will usually be found that a single and prevailing form is connected with each individual test. On PI. XIII are drawn the tests and spines (figs.~l a, 3 a, 4 a) of three specimens, in which the spines attached to the tests are tolerably uniform in shape in each case
collectively, yet are dissimilar when viewed by groups, those of fig. 1 a being all cla,
viform,those of fig. 3 a being all medially constricted, those of fig. 4 a being all fusiform.
The same remark holds good in other examples not drawn on t~e plate. I have now
before me sixteen specimens of O. clavigera, with the spines attached, in all of which specimens, although as a general character each company ofspines has a club-shaped or approximately club-shaped contour, there is so great a variableness among the different groups
. that if in any group the two extremes in form were to be compared apart from the test
they could easily be mistaken for different and distinct species; some (No. 1 of the Table
on page 72) being wholly cylindrical, these by easy gradations seen in sets of forms passing
on so as to become pear-shaped (No. 4), next taking up the ordinary clavigerous type
(Nos. 6, 7, 8), and ending with those having the medially constricted outline (No. 10).
"I append woodcuts of some of these varieties, giving their dimensions in tenths of
an inch, and also the diameter (major axis) of the test to which they belong. The
measurements of the spine in each case have been derived from a specimen which in its
natural position would have been affixed to the ambitus.
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"Table showing variation of form in the spines of Cidaris r:lavi!Jcra.
Total
Ambitus Spine, cha ract eristic of th e
length of
general form of t he whole of t he
spines attached to any individual longes t
amhitus
test of C. clavigera, nat. size.
sp ine.

Diamet er Diam eter Length of
of spine at at great est neck before
neck.
thickn ess. swell ing

Form of apex.
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"Table showing variation of form in the spines of Cidaris clavzgera-continued.
Total
Ambitus Spine, characteristic of the length
Diameter Diameter Length of
general form of the whole of the longestof of spine at at greatest neck b7fore Form of apex. Diameter of test
spines attached to any individual ambitus
at ambitus.
neck.
thickness. swelling
test of C. clafligera, nat. size.
commences.
spine.

Club-shaped, stem
slightly tapering;
common.

'3

1'3

Hemispherical.

About 1',6

Hemi.
spherical.

1'1

Hemispherical.

1'1

6.

Club-shaped, stem
cylindrical; eommono

Club-shaped, portion nearest the
apex constricted;
common.

'2

1'3

'1

'7

8.

Club-shaped, portion nearest the
apex constricted;
rather rare.

Hemispherical.

'1

'8

9.

Constricted at about
haIf the length;
very rare.
10.

'7

'I

Acute.

10
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" F rom the above 'Table it will be seen t hat this var iation in form is independ ent of the
size of the test, and is dependent rather up on some peculiar law in the form ation of th e
spine, or some cause which has cont rib ute d t o pr odu ce a grea ter developm ent of calcareous
matter in one part than in another. In flints which contain the spines of C. clavigera a fracture passing through the spine will often exhibit thi s growth very b eau tiI"IG. I.
fully ; t hus, in the woodcut s (fig. 1), whilst an earlier form of
the spine is clearly defined, the subsequent addition of
material is also manifested by t he change of tin t. Th e same
effect can also be observed in longitudinal sections of the
ordinary spincs, a difference of density and of hardness in
t he whole or part s of th e enveloping layers being very

appnrent.
Sections of body- spines of C. claoiqera
in flint,

"In C. clauiacra the diffe rence between the spincs of the peristome and of th e ambit us is
more marked than in most of the other species of th e CIDAItID.tE of t he U pper Creta ceous
gro up.
'The woodcuts (fi g . Z) drawn from th e spines of the tubercles adjacent to the
mou th , and mag nified four diameters, show that their apex is more acut e, th eir ridges fewer,
and their b ody more elongate-ovate than in the larger spines of the ambitus. 'The spines
of the granules (fig. 3) arc also dissimilar) being longitu dinally striated, contracted at
intervals, having almost parallel sides, and being in tra nsverse section ovate.
FI G. :?

/

.

.r~~\}·1

:FIG. 3.

r·'
"

I

\~Jj
}:t
, ~.~

S pines of C. clal 'igcl'a from t he tu bercles adj acent to th e peri st ome ,
magn ified four diamet ers. One spi ne has four serra ted rid ges.
the oth er six.

Spine of C. clauiqera from the gr anules on t he
margin of th e amb ulac ral areas ; magnified
eight diamet ers.

" T he spines in their original condition appeal' t o have been tinted with parallel ban ds
of colour, perpendi cular to the axis. I n several examples now in my cabinet t he apex of
the sp ine shows evidence of th is peculiarity ; but in one specimen in particular (a test to
which the spines arc atta ched) that circum stance is so mark ed and is so persistent (the
b ase and apcx of th e body of th e spines being spec ially affected) that it can har dly be the
result of accident .
.
" The common longitudinal perforations in the out er layer of th e spine allu ded t o at
p. 50 seem to have b een chiefly du e to disease or to some difference in str ucture which
caused th ose parts, now empty, to decay with greater facility in one direction th an in
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another. A transverse section of spines so affected proves that the canals are of neither
uniform length nor dimensions, some being of greater extent and more open than
others.
"The central perforation not unusual at the apex of some spines, seems also due to
disease or. to parasitic borings, and will often be found to extend downwards as far as
the acetabulum. This is the case with the spine drawn in PI. V, fig. 6. A portion of the
.surface of this spine having been carefullyremovedsubsequent to the drawing being made on
the plate, the cavity apparent at the apex was seen to extend through the whole length of
the body, unaltered in size; just below this point it suddenly contracted in a circular
curve (similar to the base of the perforationsmade by a PltOla8) as though to avoid breaking through the walls of the neck; at the lower point of the circularexcavation the opening
appeared again, only with a very much less diameter, and extended as far as the articular
cavity, through which it passed. Another spine open at the apex, when cut lengthways,
gave the same result (of a continuous tube, of two different diameters), except that the
opening, which extended almost as far as the acetabulum, did not pierce it, but passed
outwards in a transverse direction.
"The test of O. clavigera varies in the proportions of its parts from youth
to age; my smallest example, five tenths of an inch in width, differs considerably in appearance from my largest, which is one inch and seven tenths in
width. Comparing these two it is seen that the tubercles in the former are
relatively larger than in the latter; that the granules of the miliary zone are in
the former almost as large as in the latter; that the number of plates are the same
in both; that there is an oval rudimentary tubercle in the uppermost plate of the
anal .side in the largest specimen; that the areolas of the two superior tubercles
of the anal side are in the smallest example separated by only three granules, including
those of the scrobicular margin, whilst in the largest example there are fourteen. Both
specimens have four rows of granules in the ambulacral areas at the ambitus; in the
smallest they are of equal size and equally disposed, in the largest the two interior are
much smaller than the two 'exterior, more numerous, and crowded together. These differences have a tendency to cause the two specimens, when placed with the anal side
uppermost, to appear very dissimilar, particularly in the region of the miliary zone.
Of these two specimens the smallest is much belowand the largest much above the average
SIze.
c, Spines of O. clavigera are sometimes, but very rarely, found as far down as the
middle of the flinty Chalk; the proper horizon of O. clavi!Jera is above this part.
" Figures 1 a, 1 b, 2, 3 a, 3 b, 3 c,,4 a, 4 b, 5 a, 5 b, PI. XIII, are from the Upper
Chalk of Bromley, in Kent.

,

.1

CIDARIS

76

•

"ADDITIONAL NOTE ON

OIlJARIS PERORNATA, Forbes. (See p. 62.)

" This Oidaris is the largest of all the Cretaceous CIDARID~; portions of a full-grown
specimen now before me, containing four complete columns of plates in contact, give the
following dimensions for the test-height, two inches and two tenths; transverse diameter,
two inches and one tenth.: The spines, like the body, also exceed those of all other
species. In a mass of spines of O. peromata from my cabinet, which are all one tenth
of an inch in diameter, is one which, although deficientof a portion of its apex, measures
in the remaining part of its length four inches and six tenths-this length is by no means a
maximum. The number of the plates and the form of the spines appear to have rendered
perfect examples of the test with spines attached exceedingly rare. Separate plates and
groups of broken spines are plentiful; complete columns of plates uncommon. Small
Ostree are occasionally found affixed to the spines.
" The test, when full-grown, has, in the ambulacral areas, eight rows of granules at the
ambitus; of which rows the two exterior are the largest and most evenly disposed, the
six interior are more numerous, of less size, and not so regularly arranged; at the mouthopening there are six rows, at the anal four; the second discal plate has nineteen pairs of
pores in the poriferous zone; the proximal discal plate in each column has a rudimentary
tubercle and an elongate obsolete areola. The granules of the miliary zone are of two
sizes, the smallest of which occupy the spaces between the largest. In specimens of the
test of the usual size the first, second, and third of the plates, reckoning downwards from
the anal opening, have the upper half of the boss crenulated. The spines belonging to
the granules of the scrobicular margins are flat and somewhat fan-shaped; they are
covered with minute striee, which converge from the circular base (in which there is an
acetabulum) towards the smaller apex; length two tenths of an inch, greatest width one
twentieth. The ja ws of a full-grown specimen do Dot greatly differ in outline from those
of other species; they are half an inch in length.
" Cidaris perornaia is tolerably common in the Upper Chalk; it appears to commence
(where it is rare) in the middle of the flinty Chalk.

"ADDITIONAL NOTE ON

CIlJARlS lJIXONI, Cotteau.

(See p. 67.)

" All the spines of this species hitherto found are of considerable size, and are claviform, and inflated; the apex is acute; the surface coveredwith numerous granules, which
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.are large and elongate on the upper half of the body, pointed at the apical region,
circular on the lower half of the body, diminishing in area as they approach the neck,
and ceasing at that part, arranged in rows gradually increasing in number from
the apex to the greatest diameter, and afterwards more closely and less regularly
deposited; the neck smooth, short, and very much contracted; the milled ring is slightly
prominent, covered with fine longitudinal shire; the head smooth.
"The spinesof O. IJifl}oni occur at the base of the Lower or Grey Chalk in the cliffs
between Folkestone and Dover, in the band containing the spinous Oetrea carinata, Sow.
(M.C., tab. 365, fig. 1), in company with O. Bowerbanlcii; they are, however, very rare.
The same species is found occasionally in the " Coprolitic Bed" of Cambridge, a deposit
containing rolled fossils from the Lower Chalk, Upper Greensand, and Gault formations.
The specimen figured in PI. XII, fig. 6, and obtained from the Coprolitic Bed of
Cambridge, is identical in all respects with the Folkestone examples, except that the
surface is more worn, and appears to have been subjected to much friction; the width of
the Cambridge specimen is seven tenths of an inch, length of body one inch. The
total length of spine (measured from a specimen in perfect condition in my cabinet),
from Folkstone is one inch and four tenths; greatest diameter (midway between apex
and edge of acetabulum) seven tenths; length of head and neck three twentieths;
diameter of neck three twentieths.
"The test of this Oidari« has not at present been discovered; it would appear, however,
judging from the analogy of its spines with those of C. Bowerbanlcii, that it must have
much in common with the latter, except size; perhaps it may be an aged form of
c. Bowerballlcii.

"ADDITIONAL NOTE ON

re In

CIlJARI8 BOWERBANKIL Forbes.

(See p. 45.)

this species, as in others of the Cidares, the form of the spine varies according to
its position on the test; those at the peristome are tolerably cylindrical, with an acute
apex , those at the ambitus are inversely conical, with the apex less acute, and those at
the anal margin have the body inflated and the apex somewhat obtuse. 'I'he peristome spines have the surface covered with coarser granulations than is the case with
those which occur on the opposite side. At Southeram Pit, near Lewes, Sussex (Lower
Chalk), tests with the spines in situ are occasionally found. In my cabinet is a specimen
from Southeram Pit nearly perfect, in which almost the whole series of spines, from the
anal to the oral region, are in position, and in which the variation of form in these spines,
according to their situation, is wellexhibited. From this specimen were drawn the figures
shown in the woodcuts fig. 4 a-d, which are twice the size of the originals; a is the spine
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in connection with the tubercle adjacent to the anal margin; lJ that on the next tubercle,
counting downwards; c that beneath lJ ; and clthat belowc, on the tubercle which is the third
from the peristome: a is in length five tenths of an inch, in diameter three tenths; cl is in
length two tenths of an inch, in diameter one twentieth. The test from which these spines are
derived is five twentieths of an inch in height, and nine twentieths in transverse diameter.
FIG. 4.

b.
c.
d.
Spines of Oidaris Bowerbanlcii; magnified two diameters.

a.

" Several of the spines of this species from different localities are figured on PI. XIII;
figs. 9, 10, and 11 are from Folkestone, figs. 13 and 14 from Cambridge, 8 from near
Arundel, from which last-mentioned locality also come the plates of O. dissimilis, figured
PI. XIII, figs. 6 a, 6lJ. In all these a certain variation in general form is very perceptible.
" Oidaris BowerlJanlcii has great affinities in its test with O. clavigera, but is always
much smaller in size. It is a very rare species. The horizon of O. BowerlJanlcii at
Folkestone is just above the Upper Greensand.
" At Folkestone, in company with the spines of O. Bowerbanlcii, occur globose spines
with a short neck, and having the body covered with coarse spiny projections arranged
longitudinally. They are drawn of the natural size in the woodcut fig. 5; they appear
to differ from O. velifera, and are perfectly distinct from the spines of O. Bowet·banlcii.
FIG. 5.

~

~

Spines of a Cidaris from the Lower Chalk at Folkestone; natural size.

" ADDITIONAl, NOTE ON THE OIIJARE8 FROM THE RED CHALK.

(See p. 44.)

" In the thin red-coloured band met with at Hunstanton, in Norfolk, and in the lowest
of the pink-coloured beds at Speeton, in Yorkshire, occasionally occur elongate, cylindrical
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spines, which do not exactly agree with those previously referred to in this Monograph;
four of these are drawn on PI. XII, of which figs. 7, 8, and 9 are from Hunstanton, and
fig. 10 from Speeton. They may be divided into three classes-Ca) slender, having few (ten
to sixteen) longitudinal ridges, with a prickly border, PI. XII, figs. 7 and 9; ({3) thick,
having numerous longitudinal ridges, with the pricklesalmost obliterated, PI. XII, fig. 10;
and (1) slender, without ridges, but with an occasional projecting prickle.
"The drawing, PI. XII, fig. 7, represents a magnified view (the natural size being
depicted by a black line) of the expanded extremity of a spine with twelve ridges, not
unlike in its general character that to be met with in some forms of the spines of
Cidari8 Gaultina, but differing from the latter in the valleys between the ridges being
covered with very fine longitudinal lines, instead of being marked with fine granulations.
Fig. 9, with ten ridges, is marked also by the fine longitudinal striee, arid the absence of
granulations in the valleys; the lines of spiny projections or prickles are thinner, more
conspicuous, sharper, and less numerous than in the spines of O. Gaultina; it is very
slightly tapering; the fragment preserved measures an inch in length, and must when
perfect have been at least two inches; in general aspect it bears a strong resemblance to
C. 8ubve8iculosa from the Upper Chalk.
" The spine fig. 10 a (natural size), and fig. 10 b (a portion magnified) is found both at
Speeton and Hunstanton , the specimen figured, which was from Speeton, and is not
quite perfect, measures one inch and a half in length, and is two tenths at its greatest
diameter; the body of the spine increases very gently in diameter for a short distance
from the acetabulum, and then as gently diminishes; the margin of the acetabulum is
crenulated, a double milled ring surrounds the head, the neck is short and smooth, and
the body is marked by about thirty longitudinal ridges, which are crowned by small and
obtuse spiny projections. The valleys between the ridges are covered with fine longitudinal striee, the general aspect is that of a spine of C. dis8imili8, but the latter
generally has the spines much more slender.
"Fig. 8, from Hunstanton, is onlya fragment, half an inch in length, and one tenth of
an inch in diameter; it is uniformly cylindrical, with the surface quite smtooh and
without strise, arising from the smooth surface are stout prickles, like thorns, which are
repeated in longitudinal lines at about the distance of the tenth of a~ inch apart from
each other. It is a very peculiar spine, totally distinct from all those of the Cretaceous
species, and mostly resembles the spine of O. perornaia from the Upper Chalk; in the
latter, however, the prickles arise from a small longitudinal ridge, and are not isolated and
unconnected. The same form of spine occurs at Speeton, In the ratio of frequency,
the form a is more common than that of {3; and the forms a and {3 are more common
than that of 1, which is very rare."

80

CLASSIFICATION OF THE.

Famz'l!J 2.-HEMICIDARIDlE.

(Not yet found in British Cretaceous strata.)

Famil!/ 3.-DIADEMAD1E.
This Family includes large and small Urchins having a thin, circular, pentagonal, and
subpentagonal test, more or less depressed on the upper surface, and flat at the base.
The ambulacral areas are wide and straight, with two rows of primary tubercles, often
as large and numerous as those of the inter-ambulacral areas.
The poriferous zones are narrow, almost always straight, and sometimes subflexuous ,
the pores are unigeminal, bigeminal, and trigeminal in their arrangement in different genera.
The inter-ambulacral areas are in general twice the width of the ambulacral, and occupied, at the equator, with two, four, six, or eight rows of primary tubercles, which diminish
gradually in number near the poles. The bosses of all the tubercles are small; their
summits, in general, are crenulated, sometimes uncrenulated; the tubercles are small, in
general perforated, in C!/pltOsoma imperforate; they are in general a little larger than those
of the ambulacra; but are often of equal magnitude in both areas.
The apical disc is small, and situated opposite to the mouth; it is composed of five
ovarial and five ocular plates; the anterior pair of ovarial plates are a little larger than
the posterior pair, and the right antero-Iateral plate, with a small, spongy, madreporiform
body on its upper surface, is the largest; the vent is round or oblong, and generally in
the centre of the disc; the ocular plates are very small, and distinguished with difficulty.
The mouth-opening is in general large and decagonal, and the peristome divided into
ten lobes by deep notches; the jaws in general are large and powerful.
The spines in existing genera are long, slender, and tubular, sometimes three
times as long as the diameter of the test.' In the fossil extinct genera they rarely attain
the length of the diameter of the test, and are short, stout, and solid, except in Hemiperlina,
which have long hair-like spines. The long tubular spines of living Diademas, and a rare
form from the Cretaceous rocks, are encircled by spiral verticellate processes, or fringelike scales, PI. XIV, fig. 2, whilst the surface of the solid spines of Pseudodiademas is in
general covered with fine longitudinal lines ; neither prickles or asperities being developed
on their stems.
Lamarck divided the genus Cirlaria ofKlein into two sections, " LeaPurlJa'll8" and" Lea
IJiarlemes ;" these were afterwards by Dr. Gray" erected into genera; the Cirlaria rarliata,
Leske, constituting a third type, formed his new genus .Astrop!/!Ja. The genus Cirlaritea of
Lamarck was considered to form a natural family, including the genera Cirlaris, Diadema,
and AstroP!/!Ja, which he constituted and characterised thus : 1 PETERS, 'Ueber Gruppe der Diademen,' p. 2, 101. Konigl. Akademie der Wissenchaften Augt.,
1853, Berlin.
2 'Annals ()f Philosophy,' new series, vol. x, p. 426, 1825. "An attempt to divide the Echinidmor
Sea-Eggs into natural families."
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1. Family-CIDARID..E.

Oidaritee, Lamarck,

Body with spines of two sizes; larger ones either clnb-shaped or very long; spmebearing tubercles perforated at the summit.

Genus l-CIDARIS, Klein, Lamarck:

(LES TURBANS.)

Body depressed, spheroidal; ambulacra waved; small spines compressed, two-edged,
two-rowed, coveringthe ambulacra, and surrounding the base of the larger spines.
This genus may be divided according to the form of the larger spines: the extraambulacral beads have only two rows of spines.
ClDARIS IMPERIALIS, Lamk,

Klein., Nat, dispositio Echinodermatum, tab. vii, fig. A.

Genus 2-DIADEMA, Gra!!.

(LES DIADEMES.)

Body orbicular, rather depressed; ambulacra straight; spines often fistulous.
ECHINOMETRA SETOSA, Bumph. Leske, Klein., Nat. disp. Echinid., tab. xxxvii, fig. 1, Z.
ECHINUS DIADEMA,
Linn. Syst. Nat., by Turton, vol. iv, p. 139.
CALAMARIA, Pal/as. Spicil. Zool., tab. ii, fig. 4-8.

Genus 3-AsTROPYGA, Gray.
Body orbicular, very much depressed; ambulacra straight; ovarial scales very long,
lanceolate; beads with several series of spines.
CIDARIS RADIATA, Leek«; apud Klein, tab. xliv, fig. 1.

The very meager characteristics by which Dr. Gray has defined the last two genera
merely shows that a difference exists, and his description is insufficient for a correct diagnosis of either; hence the various opinionsextant regarding the character and limits of his
genus Diadema , only one of the species enumerated as types, Diadema seiosa, Rumph.,
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is admitted to be a true Diadema. The valuable memoir of Herr W. Peters' has
removed some of the difficulties that surrounded this subject, and his grouping of the
living Diademas makes an important step towards a natural classification of one section of
this Family. Although the present state of. our scientific knowledge of the Diademade
may be considered as transitional rather than positive, still we possess enough to justify
the separation of fossil Diademas from existing genera, as proposed by M. Desor."
The DIADEMAD.<E, in fact, appear to consist of two types; one of these, with a few rare
exceptions, appertains to the present epoch, the other existed during the deposition of the
Secondary and Tertiary rocks. The living forms are in general large, depressed Urchins, with
thin shells, having the tubercles and pores variously arranged in the different genera. They
have, in general, very long, slender, tubular spines, and the surface of the stem is covered
with oblique annulations of small imbricated scales. The fossil species, on the contrary,
are smaller Urchins, with a thicker test; having the tubercles and pores variously disposed.
in different genera; the spines rarely attain the length of the diameter of the test;
they are in general solia, cylindrical, sometimes flattened or awl-shaped, and their surface
is covered with fine longitudinal lines. I propose to include the following genera in this
natural family.

.A. Table showing the Classification
Section

Section

I

A.

Spines very long, slender, tubular,
covered with oblique annulations
of imbricated scales. Living in
tropical seas.
A few annulated tubular spines are
found in the Upper Chalk and in
the Coralline Crag.
DIADEMADJE

I

of the Diademade.

DU.DEMA,

Gray.

SAVIGNYA,

Desor,

ASTROPYGA,

Gray.
Peters,

ECHINOTHRIX,

B.

Desor.
.A.gaa8iz.
HEMIPEDINA, Wrigkt.
PEDINA, .A.ga8aiz.
ECHINOPSIS, .A.gaa,iz.

Spines short, slender, solid; surface
covered with fine longitudinal
lines.
Extinct; found in the Oolitic, Cretaceous, and Tertiary Rocks.

PSEUDODIADEMA,
CYPHOSOMA,

~

.j
My learned friend M. Cotteau," in his classical work on the Echinidre of France, has
lately proposed an extended classification of the family DIADEMADE, a resumeof which I
I
2

3

'Ueber die Gruppe der Diademen, Konigl. Akademie der Wissenschaften,' Berlin Aug., 1853.
'Synopsis des ]'ichinides Fossiles.'
<Paleontologie Francaise, Terrain Cretace,' tom. vii, p. 371.
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herewith subjoin; the genera referred to this family are divided into four groups,
based upon the structure of the tubercles, whether they are perforated or not perforated,
and crenulated or not crenulated.
In the CIDARID..E these characters have not much significance, and are present or
absent in many species of congeneric forms; in the DIADEMADlE, however, they are more
stable and persistent, and have served to form a great number of genera. If from an
organic point of view this structure of the tubercles is only of secondary importance, in a
paleeontologicel sense it affords a character which is readily seen, and nearly always
well preserved.
The first group comprehends the DIADE~IADlEl with tubercles perforated and erenulated: Hemicidaris, Agassiz; Acrocidaris, Agassiz; Pseudodiadema, Desor , Diadema,
Gray; Hibertia, Michelin; Microdiadema, Cotteau; Heterodiadema, Cotteau; Asterocidaris, Cotteau; Glypltocl/pltus, Haime,
The second. group includes the genera, with tubercles perforated and not crenulated:
Oidaropsie, Cotteau; Diademopsis, Desor , llemipedina, Wright; Ecltinopsis, Agassiz; .
Ortltopsis, Cotteau: Pedinopsis, Cotteau.
'I'he third group is destined to receive the genera which have the tubercles imperforated
and crenulated: Oypltosoma, Agassiz; A£icropw, Cotteau; Temnopleuna, Agassiz; Ecltinocypltus, Cotteau.
The fourth and last group contains the genera with tubercles imperforated and uncrenulated: Goniopyflu3, Agassiz; Acropeltis, Agassiz; Leiosoma, Cotteau; Eckinocidari«, Desmoulins; Orelopleurus, Agassiz; Keraiapkorue, Michelin; Codiopsi», Agassiz; Oottaldia,
Desor; Maflnosia, Michelin; Gll/pticU8, Agassiz; Temnecltinus, Forbes , Opecltinus, Desor.
The genera which compose these four groups are distinguished by straight or flexuous
ambulacra, the disposition of the tubercles, the structure of the apical disc, the sutural
and angular impressions which mark the ambulacral and inter-ambulacral plates, the
comparative width of the peristome, and the form and structure of the spines.
, 'I'he following table contains a definition of the opposable characters of the thirty-one
genera composing the family DIADEMADiE.
1 In my classification of the
family, the HEMICIDARIDlE.

ECHINID.iE

I have separated Hemieidarie and .dcroeidaris as a distinct
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A. Tubercles crenulated and perforated.

a. Ambulacral areas subflexuous, provided with large tubercles at the
ambitus and inferior surface

HEMICIDARIS.

h. Ambulacra straight, provided with tubercles in all their extent.

x, 'Ambulacral and inter-ambulacral plates without angular impressions.
x. Inter-ambulacral areas subgranular as they approach the summit.

y. Apical disc subpentagonal, peristome large.
s, Each of the ovarial plates of the apical disc carry a large tubercle

. ACROCIDARIS.

zs, Apical disc, without a large tubercle on its ovarial plates.

1. Poriferous plates unequal and irregular.

rp. Spines solid, aciculated, striated

PSEUDODIADE)U,.

I/J'/l. Spines tubular, verticillated

DIADEMA.

2. Poriferous plates straight, equal, regular

HIBERTIA.

yy. Apical disc narrow, annular, peristome reentrant

MICRODIADEMA.

yyy. Apical disc elongated, prolonged into the middle of the single interambulacral area; peristome narrow

HETERODIADEMA.

x». Inter-ambulacra smooth near the summit, and presenting a stellate
appearance

.

ASTERIOCIDARIS.

xx, Ambulacral and inter-ambulacral plates marked with angular impressions

GLYPHOCYPHUS.

B. Tubercles perforated and not erenulated,
a. Ambulacra subflexuous, provided with tubercles only towards the
ambitus and inferior surface

CIDAROPSIS.

b. Ambulacra straight, provided with tubercles in all their extent.

x, Pores simple near to the summit.
a: Ambulacral plates unequal, irregular.

y. Apical disc largely developed, peristome wide.
_. Miliary zone extended; principal inter-ambulacral tubercles very large,
placed on the external border of the plates

DIADEMOPSIS.

~-. ~Iiliary

zone narrower, tubercles tolerably large and placed in tbe middle
of tbe plates.

HEMIPEDINA.

yy. Apical disc narrow, peristome slightly developed, tubercles very small.

ECHINOPSIS.

3::1:. Ambulacral plates, straight, regular, sutures very apparent.

ORTHOPSIS.

xx, Pores in double series at the superior surface and towards the ambitus

PEDJKOPSIS•

•
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C. Tubercles not perforated and crenulated.
it.

Ambulacral and inter-ambulaeral plates without angular impressions.

x, Form depressed, tubercles rather large, peristome widely open

xx, Form inflated, tubercles small, peristome narrow

CYPHOSOMA.
MICROPSIS.

b. Ambulacral and inter-ambulacral plates marked with angular, and
sutural impressions.

x, Apical disc sub-circular, inter-ambulacral tubercles forming many rows
towards the ambitus

xx, Apical disc pentagonal, inter-ambulacral tubercles forming two rows

TEMNoPLEuRus.
ECHINOCYPHUS.

D. Tubercles not perforated and not erenulated,

a. Ambulacral and inter-ambulacral plates without angular and sutural
impressions.
x. Apical disc smooth, ovarial and ocular plates perforated below at their external angle .

GONlOl'YGUll.

xx, Apical disc furnished with a large tubercle on each ovarial plate; ovarial
and ocular plates perforated at some distance from the border

ACROPELTIS.

xxx. 'Apical disc granular, deprived of tubercles; ovarial and ocular plates perforated at some distance 'from the border.

x. Tubercles rather large, forming regular vertical rows.

y. Two rows only of inter-ambulacral tubercles; mammelon large and prominent

yy. More than two rows of inter-ambulacral tubercles; mammelon small

LElOSOMA.
EClUNOCIDARIS.

gUY. Iuter-ambulaeral tubercles not extending above the ambitus; interambulacral area forming, at the upper part, a depressed zone,
perfectly circumscribed.
N'

Four rows of inter-ambulacral tubercles towards the ambitus

ss: Two rows of inter-ambulacral tubercles towards the ambitus; spines
long, sub-tricarinated, and slightly bent

CCELOPLEURUS.

K.iERAUl'IIORUS.

VUY'!!· Ambulacral and inter-ambulacral tubercles limited to the inferior surface, replaced above the ambitus by caduceus granules.

CODIOl'SIS.

xx. Tubercles small, forming very regular horizontal rows.
y. Peristome small, pores simple towards the ambitus
!/!/. Peristnme very wide, sub-pentagonal, pores forming double rows from
the ambitusto the mouth

COTTALDIA.

MAGNOSIA.
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D. Tubercles Dot perforated and not crenalated-continfU'd.
'!I!I'!I. Inter-ambulacral tubercles irregularly arranged above the ambitua. often
lacerated

GLyPTICUS.

b. Ambulacral and inter-ambulacraI plates provided with angolarand saturaI
impreseione.
x. Impressions angular

T£IINECHINUS.

xx, Impressiona sutural, and angular, and much more defined

OUCHINUS.

'!'he stratigraphical distribution of the Diademadee extends from the Trias to the
modern epoch, where a few species now live in tropical seas. Of the thirty-one genera
enumerated in the above table, seven are proper to the Oolitic period: Microdiadema,
Asterocidari'!, Oidaropsi«, Hemipedina, Acropeltie; Gl!Jpticus. Seven to the Cretaceous
period: Heterodiadema, Gl!JphoC!Jphus, Ortkopeie, Pedinopsie, EchinoC!Jpltua, Leisoma,
Codiopeis. Five are special to the Tertiary period: Hibertia, Ecltinopai8, Ctelopleurua,
Temneckinue, Opechinus. 'I'hree to the Modern period: Diadema, Ecltinocidaria, and
Keraiapkoru«, One genus, Pseudodiadema, is common to the Oolitic, Cretaceous, and
'Iertiary periods. Three genera are found in the Oolitic and Cretaceous periods; Hemieidari«, which commenced in the Trias, .dcrocidasi« and Maf/1losia, but neither extend above
the Neocomian. Four genera are common to the Cretaceous and Tertiary periods:
Goniop!Jf/us, Cottaldia, C!Jphosoma, and Microp8Z"s. The genus Temnopleurus appeared
in the Tertiary period and exists in our present seas.

PSEUDODIAD~~IA,

Desor. 1854.

'I'his genus is composed of small Urchins with a moderately thick test, which rarely
attains two inches in diameter; the ambulacral areas in general are one third or even one
half the width of the inter-ambulacral areas; the primary tubercles of both areas are
perforated, and nearly all of the same size; the bosses are small, and have sharply crenulated summits.
'I'he ambulacral areas have two rows of tubercles; the inter-ambulacral areas two
rows only, or two rows of primary and two or four short rows of smaller secondary
tubercles, or they have four, or six rows of nearly equal-sized primary tubercles at the
ambitus.
'I'he poriferous zones in general are narrow and straight; the pores in one section are
unigeminal throughout, and in another they are bigeminal in the upper part of the zones.
The apical disc is small; and the anterior ovarial plates are larger than the posterior pair.
'l'he mouth-opening is large, the peristome deeply notched, and the oral lobes are
nearly equal.
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The spines rarely attain the length of the diameter of the test; in general they are
much shorter, cylindrical, or needle-shaped, and have a prominent, milled ring near
the articnIating head; the rim of the acetabulum is crenulated, and the socket perforated;
the surface of the stem is sculptured with delicate longitudinal lines.
The P8eutiodiademata are all extinct, and found in the Liassie, Oolitic, Cretaceous and
Tertiary rocks.
P8eudodiadema differs from Diadema in having solid spines, with a smooth surface,
the sculpture, in most cases, consisting of microscopic, longitudinal lines; whilst in
IJiadema the spines are tubular, and have oblique annulations of scaly fringes on their
surface. P8eutiodiadema differs from O!Jplw8oma, a Cretaceous genus, in having the
tubercles always perforated, those of C!JpMSO»Za being imperforate. It differs from
Hemipedina in having a small apical disc, and tubercles with crenulated bosses, those of
Hemipedina being smooth; and from Pedina in having bile pores unigeminal or
bigeminal, those of Pedina being arranged in triple, oblique pairs.
P8eudotliadema may be divided into two sections, from the different manner the
pores are arranged in the zones. In one group the pairs of pores form a single
file throughout; in another the pores are more numerous, and crowded together in
the upper part of the zones. Professor M'Coy has proposed the genus lJiplopodia for
the latter. It may be objected, however, that the crowding together of a greater number
of pores in a zone is, at most, a sectional and not a generic character, inasmuch as the
arrangement is subject to great variation in the diplopodous species themselves, and is,
moreover, often only an adult development.
I

A.-Specie8jrQ1ll tke Lower Greensana.
PSEUDODIADEllA ROTULARB,4f/fUJ8iZ.
DIADEJU ROTCLAItB,

OltlUTUJf,

1tOT1JLAltB,

PL

XIV, figs. 3 a, b, c.

J1gauiz. lfem. des Se. oat. de NeucbAteI, vol. I, p. 139, tab. siv,
figs. ]0-12, 1836.
Du MotdiM, £tudes sur Ies £ebiuides, p. 316, No. 25, 183i.
AgflMiz. Catal Syllt. Ectyp. foal. llusei Neoc., p. 8, 1840.
Agauiz.
Descript. des £ebio. fOIB. de la Soieae, part 2, p. 4,

tab. xri. fig. 1-5, 1840.
JUCItOSTOJfA,

1tOTllLAltE,

Agauiz. Ibid., p. 10, tab. xvi, fig. 22-26, 1840.
AgaMiz et Desor. Catal. RaOOn. des £ebioidea, ADn. des Se. Dat,

3e .erie, t. ri, p. 346, 1846.
et DeMn". Ibid., p. 347, 1846.
Br""". Index PalzoDtologicua, p. 418, 1846.
Grtu. Ooninl fou. de I'Iaere, p. 33, pI. i, fig. 21-23, 1848.
Marcort. Becbereb. geol. IUl'le Jura SalinoiJ, }(em. Soc. Geol. de
France, ]re .erie, t. iD, p. 143, 1848.'

JUCItOSTOJU, AgauU
C01tONAo

1tOTtJLAltE,

,
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DIADEMA 1I0TULARE,

MACROSTOMA,
ROTULARE,

DaDEMA DUBIUM,

ROTULARE,

PSEUDODIADEMA MACROSTOMA,
ROTULARE,

PIETETI,
TRISERIALE,
ROTULARE,

PERIQUETI, _
MACROSTOMA,
TRISERIALE,

i

D'Orhigny. Prod. dePaleont. Strat., t, ii, p. 89; ]]t. li, No. 489,
1850.
D'Orhigny. Ibid., No. 491, 1850. •
Cot/eau. Cat. Ech. Neocom., Bull. Soc. de l'Yonne, t. v, p. 285,
1851.
Sharpe. Sands and Gravels of Farringdon, Quart. Journ. Geol.
Soc., vol. x, p. 194, 1853.
Eorbes. In Morris's Catalogue of British Fossils, 2nd ed., p. 76,
1854.
Cotteau, Paleontologie Fraueaise, Ter. Cretace, vol. vii, p. 422,
pl. 1097, figs. II -13; pi. 1098 and 1099.
Desor,
Synopsis des l!lchinides fossiles, P: 69, 1856.
Desor. Ibid., p. 68.
Cotteau, l!ltudes sur les l!lchinides de l'Yonne, t, ii, p. 24, pI. xlix,
figs. 1-5, 1857.
Cot/eau. Ibid., p. 31, pI. I, figs. 7-10, 1857.
Desor, Synop. des Echin. foss., p. 445 (Suppl.). 1858.
Dujardin et Hupf:. Hist, Nat, des Zoophytes, Echinoderm., p.
428,1862.
Dujardin et Hupf:. Ibid.
Dujardin et Hupe. Ibid.
Dujardin et Hupf:. Ibid.

Test small, circular, slightly pentagonal, moderately convex above, and flat below;
poriferous zones narrow, straight; pores in single file; ambulacral areas large, two
rows of close-set marginal tubercles; inter-ambulacral areas, four rows of tubercles at
the ambitus, the outer rows disappearing on the upper surface; miliary zone wide,
depressed near the disc, and covered with an abundance of well-formed granules. Mouthopening large, decagonal; peristome deeply notched; lobes unequal.
])imensions.-Height four tenths of an inch; transverse diameter, one inch.
])escription.-This is a very rare Urchin from the remarkable deposit of fossiliferous
sands and gravels near Farringdon in Berkshire, about the age of which so many different
opinions have been given; perhaps the Echinidee found therein may assist to determine the
problem whether these beds belong to the Lower Greensand, or to a " more modern member
of the Cretaceous Series than the Chalk," as maintained by the late Mr. Daniel Sharpe,
F.G.S.I The Diadema now before us is a well-known and characteristic species, of the
middle stage of the Neocomianformation, containing Ecltinospatagus cordiformis; and the
extensive table of synonyms prefixed to this article shows how widely it is distributed in
beds of the same age on the continent of Europe.
The test is of medium size, circular or slightly pentagonal, moderately convex on the
upper surface, and nearly flat beneath.
,
1 " On the Age of the Fossiliferous Sands and Gravels of Farringdon and its Neighbourhood," 'Quart.
Joum, of the Geological Society,' vol. x, p. 176. 1853.
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'The aoibuJacral aie8S are wide (fig. S a, 6) and have two rollS of tubereles placed on
the margin of the area; these are small, uniform in structure, set closely together, and
gnidually diminish from the equator to both poles; a band of granulations down the
middle of the area divides the two series from each other: the poriferous zones are nanow
and straight (fig. S 6); the pores are round and simple, and arranged. in a single file
throughout the zones (fig. 3 c).
The inter-ambulacral areas are occupied at the ambitus by four rows of tubercles; the
inner rows extend from the mouth to the disc, and the outer rows diminish in size on
the upper surface and disappear before reaching the disc; the tubercles forming the inner
row are about the size of those in the ambnlacra; those of the outer row are sensibly
smaller (fig. 3 6). The miliary zone is large, and slightly depressed near the summit; it
is filled with numerous granules of unequal sizes, some of which are mammillated and
perforated; the grannies are disposed in cireles around the areolee, and fill the entire area
of the zones with a beautiful ornamentation; the examples from Farringdon have lost
much of this character from the process of fossilization in those gravel beds.
The base of the test is flat, and presents a highly tubercular surface (fig. 3 a), the four
rows of tubercles in the inter-ambnlacral areas being all distinctly developed in this
region. The month-opening, one half the diameter of the test, is proportionally large;
the peristome is deeply notched into the lobes, the ambnlacral portions being one half larger
than those of the inter-ambnlacral arches. In fig. 3 c, I have given a section of the
base, magnified four diameters, showing the relation of all these parts to each other•
.AJl1IitieB alUlDilfereJIces.-This Urchin presents many varieties of form, which have
been described by different authors as so many distinct species, an error that has been
now corrected, as shown in the table of synonyms. It :resembles P. Ro.r!JUeti. Ag.,
found with it in the same Neocomian beds, bnt is distinguished from that species
in having the primary tubercles less developed, more closely set together, and more
homogeneous; and in the secondary or onter series of tubercles bWlg larger and more
regularly arranged; they are, however, nearly allied forms of one type of structure.
Locolu, ad 8Iraliflrapllical P08ition.-This l,; rehin in England has hitherto been
found only in the sands and gravels near Farringdon, where it is extremely rare. It was
collected from these beds by the late Mr. D. Sharpe, and I obtained one specimen in the
same locality. On the continent of Europe it is one of the most characteristic fossils of the
"Terrain Neocomien," and is found principally in the middle" beds of that formation.
M. Cotteaurecords the following localities in France where it has been collected :-Billecnl,
Mi6ges, et l'ennitacae de Censean, Nozeroy (Iura); Morteau, Hautepierre (Doubs); Germigney (Haute-SaOne); Vassy, Bettancourt, (Haute-Marne); ThiefJ"rain, Vandmuvre,
Marolles (Aube); Cheney, Flogoy, Monetean. Au..~erre, Gy-l'Eveque. Leugoy, Fontenoy,
Saints, Pereuse (Yonne); in all these localities it is collected in abundance from the
Middle Neocomian; and at Le Rimet (Isere), Villefargeau. Perrigny (Tonne), it is very
rare in the Upper Neocomian. In Switzerland it is found near Locle in the Lower
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Neocomian; and at Landeron, Sainte-Croix, Hauterive in the Middle Neocomian, so that
it forms a leading fossil of the Neocomian formations.
Histor!J.-This Urchin was at first referred by Professor Forbes to the Diadema tluIJi1llJ1t
of Albin Gras, but a careful comparison of specimens proved this to be an error. It
appeared under that name in Mr. Sharpe's list of Echinodermata from the sands and
gravels of Farringdon, and in the second edition of the C Catalogue of British.Fossils.'

P~lEUDODJADEMA FITTONI, WrifJ1d.

PI. XV, Figs. I, a-g.

DIADE!tlA AUTISSIODORENSE,

Wrigltt. Ann. and Mag. of Nat. History, New Series,
vol. x, p. 91, 1852.

Test pentagonal, depressed; inter-ambulacral areas with two rows of primary tubercles
and two incomplete series of small secondary tubercles, which disappear 011 the upper
surface; ambulacral areas prominent, with two rows of primary tubercles much diminished
in size at the upper surface; poriferous zones narrow, subflexuous. Pores bigeminal
near the ovarial disc, and at the circumference of the mouth.
IJime1Zsio1Zs.-Height fonr tenths of an inch; transverse diameter nineteen twentieths
of an inch.
IJesc1'iptio1Z,-In its general outline this beautiful Urchin resembles P. tlepres8um of
the Inferior Oolite ; in the details of structure, however, it is very distinct from that form,
The circumference is pentagonal, frotn the convexity of the ambulacral areas, and the upper
and under surfaces are much depressed (PI. XV, fig. I a, b, c, tl).
The inter-ambulacral areas are one third broader than the ambulacral; two rows of
primary tubercles occupy the centre of the plates; there are about ten pairs of tubercles
in each area, which are of a moderate magnitude, and gradually diminish in size from
the ambitus to the base and summit; the mammillary eminences are small, their summits
sharply crenulated, and the tubercles, of proportional size, are deeply perforated (fig. 1 fJ) ;
at the ambitus six rows of granules separate the tubercles from each other (fig. 1, e) ;
towards the upper part of the miliary zone the four central rows are absent, leaving a naked
space in the middle of the area; three rows of granules in like manner separate the tubercles
from the poriferous zones; at the base of the area, and extending as far as the ambitus,
there are incomplete rows of small secondary tubercles; these gradually diminish in size.
and disappear at the upper surface, which is occupied with an unequal close-set granulation
about three rows deep (fig. 1 b); the ambulacral areas. one third narrower than
the inter-ambulacral, are very prominent and convex, and occupied by two rows of
primary tubercles about ten in a row; the lower six pairs of tubercles are nearly
as large as the corresponding tubercles in the intcr-ambulaoral areas, but the upper
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four pairs are much smaller, so that, whilst there is a great uniformity in the size and
form of the tubercles at the base and ambitus of the test, there is a very marked
difference between those of the ambulacra and inter-ambulacra in the vicinity of the apical
disc Efig. 1 b) ; the inter-tubercular space is occupied by a zigzag band of granulation, which
is narrow below where the tubercles are large, and broader above where they are small
(fig. 1 e). The poriferous zones are narrow and subflexuousj and the pores arranged
in single pairs; near the disc they are slightly bigeminal; the apical disc is absent in our
specimen. The mouth-opening is large and the peristome slightly decagonal (fig. 1 c).
A.lfinities and IJijferences.-Pseudorliarlema Fittoni nearly resembles P. Bourj'ueti, Ag.,
but differs from it in the rudimentary condition of the upper tubercles of the ambulacra,
and in having the intermediate granulation on the miliary zone less homogeneous.
Locality an.d Stratigrapltical Position.s-]: collected this Urchin from the Lower Greensand at Atherfield, in bed No. 4 of the Cracker group, Dr. Fitton's section; it must be very
rare, as none. of the cabinets of Atherfield fossils hitherto examined by me contain a
speCImen.
Histor!J.-I discovered this fossil in 1850, and in the first instance erroneously
identified it with a specimen found in France, and then briefly described by M. Cotteau
as Diadema Autissiorlorense. The fine figures and detailed description lately published
by M. Cotteau in his additions to the "PaIeontologie Francaise " have enabled me to
correct my error, and I now dedicate this species to the memory of my late friend
Dr. Fitton, F.R.S., whose admirable memoir on the Atherfield section and the strata below
the Chalk will long remain models of patient research and accurate scientific investigation.

PSEUDODIADEMA MAI,BOSI,

A!Jas8iz

DU.DEMA MALBOSI,

DIPLOPODlA -

DIAI>EMA MACKESOXI,

MACKIEI,
MALBQ:lI,
DIPLOPODIA. -

~

Desor.

PI. XX, figs. 1,

a-I

Aga8Bi: and Desor. Catal. rais. des Echinides, Ann. Science.
Nat., 3me ser., t. vi, p. ~50, 1846.
D' Orbigny. Prodrome de Paleont, strat., t. ii, p. 201,
1850.
Desor, Synops. des Echinides fossiles, p. 78, pI. xii, figs;
12-14, 1856.
Leymerie et Cotteall.
Catal. des Echinid. Foss. des
Pyrenees, Bullet. Soc. Geol. de France, 2" ser., t. xiii,
p. 324, Hl56.
Forbes. Woodward's Notes on British fossil Diadems,
Mem, Geol. Surv., Decade V, 1856.
Woodward. Ibid.
Pietet. Traite de Paleont., 2· ed., t, iv, p. 245, 1857.
D'Arelliac les C.orbilm.'s. Mem. Soc. Geo!' de France, 2"ser.,
t. vi, p. 384, 1859.
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. PSEUDODIADEMA'
DJPLOPODIA lIIUBOSJ,

P~EUDO::>L\DEMA l\f.\LBosr.

Dujartlin et Hupe. . Hist, Nat.

des Zooph. Echinodermes, p. 501, 1862.
Ootteau, Echinid. Foss. des Pyrenees, p. 26, 1863.
Cotteau. Paleontologle Francaise, Ter. Cretace, tom. vii,'
p. 448, pis. 1106 et 1107, 1865.

'rest large, subcircular, upper surface convex, slightly inflated, base rounded and
flattened, ambulacral areas narrow, contracted at the upper part by the width of the pori.
ferous zones, two rows of tubercles twenty to twenty-two in each row. Inter-ambulaoral
areas wide with four, six, or eight rows of tubercles at the equator, the two inner rows
having eighteen to twenty tubercles in each, extend from the peristome to the disc, all
the others disappear at different points on the sides. Small secondary tubercles
scattered irregularly among the primary series in the inferior part of the areas. Poriferous
zones narrow at the base and sides; pores in double file from the ambitus to the disc,
where they increase in width, and on the upper third are largely bigeminal. Mouthopening moderate in size; peristome nearly equal lobed; discal opening large and
acutely pentagonal.
lJimellsions.-'fransverse diameter two inches; height thirteen twentieths of an
inch.
lJescription.-This is a very rare British Urchin, and as nearly all the tests have
been either broken, crushed, or otherwise distorted, it is difficult to form a correct
idea of its form. I have carefully examined the original specimens collected .by
Mr. Mackeson, F.G.S., from the Lower Greensand at Hythe, and presented by him to
the Royal School of Mines; these I have compared with a series collected by my
friend the Rev. T. Wiltshire, from the Lower Greensand at Whales' Chine, Isle
of Wight, with which they agree, and both correspond with the figures and description of Pseudodiadema Malbosi given by M. Cotteau in the' Paleontologie Franeaise,'
and with a good type specimen kindly presented to me by M. Bayle, of the Ecole
des Mines, Paris. I have no hesitation, therefore, in considering D, Macl.:esoni, Forb.,
identical with lJ. Malbosi, Agass. It is important likewise to note that both belong to the
same geological horizon; the French specimens were collected from the Upper Neocomian, associated with Echinospata!Jus Colle!Jnii, Sism., and the British specimens from
the Lower Greensand at Hythe, and the Crioceras-beds, Lower Greensand, at Whales
Chine, Isle of Wight, the English equivalent of the Continental Neocomian formation.
This Urchin attains a considerable size; Mr. Wiltshire's cabinet contains a specimen
measuring two and a half inches diameter. The base of this fossil is nearly circular, and
only slightly pentagonal. In some of the Hythe specimens in the Museum of the Royal
School of Mines, the upper surface is convex and moderately inflated, and the base
rounded and flattened.
'I'he ambulacral areas are narrow and contracted at their apices by the width of the
poriferous zones above (fig. 1,!J); they are slightly inflated, and furnished with two
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rows of large tubercles, from twenty to twenty-five in "each, according to the size of the
Urchin, all deeply crenulated and perforated, and gradually diminishing from the equator
to the apertures; a single sinuous line of granules separates the tubercles, which are
placed closely together in the area (fig. 1 d).
The poriferous zones are narrow at the base and sides, where the pores are arranged in
a single file (fig. 1 e); at the upper part they are bigeminal (fig. 1 d), the double rows
encroaching on the width of the ambulacral area and diminishing the size of the tubercles t.herein.
'I'he poriferous plates are prolonged to the base of the tubercles in more or less apparent
irregular sutures -,fig. 1 a}.
The inter-ambulacral areas are widely developed, the large plates support tubercles
closely resembling those of the ambulacra (fig. 1 IJ). In the figured specimen there are
six rows at the equator, and in larger specimens there are eight distinct rows. The
two internal rows have eighteen tubercles a little larger than the others, extending
from the peristome to the disc; the other rows have a more limited range, and disappear
on the upper surface. It is only in the largest specimens that eight rows are found at the
ambitus, the tubercles of the shorter rows being a little less than those of the two internal
series (fig. 1 IJ); besides the primary tubercles a number of small secondary tubercles
are crowded along each side of the median suture, between the peristome and the
ambitus, and others occupy spaces by the side of the poriferous zones. 'I'he miliary zone
is wide, smooth, and depressed at the upper surface; the granules are irregularly scattered
on its lower half, and some of them are even developed into small mammillated tubercles
on the upper surface; they form hexagonal circlets around the areas of the primary
tubercles; the median suture is very well defined, and lies in a smooth depression of the
test (fig. 1 a, c).
The mouth-opening (fig. 1 b) is large and pentagonal, and the peristome divided into
lobes of unequal sizes; the arches that span the ambulacra are longer than those of the
.inter-ambulacra,
The apical disc was very large; the opening is pentagonal and acutely angular, the
angles extending far into the median suture of the inter-ambulacra (fig. 1 a and IJ).
The spines are slender, and circular; above the milled ring of the head, there
is a short portion of the stem ornamented with fine longitudinal lines (fig. I),
whilst the portion beyond is entirely smooth. I have represented this character in the'
fragment fig. 1 f.
M. Cotteau has figured a large example of this species from the Upper Neocomian;
from this we learn that age produces important modifications in the structure of the test;
the poriferous zones are very wide, and bigeminal, not only on the upper surface, but as
far down as the ambitus; besides the eight rows of primary tubercles there are some
rudiments of secondary tubercles; the miliary zone is wide and depressed at the upper
surface; the discal opening becomes more angular, and the ovarial plates penetrate
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further into the ambulacral areas; the mouth-opening is circular, and the peristome nearly
equally lobed.
4/Jinities and IJijferences.-Pseudodiadema Malbosi resembles some of the larger forms
of P. Broll!Jniarti, from the Grey Chalk of Folkestone, in the cabinet of 'my friend the
Rev. T. Wiltshire, and figured in PI. XX, fig. 2 a, b, in PI. XXI B, fig. 3, and
PI. XXI A, fig. 2. The tubercles in P. Broll!Jlliarti are not so numerous in each row;
the poriferous zones are narrower, and the bigeminal arrangement of the pores, so well
developed in P. JiIalbosi, is less distinct in P. Broll!Jniarti. 'I'hese certainly are nearly
allied species, and require a careful examination to detect the small differences existing
between them.
P. Malbosi resembles P. dubium, Gras, from the same horizon. I have only a mould
in plaster of the latter, not sufficiently sharp for scientific accuracy.
Locality and Strati!Jraphical Position.-'rhe specimens I have figured were collected
from the Lower Greensand at Whales Chine, Isle of Wight, in the Orioceras-beds that
pass across that chasm, associated with Ammonites Martini, D'Orb., Oriocerae Bowerbanlcii, Sow., Grypll.t:ea sinuata, Sow., &c.
The ~pecimens in the Museum of the Royal School of Mines were collected by Mr.
H. B. Mackeson, from the Lower Greensand (Kentish Rag) of Hythe, and presented by
him to that institution. Specimens are extremely rare in both the places quoted.
Tlte foreign localities, according to M. Cotteau, are La Classe (Aude), Opoul (Pyrenees
Orientales), where it is abundant in the Upper Neocomian beds, associated with Ecltinospata!Jus Colle!JJlii, D'Orb.

B.-Species from the Gault.
PSEUDODIADEMA

WIL'rsHIREI, Tf7rigltt, novo sp.

PI. XVI, figs. 1 a-I. 2, 3.

Test moderately large and equally depressed at both poles; ambulacral areas wide,
with two rows of tubercles, large and approximated in the lower half of the area, small and
detached in the upper; poriferous zones narrow, fiexuous, pores in single file throughout;
inter-ambulacral areas narrow, two rows of primary tubercles, and a few irregular
secondary tubercles at the base of the area, primaries large and approximated in the
lower half, small and remote above; miliary zone wide and finely granulated above,
narrow and with large granules below; spines long and slender, the stem ornamented
with delicate longitudinal lines.
IJimensio1ls.-Height six tenths of an inch; transverse diameter an "inch and a half.
IJescriptio1l.-We only possess a fragment of this beautiful form, still it has been
enough to enable Mr. Bone to give a restoration of the testin PI. XVI, fig. 1 b. The body
is inflated at the sides, and nearly equally flattened on the upper and lower surface. The
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ambulacral areas are wide and have two rows of tubercles; those on the lower portion of
the area are large and closely set together, and those on the upper part are disproportionately small and placed widely apart (fig. 1 b); some very fine granules divide the large
basal tubercles, and a numerous granulation surrounds the smaller tubercles on the upper
part (fig. 1 b).
The inter-ambulscral areas possess only two rows of primary tubercles; those near the
base are about the same size as the corresponding tubercles in the ambulacra, on the upper
part of the area, they are larger, and diminish more gradually in size, so, that the
difference in the tubercles on the upper surface readily distinguishes the ambulacral from
the inter-ambulacral. areas; an irregular row of four small secondary tubercles occupies
the outer side of the base between the primaries and the poriferous zones, and a like
central row extends through the middle of the lower part thereof (fig. I c).
The miliary zone is wide and depressed in the upper part, and the plates are here
covered with numerous small granules, that cluster chiefly around the bases of the small
tubercles, the median sutural space being depressed and nude (fig. 1 b); the lower part
of the zone is narrow, and the granules are much larger and more closely set together;
many of them are raised on small mammillons, with secondary tubercles interspersed
among them (fig. I c).
The large primary tubercles of both areas have very large areolas (fig. I, c), with well
defined margins. Each areola consists of two parts, an outer circle, consisting of a band
covered with microscopic granules (fig. I d), and a smooth inner portion, from whence the
boss arises (fig. I e). 'I'his kind of ornamention is very remarkable; it is very well preserved in the fragment before me, and correctly represented in figs. d and e. The summit
of the boss is sharply crenulated, and the tubercle deeply perforated.
The spines were long and slender, as seen by some imprints on the slab (figs. 1, 2, 3);
the acetabulum of the small head is marked by coarse crenulations, the milled ring is
prominent, and the whole surface of the stem covered with fine longitudinal lines.
A.ffinities and IJijferences.-This species belongs to the group of which P. Normania:
(PI. XXI, fig. 3) may be regarded as the type. It differs from that species, however, in .
having smaller primary tubercles and fewer and smaller secondaries, in having narrower
ambulacra and less flexuous poriferous zones. The miliary zone is likewise less distinctly
marked; the general contour of the test is different, for the upper and lower surfaces are
more depressed and the sides less inflated.
Locality and Stratigrapltical Position.-This unique specimen was found by the Rev.
T. Wiltshire, F.G.S., in the Gault at Folkestone. in a bed near the base of that formation.
I have very great pleasure in dedicating this species to my kind friend as an acknowledgment of the important assistance he has rendered me •during the progress of this
work, by the generous contribution of all his best specimens for figuring, his able notes
on certain species of Cidaris, and other valuable aid frankly given on all occasions when
required.

"

"

PSEUDODIADEMA

96

c.-Species from the Upper Greensand.
PSEUDODIADEMA RHODANI,

.AfJa8aiz.

DUDEMA RnODANI,
LUClE,

RHODANI,
LUClE,

RHODANI,

Ltrcza,
RHODANI,
LUClE,

PI. XVIII, figs. 3 a-e.
.tIgasaiz. Cat. Syst. Ectyp. fOBS., MUB. Neoc., Supplement,
1840.
Agassiz. Idem, MUB. Neoc., p. 8.
Aga8siz. Desc, des J!;chinid. fOSB. de la Suisse, tom. ii,
p. 9, pI. xvi, figB. 16-18, 1840.
Agassiz. Idem, p. 8, pl. xvi, flgs, 11-15, 1840.
.tIgaasiz and Desor. Cat. Raison. des ~chinid., AnD. del
Science Nat., 3" ser., t, vi, p. 346, 1846.
Agassiz and Desor, Idem.
Bronn. Index Palreontologicus, p. 418, 1848.
Bronn. Idem, p. 419.
Albin Gras. Oursin, foss. de l'Isere, p. 33, 1848.
D'Orbigny. Prodrome de Paleontol. strat., t. ii, p. 142,

l'lt, 19, 1850.
RHODA:NI,

Reneoier.

Mem. Geol. sur la Perte du Rhone, p. 49,

1853.
Catalogue of British Fossils, 2nd ed., p. 70,1854.
Mesozoic Radiata, p. 67, 1854.
PSEUDODIADEMA Lncz,
Desor, Synopsis des ~chinides fossiles, p. 71, 1855.
RHODANI, Desor. Idem, P: 71.
Pictet. Traite de Paleontol., 2" ed., t. iv, p. 244, 1857.
Pietet: Idem.
Forbes. Notes by S. P. Woodward; Memoirs of the Geol.
Surv., Decade V, p. 8, 1856.
PUSTULATUM,
Forbes. Idem, p. 8, 1856.
PSEUDODIADEMA Luczs,
Dujardin et Hupe.
Hist, Nat. des Zoophytes, Echinodermes, p. 498, 1862.
RHODANI, Dujardin et Hupe. Idem.
Colteau. Paleontol. Franeaise, Terrain Cretace, p. 460,
Morris.

McCoy.

pI. 1110, 1864.

IJiafJnosia.-Test circular, depressed, slightly convex above, very concave beneath,
a little inflated at the angles; ambulacral areas with two complete. rows of tubercles,
fourteen to fifteen in each, and three incomplete rows of small secondary tubercles at the
base, five or six in each; inter-ambulaoral areas with two rows of primary tubercles, thirteen
or fourteen in each, and four rows of small unequal secondary tubercles at the base;
primary tubercles large at the ambitus, suddenly diminishing in size in both areas on the
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upper and under surface; plates covered with a fine uniform granulation; mouth-opening
situated in a concave depression.
lJimenBiona.-Transverse diameter one inch and one tenth of an inch, height half an
inch.
lJeacription.-Although this Diadema exhibits a group of well-marked specific characters, its history, nevertheless, is involved in much confusion, from want of a careful
examination of the anatomy of the shell.
The prominent ambital tubercles in the inter-ambulacra, their sudden diminution
in size on the upper surface, with the baldness of the test in that region, and the crowding
of the base with. small tubercles nearly uniform in size, form a group of persistent
characters which distinguish Pseudodiadema Rhodani from all its congeners.
The smaller forms of this species were figured and described by Professor Agassiz as
Diadema hUC(J!, and the large tests as Diadema Rhodani. A series of specimens, of
different ages, has since shown that these two forms are identical.
This initial error introduced the confusionthat followed, and has rendered it a matter
of some difficulty to understand the synonyms of this species; the careful study of a
good type form sent by the late M. Sremann from the Gault (Etage Albien, d'Orbigny)
of Clars, near Escragnolle, department of the Var, has enabled me to compare our English
exampleswith an undeniable specimen,and from this examinationto determine thatIJiadema
Desori, Forb., and D. jJuatulatum, Forb., are different forms of Pseudodiadema RltOdani.
My late esteemed colleague Dr. S. P. Woodward adopted Professor Forbes's materials in
his" Notes on British Fossil Diadems," contributed to Decade V of the' Memoirs of the
Geological Survey;' and it is evident from these notes that he had his doubts as to the
accuracy of our lamented friend's determinations, as will appear in the description of the
different species.
There are two varieties of Pseudodiadema Rhodani-a large form, identical with the
type,fignred by Agassis,' and a smallerform, correspondingwith P.Luc(J!. 'I'he former I have
obtained from the Chloritic Mad of Chard; the latter from the Upper Greensand of
Warminster, where it appears to be rare. The fine example figured in PI. XVIII, fig. 3,
a, b, c, is of moderate size; the test is circular and depressed, slightly convex above, inflated at the sides, and very concave below; the ambulacral areas are large, and a little
expanded at the sides to give increased space to the ambital tubercles; from this point
they taper regularly towards both poles. There are two rows of primary tubercles, from
sixteen to seventeen in each, extending from the peristome to the disc; three of these in
each row, at the ambitus, are large, and all those on the upper surface small, diminishing to mere granules near the disc (fig. 3 a); the tubercles on the under surface are small,
and have a uniform size to the peristome; in this region the area is filled in with several
smaller secondary tubercles (fig. 3 b). . The poriferous zones are slightly undulated at the
1

'Description des :mchinodermes fossiles de la Suisse,' tab. xvi, figs. 16-18, p. 9.
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sides and base; they are composed of simple oval pores arranged in single file throughout
(fig. 3 d). The inter-ambulacralareas one half wider than the ambulacral, have two rows of
primary tubercles, fourteen to fifteen in each; a little larger at the ambitus and upper
surface than in the ambulacra; three pairs are much larger at the sides, those on the
upper surface diminish rapidly in size between the ambitus and disc; and on the
under surface they are small and nearly uniform in structure. Between the basal
angle and the peristome there are short rows of secondary tubercles, about the size of
the primaries in this region, with a few scattered secondaries between the lateral
rows; as all these small tubercles are nearly the same size, the under surface of the test
has a highly ornamented appearance-the inter-ambulacra with four, and the ambulaera
with two rows of small, uniform tubercles, and several secondary ones planted at every
interval on the plates (fig. 3 b). On the upper surface the six upper tubercles are
small, diminishing to mere granules around the discal opening (fig. 3 c). The large
ambital tubercles are surrounded by shallow circular areolas (fig. 3d). In some specimens
they are confluent, in others separated by one or two rows of minute granules. The
small dorsal tubercles are surrounded by ring-like areolas, and the basal tubercles have
a chain-like arrangement of granules encircling them, which adds to the ornamentation of
this region. The miliary zone is very large; from the sides to the discal aperture the entire
surface of the plates of both areas, except those portions occupied by the areolas, is covered
with small, numerous, close set of granules, which form divisional partitions on each side
of the mesial sutures between the rows of the primary tubercles, and then expand
into a regular corrugation on all the upper surface, the dwarfing of the tubercles being
compensated by an increased development of granular ornamentation on this region of the
test. The base is very concave, and the small, circular peristome, indented with wellmarked entailles, is situated at the bottom of a deep depression; the entire surface of the
base is studded with small tubercles, surrounded with the circles of granules already
described. The disc is absent in all the specimens hitherto found; the opening is large
and pentagonal, indicating a great development of this structure in the species.
Affinities and IJifferences.-P. Rltodani is readily distinguished from its congeners by
the subundulated poriferous zones, small dorsal, intermediate basal, and large primary
ambital tubercles, by the shortness of the secondary rows limited to the base, by the
smallness of the dorsal tubercles and the fine homogeneous granulation on the miliary
zone; the concavity of the base, smallness of the peristome, and depth at which it lies,
added to the highly ornamented character of the plates, form a group of characters
that readily distinguish it from all others. It resembles most P. Normanie (PI. XXI,
fig. 3), from the Grey Chalk of Folkestone, in the varied development of the tubercles
in each row; the ensemble of the test in the latter form is sufficiently defined by
good specific characters, and for the definition of these I must refer to the article
on that species.
Localzty and 8tratigrapltical P08ition.-The large example I have figured. was found
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in the Chloritie Marl, full of green specks of iron, at Chard, associated with OatoplJpus
carinatus, Goldf., Discoidea subuculus, Leske, Pseudodiadema ornaium, Goldf., P.
variolare, Brong., with Ammonites splenden«, Sow.• A. uariane, Sow., and other forms
characteristic of the Upper Greensand formation. The specimens from Warminster, in
the Museum of the Royal School of Mines, and in the Collections of Mr. Soper and Mr.
Cunnington, Devizes, were found in the Upper Greensand with P. Michelini, Agas., and
P. Benettie, Forb., and other common Upper Greensand forms, as OatoplJfJu8 oarinatus,
Goldf., Saleniapetalifera. Agass., and GonioplJpus peltaiu«, Agas., &c. &c.
ForeifJn IJistribution.-Geraudot (Aube); Perte du Rhone (Ain); Clars, Escragnolle
(Var) j very common in the Etage Albien (Cotteau).
History.-First figured by Professor Agassiz in 1840, the large forms as Diadema
Rhoda1!i, the smaller as IJ. Luce, After much confusion it was discovered that these
forms are identical. Professor Forbes, from not possessing types of Pseudodiadema
Rhodani, named the large form Diadema pustulatum, and the small ones from Warminster IJ. Desori, this nomenclature was adopted by Dr. S. P. Woodward, in 1856, in his
"Additional Notes on British Fossil Diadems," published in Decade V of the < Memoirs
of the Geological Survey.' M. Cotteau, in 1863, has given admirable figures, and a
most correct description of the species, which my observations confirm in all their details.

PSEUDODlADEMA MICHELINI, Apa88iz.

PI. XIX, figs. 2, a-f.

DUDEMA MICHELTNI,

Agassiz. Catal.Syst. Ectyp. foss. Mus. Neoc., p. 8,1840.
Agassiz et Desor, Catal, rais, des ]j}chinides, Ann.
Se. Naturelles, 3" ser., t. vi, P: 347, 1846.
Bronn. Index Paleeont., p. 418, 1848.
SOI·ignet. Ours. foss. de dep de l'Bure, P: 25, 1850.
D'Orbigny. Prod. Paleont, strat., t. ii, p. 179, 1850.
BONEI, I
Forbes. In Morris's Catalogue of British Fossils, 2nd ed.,
p. 76, 1854.
Woodward. Mem. of GeoI. Survey, Decade V, explan. of
pl, ii, 1856.
PSEUDODUDEMA MICHELINI, Desor. Synopsis des ]j}chinides fossiles, p. 72, 1856.
DUDEMA MICHELINI,
Pietet, Traite de Paleont., 2" ed., t. iv, p. 245, 1857.
PSEUDODIADEMA PULCHELLUM, Cotteau. ]j}chinides nouv. ou peu connus (Revue de
Zoologie), p. 3, pI. i, fig. 7-9, 1857.
PSEUDODlADEMA MICHELINI, Dujardin et Hup6. Hist. Nat. des Zoophytes, Echinoderm., p. 499, 1862.
Cotteau. Paleontologie Fran~aise, TerrainCretace, p. 476,
pI. 1114, 1864.

IJiapno8i8.-Test circular, or slightly pentagonal, depressed j base flat, inflated a.t the
margin, concave towards the mouth; ambulacral areas large, two rows of prominent
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primary tubercles, 12-·14 in each row; interambulacral areas with two rows of primary
tubercles, 12-14 in a row, and two external rows of small secondary tubercles, extending from the peristome to the ambitus; mouth-opening small, in a concave depression;
tubercles of both areas nearly the same size.
IJimensions.-Height six tenths of an inch; transverse diameter one inch and one
fifth.
IJescription.-This Urchin is in general of medium size, with a sub. circular or pentagonal test, convex above and flat below; the ambulacral areas are large, slightly inflated,
and provided with two rows of small primary tubercles, 12-14 in a row, rather less than
those in the interambulacral areas, and separated by a double zigzag row of very small
granules (fig. 2 a), gradually diminishing in size from the ambitus to both poles; the
poriferous zones are subflexous and composed of pairs of small round holes placed in single
file throughout, crowded together near the peristome, and spread out above; the inter-ambulacral areas are twice the width of the ambulacral and furnished with two rows of primary
tubercles rather larger than those of the ambulacral areas; they are very uniform in size
and gradually diminish from the ambitus to the poles; between these rows and the
poriferous zones, and between the two rows themselves, a series of small tubercles, 6-8
in number, extends from the peristome to the ambitus, where they disappear; these small
secondary tubercles fill up the intertubercular spaces at the base, and give the under surface of the test a very ornamental appearance (fig. 2 b). There are fourteen plates in each
column of the inter-ambulacra, the primary tubercle occupying the centre of each; the
areolas are circular and superficial, the bosses prominent and sharply crenulated, and the
mammillons . large and deeply perforated (fig. 2 a); the surface of the plates is
sparsely covered with small granules which form circles around the areolas and are
scattered without order over the interspaces; the internal borders of the four uppermost plates of both columns are nude (fig. 2 b); and the sutures distinctly visible
throughout their entire course. The ambulacral areas have fourteen plates in each column,
the tubercles are rather smaller than those in the inter-ambulacra, and the narrow areolas
are separated by a zigzag line of single granules (fig. 2 j), which becomes double
(fig. 2 a) near the ambitus. The miliary zone is large, nude, and depressed at the upper
part, granular towards the equator, and narrow and sinuous as it approaches the peristome
(fig. 2 c).
'I'he mouth-opening is small, and lodged in a deep depression, the basal portion of
the test being inflated around the peristome, which is decagonal, with nearly equal
lobes (fig. 2 b).
The apical disc is absent in all the specimens I have examined; the opening, however,
is large, a little elongated, subpentagonal, and angular (fig. 2 a).
Affinities ami IJijferences.-This Urchin is distinguished from its congeners by its inflated base,depressed upper surface, simple pores,numerous primary tubercles nearly uniform
in size and number in the columns of both areas, by its small unequal secondary tubercles,
•
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extending at the base between the primaries and the poriferous zones, and by its narrow
peristome sunk in a deep depression; a careful comparison of typical specimens of Diadema
Micltelini, Ag., from the Upper Greensand of Villers-sur-Mer, Calvados, kindly sent by
M. Michelin, has satisfied me that Diadema Bonei, Forb., is identical withIJ. Micltelini;
and that P. Benettie, Forb. (PI. XV, fig. 2), both as regards its general form, the number,
disposition, and character of its primary and secondary tubercles, the smallness of the
mouth-opening, situated in a deep depression, and the equal lobes of the peristome, is
identical with some forms of P. Micltelini of the same size.
Locality and Stratiflrapltical Position.-This species is very common in the Upper
Greensand near Warminster; the smaller forms are very closely allied to the Diadema
Benettie, Forb., the larger to the IJ. Bonei, Forb.; it has likewise been found in the same
formation at Durdle Cove, .Dorset.
Foreign Localities.-It has been collected from the Etage Cenomanien of France (
Upper Greensand) at Villera-sur-Mer, Cauville, Vaches-Noires, Saint-Jouin (Calvados);
Octeville (Manchej , Fecamp, Orcher, Le Havre, Rouen (Mont-St.-Catherine), Seine-Infer.j
Vimoutiers, Grace (Ome); Presagny (Eure).

=

PSEUDODIADEMA BENETTIlE,

Forbee.

PI. XV, figs. 2, a-f.

DUDEMA. BENETTI..E,

Eorbes. Morris, Cat. Brit. Foss., 2nd ed., p.76, 1854.
Woodwal·d. Memoirs of the Geol. Surv., Decade
p. 7,

-y,

1856.
Desor, Synopsis des :Eichinides fossiles, p. 72, 1858.
Dujal'din et Hup», Hist, Nat. des Zoopbytes, Echinodermes, p. 499, 1862.
MICHELINI, Cotteau (pars).
Paleontologle Franeaise, Terrain Cretace,
p. 476, 1864.

PSEUDODIADEMA BENETTI..E,

'rest circular, inflated, depressed; ambulacral areas wide, with two rows of tubercles
15 in each: separated by a double row of minute granules; inter-ambulacral areas with
two rows of primary tubercles, 14 in each; separated by a wide median space, unequally
granulated; miliary zone smooth above , a few small secondary tubercles at the base;
primary tubercles of both areas nearly of the same size. Peristome very small, deeply
sunk in a concave depression; discal aperture large and pentagonal.
IJimensions.-Transverse diameter one inch; height four tenths of an inch.
IJescription.-'fhis beautiful little Urchin was formerly considered to be the Diadema
omatum, Goldf., and recorded as such in the first edition of Morris's 'Catalogue of
British Fossils.' It was subsequently considered by Professor Forbes to be a distinct
species, and in the second edition of that work was dedicated by him to the late Miss

PSEUDODIADEMA

102

E. .Benett, of Norton House,' Wilts. It was first accurately described by the late Dr.
Woodward in his Notes on Fossil Diadems.
The test is circular, depressed on the upper surface, concave below, and inflated at the
sides. The ambulacral areas are proportionallywide, with two rows of tubercles separated
by a doublerow of granules; there are from 12-15 in each row, according to age; they increase gradually in size, from the peristome and disc towards the ambitus, where they are
largest; the poriferous zonesare narrow and slightly undulated; the poresarein oblique single'
file throughout, three pairs of holes being opposite each ambulacral plate (fig. 2 a), where
they are magnified four diameters; the pores at the circumference have a small tubercle
between each pair; the inter-ambulacral areas are about one fourth part wider than the
ambulacral; they hav~ two rows of tubercles, from 12-14 in each, separated by a wide
miliary zone, which is unequally granulated, and becomes smooth on the upper surface;
a similar sparsely granulated space separates the tubercles from the poriferous zones;
and at the base of the area a short row of small secondary tubercles extends from
the peristome to the angle, between the large tubercles and the poriferous zones. The
tubercles of both areas are nearly of the same size, those of the inter-ambulacral are
the largest; they have all distinct oval areolas, which are sometimes radiated, and
encircled by rows of very small granules. The base is inflated at the circumference,
and concave in the middle; the peristome is small and deeply sunk, about one third the
diameter of the test; its margin is divided by feeble entailles. The disc is absent in all
our specimens; the aperture is wide and pentagonal, the angles pointing towards the
median suture of the inter-ambulacral areas.
AjJinities and ])ifferences.-This species so much resembles Pseudodiadema Micltelini,
Ag., that it has been considered by some authors to be the same. M. Cotteau says, " P.
Michelini, such as we understand it, cannot be distinguished from P. Benettie, Forb., and
we do not hesitate to unite the two species, which present in their form, in the disposition
of their tubercles, in the structure of their peristome, in a word, in the ensemble of their
characters, an identity almost complete." Admitting, as I do, the great similarity of the
tests of the two forms, still I think, by a careful study of both, we can detect characters
which may justify us in retaining our lamented colleague's species. P. Benetiie has the
tubercles smaller, the sides more inflated, the circumference of the base more convex, and
the mouth-opening smaller and lodged in a deeper depression. P. Micltelini is a flatter
Urchin, and the size and greater prominence of the tubercles impart to it a more spinous
character; if these points of difference in the test are borne out by any corresponding
difference in the spines, the species may be sustained; if not, P. Bennetia: may turn out to
be a mere variety of P. Micltelini.
Locality and StratifJrapltical Position.-This IS a very abundant species in the
junction-beds of the Upper Greensand at Warminster, associated with P. Micltelini,
I

Authoress of' A Catalogue of Wiltshire Fossils,' 1831.
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OattYpygutJ carinatuB, and the other species of this zone. It has been collected from the
same beds at Durdle Cove, on the Coast of Dorset.
ForeitJn JJistribution.-M. Desor states that P. l1enettite is found in the Craie
ehloritee (Oenomanien) of Villers-sur-Mer, Vaches-noires, de Gaee, Orne, and is common
in all French collections.

D.
PSEUDODIADEMA ORNATUM,

Species/rom tlte Grey Ohalk.

Goltij'., sp. PI. XVI, figs. 4 a-e j PI. XIX, figs. I a-c j PI.
XXI, figs. I a-d, 2 j PI. XXI A, figs. I a, b.

ClDARITES ORNATUS,
DIADEMA ORNATUM,

Gold.fu8B. Petref. Germanire, tab. xl, fig. 10, p. 123, 1826.
AgaBBiz. Prod. d'une Monogr. des Radiares, Mem. Soc.
des se, Nat. de Neufche.tel, t. i, p. us, 1836.
DeBmOuli1l8. ]'jtudes sur Ies ]'jchinides, p. 314, No. 15, 1837.
Dujardin. In Lamarck's Anim. sans Vertebres, 2" ed., t, iii,
p. 392, 1840.
Roemer. Norddeutschen Kreidegebirges, p. 29, 1840.

Aga88iz et Desor, Catalogue raison. des ]'jchinides, Ann.
Se. Nat., 2" ser., 1. vi, p. 347, 1846.
Bronn, Index Paleeont., p. 449, 1848.
D'Orbigny. Prod. de Paleont. strat., t, ii, p. 169, .ffit. 20,
No. 560, 1850.
Porbe«. In Morris's British Fossils, 2nd ed., p. 77, 1854.
MoOoy. Contributions to Brit. Palreontology, p. 67, 1854.
Desor, Synopsis des ]'jehinides fossiles, p. 72, 1856.
Woodward. Mem. of Geol. Surv., Decade V, p. 7, 1856.
TUMlDUM,
Woodward. Mem. Geol. Surv., Decade V, 1856.
CARTERI,
Woodward. Ibid.
PSEUDODIADEMA ORNATmr, Pietet. Traite de Palecntol., 2" M., t. iv, p. 245, 1857.
Dujardin et Hup~. Hist. Nat. des Zoophytes, ]'jchinod.,
p. 499, 1862.
Ootteau. PaIeontologie Franc;aise, Terrain Cretace, pI. 1115,
tom. ii, p. 480, 1864.

Test circular, inflated j ambulacral areas straight; tubercles small, numerous, sub.
equal, in two rows, separated by a double series of granules; inter-ambulacral areas
with two rows of tubercles, separated by four rows of granules at the ambitus, which
disappear at the upper surface, and leave a smooth depressed space in the middle of the
miliary zone, bordered' by two rows of granules j between the tubercles and poriferous
zones a row of secondary tubercles extends from the peristome to near the disc,consisting
of small well-spaced-out tubercles, each surrounded by a circle of granules. Areolas circular, many of them radiated j tubercles of both areas nearly equal in size.
JJimensiona.-Height half an inch; transverse diameter one inch and two tenths.
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IJescription.-This beautiful Urchin when full grown is moderately large; it has a
circular, elevated, and inflated form, depressed on the upper surface, and concave beneath.
The ambulacral areas are large, a little inflated, and furnished with two rows'~of
moderately sized tubercles, 14-16 in a row; one of these is always longer than the
other, and separated from its fellow by a double series of small compact granules. The
poriferous zones are straight and narrow at the base of the test, and gently subundulated from the ambitus to the apical disc; they are composed of simple pores closely
approximated to each other; the pairs are well spaced out in the infra-marginal region,
closer together at the equator, and still closer placed near the disc. PI. XXI, figs. 1 b, c.
The inter-ambulacral areas are large, and provided with two rows of tubercles, nearly
identical in size with those of the ambulacral areas at the base and ambitus of the
same regions; in the upper part of the area, however, they are proportionally larger,
so that we find only 13-15 tubercles in each row. The secondary tubercles form a
distinct series of from seven to nine small tubercles, situated between the primary row
and the poriferous zones j in general one small tubercle arises from each plate between
the peristome and ambitus (PI. XIX, fig. 1 d), and is absent from the three or four upper
plates of the test (PI. XVI, fig. 4 e); besides these, there are other smaller tubercles, of
unequal size,scattered between the primary and secondary rows (PI. XIX, figs. I b, c, a).
The miliary zone is very wide; it is narrow near the peristome, enlarged at the
ambitus, and nude and depressed on the upper surface (PI. XVI, figs. 4 c and e). The
granules are numerous, unequal, sometimes mammillated, and distinguished with difficulty
from the small secondary tubercles among which they are interspersed (PI. XXI, figs. 1 a, c;
PI. XVI, figs. 4 c, a).
The primary tubercles of both areas have well-defined circular areolas, prominent
bosses,with sharply crenulated summits, and large mammillons with deeply drilled summits;
the inter-ambulacral are a little larger than those of the ambulacral areas. The areolas near
the ambitus are mostly confluent above and below, whilst on the upper surface of the interambulacra they are distinct, and surrounded by circlesof small granules (PI. XXI, fig. 1 e.),
The under surface is convex at the circumference, with a deep depression in the
middle, in which the mouth-opening is situated. The peristome is very small, and its
margin feebly indented. The discal opening is large, elongated, and sub-pentagonal.
Unfortunately, all the specimens hitherto found want the discal plates (PI. XIX, fig. 1 b).
Affinities ana IJijferences.-This Urchin resembles P. Michelini; it is, however, distinguished from that species by its much greater height, inflated sides, narrow base,
slightly undulated poriferous zones, more numerous and better developed secondary
tubercles, more deeply sunk peristome, and elongated discal opening; these diagno stic
characters are not the result of age, as they are observed more or less in comparing
young specimens of both species apparently of the same age with each other.
Locality and StratifJrapltical Position.-The specimens figured, from the Grey
Chalk, Folkestone, on PIs. XVI, XIX, and XXI A, belong to the Rev. T. Wiltshire, the
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British Museum, and my cabinet. I have examined a specimen from the Red Chalk of
Hunstanton Cliff, belonging to my friend C. B. Rose, Esq., F.G.S., who has most kindly
communicated many of his Echinodermata for this work. The specimen figured in
PI. XXI, fig. 1, now in my cabinet, was collected from the remarkable bed of Ohloritic
Mar! at Chard, which has yielded so many fine examples of EcltinidtJ]. The specimen in
the Cambridge Museum is recorded by Professor McCoy as having been collected from
the Upper Greensand of Blackdown. Many of the specimens sent me as P. Oarteri
by my friend Mr. J. Walker, F.G.S., and collected by him from the coprolite beds of the
Upper Greensand near Cambridge, are undeniable specimens of P. ornaium,
Foreign IJistribution.-J!1rance.-Rouen, Mountain of St. Catherine, Seine-Inferieure ;
. Vimoutiers (Orne), in the Etage Cenomanien, where it is rare. Germany.-Essen-on-theRuhr, Westphalia, whence Goldfuss's type specimen was obtained.
History.-This Urchin was first figured and described in the' Petrefacta Germanire' by
Goldfuss, in 1826, under the name Oiaarites ornatus. Professor Agassiz, in 1836,
erroneously referred to this species a small Neocomian form, which was subsequently
separated under the name Diadema Bourgueti. In the first edition of the 'Catalogue of
British Fossils,' Diadema Benettie was recorded as IJ. ornatum on the authority of
Dr. Woodward. Professor Forbes named the tumid varieties of this Urchin Diadema
tumidum, and under this name they are described, from type specimens, in my cabinet
(PI. XXI, fig. 1), by Dr. S. P. Woodward, in his cc Notes on British Fossil Diadems," contributed to Decade V, 'Memoirs of the Geological Survey.'

PSEUDODIADE~IA

NORMANIlE, Uotteau, 1863.

PSEUDODIADEMA NORMANIJE,

PI. XXI, fig. 3, a, d.

Cotteau. Paleontologie Franeaise, Terrain Cretace, t. vii,
p. 468, pi. 1112.

Test of moderate size, subcircular, inflated at the sides, and convex above; base rounded
at the margin, and very concave in the centre; ambulacral areas wide, with two rows of
tubercles, large at the ambitus and small on the upper and infra-marginal regions, separated by several rows of minute unequal granules; inter-ambulacral areas narrow, with
two rows of primary tubercles, nearly similar in size and development to those of the
ambulacra, and numerous small, unequal, secondary tubercles, forming in the infra-marginal region six short series, two on each side, and two in the middle of the primary
rows; mouth-opening lodged in a deep depression.
IJimensions.-Height six tenths of an inch; transverse diameter one inch and four tenths.
IJescription.-This rare and beautiful Urchin is of medium size j it has a subcircular
form, with broad inflated sides, convex at the upper surface and very concave beneath. The
ambulacral areas are wide in the middle, lanceolate in the upper part, and narrow in the
infra-marginal region; they have two rows of primary tubercles, of which two pairs at the
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ambitus are very largely developed, and occupy the. greatest part of the area, having large
areolas, prominent bosses, sharply crenulated summits, with projecting, deeply perforated
mammillons (PI. XXI, fig 3 d); on the upper surface they rapidly diminish in size; four of
them have small areolas and the others become mere granules. In the infra-marginal region
they gradually diminish as they approach the peristome, where two short rows of secondary
tubercles are regularly arranged. The primary tubercles are separated by two rows of very
fine granules, which gradually increase in number" and fill the entire upper portion of the
area (fig. 3 d).
The poriferous zones are narrow and straight at the base, undulated on the sides, and
straight again on the upper surface; the pores are simple, round, largely open, and
arranged in a single file throughout (fig. 3 c and d).
The inter-ambulacral areas are relatively small from the excessive width of the ambulacra , they have two rows of primary tubercles, of which three pairs at the ambitus, like
those in the ambulacral areas, attain a great development r above they become suddenly
smaller, and diminish to mere granules; and on the infra-marginal region they become
gradually smaller as they approach the peristome. The secondary tubercles are very abundant, and limited to this region of the test; at the base of each interambulacra there are
six short rows, a long and a short row between the zones and the tubercles on each side,
and two short rows between the tubercles themselves. This great profusion of small
secondary tubercles and diminished size of those in the primary series impart to the base
of the test of this Urchin a remarkable ornamental appearance, which resembles, on a larger
scale, the structure of the base in P. Rhoaani (fig. 3 b).
The miliary zone is largely developed; the two primary rows of tubercles at the
ambitus have six rows of granules forming a band between them; in the upper part the
granulation increases, and fills the whole zone, except the part occupied by the areolas of
the small rudimentary tubercles, forming circles around them, and filling the whole space
with a fine nearly uniform granulation.
The base is very concave and crowded with small tubercles; the mouth-opening is
small, and lies at the bottom of a very deep depression; the peristome is narrow, and
marked by feeble indentations.
AjJinitie8 and lJijfe,·ence8.-This remarkable species resembles P. Rhoaani in having its
base crowded with numerous small tubercles, and in having large tubercles· at the ambitus,
and rudimentary ones on the upper surface. Its form, however, is always inflated; the
poriferous zones are straight at the base and upper surface, and undulated at the ambitus.
'l'he secondary tubercles are larger and more numerous, and distinguished with difficulty
from those of the primary rows of the under surface.
Locality ana 8trati!}raphical P08ition.-The only specimen I have seen was obtained
from the Grey Chalk near Folkestone by the Rev. T. Wiltshire, to whose cabinet it
belongs.-Foreign lJi8triout£on.-M. Cotteau records Vimoutiers (Orne), in the Etage
Cenomauien, where it is very rare.
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B'I'on!lnia'l't, sp., 1822. PI. XVII, figs. 1-5; XVIII,
figs. 1, 2.

CIDARITES VARIOLARIS,

DIA.DEMA. VARIOLA.RE,
CIDARITES VAltIOLARIS,
DIADEMA VARIOLARE,

SUBNUDUM,
ROISSYI,
TETRAGRAMMA VARIOLARE,
DIADEMA
SUBNUDUM,
ROISSYI,
TETAGRAlIMA SUBNUDUM,
CIDARIS VARIOLARIS,
DIADEMA VARIOLARE,
TETRAGRAlIMA. DIADEMA. SUBNUDUM,
VARIOLJ.RE,
DIl'LOPODIA VARIOLARIS,
SUBNUDA,
ROISSYI,
DIADEMA VARIOLARE,
SUB-NUDUM,
ROISSYI,
VA1UOLARIS,
DIA
DIPLOPO

Brongniart. Geog.phys. des env. de Paris, pl, v, fig. 9,
1822; Tableau des Terrains, p. 408, 1829; Dese.
geoI. des env. de Paris, 3"edit., pl, xvii, fig. 9, 1835.
Aga8aiz. Prod. d'une Monogr. des Radiaires, p. 189,
1836.
Roemer. Norddeutsehen Kreidegebirges, p. 29, 1840.
Morri8. Catalogue of British Fossils, p. 51, 1843.
Aga88iz et Desor, Catalogue rais, des Echinides, Ann.
des Se. Nat., 3" ser., t, vi, p. 350, 1846.
Aga88iz et Desor, Ibid.
Aga88iz et Desor, Ibid.
Bronn. Index Paleeontologieus, p. 1261, 1848.
A. Gra«. Oursins foss. de I'Isere, p. ~3, pl. ii, fig. 16,
1848.
D'Orb·igny. Prod. de Paleont. strat., t. ii, p. 179, 1850.
D'Orbigny. Ibid., t, ii, p. 201.
Sorignet. Ours. foss. de I'Eure, P: 26, 1850.
D'Archiac. Hist, des progres de la Geol., t. iv, p: 215,
1851.
Quen8tedt. Handbuch der Petrefaktenkunde, p. 580,
1852.
Giebel. Deutschlands Petrefacten, p. 319, 1852.
Eorbee. In Morris's Catalogue of British Fossils, 2nd
ed., p. 77, 1854.
Eorbes, Ibid.
Desor. Synopsis des Echinides fossiles, p. 78, 1856.
Desor. Ibid.
Desor, Ibid.
Woodward. Mem. Geol. Survey, Decade V, 1856.
Woodward. Ibid.
Pietet. Traite de Paleont., 2" ea., t, if, P: 245, IB57.
Pietet, Ibid.
Coquand. Synop. des Foss. Cretaces, Bulletin Soc.
GeoI. de France, 2: ser., t, xvi, p, 992, 1859.

Coquand. Ibid.
SUBNUDUM,
et Tra'ger. Echin. du depart. de la Sarthe,
Cotteau
PSEUDODIADEMA. STll.I.A.TULUM,
pl, xxxvii, figs. 13-15, 1859.
144,
p.
Cotteau et Trigel·. Ibid.
PSEUDODIADEMA ROISSYI,
Coquand. Cat. rais des Foss. depart. Charente, p. 155,
DIPLOPODIA VARIOL,A.:BIS,
. 18111.
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Coquanrl. Ibid.
Dujarrlin et Hup~. Hist, Nat. des Zooph. lnchinodermes,
p. 501, 1862.
SUBNUDA,
Dujarrlin et Hup~. Ibid.
STRIATULUM,
Dujarrlin et Hupe. Ibid.
PSEUDODIADEMA VARIOLARE, Cotteau, PaIeontologie Franeaise, Terrain Cretace, t, vii,
P: 488, pls, 1117,11 18,1119, and 1120, figs. 1-3, 1864.

DIPLOPODIA SUBNUDUM,
VARIOLAllIS,

Test large, subcircular, slightly subpentagonal, nearly equally depressed on the upper
and under surfaces. Ambulacral areas narrow and contracted at the upper part by the
poriferous zones; two rows of tubercles, 15-17 in each series, separated by a single line
of granules; pores round, in oblique single pairs in the middle, widely bigeminal on the
upper surface, and trigeminal near the peristome. Inter-ambulacral areas wide, with
four rows of primary tubercles and two short rows of small secondary tubercles. The
middle of the upper surface of the area nude and often depressed. Under surface convex,
mouth-opening small; peristome with feeble entailles. Discal opening large, sharply
angular, pentagonal.
IJimensions.-A.-Height half an inch; transverse diameter one inch. B.-Height
half an inch; transverse diameter one inch and a half.
IJescription.-The identity of this species has long been uncertain from the impossibility of ascertaining the Urchin intended by the figure and description given by
Brongniart, without reference to the type specimen; this comparison has now fortunately
been made by M. Cotteau, who has given admirable figures and most ample descriptions
of the various forms P. oariolare exhibits under different conditions of age and habitat. I
shall first describe the general characters of the species, and secondly point out the three
chief varieties it assumes.
The test is of medium size, subcircular, sometimes lightly pentagonal, and equally
depressed at both poles. The ambulacral areas are narrow, and contracted at their upper
part bythe excessive development ofthe poriferous zonesin this region; they possesstwo rows
of large tubercles, 15-17 in each series, according to sizeand age, which gradually diminish
in size from the equator to the peristome, and become small and rudimentary on the upper
surface (PI. XVII, fig. 3 a). The rows are closely approximated, there being only a single
series of small granules, of unequal size, forming a zigzag line, between them; the
tubercles have narrow areolas, prominent bosses, with sharply crenulated summits, and
deeply perforated mammillons (fig. 4). The poriferous zones are narrow, the pores
round, in single oblique pairs on the sides, in triple oblique pairs near the peristome, and
they are widely bigeminal in all the upper fourth of the zones (fig. 5 a).
The interambulacral areas are nearly four times as wide as the ambulacral in the specimen figured in PI. XVII, figs. 3 a, b, c, rather more than one inch in diameter. There
are four rows of large tubercles, and two secondary rows, at the ambitus; the two inner
primary rows, with fourteen tubercles in each series, extend from the peristometo the apical
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disc, and the outer. primary rows are absent from the three uppermost plates (fig. 3 a). In a
large specimen from the Chalk-Mar! of Dorset, B, one and a half inches in diameter, the
ambital plates have six and eight rows of large tubercles, and two rows of small secondary
tubercles. There are sixteen tubercles in each inner series which alone reach the disc,
the second, third, and fourth rows disappear as the plates shorten on the upper surface.
The small secondary tubercles, situated near the poriferous zones, form a short series
between the peristome and equator; they are scarcely larger than granules, but are,
nevertheless, mammillated and perforated, and their presence, position, and development,
constitute one of the specific characters of this Urchin. The interambulacral tubercles
are nearly identical in size with those of the ambulacral areas (fig. 4). They have narrow
areolas, prominent bosses, with sharply crenulated summits, and large perforated mamilIons. The miliary zone is narrow at the sides and infra-margin, with two rows of granuies
of unequal sizes; at the upper surface it becomes nude and depressed (fig. 3 a) around the
discal opening, a character which appears in excess in the var. suonudum. A number
of granules, of different sizes, form hexagonal circlets around the areolas (fig. 5 a).
The under surface is convex, and the small mouth-opening occupies a slight depression; the peristome is circular, and its margin notched with feeble entailles (fig. 3 b). The
opening for the apical disc was very large (fig. 3 a), widely pentagonal, and sharply angular, extending into the nude portion of the inter-ambulacra, N one of the specimens as yet
found contain any of the discal plates. (See likewise PI. XVIII, figs. 1 a, b, and fig. 2).
Authors have recognised three distinct forms of this species, which some have described as so many separate species, whilst others regard them as varieties of one.
1st. Var. a, oariolare, identical with Brongniart's type form, is found in the Upper
Greensand of Wiltshire and the cc Chloritic Marl " of Chard (PI. XVIII, fig. 2) and I'Etage
Cenomanien of Villers-sur-Mer, Calvados, France, from which localities I have specimens.
Its upper surface is more or less depressed, and its outline is circular or subpentagonal. The inter-ambulacra have four rows of primary and two rows of small secondary
tubercles; the under surface is convex, and the mouth-opening small.
2nd. '1'he var. b, subnudum, has the upper surface remarkably nude, from the absence of granules in the upper part of the miliary zone; the test is higher, and my
specimen from the cc Chloritic Marl " of Chard has a thicker structure than var, a.
3rd. The var. c, Roiss!Ji, is still higher and much larger than var. b , it has a more
tuberculous appearance, and from six to eight rows of tubercles in the inter-ambulacra. I
have two specimens before me that agree very well with M. Desor's diagnosis of this
form, which he considers a good species, or at all events a large variety of P. subnudum. After a critical study of all these forms, I can find no good structural character for
separating them, and therefore consider them as varieties of P. »ariolare, depending on
age or habitat for the differences they exhibit in the size, thickness, and number of tubercles in the inter-ambulacral areas.
.Affinities and J)ijfe1·ences.-Pseudodiadema variolate is one of the most perfect types of a
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tetragrammous Diadema with bigeminal pores. It very much resembles P. Br01l!Jniarti,
Agas., from the Grey Chalk, but is distinguished from the latter by having its upper and
under surfaces more depressed, the ambulacral areas narrower, their rows of tubercles
shorter, and those on the upper surface more rudimentary; the poriferous zones are much
wider on the upper fourth, and have the pores more largely bigeminal; the base likewise
is more convex, wider, and less contracted than in P. Bron!lniarti.
Localio/! ana Strati!lrapltical Poeition-s-P, variolare is found in the Upper Greensand
of Warminster, and the "Chloritic Marl" near Chard; from the latter locality I have
specimens that represent the var. 0., suonuaum, and var. c., Rois81/i. The large specimen
was kindly communicated by the Rev. C. W. Bingham, of Binghams Melcombe, near
Dorchester; it was collected from the Upper Greensand of that neighbourhood-the
precise localityis not recorded.
Foreirln Localities.-M. Cotteau has given a wide range to the distribution of this
species in France, and records-" Villers-sur-Mer, Cauville, Vaches-Noires, Dives, SaintJouin (Calvados); Octeville (Manche); Fecamp, Le Havre, Rouen (Seine-Inferieurej ,
Vimoutiers, Grace, La Perriere (Orne); Preaagny pres Vernon (Eure); Berneuil (Oise) ;
Grandpre (Ardennes); La Fauche pres le Villard-de-Lans (Isere); Le Mans, La Raglasse,
Yvre-l'Eveque (Sarthe); Corze (Maine et Loire); Touvois (Loire-Inferieure}, Angouleme
(Charente); ile Madame, Saintes (Charente-Inferieure), Assez abondant. Etage Cenomanien, commun surtout dans la zone a 8capltites {l!qualis.-Lillebonne (Seine-Inferieure).
Rare. Etage turonien."
- In the Hils conglomerate, near Essen, Hanover. Desor.
History.-Figured for the first time by Brongniart in 1822, as Ciaarites variolaris, in
his C Geognosie Physique des Environs de Paris,' from a specimen collected at Havre in
the Upper Greensand.
In the' Catalogue raisonne des Echinides,' 1846, MM. Agassiz and Desor separated
certain varieties of this species from the type which they found in the museums of France,
under the names Diadema suonuaum and D. Roi~81/i; those, however, I have endeavoured
to demonstrate are merely varieties of P. variolare.
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AfJassiz, 1840. PI. XX, fig. 2 a-a; XXI
a-f, 3, 4; XXI B, figs. 1-3 a-e.

PSEUDODIADEMA BaONGNIARTI,

A,

figs. 2

TETRA.GRAMMA. BRONGNIARTI, Agaaai.::. Desc. des l1Jehinides fossiles de la Suisse, t. ii,
p. 25, pl, xiv, figs. 4-6, 1840.
Aga88iz et Desor, Catal. rais, des ]}ehinides, Ann. Se.
Nat., 3e ser., t. vi, p. 350, 1846.
Bronn. Index Paleeontologicns, p. 1261, 1849.
D'Orbigny. Prodrome, t, ii, p. 142, l1Jt. 19, No. 328,
DIADEMA
l850.
Beneoier. Mem, Geol, sur la Perte du RMne, p. 32,
1853.
Eorbe«. In Morris's Catalogue of British Fossils, 2nd
ed., p. 76, 1854.
Desor,
Synopsis des :Eebinides fossiles, p. 74, 1856.
PSEUDODIADEMA
Woodward. Mem. of the GeoI. Surv., Decade V, 1856.
DIADEMA
Pietet, Traite de Paleontol., 2e ed., t. iv, p. 244, 1857.
Duja/'din et Hupe. Hist. Nat. des Zoophytes, EehinoPSEUDODIADEMA
dermes, p. 498, 1862.
Cotteau. Paleontologie Francaise, Terrain Cretaee, t. vii, .
p. 456., pl, 1109, 1865.

'I'est large, subcircular, elevated; sides tumid, depressed at the upper surface, narrow,
rounded, and contracted on the under surface; ambulacral areas narrow, with two rows of
tubercles, separated by a double series of small granules of unequal sizes; poriferous zones
narrow, straight; pores round, in single pairs from the peristome to the ambitus, and
bigeminal thence to the disc-opening; inter-ambulacral areas wide, with four rows of
primary tubercles, nearly identical in size with those of the ambulacra, and two short
rows of very small secondaries near the zones. Mouth-opening small, in a considerable
depression; peristome narrow, with feeble and nearly equal-sized entailles.
IJimensions.-A.- Height six tenths of an inch; transverse diameter one inch and a
half. B.-Transverse diameter two inches and a half.
IJescription.-The test of this species exhibits so close a resemblance in many of its
anatomical details to that of Pseudodiadema uariolare, that, wereit not for somedifferences
in the size, shape, and development of the shell, and in the structure of the ambulaera, I
should hesitate to separate it from that form; after all, these differences may not be
specific, but may have arisen from habitat and other physical conditions. A test of each
species, with spines attached, for the purpose of comparison,is still with me a desideratum;
however, as this Urchin is considered by most authors to be distinct from P. variolare, I
shall describe the fossils I have figured under the name P. Bro'llgniarti, Agas. These
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specimens have been compared with typical examples from the Upper Greensand of
the Perte du RhOne, and identified as the true forms of P. 'BronfJniarti, Agas.
The test is moderately large, sub-circular, and elevated j the sides are tumid, and the
upper surface is flat; the base is convex, contracted at the circumference, and having the
peristome sunk in a considerable depression (PI. XXI A, fig. 2 c). The ambulacral areas are
narrow, and sharply lanceolate; they have two rows of primary tubercles, from sixteen to
seventeen in each row, which diminish gradually from the ambitus to the peristome and
the disc j they are placed closely together, and have narrow ring-like areolas; the bosses
are stout, with sharply crenulated summits, and the mammillons are large and perforated
(fig. 2 e); a row of granules, of unequal sizes, sometimes mammillated, separates the
tubercles at the middle and base of the area, whilst in the upper part branches of fine
granules pass off horizontally, forming circlets around the tubercles (fig. 2 e). The
poriferous zones are narrow j the pores are in single pairs in jhe middle and infra-marginal
region, near the peristome they lie in triple oblique pairs, abovethe ambitus they fall out of
their regular ranks, and at the upper surface are distinctly bigeminal (PI. XXI A, fig. 2 b).
The inter-ambulacral areas are more than twice the width of the ambulacral; they
have four rows of primary tubercles nearly identical with those in the ambulacra. The
two inner rows are best developed, and extend from the peristome to the disc, whilst the
external rows are absent from the three uppermost plates; in the large specimen there
must have been sixteen to eighteen tubercles in each internal row (PI. XX, figs. 2 a and b); a
series of small unequal secondary tubercles ascends from the peristome to above the ambitus,
situated between the primary tubercles and the zones (PI. XXI A, figs. 2 d, e); they are
altogether absent from the upper surface, but constant in the region I have described.
The miliary zone is narrow in the infra-marginal region, wider in the middle, and
expands at the upper surface j it is filled with four rows of small irregular granules, among
which a number of small mammillated tubercles as large as the secondaries are placed (PI.
XXI A, fig. 2 e); above the ambitus horizontal branches of granules extend from the median
rows, separating the areolas, and forming hexagonal divisions between them (fig, 2 e) ;
at the upper fourth of the area the granules disappear from the middle of the zone, and a
triangular nude space is exposed, having its base at the disc and its apex at the fifth
plate; the circlets of granules are absent from the areolas of these plates.
The upper surface is flat, and the opening for the apical disc large and pentagonal, the
angles extending into the inter-ambulacra (fig. 2 b.)
The base is convex and contracted at the side; the centre -is concave, about one third
the width of the shell, and the mouth-opening lies in a considerable depression; the
peristome is small, about one third the width of the shell; in a fine test showing the base
one and a half inch in diameter; that of the peristome is half an inch (fig. 2 c).
Affinities and Differencee-s-P. BronfJniadi is distinguished from its congeners by
its elevated test, with tumid sides, 'flat upper surface, and contracted, convex under
surface.
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The pores are scarcely bigeminal near the summit. The primary tubercles are
numerous, nearly uniform in size, and closely set together; the mouth-opening is very
small, and lies in a deep depression.
Paeudorliarlema »ariolare has the test in general more depressed, the base wider, and
the pores more distinctly bigeminal in the upper fourth of the zones; the base is wider,
more convex, and less contracted than in Ps. Brongniarti.
Locality and /:ftratigrapltical Position.-Pseudodiadema Brongniarti has been collected from the Grey Chalk near Folkestone, from which stratum all the large fine. specimens in the British Museum, and those in the Rev. T. Wiltshire's cabinet figured in
this Monograph, have been obtained, The Red Chalk of Hunstanton Cliff has yielded
a few examples, two of which, from Mr. Rose's and the Rev. T. Wiltshire's collections,
are figured in PI. XXI B. Forms referred to this species have been collected from
the Chalk-mad of Maiden Bradley, Dorset, and the Chloritic Marl, Somerset. '
Foreign Localities.-Professor Pictet, of Geneva, kindly gave me several type specimens of this Urchin collected from the Gault of the Perte du RhOne (Ain), which so much
resemble Professor Agassiz's figures of this species from the same locality that my specimens might have been the originals of the drawings in his 'Echinodermes foss. de la
Suisse.' It is found likewise at Escragnolle (Var), Montagne des Fis (Savoie), where it is
an abundant fossil in the Etage Albien or the Gault. M. Desor, in addition to these
localities, gives Clar and La Presta, as places where this species is abundant.
History.-First figured by M. AI. Brongniart' in his' Description de la Perte du RhOne,'
under the name Cidarite« »ariolari« (1), as a characteristic fossil of the Craie Marneuse ;
afterwards (1840) it was described and figured by Professor Agassiz in the,' Echinodermes
foss. de la Suisse' as Tetrrzgramma Brongniarti; afterwards (1856) it was removed by
M. Desor into his genus Pseudodiadema, where it now remains.

Genus-PEDINOPSIS, Ootteau, 1863.
Test large, round, inflated, sometimes subconicaI. Poriferous zones wide and straight;
the pores bigeminal throughout, forming at the upper surface and ambitus two 'distinct
rows, which become more blended together at the infra-marginal region, and are distinct
at the base. Tubercles of both areas small, and nearly the same size; summit or" the
boss finely crennlated, and the mammillon perforated; the tubercles disposed in regular
rows, the number varying in the different species, and always diminishing as they
approach the summit; coronal plates long, narrow, and granular; mouth-opening large,
peristome moderately developed, circumference slightly incised, apical disc small, subcircular, elements feebly united, absent in the specimens known.
1

'Description geologique des Environs de Paris,' troisieme edition, 1835, p. 174, pI.

M,
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fig. 9.
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This genus was established by M. Ootteau in lilis memeiri on 'Les Eehillides .
des Pyrenees,' and placed near Pseudodiadema, with which it has many aiDniiies:; the
tubercles are crenulated and perforated, and the pores, bigeminal throughout, a chlU'aeter
which is in part possessed by Ps. Brolll/'ltiarti, variolare, &c. It has affinities withSalmaci« in the number of its pores; in this genus, however, they are arranged in triple
oblique pairs, whilst in Pedinopsi« they are regularly bigeminal throughout..
The original specimen was collected from the Neocomian strata of Aude, where it is
rare; another of the same species has been found at Caussols (Var); the one which I
now figure was obtained from the Chloritie Mar! hear Chardstock, Somerset.

PEDINOPSIS WIESTI, lVri,9ht, novo sp.

PI. XIV, fig. 1; PI. XXIX

A.

Test moderate in size, circular, inflated at the sides, convex on the Upper surface, and
flat at the base; ambulacra with two complete marginal rows and two inner incomplete
rows of tubercles; inter-ambulacra with six rows of turbercles at the ambitus, the two
central of which are complete, and the four lateral incomplete; tubercles nearly all of the
same size; pores uniformly bigeminal throughout.
IJimensions.-Height one inch; transverse diameter one inch and seven tenths;
mouth-opening six: tenths of an inch.
IJescriptioll.-This rare Urchin forms the type of a new genus, established by my friend
M. Cotteau for a similar rare species from the Neocomian of Caussols (Var). The test is
of moderate size, circular at the ambitus, inflated at the sides, convex on the upper
surface, and flattened at the base. The ambulacral areas are moderately wide, and retain
their proportional diameter throughout the area; they have two rows of marginal
tubercles of small size, which extend from the peristome to the disc (PI. XXIX A, fig. I),
and are very regular both in size and arrangement; between the base and upper surface two
other rows occupy the centre, so that this area at the ambitus is furnished with four rows
of tubercles (PI. XXIX A, fig. 1,9), the two inner rows of which disappear at the lower
seventh (fig. 1 h) and upper third of the areas (fig. 1 d) ; the tubercles are nearly all of the
same size; around the base of the bosses some fine granules are sparsely distributed,
which form imperfect circlets around them (PI. XXIX A, figs. 1 d, e,f,,9, h). None of
the marginal rows in the specimen is complete, so that the exact number in each series
cannot be ascertained; but as thirty can be counted in one incomplete column, six more
may be fairly estimated as wanting (fig. 1 a, b, c).
The poriferous zones are moderately wide, and very uniform in diameter throughout,
1

tenue

"IJjchinides foss. des Pyrenees," p. 16.
iii, pl, ix, 1863.

Extrait du • Congres scientifique de France,' 28" session,

a Bordeaux, t,
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expanding, however, near the mouth, where an increased number of holes seem almost
completely to encircle the peristome (fig. 1 h); throughout the zones the pores are very
regularly bigeminal, and are grouped into distinct ranges, the small plates forming these
zones being beautifully dovetailed into each other (figs. 1 d, $, h); by this arrangement
there are from six to seven pairs of holes opposite each ambulacral plate, which gives
36 X 6
216 pairs of holes in each zone.
The inter-ambulacral areas are rather more than double the width of the ambulacral ,
the individual plates are long and narrow, being only a little deeper than those of the
latter; two rows of tubercles occupy the- centre of the plates, and extend very regularly in
size and disposition from the peristome to the disc; on the zonal side of this central row
a second row extends from the peristome over three fourths of the area, and between the
central row and the median suture there is another row of the same length; in addition
to these six rows a few additional tubercles are introduced at the zonal and median sides
of the widest ambital region of the area. I have shown this character in figs. 1!1 and h,
and the gradual disappearance of the tubercles in the upper part of the area is seen in figs.
1 a and G, and in its lower part in figs. 1 band h; between the tubercles a number of
small granules are sparsely distributed over the surface of the plates.
The tubercles in this genus are vel'y uniform in size and structure throughout both
areas; the boss rises suddenly from the surface of the plate, without any areolar depression; its summit is very finely crenulated only where it closely embraces the mammillon,
which is small, prominent, and perforated at the summit; in the widest part of the
areas the granules form imperfect circlets around the tubercles, and an increased ornamentation at the ambitus and base; at the upper surface they become more sparse in the
ambulacra (fig. 1 d), and are almost entirely absent in the inter-ambulacra (figs. 1 a, G).
The mouth-opening is nearly circular, about one third the diameter of the test (fig. b) ;
the peristome is slightly incised and unequally divided, the ambulacral being much longer
than the inter-ambulacral lobes, allowing a wider space for the development of pedal pores
around the peristome.
The apical disc is absent, and the upper part of the test is unfortunately broken off,
so that no indication of the size or form of the disc remains imprinted on the mould.
Affinities and DijferenGes.-'rhe only two species of this genus at present known
are Pedinopei« Meridanen8is, Cotteau, from the Neocomian of Aude , and P. Wiesti,
Wright, from the Chloritic Marl near Chardstock. These Urchins resemble each other
very much; P. Meridanensis (PI. XXIX A, fig. 21) has a greater Humber of tubercles;
and they are likewise larger and more regularly disposed on the plates; the poriferous
zones are wider, and the holes larger than in P. TfTiesti. The bigeminal character of the
zones, the smallness of the tubercles, and the thinness of the shell, are special characters
by which this Urchin can be readily distinguished from all other congeners.

=

Copied from. M. Ootteau's 'Paleontologie Fraaeaise,' pI. 1125, for comparison with the English
species.
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Locality and Stratigrapltical Position.-Tbis specimen was collected by Mr. Wiest, from
the Chloritic Marl near Chardstock, Somerset, where it is associated with several species
of Ecltinid(J3 tbat are characteristic of the Upper Greensand formation.
ECHINOCYPHUS,

Cotteau, 1860.

GLYPHOCYPHUS (pars), Desor, 1856.
CYPHOSOMA (pars), Woodward, 1857.
ECHINOCYPHUS, Cotteau, 1860.

Test small, circular, moderately high, more or less inflated on the upper surface, very
concave at the base. Poriferous zones straight, and composed of simple pores throughout.
Ambulacral and inter-ambulacral tubercles nearly the same size in both areas, bosses
crenulated, mammillon not perforated. In many specimens the ambulacra have only one
row of tubercles instead of two, their normal number.
Tbe inter-ambulacral plates are marked at the base with more or less well-marked
sutural and horizontal impressions. Peristome moderately large, subcircular, sunk in a
depression, and provided with slight lobes. Apical disc unknown, opening elongated
and subpentagonal, as indicated by the impression.
This genus was established to receive certain species referred by some authors to the
genus Glyphocypltus, by others to Oyplto8oma. These species, according to M. Cotteau,
are distinguished from Glypltocypltus by their imperforate tubercles, their horizontal sutural
impressions, and less solid apical disc. Their crenulated and non-perforated tubercles
bring them into near relation with certain species of Oypltosoma, as O. IJelamarrei and
O. ma!Jnijicum, var. sulcatum, which show at the base of their inter-ambulacral plates some
traces of sutural impressions; but these feeble depressions, however, cannot be compared
with the deep horizontal grooves that characterize Ecltinoc!Jpltus, and impart to the few
species composing this group the physiognomy of Glypltocypltus, with which M. Desor
placed them.

ECHINOCYPHUS DIFFICILIS,

L1!Jass.

CYPHOSOMA DIFFICILE,

DTADEMA ROTULARE,
MACCOYI,
ROTATUM,

PI. XXII, figs. 1 a, b, 2 a, b, c, d, 4.
Aga88. Catal, Syst. Ectyp., Mus. Neocom., P: 12, 1840,
Aga88iz et Desor. Catal. rais. des l!ichinid., Ann. Sc. Nat.,
3e serie, tom. vi, p, 352, 1846.
Bronn. Index Paleeontologicns, p. 381, 1848.
McOoy. Mesozoic Radiata, Ann. of Nat. History for
December, 1848,
Forbes. Catalogue of British Fossils, Morris, 2nd ed.,
p. 76, 1854.
Forbes. Memoirs of Geological Survey, Decade
p. 3,
1856.
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GLYPHOCYPHUS DIFFICILIS,
CYPHOSOMA DlFFICILE,

GLYPHOCYPHUS DlFFICILIS,

ECHINOCYPHUS DIFFICILIS,

ROTATUS,
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Desor. Synops. des ll1chinides foss., p. 104, 1857.
Woodward (pars). Mem. of GeoI. Survey, Appendix
to Decade V, p..3, 1858.
DlIjardin et Hupe. Hist, Nat. des Zooph., ll1chinid.,
p. 513, 1862.
Cotteau.
Pal. Francaise, Ter. Cretace, t. vii, p. 708,
pI. 1174, 1866.
Cotteau (pars). Ibid., t. vii, p. 711, pl. 11 i4-75.

Test small, subcircular, moderately inflated on the upper surface, flattened at the
base, concave around the mouth, and rounded at the sides; poriferous zones narrow,
straight, and subflexuous at the ambitus; pairs of pores in a single series; ambulacral
areas narrow above, enlarged .at the ambitus, with two rows of tubercles. one of which is
often abortive; inter-ambulacral areas wide, having two rows of tubercles; plates possessing small, strongly radiated areolas, and divided by deep sutural impressions; apical
disc equal to the oral opening, flat, and finely granulated.
Eimensions.-'rransverse diameter eight tenths of an inch; height four tenths of an inch.
Eescription.-This Urchin has long been mistaken for a Diadema, and is catalogued in
some lists of Upper Greensand fossils as E. rotaium. Small specimens, measuring from four
to five lines in diameter, are abundant in the Upper Greensand of Warminster, and may
readily be distinguished from Diademas by the sutural impressions on their plates, the
small radiating ribs on many of the large areolee, and the irregularity of the two rows of
ambulacral tubercles, one of which is often abortive. The larger and taller specimens
agree with the published mould of Professor Agassiz's type specimen of Cypho8oma dijficile,
to which this Urchin is now referred.
Almost all the examples I have collected from the Upper Greensand are small and
well preserved; the few I have from the Lower Grey Chalk are larger, and show the
sculpturing of the plates better. The test is subcircular, or slightly pentagonal, moderately convex on the upper surface, flattened at the base, and rounded at the border.
The poriferous zones are narrow, straight above and below, and subundulated at the
ambitus. The pores are small, and form a single series of pairs throughout from the
mouth to the disc (fig. 2 d); the pairs of pores are separated horizontally by small prominent ribs, more or less granular. which correspond to the poriferous plates. and are prolonged to the base of the tubercles. The ambulacral areas are narrow. and provided with
two rows of tubercles; in some specimens from the Grey Chalk these rows are regular
and the tubercles of equal size, but in many specimens from the Upper Greensand,
as in figs. 2 a, b. c, d, one row becomes abortive. and the other only is developed;
more than half the specimens that have passed through my hands have been thus
formed. The inter-ambulacral areas are wide, with two rows of tubercles a little
larger than those occupying the ambulacra; in large specimens there are ten or twelve
tubercles in each row, the number depending on the age of the individual. Between
the ambitus and peristome the areolas are well developed, and surrounded by
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circles of large sub-elliptical granules, that are prolonged in a radiated manner towards
the base of the mammillon (fig. 2 a). The coronal plates at their lower border are
marked by a horizontal depression, as if the lower half of the plate had been scooped out
(fig. 2 a) at the expense of a portion of the granular circle. The boss is prominent,
and its summit is marked with feeble crenulations. The mammillon is always large and
unperforated. The miliary zone is wide in its upper part, and the surface of the plates is
covered with a very fine granulation; at the ambitus it is filled with two or three rows of
large granules, which diminish below into a single series, and take a zigzag direction
towards the peristome,
The small mouth-opening, about one third the diameter of the test, is lodged in a
concave depression (fig. 2 b). The peristome is circular, and nearly equally lobed, and
the incisions are slight.
The apical disc, which is very rarely preserved (PI. XXII, fig. 4), equals the oral
opening in size, and is flat and finely granulated; the cordate ocular plates are rather
large, and perforated close to the ambulacral margin; the large ovarial plates are perforated, and the madreporiform body occupies the right anterior plate; the single posterior
'plate is wanting.
•
Alfinities ana IJijferences.-This species very much resembles 0llpltosoma rotatum, Forb.,
of which it proves to be a variety j the irregularity of the two rows of ambulacral tubercles,
one of which is often abortive, is not, according to our observations, a persistent character,
and for this reason we regard E. ailficilis and E. rotatus as varieties of one form. M.
Cotteau, however, considers them distinct, and takes as a diagnostic character the single
row of tubercles in the ambulacral areas, as this difference does not appertain to age,
seeing that it is found in small as well as in large specimens. EchinoclIpltus ailficilis,
Ag., may be confounded with Glypltoc!Jpltus intermedius, Cott., which has a similar disposition of the ambulacral tubercles, only that they are perforated in Gl!Jphocllpltus
and unperforated in EchinoclIpltus.
,
Localitll and Strati!Fapkical Position.-I have several specimens which I collected
from the hard Grey Lower Chalk near Folkestone, and numerous smaller examples from
the Upper Greensand near Warminster; from the latter formation a very large specimen
was obtained, now in the cabinet of G. E. Sloper, Esq., Devizes. The late Dr. S. P.
Woodward states that it measures nine lines in diameter, and four and a half in heiglit;
both rows of ambulacral areas are well developed, and the miliary granules form' a
prominent framework to the tubercles.
In France, M. Cotteau records this species from the Etage Cenomanien of Vellclaire
(Haute-Saone), and Presagny (Eure), where it is rare.
Historll.-First catalogued as Diadcma rotulare, Ag., from Durdle Door, Dorset, by
Prof. McCoy, in his' Mesozoic Radiata,' in lS4B, and afterwards by Prof. E. Forbes, as
Diadema rotatum, from the Upper Greensand of Warminster, in the second edition
of the "Catalogue of British Fossils.'
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ECHINOCYPHUS MESPILIA,

Woodward.

CYPHOSOlllA lIlESl'ILIA,

119

PI. XXII, figs. 3 a, b, c, d..
App. Decade V, Mem. of the Geol. Survey,
p.3, 1856.

Woodward.

Test small, circular, inflated or depressed, convex above and below, with subequal
apertures; poriferous zones straight, simple, pairs of pores very oblique; tubercles nearly
equal, prominent, imperforate and crenulated; areolas small, radiated, with elongated
miliary granules, sutural impressions slight; inter-ambulacra wide, with two rows of
tubercles, seven to eight in each; ambulacra narrow, with seven to eight tubercles, alternate, and irregular.
.Di~en8ion8.-Height three lines; transverse diameter five lines.
.De8cription.-This species was discovered by my late friend, Dr. S. P. Woodward,
who found it in the Lower Hard White Chalk along with Cyplto8oma 8irnpleflJ, Forb., and
8alenia9ranulo8a, Forb. It is It pretty little Urchin, with inflated sides; the test is nearly
convex above and below, the poriferous zones are straight and simple, the unigeminal
pores are very oblique, the ambulacral areas are narrow, and the tubercles, seven or eight
in number, are alternate and irregular (fig. 3), one of the rows being partially abortive.
The inter-ambulacral areas are wide, and have two rows of prominent tubercles, seven to
eight in each row (fig. 3), which occupy the centre of the plates, and are surrounded by
small radiated areolee, formed by an oblique arrangement of the elongated granules
thereon, and imparting an ornamented character to the test. The mouth-opening is more
than one third of the diameter of the test, the peristome is nearly equally lobed, and the
incisions are wide and deep. The discal opening is larger than the oral in diameter.
Affinitie8 and .DiJlerence8.-This Urchin very much resembes E. dijflcili8; it has,
however, a more inflated test, with stronger radii on the areolas, and larger oral and discal
apertures. Its author considered it "a very distinct species," and called my especial
attention to it. A careful comparison of the accurate figures of both species drawn on
PI. XXII will enable the student to appreciate the affinities and differences between them
better than any description, however elaborate.
Locality and 8trat~fJrapltical Position.-E. mespilia has been collected only from the
Lower Chalk, in the hard beds of which it has been found, associated with Oyplwsoma
simpleflJ and 8alenia 9ranulo8a. The only specimens I have seen are in the British
Museum.
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GenU8-GLYPHOCYPHUS,

ARBACIA

Haime, 1853.

(pars), Agassiz, 1836.
(pars), AgaBBiz, 1646.

ECHIKOPSIS

AgasBiz, 1846.

HEMIDIADEMA,
TE~NOPLEURA

(pars), Sorignet, 1850.

GLYPHOCYl'HUS,

JuleB Haime, 1853.
Desor, 1856.
Cotteau, 1859.

The Urchins forming this group have a small circular test, more or less inflated above
and concave below. 'I'he poriferous zones are straight, depressed, and composed of unigeminal pores throughout. The primary tubercles of both areas are nearly of the same
size. The boss, with its crenulated summit, is surrounded by a distinct areola, and surmounted by a small mammillon minutely perforated at the vertex. The ambulacral and
inter-ambulacral plates are marked with sutural depressions, which are wider and deeper
on the plates of the latter areas; the surface is covered with fine, close-set homogeneous
granules, nearly uniform in size over the whole test (PI. XXIX B-, figs. 1 and 2). The
apical disc is a small annular structure, solidly united to the test, and forming a narrow,
slightly elongated, oblong ring, composed of five ovarial and five ocular plates, articulated
alternately together on the same line around the vent aperture or periprocte (fig. 2 b).
'I'he ovarial plates are the largest; they have a triangular shape, with tubercles external
to the annulus, and a large hole at the apex; the right antero-lateral plate is the largest,
and supports the madreporiform body. The rhomboidal ocular plates are wedged in
alternately on the same line with the ovarials; and the portion external to the annulus is
covered with numerous granules. Mouth-opening is small, subcircular, and sunk in a
slight depression; peristome decagonal, divided into lobes by feeble incisions.
The genus Glypltocypltu8 forms among the' DIADEM AD.£ with crenulated and perforated
tubercles a very small group, in which the ambulacral and inter-ambulacral plates are
marked with angular impressions, and their surface covered with prominent close-set
granulations. The solidity of the apical disc, and its firm articulation to the coronal
plates, with the regularity as regards size and arrangement of the tubercles in both
areas, form an assemblage of characters which readily distinguish the small Urchins of this
group from their congeners. A considerable difference of opinion has prevailed amongst
Echinologists regarding the true characters of the forms now comprised in this genus?
arising, doubtless, from the smallness of the individuals themselves, the imperfect preservation of most of the specimens, and the destruction of many of the essential structures
that distinguish• them. M. Cotteau, however, had lately at his disposal a fine series of
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beautiful and perfect specimens of Glyphocyphu8 radiatus, collected by the late M. Triger
from the Terrain Cretace of the department of the Sarthe, and from the study of these
M. Cotteau has been enabled to clear up doubts that had previouslyexisted regarding the
structure of many of the species. This genus is nearly allied to Ecltinocypltus, which
presents a similar facies of lateral impressions on the ambulacral and inter-ambulacral
plates, but is distinguished from it by having the mammillons of the tubercles perforated,
whereas in EcltinoClJphus they are imperforate. The apical disc is, likewise, solidly united
to the coronal plates in GlyphOcypltu8, but slenderly so in EcltinoClJjJltu8. M. Agassiz
proposed the genus Hemidiadema for Urchins differing from the Diademas in one
character, that the ambulacral areas possessed only a single row of tubercles, and cited
as the type of this group Hemidiadema rugo8um, Agass., from the Upper Greensand CEtage
Cenotnanien) of Grandpre, Ardennes, a small species having the ambulacral tubercles
as large and even larger than the inter-ambulacrals; this Urchin, it now appears, is a true
GlypltocypltU8. with a single row of tubercles in its ambulacral areas-a character which
is only specific, and not generic, as far as we at present know.
The genus Echinopsis, Agass., in which certain species of Glypltocypltu8 have been
placed, consists, according to its author, of " small, subconical, inflated Urchins, with the
ambulacra nearly as large as the. inter-ambulacra, and both ornamented with tubercles
perforated but not crenulated. Mouth small, with feeble incisions, differing from the
Diademas by the absence of crenulations on the tubercles." To this genus was referred
Ecltinop8is conteata, Ag., E. latipora, Ag., E. depressa, Ag., all of which are forms of
GlypltocypltU8 radiaiu« and Glypticu8 Koninclcii, Forb. EchinojJ8i8 pU8illa, Roem., and
Temnopleurus pulchellus, Coquand, mnst now likewise be added to the list.

GLYPROCYPHUS

RADIATUS,

Hmninghau8.

PI. XXIX

B,

figs. I, 2, a, b, c, d, e.

,
ECHINUS RADIATUS,

Ec:~nNOPSIS LATIPORA,

CONTEXTA,.
DEPRESSA,
ECHINUS RADIATUS,

ARBACIA RADIATA,
ECHINOPSIS PUSILLA,
CYPHOSOMA RADIATUM,

Haminghaus in Golclfuss. Petref. Germaniee, p, 124, tab. xl,
fig. 13, 1826.
.t1gassiz. Prod., Mem. Soc. Nat. des Sc. de NeufcMtel,
t. i, p. 196, 1836.
Deemoulin«. };jtudes sur les };jchinides, p. 292, No. 55,
11337.
.t1gassiz. CataI. Syst. Ectyp. foss., Mus. Neoc., p 9, 1840.
.t1gassiz. Ibid.
Agassiz. Ibid.
Dujardin. In Lamarck's Anim. sans Vert., 2e 6d., t. iii,
p. 371, 1840.
Boemer, Norddeutschen Kreidegebirges, p.30, 1840.
Boemer, Ibid., pl. vi, fig. 10, 1840.
.t1gassiz et Desor, Ann. Sc. Nat., 3e serie, t, vi, p. 352.
~
Cat. raie, des Echinides, 1846.
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GLYPHOCYPHtJ~
ECHINOI'SIS tATIPORA,
AgaB&Z et Desor. Ibid •• p, 351, 1846.
CONTEXTA.,
AgaBBiz et Desor, Ibid.
DEPRESSAj
AgaBBiz et Desor. Ibid.
CONTEXTA,
Brtmn, Index Paleeontologicus, p. 447, 1848.
DEPRESSA,
Bronn. ibid.
LATlI'ORA,
Bronn. Ibid.
I'USILLA,
Bronn, Ibid.
ARBACIA. nADIATA,
Bronn, Ibid., p. 91, 1848.
TEMNOI'LEURUS PULCHELLUS, Sorignet. Ours. fossiles du Dep. de l' Eure, p. 31, 1850.
GLYI'TICUS KONINCKII,
Forbes. In Dixon's Geology of Sussex, P: 340, tab. xxv,
fig. 30, 1850.
ECHINOPSIS PiJSILLA,
ForbeB. In Dixon, ibid., tab. xxv, fig. 31, 1850.
Giebel. Deutsehlands Petrefacten, p. 320, 1852.
GLYPHOCYPHUS PULCHELLUS, d'.t/.rchiac et Jule« Haime. Descript, Nummilites de I'Inde,
p. 202, 1854.
ECHINOPSIS PUSiLLA,
Morris. Catal. of Brit. Fossils, 2nd. ed., p. 78, 1854.
LATIPORA,
Pietet, Traite de Paleontol., 2e ed., p. 242, 1846.
CONTEXTA,
Pietet, Ibid.
DEPRESSA,
Pietet, Ibid.
PUSILLA,
Pictet. Ibid.
CYI'HOSOMA RADIATUM,
Pictet. Ibid.
GLYPHOCYPHUS RADIATUS, Desor, Synopsis des .FJchinides fossiles, p. 103, tab. xvii,
figs. 1-3, 1856.
Cotteau et Triger. l!Jchinides du dep. de la Sarthe, p, 185,
pl. xxviii, figs. 7-12, 1859.
DujarrJin et Hup», Hist, nat. des ]jjchinod., p. 513; 186:.l.
TEMNOI'LEURUS PULCHELLUS, Coquand. Geol. et Pal. de la prov. de Constautine, p. 294,
1863.
GLYPHOCYI'HUS RADIATUS, Cotteau. Paleont, Franc;., Ter. Cretaee, t. vii, p. 535,
pl, 1127, 1128, 1863.

Test small, circular, inflated, subglobular, rounded at the border and concave at the
base; ambulacra very narrow, with two rows of tubercles, alternate, irregular. Poriferous
zones narrow, straight; simple pores in single oblique pairs. Inter-ambulacra with two
rows of small tubercles, areolas radiated, plates grooved at the lower border; apical disc
solid, forming a narrow, elongated, subpentagonal ring, having the genital and ocular
plates almost of equal length ; oculars finely granulated; vent large, oblong.
IJimensions.-Height five twentieths of an inch; transverse diameter eight twentieths
of an inch.
Description.-This small Urchin has been a great puzzle to Paleeontologists, as proved
by the long list of synonyms given above. The test is circular, inflated, and subglobular;
rounded at the sides, and concave towards the base (figs. I a, b). The ambulacral areas
(fig. 2 e), about half the width of the inter-ambulacral, have two rows of small tubercles, which
form an alternate series on each side of the area j they are largest at the ambitus, smaller
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a.t the base and upper surface; they are feebly developed throughout, and finely perforated
at the summit; the areola, are regularly spaced out and placed on the border of the poriferous
sones, which ~re straight, slightly depressed, and formed of small round pores, disposed
in single oblique "pairs throughout, from the peristome to the disc; the pairs of pores
are separated from each other by a horizontal granular ridge of the test, which is more or
less apparent in different specimens; in some examples one of the rows of tubercles
becomes abortive; the surface of the area is filled in with numerous small granules, and the
ambulacral plates are slightly marked with impressions on the line of the median suture.
The inter-ambulacral areas, fig. ~d, are double the width ofthe ambulacral, and provided with
two rows of tubercles, similar in structure to, but larger in size than, those ofthe ambulacra,
the areolee occupy the centre of the plates, and are surrounded with a close-set granulation;
two of the granules, elongated in a vertical direction, unite the contiguous areolar, which
imparts a moniliform character to well-preserved tests of this pretty little Urchin; the plates
are marked with impressions more or less deep "at the inner and outer angles, and on each
side of the vertical filament at the lower part of each plate (fig. 1 c, fig. 2 c).
The mouth-opening is small, situated in a slight depression, and the peristome is
delicately incised into ten unequal lobes (fig. 2 a).
The vent is large, sub-elliptical in shape, and contracted behind; the apical disc
forms a narrow, elongated, subpentagonal ring, somewhat peculiar in its structure, for
instead of the small ocular plates being wedged in between the larger genitals, they
are arranged alternately with them on the same line, and form a strong ring around the
elliptical vent; the genital plates are a little larger than the oculars, and have two small
tubercles on their surface; the oculars are covered with a fine granulation, and the
madreporiform tubercle is conspicuous by its spongy surfuce (fig. 2 b).
This Urchin varies much in size; the specimens figured by Goldfuss, Desor, and
Dixon, with those I possess, are all small. M. Cotteau has given elaborate details of a
larger specimen found in the Department of the Sarthe, in which the characters of the test
are admirably exhibited; they are beautifully figured, both in his fine plates on the Echinides
of the Sarthe, and likewise iOn those in the' Paleontologie Franeeise,' some of which I have
copied in PI. XXIX B, as none of my specimens have the characters so well preserved as
in the perfect fossil test figured by my friend.
Affinities and IJijferences.-Gl!Jpltoc?Jpltus radiatu« is so rare an Urchin in the English
Chalk that it is not likely to be mistaken for any other. It is smaller and more globular
than Echinoc?Jphus dijficilis, which it most resembles, and has the tubercles perforated, the
miliary zone wider and more granular, the disc smaller and more solidly united to the
coronal places than in any EcMnoc?Jplti.
From a careful examination of the ample materials at his disposition, M. Cotteau CODeludes that the large examples forming the type of the species represent Echinopsis
conteeta, Ag., and exhibit natural impressions' either deep and angular or linear and
attenuated. Some specimens, less inflated, and possessing a stronger development of the
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vertical filament form E. latipora, Ag., and depressed examples with the median impression almost absent are E. depressa, Ag. A careful study of the original types has, however, convinced my learned friend that they are all varieties of one form, and not distinct
speCIes.
Locality and 8tratitJrapltical Position.-This species is found very rarely in the hard
beds of the Lower Chalk near Lewes, in Sussex, and in the Grey Chalk near Folkestone.
From this stratum my best specimen was collected by Captain Cockburn, R.A., to whose
kindness and liberality I am indebted for the example.
Tlte Forez(;n Localities given by M. Cotteau are Villers-sur-Mer, Bruneval, SaintJouin, Vaches-Noires, Dives (Calvados); Fecamp, le Havre, Rouen (Seine-Inferieurej :
Gace, La Perriere (Orne); Nogent-le-Bernard (Sarthe); Saint-Fargeau (Yonnej , la
Bedoule, Cassis (Bouches-dn-Rhone). In all these localities it is very rare, and occurs
in the Etage Oenomanien, in the zone of 8capltites tequalis, which is the equivalent of the
English Lower Grey Chalk.
Histor!J.-This species was fonnd in the Lower Chalk of Essen and Gehrden, Westphalia, and was first figured and described by Goldfuss in his 'Petrefacta Germanise,'
Since that time it has passed through a series of changes which are most correctly read
in the long list of synonyms introductory to this article, and to which I commend the
reader's especial attention.

Genus-ECHINOTHURIA,l

Woodward, 1863.

" Test globular?, diameter of compressed specimen four inches, thickness half an inch,
lantern projecting half an inch; composed of ten segments or double series of imbricating
plates, ornamented with obscure miliary granules and small spine-bearing tubercles, a few
larger than the rest; inter-ambulacral plates narrow, slightly curved, with the convex edge
upwards and overlapping; the alternate plates bearing one large extero-lateral tubercle,
perforated, and surrounded by a raised ring and smooth areola; largest plates measuring
six lines in length, the smallest three lines or less (the longest in second specimen equalling seven lines); ambulacral plates seven lines long, equalling the breadth of the exposed
portion of eight plates, . similar to the former, but curving and imbricating downwards
towards the dental orifice, and having two small plates, each perforated by a pair of pores,
intercalated in a notch of the middle of the lower margin; a third pair of pores perforating the plate itself a little external to the centre; primary tubercles few, irregularly
distributed.
"Etymologists need not trouble themselves about the derivation of this name; it is intended merely to
express the dilemma in the writer's mind, arising from imperfect knowledge, hut which he believes to have
no foundation in nature."- ' Geologist,' vol. vi, p. 330.
1
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Spines of three kinds; those adhering to the plates minute and striated; fragments of
larger spines (not certainly belonging to the species) striated, annulated, and furnished
with a prominent collar to the articular end (fig. 4); the third kind minute, clavate, and
truncate, articulated to a slender stalk" (fig. 5).
cc

ECHINOTHURIA FLORIS,

Woodward. I_PI. XXIX

B,

figs. 3-5.

ECHINOTHURIA FLORIS, Woodward. • Geologist,' vol. vi, pp. 327-330, 1863.

"The fossils represented" in PI. XXIX B "are probably only fragments of the original
structure, and possibly only the smaller and less essential portions of the whole. Nevertheless, I have determined to publish some account of them, although at the risk or
committing an extravagant error, as a last resort towards obtaining more complete examples or suggestions for their more correct interpretation.
"Both specimens have been presented to the British Museum; one by J. Wickham
Flower, Esq., of Park Hill, Croydon, the other by the Rev. Norman Glass, of London.
.. The first example was obtained, at least sixteen years ago, from the Upper Chalk of
Higham, near Rochester, and was submitted to Professor E. Forbes, in whose custody it
remained for several years. It was originally shown to me in connection with the
anomalous Cirripede Loricula, then newly discoveredby Mr. Wetherell. The resemblance
between them is certainly curious; but there is no real relatio:nship. Mr. Flower's fossil
exhibits distinct traces of the crystalline structure peculiar to petrified Echinodermata,
and the pairs of pores in the ambulacral plates are equally characteristic of the Echinidee,
Mr. Darwin also has examined this fossil and rejected it from his province of inquiry.
" Professor Forbes could not make up his mind to describe the specimen, and ultimately it was returned to Mr. Flower, with whom it remained until the publication of a
note on the genus Proto-eehinue, by Major Thomas Austin, in the' Geologist' for 1860
(voI. iii, p. 446), when it was entrusted to me for the purpose of considering whether it
had any special affinity with this new type, and for description in the same journal.
" The Proto-eckinus was obtained from the Carboniferous Limestone of Hook Head,
Wexford, and is but a fragment of a single ambulacrum, consisting of three series of
plates at the wider end and two at the other extremity, with apparently a single terminal
1 • On Echinothuria ./lom, a new and anomalous Echinoderm from the Chalk of Kent.'
By S. P.
Woodward, F.G.S. I have printed this paper from the' Geologist' entire (altering the references to
fignres), as a contribution to British Eehinology by my late esteemed friend. Dr. Woodward took so
warm an interest in my work, and afforded me such valuable assistance, by the loan of specimens for
figuring, that it affords me very great pleasure to acknowledge here his uniform kindness, and connect
his name with a Monograph to which he contributed important aid.
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plate. Each plate is perforated by a pair of pores. It differs from
Eoltinotlturia In
every particular.
" The question presented to me by Mr. Flower's fossil was, whether to
consider it part
of the envelope of a new kind of Holotkuria, or whether it might be no more
than a fragment
of the oral disc of some great unknown Ecltinu8. Portions of the
imbricating scaly
armour of a P801u8 had been met with when examining the fossils of
the Boulder Clay
collected by Mr. J. Richmond, of Rothsay; but in P801118, while the
greater part of the
body is clothed with fish-like scales, the ambulacra are only developed
on one side, forming a creeping disc, the scales of which are small and not imbricated.
On the other hand,
the peristome of the largest known Echinite from the Chalk is less
than an inch in
diameter; and the largest recent Sea-urchin in the Museum has an
oral disc not more
than two inches wide, whereas the fossil is a segment of a disc which
must have been at
least four inches across. This objection, on the score of size, was,
however, less felt,
because the Cyphosomas and Diademas of the Chalk have larger oral
and apical orifices
than any other Urchins, and the character of their apical disc was unknow
n, being only
preserved in a few minute specimens of o. dilficile, from Chute Farm.
Moreover, there
were indications in the Upper Chalk of a great Diadema, of which nothin
g more had been
obtained than scattered plates and fragments of spines. This species
is referred to in
Decade V of the' Geological Survey ' (Article" Diadems,' Section C, spines
tubular, annulated). Mr. WethereIl obtained a mass of Chalk containing above one
hundred fragments
of spines, which are hollow, striated and annulated, as in the recent IJ.
calamaria. From
the plates mingled with the spines we ascertained that the ambulacral
pores presented
the usual characters, being arranged in single file, and a little crowded
near the peristome ,
but many of the plates presented only their smooth inner surfaces.
A smaller mass of
Chalk, in Mr. Wiltshire's cabinet, contains similar plates and spines,
mingled with a few
true scales and minute truncated spines like those of Ecltinothllria. The
Diadema spines
were erroneously referred by Professor E. Forbes to the genus Mic1·a8ler
(Decade Ill, pI. 10,
fig. 15; bad, for they are not spiral). They are also figured by Dixon,
in his' Geology
of Sussex,' and described by Forbes as ,(spines of a Cidaris . 'J Diadem
as possessing spines
of this character are known to occur in the Upper Cretaceous strata
of France ; and
Dr. Wright has lately obtained a small specimen from the Chloritic Marls
of Dorsetshire.
In these the apical disc is quite small.
" A more serious difficulty, in comparing Mr. Flower's fossil with the
oral disc of any
Echinite, was presented hy the arrangement of the plates; in the recent
Echinidre . . . . •
they are all directed towards the dental orifice, but here the alternate
series take opposite
'dips,' the ambulacral plates overlapping one way and the others in a
contrary direction.
" Last year, while I was still hesitating about the publication of Mr. Flower
's fossil, a
second specimen was obtained from Charlton, in Kent, by the Rev.
N. Glass, who has
cleared it from the matrix with great skill and patience. . . . . At first
sight this specimen
would seem to solve the problem, by supplying the peristome and
lantern of the same
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great Oypltosoma or Diadema, of which Mr. Flower's specimen might be the apex or
periproct. But a closer examination confirms the objections already stated, and gives
increasing probability to the other conjecture (if, indeed, it does not compel us to adopt
it), however difficult it may be to realise the notion of an Echinite having no proper
'test,' and clothed entirely with imbricating scales like those of the peristome of Oidarie.
"In Mr. Flower's specimenthe imperforate plates imbricate towards the centre (or apex),
where the smaller ends of the several series converge. In Mr. Glass's specimen they slope
away from the centre (ormouth), that is, alsotowards the apex. The perforated or ambulacral
plates, which overlap one another outwardly (i. e. downwards) in specimen, fig. 3 a, are seen
sloping towards the dental cone and reclining upon it. The portion of an ambulacrum, fig.
5 a, consists of four plates, diminishing in size from c to a, in a line not accurately directed
towards the centre. This portion exhibits the interior surface of the plates,known by their
curved surfaces, destitute of ornamental granules; it is not, however. the oral end of one of
the segments turned over, a thing scarcely possible to happen, for in that case the dip of
the plates would be reversed; but it must be the opposite (or apical) extremity of a series
folded back upon its origin, and exposed to view by the damage which the surface of the
specimen has sustained. From this circumstance it seems probable that the whole fossil,
when complete, was not elongated, nor even spherical, but somewhat depressed in a vertical direction, though doubtless admitting of a moderate amount of flexure. At the last
hour, after making the drawing, I ventured to clear away the chalk from the side of Mr.
Glass's fossil, near where an ambulacral segment is seen to curve as if it might be continued round to the other surface. This attempt was successful, for the ambulacrum
and also the adjacent inter-ambulacral segment were found continuous, though crowded
and displaced at the turning, falling again into regular order, and diminishing in size,
though not so nearly complete as in Mr. Flower's example.
" After this apparently conclusive demonstration, it appears desirable to give a name to
the fossil, and to attempt a short description, although its rank and affinities are to us
still matter 'of conjecture. At present it is one of those anomalous organizations which
Milne-Edwards compares to solitary stars, belonging to no constellation in particular.
The disciples of Von Baer may regard it as a 'generalised form' of Echinoderm, coming,
however, rather late in the geological day. 'I'he publication of it should be acceptable
to those who base their hopes on the' imperfection of the geological record,' as it seems
to indicate the former existence of a family or tribe of creatures whose full history must
ever remain unknown."
Locality and Stratigrapltical Position.-Collected from the Upper Chalk of Higham,
near Rochester. The fine specimens in the Rev. '1'. Wiltshire's cabinet were obtained
,from the Upper Chalk at Gravesend and Charlton.
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GenuS-CYPHOSOMA, AIJassiz, 1840.
CYPHOtlOMA,
PHYMOSOMA,

CYPHOSOMA.,

Agaaaiz, 1840.
Haime, 1853.
Dea9r, 1858.
Cotteau, 1863.

Test moderate in size, circular or subpentagonal, slightly inflated at the sides.
Poriferous zones well developed and undulated, composed of simple pores that in
general are unigeminal throughout, and sometimes are bigeminal on the upper surface,
and crowded a little together around the peristome.
The poriferous plates are unequal and irregular in their mode of arrangement. The primary tubercles are nearly
equal in size in both areas, the areolee are well developed, and sometimes marked with
radiated striations; the bosses are prominent, and have their summits sharply crenulated; the mammillon is large, prominent, and imperforate, and the general facies of the
test shows a regular, and uniform development of all its several elements. The mouthopening is large, the peristome slightly incised, and the oral lobes nearly equal. The
discal opening is large and pentagonal, one angle of which extended far into the single
inter-ambulacrum , the elements of the disc were feebly united, as they are absent in all
the specimens that have hitherto been collected.
The spines are long, solid, subcylindrical, aciculate, or spatuliform; sometimes they
are straight and lanceolate, or bent, ramiform, or spoon-shaped; all these varieties are
figured in PIs. XXIV and XXVI. The stem is smooth and marked with fine longitudinal striee, the milled ring is prominent, the head distinct, and the rim of the acetabulum crenulated.
'I'he genus Cl/p!tosoma is distinguished from all others by its prominent tubercles
with crenulated bosses, and imperforate mammillons; in the structure of these it resembles
Echinocypltus and Temnopleuru«, but is readily distinguished from these by the absence of
the angular and sutural impressions which impart so marked a character to their tests.
M. Desor has separated into the genus Coptosoma all those Cl/pltosomata from the
Nummulitic formation (Tertiary) with m,l1ch undulated poriferous zones, tubercles with
very large mammillons, and having the plate-sutures of the areas deeply incised j thus
leaving the typical Cyphosomata as true Cretaceous fossils, which first appear in the
Neocomian beds, and attain their maximum development in the upper stage of the
White Chalk.
The Cretaceous rocks of France are very rich in species of Cyphosoma, of which a
very small proportion have hitherto been found in the British islands.
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A.-Species from the Lower Ohalle.
CYPHOSOMA GRANULOSUM,

Goldfuss, sp., 1826.

PI. XXIII, figs. 2 a, b, c, d.

DIADEMA GRANUJ,OSUM,

Goldluss. Petrefaet. Germanire, pI. xl, fig. 7, p. 122, 1826.
.AgfUJ8U:. Prod., Mem. Soc. des Se. Nat. de Neufehatel, t, i,

ECHINUS MILLERI,

Desmoulin8 (pars).

CIDARITES GRANULOSUS,

p. 189, 1836.

ECHINUS GRANULOSUS,

CIDARITES GRANULOSUM,
DIADEMA
CYPHOSOMA.
MILLERI,

KONIGJ,

PHYMOSOMA GRANULOSUM,
CYPHOSOMA
PHYMOSOMA
CYPHOSOMA

:Eltudes sur Ies l!1ehinides, p. 294,
No. 68, 1837.
Dujardin. In Lamarek's Anim. sans Vertebres, 2e ed"
t, iii, p. 372, 1840.
Geinitz. Charakt. der Sehiet. und Petref., p. 90, 1842.
Morris (pars). Catalogue of British Fossils, p. 51, 1843.
Reue«. Verstein. der Bdhm, Kreideform., p.58, 1846.
.Agas8iz et Desor (pars). Catalogue rais, des :Elehinid.,
p. 351, 1848.
Bronn, Index Paleeontologicns, p. 381, 1848.
D'Orbign'!J. Prod. Pal. strat., t, ii, p. 273, Et. 22, 1850.
Bronn. Letheea Geognost., Kreide-gebirges,pI. xxix, p. 186,
1851.
Eorbes, In Morris's Catalogue of British Fossils, 2nd ed.,
p. 75, 185.,l.
Desor. Synops. des l!1ebinid. foss., p. 87, 1856.
Woodward. Mem. GeoI. Surv., Dec. V, p. 1,1857.
Hup~. Hist. Nat. Eebinod., p. 508,1862.
Cotteau. Pal. Franeaise, Ter. Cretaee, t. vii, p. 685,
pI. 1169, 1965.

Test large, circular, depressed, convex on the upper surface, inflated at the sides, and
flattened below; poriferous zones wide and straight in the upper third, narrow and undulated at the ambitus and base; pores largely bigeminal in the wide upper third, and
unigeminal in the rest of the zones; ambulacra narrow above, wide below, with two rows
of large tubercles, twelve in each; inter-ambulacra with two rows of primary tubercles in
the middle of the area, secondary tubercles wanting in young specimens, and only slightly
developed in the largest tests; miliary zone wide, depressed, and naked above, narrow
and granular below; mouth-opening small and circular; peristome with shallow entailles ,
discal opening large, and widely pentagonal.
.Dime1Zsio1Zs.-Height eight tenths of an inch; transverse diameter one inch and eight
tenths .
.Description.-This Urchin resembles O. KonifJi in so many points of structure} the
absence or rudimentary condition of the secondary tubercles excepted, that it may probably be only a variety of that species. It has, however, been treated by different sys-
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tematic authors as specifically distinct; and in deference to their opinion, rather than in
accordance with my own convictions, I have devoted this article to its description.
The test large and circular, inflated at the ambitus, convex above, and flat below
(PI. XXIII, figs. 2 a, s, c).
The ambulacral areas are enlarged at the ambitus, moderately wide at the base, and
very narrow in the upper part; by reason of the increased development of the poriferous
zones in this region, from the ambitus to the peristome, the tubercles are as large as
those in the inter-ambulacra, but in the upper third of the area they diminish rapidly
in size, and on the four or five coronal plates they are quite rudimentary (PI. XXIII,
fig. 2 a). The pores are arranged in oblique pairs, 'and are bigeminal from the ambitus
to the summit (PI. XXIII, fig. 2 c, rl), and unigeminal from the ambitus to the peristome,
the zones forming a series of crescents around the areolee of the ambulacral tubercles.
The inter-ambulacral areas have two rows of primary tubercles, twelve to thirteen in
each row, which vary gradually in size from the ambitus to both apertures; they are surrounded by well-developed areolas, confluent at the upper and lowerborders, and surrounded
by granules at the sides. The secondary tubercles are irregular, very small, and limited
to the under surface (fig. 2 lJ). On one or two plates above the ambitus there are only
one or two solitary tubercles, which are, however,inconstant in differentspecimens (fig. 2 d).
The miliary zone is narrow and granular at the ambitus, and wide, depressed, and naked
on the upper surface; the granules are unequal, of different sizes, and placed in semicircular groups around the lateral parts of the areolee. Many of the granules are large and
mammillated, and are nearly as large as the row of secondary tubercles, the small granules
being compactly fitted in between them. The coronal plates are marked by slight sutural
impressions, which become more apparent in consequence of the nudity of the depressed
upper surface of the areas.
The discal opening is very large, pentagonal, and angular; and the single posterior
ovarial plate is projected far_into the area (fig. 2 a). The mouth-opening is moderate in
diameter (fig. 2 lJ); the peristome is circular, and divided into ten unequal lobes by slight
incisions with reflexed borders.
Affinitie8 and IJijJerence8.-This species differs from the typical forms of Oyplto8o'l1la
Konigi in the absence of a regular series of secondary tubercles above the ambitus; but
in the general character of the test and in most of its details it has close affinities with
that species. Whether the spines of this Urchin exhibit any difference from those attached
to the typical form of O. Konigi (PI. XXIV, fig. 1) remains to be determined by those who
may be fortunate enough to discover a specimen with the spines adherent to the test.
Locality and 8tratigrapltical P08ition.-This Urchin is found in the Lower Chalk of
Kent and Sussex. The specimen figured in PI. XXIII, belonging to the British Museum,
was collected near Lewes.
Foreign Localitie8.-Houguemarre (Eure), Orglande(Manche), from the Etage Senonien,
where it is rare (M. Cotteau); the type of Goldfuss's figure was collected from the Chalk
of Westphalia.
•
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B.-Species from the Upper Ohalk.
KONIGI, Man tell. PI. XXIII, figs. 1, 2; Pl. XXIV, figs. 1-7; PI.
XXV, fig. 3; PI. XXVI, fig. 1.
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ECHINITE.
CIDARIS KONIGI,
ECHINUS MILLERI,

Parkirt8on. Organic Remains, vol. Hi, pI. i, fig. 10, 1811.
Mantell. Geology of Sussex, p. 180, 1822.
Deemarest, Oursins fossiles, Diet. Se. Nat., t, xxxvii,

p. 101, 1825.
Goldfu88. Petref. Germaniee, p. 123, pI. xl, figs. 9 a, fJ,
ClDARITES VARIOLARIS,
1826.
Fleming. British Animals, p. 4i9, 1828.
ECHINUS KONIGI,
Brongniart. Tableau des Terrains, p. 405, 1829.
CIDARITES KONIGI,
ECHINUS KONIGI,
Woodward. Synopt. Tab. of Brit. Organ. Rem., p. 6,1830.
De Blainville. Zoophytes, Die. Se. Nat., t.Ix, p. 210, 1830.
De Blainville. Ibid.
MILLERI,
Aga88iz. Prod., Mem. Soc. Se. Nat. de Neufehatel, t. i,
p. 190, 1836.
Desmoulin», .Ilitudes sur les ];jehinides foss., p. 294,
No. 68, 1837.
DIADEMA KONIGI,
Desmoulin« (pars). Ibid., p. 312, No. 10, 1837.
CYPHOSOMA MILLERI,
Aga88iz. Catal. Syst. Eetyp., p. 11, 1840.
DIADEMA GRANULOSUM,
Morri8. Catalogue of British Fossils, p. 51, 1843.
CYPHOSOMA MILLERI,
Aga88iz et De80r (pars).
Catal. rais, des ];jehinides,
p. 351, 1846.
ORNATISSIMUM, Aga88iz et Desor, Ibid., p. 352, 1846.
MILLERI,
Grave8. Essai Topogr. Geognost. Dep.l'Oise, p. 688, 1847.
MAGNIFICUM, Graoe«. Ibid.
DIADEMA KONIGI,
Bronn, Index Pelseontologicus, p. 418, 1848.
CYPHOSOMA MILLERI,
Bronn (pars). Ibid., p. 381, 1848.
D'OrfJigny. Prodrome de Pal. strat., t, ii, p. 273,1850.
ORNATISSIMUM, D'Orbigny. Ibid., t. ii, p. 273, 1850.
MILLERI,
Eorbee. In Dixon's Geol. of Sussex, pl. xxv, figs. 1'7,
26, 27,1850.
VARIOLARIS, Eorbe«: Ibid., pI. xxv, fig. 29, 1850.
ECHINUS KONIGI,
D'Archiac. Hist. des Progr. de la Geol., t, iv, p. 20, 1851.
CYPHOSOMA KONIGI,
Eorbes. Morris, British Fossils, 2nd ed., p. 75, 1851.
ORNATISSIMUM, ForfJe8. Ibid.
PHYMOSOMA KONIGII,
Desor, Synopsis des ];jehinidesfossiles, p. 86, 1856.
CYPHOSOMA KONIGI,
Pictet. Traite de Paleontologie, 2e ea., t, iii, p. 243,
1857.
ORNATISSIMUM, Pictet. Ibid.
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PHYMOSOMA
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Woodward. Mem. Geol. Surv., Decade V, Appendix,
1857.
Dujardin et Hup~. Hist. Nat. des Zooph., p. 508, 1862.
Woodward. "On Konig's Sea-urchin," Geologist, vol. v,
p. 41,1862.
Cotteau. Paleontologie Franeaise, t, vii, p. 6i8, pl, 1167,
1168, 1863.

Test large, subcircular, depressed, convex on the upper surface, inflated at the sides,
almost flat on the under surface; poriferous zones wide and. straight in the upper third,
narrow and undulated at the ambitus and base; pores bigeminal in the upper third, unigeminal in the lower two thirds of the zone; ambulacra narrow above, wider below, with
two rows of large tubercles, twelve in each; inter-ambulacra with two regular rows
of primary tubercles in the middle, and two rows of secondary tubercles, -irregular in size
and distribution, on the zonal sides of the area; miliary zone wide, naked, and depressed
above, narrow and granular below; mouth-opening small, peristome circular, lobes nearly
equal; discal opening large, pentagonal;' spines long, subcylindrical; upper third of
the stem aciculate, spatulate, straight or bent; lower third sculptured with fine longitudinallines.
IJimensions.-Height seven tenths of an inch; transverse diameter two inches.
IJescription.-This is one of the largest, most beautiful, and typical of our British
Cyphosoma; it was well figured by Parkinson, 1811, in his' Organic Remains,' as "an
Echinite from Kent with its spine;" he gave no description of the specimen, and it was
. reserved for Dr. Mantell, 1822, to give it a specific place among our Cretaceous
Urchins.
The long list of synonyms prefixed to this article exhibits the historical phases through
which it has passed, and the numerous admirable and accurate drawings with which our
excellent friend Mr. C. R. Bone has enriched our Monograph will make the determination
. of C!lpltosoma Konigi a matter of ease and certainty to all future observers.
The specimen figured PI. XXIII, figs. 1 a-g, belongs to the British Museum. The
large test is subcircular, slightly convex above, inflated at the sides, and flattened below
(fig. 1 c); the surface is highly ornamented, the tubercles are nearly all of the same size
a~d regular in their disposition, and the granules are large and conspicuous. at the
base.
The ambulacral areas are narrow above, wide at the ambitus, and contracted at the
base; they possess two rows of tubercles, 12 or 13 in each row; those at the ambitus
are very large, and nearly equal in size the inter-ambulacral tubercles; on the upper third
of the area they diminish rapidly in magnitude, and from the ambitus to the peristome
are much larger.
At the ambitus the areolas are wide and confluent, but on the upper surface they are
narrow and separated only by a line of granules; the zone which divides the two series is
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contracted, and provided with two rows of granules closely set together, unequal in size.
some of them being mammillated at the angles of the plates.
The poriferous zonesare narrow and undulated at the base and ambitus, and wide and
straight at the 'upper surface; the pores are small, and unigeminal from the peristome to
the ambitus (fig. 1 e), and distinctly bigeminal on more than the upper third of the
zones (fig. 1 d); near the peristome the pairs are doubled (fig. 1 !/).
The inter-ambulacral areas are about one third wider than the ambulacral, and furnished
with primary and secondary tubercles; the primary series consists of two rows, twelve in
each, occupying the centre of the plates; the tubercles are smaller on the upper than on
the lower third of the area; the secondary tubercles are large and unequal in size; they
form a series between the poriferous zones and primary tubercles, some of which they
resemble in magnitude, especially those extending from the ambitus to the coronal plates;
between the ambitus and peristome they are much smaller, and in many specimens are
not more developed than large granules on mammillated eminences.
The miliary zone is very wide, naked, and depressed at the upper surface,
becoming gradually narrower at the ambitus, and much contracted at the base; the granules,
unequal in size, are fine, abundant, set closely together, and arranged in semicircles
around the primary and secondary tubercles; some of the granules, much larger than the
others, are set on mammillated eminences, and may easily be mistaken for the small
secondary tubercles placed near them; this mingling together of small tubercles and large
mammillated granules imparts a highly ornamented character to the infra-marginal region
of this species.
.
Discal opening large, pentagonal, and subangular, the elements wanting in all the
specimens hitherto found. Mouth-opening small, circular, the peristome feebly incised,
the border reflected; the entailles having the border elevated and opening upwards.
The spines exhibit some remarkable variations from the typical form of structure.
Some of the most curious of these I have figured in PIs. XXIV and XXVI. 'l'he
typical spines, as seen in those in siti1 in the specimen belonging the British Museum
(PI. XXIV, fig. a), are elongated, subcylindrical, and sometimes aciculate at the summit
(fig. 1 d, and fig. 3 a), or spatuliform with carinee, as PI. XXIV, fig. 1 C, or spoonshaped, as PI. XXVI, figs. 1 a, b, the lower part or collerette being long and distinct,
and covered with fine longitudinal lines (PI. XXIV, fig. 3 b), much stronger than those
observed on the stem; the head is well developed, the milled ring very prominent, flat,
and deeply striated, and the rim of the acetabulum finely crenulated (PI. XXVI, figs. 1
a, c, figs. 2, 4, 6), with other varieties of spines figured in this plate.
. The test of this 'Urchin presents many variations of form from the typical shape seen
in the specimen figured in PI. XXIII, fig. 1 a, b, and considered to be its normal form.
In PI. XXIV, fig. 7, I have figured a remarkable monstrosity of this species from
the British Museum Collection; it is inversely conical, like Pseudodiadema tumidum;
measures three quarters of an inch in height, and is one inch and one third in diameter
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above, contracting below down to the oral opening, which, at first sight, appears to be the
summit of the test. In PI. XXII, figs. 5 a, b, c, I have given drawings of a young test
from the National Collection.
Ajjinitz"es and J)ijJerencea .-This species forms one of the most typical forms of the
genus Cypltoaoma, well characterised by its large size, round and inflated at the
ambitus, highly ornamented at the base, and having the poriferous pores distinctly
bigeminal in all the upper part of the zones; the secondary tubercles are large above the
ambitus and small at the base; the spines are strong, elongated, and furnished with a
striated collar, having the summit sometimes flattened and carinated. or expanded and
spatulate, as seen in the different figures.
The nearest affinities of C. Konifji are with C. fjranulosum, from which it differs .in
having large. secondary tubercles above the ambitus and a more' ornamented test at the
base. In size and height, and in the disposition of its tubercles on the upper surface, as
well as in the bigeminal arrangement of the pores in the upper part of the zones, it much
resembles C. mafjnijicum, Agass., from the Etage Senonien inferieure of the south-west
of France.
Locality and 8tratifjrapltical Poaition.-C. KonirJi is found in fine preservation in the
Upper Chalk. of Kent, Sussex, Norfolk, Wiltshire, and Yorkshire. In France it is collected in the Etage Senonian at Thuison (Somme) : Tartigny (Oise); Vernonnet, La
Villette, Hougouemarre (Eurej , where it is rare. It is likewise found at Riigen, and
Cresfeld, near Dusseldorf.

CYPHOSOMA COROLLARE, Klein.

PI. XXVI, figs. 7, 8, 9, 10.

ECHINITES ORBICULATUS, Lister. Hist, Animal. Anglire, p. 220, pI. vii, fig. 19, 1678.
CIDARIS COROLLARIS,
Klein. Natur. Dispos, Eehinoderm., pI. viii, fig. c, p. 20,
li34.
Baier, Oryetographia Noriea, p. 70, pI. iii, fig. 36, 1759.
Leske. Klein, Nat. Dispos, Eehinoderm., p. 138, pl, viii,
fig. c, 1778.
Gmelin. Linne's System. Natur., p. 3177, 1788.
CORONALIS,
Parkinson. Organic Remains, pI. iii, fig. I, 1811.
ECHINUS SAXATILIS,
CIDARIS COROLLARIS,
Parkinson. Ibid., pl. i, fig. 7, 1811.
Mantell. Geology of Sussex, p. 180, 1822.
SAXATILIS,
Mantell. Ibid., p. 181, 1822.
COROLLARIS.
ECHINUS SAXATILIS,
Fleming. History of British Animals, p. 479, 1828.
Brongniart. Tableau des Terrains, p. 405, 1829.
Woodward. Synop. Table of Brit. Org. Remains, p. 6, 1830.
De Blainville. Zoophytes, Diet. des Se. Nat., t, lx, p. 210.
U:l30.
CIDARIS COROLLARIS,
Agassiz. Prodrome des Radiaires, P: 188. 1836.
ECHINUS COROLLARIS,
Desmoulins. 11itudes sur les 11iehinides, p. 298, 1837.

•

r

,

FROM THE UPPER CHALK.
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CYPHOSOMA COROLLARE,
CIDARIS COROLLARIS,
SAXATILIS,
CYPHOSOMA COROLLARE,

PHYMOSOMA
CYPHOSOMA SA.XATILE,
COROLLARE,

PHYMOSOMA SAXATILE,
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Morris. Catalogue of British Fossils, p. 49, 1843.
Morris. Ibid., p. 50, 1843.
AgasBiz et Desor, Catal. Rais. des lichinides, p. 351,1846.
Bronn. Index Paleeontologicus, p. 298, 1848.
Bronn. Ibid., p. 300, 1848.
D'Orbigny. Prodrome, t, ii, p. 273, lk 22,1850.
Eorbes. In Dixon's Geol. of Sussex, p. 340, 1850.
Forbes, In Morris's Catalogue of Brit. Foss., p. 75, 1850.
Desor, Synop. des Echinides fcssiles, p. 88, 1856.
Desor. Ibid., p. 87, 1856.
Pictet. Paleontologie, 2e ed., t. iii, p. 243, 1857.
Woodward. Mem. Geol. Surv., Decade V, p. 2, 1858.
Leymerie et Raulin. GeoI. du Depart. de l'Yonne, p. 621,
1858.
Dujardin et Dupe. Hist. des Echinoderm., p. 508, 1862.
Dujardin et Dupe. Ibid.
Cotteau et Triger. lichinides de la Sarthe, p. 261, pl. xlii,
figs. 13-16, 1860.
Cotteau. lichinides foss. des Pyrenees, p. 24, 1863.
Cotteau. Pal. Franeaise, t, vii, p. 669, pI. 1165, 1864.

Test small, circular, depressed; ambulacra wide, two rows of tubercles, nine to ten ID
each, gradually diminishing in size towards the poles; inter-ambulacra moderate, with two
rows of tubercles, nine in each, four ambital, large; areolar defined by rows of granules;
miliary zone moderate, granular below, becoming smooth above; poriferous zones narrow,
undulated, pores unigeminal, and crowded near the summit; base concave; oral opening
small, one third of an inch in diameter; discal opening large, pentagonal, half an inch
in diameter; spines long, slender, spatulate, one fourth longer than the diameter of the
test.
lJimensions.-Transverse diameter one inch; height one third of an Inch; in general
the specimens are not so large.
lJescription.-This is one of our most common 0!lpltosomata. In certain localities it is
a small, circular Urchin, rarely exceeding an inch in diameter and about three or four
lines in height; it is convex and depressed above, and flat or subconcave below; the areas
are nearly equal in width, the tubercles very much alike in form and size, the areolas are
encircled with granules, and the structure of the different divisions of the test is very
uniform throughout.
The ambulacral areas (PI. XXVI, fig. 10), contracted above by the poriferous zones,
have two rows of primary tubercles supported on large bosses, and arranged in alternate
series on each side of the area; in adult specimens there are nine or ten tubercles in a
row; the areolas are wide, and a single row of granules (rarely double) separates them
from each other.
The poriferous zones are narrow, and much undulated at the ambitus and infra-mar-
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ginal region; the small pores are arranged in oblique pairs at the sides, and at the upper
surface become bigeminal; fig. 10 shows an ambulacral area with its poriferous
zones magnified six diameters; fig. 7 b exhibits the upper part of the area magnified six
times, with the bigeminal arrangement of the pores in the upper part of the zones.
The inter-ambulacral areas are furnished with two rows of tubercles nearly identical
with those of the ambulacral; tpey are, however, a little larger than the latter in the upper
surface, and are surrounded by areolre that are placed wider apart. The secondary
tubercles are very small and unequal in size; they form a series near the zones, one mammillated tubercle rising in each plate from the midst of numerous granules. They are
most apparent at the lower surface and the ambitus, and are rare on the upper surface.
The miliary zone is wide, naked, and depressed in the upper surface, forming at the
ambitus and lower surface a zigzag line, which defines the contour of the plates. The
granules are large, and those surrounding the primary tubercles at the ambitus send prolongations into the areolee, which impart a radiated character to the structure of these
parts. 'I'he intermediate granules are more or less abundant, and form circles or semicircles around the areolre. The small mouth-opening is lodged in a concave depression
in the base. The peristome is circular, and divided by feeble incisions, the lobes of
which are nearly equal. The apical disc is absent. The opening is large, pentagonal,
and angular, and in our large specimen is about five lines in diameter.
The spines are long, slender, and spatulate, one fourth longer than the diameter of the
test, to which they are sometimes found adherent and in sitU.
.
Affinities and ])ijferences.-C. corollare is readily recognised by its moderate size,
depressed circular test, sometimes subpentagonal; the pores are unigeminal on the sides
and bigeminal on the uppe,r surface, with small secondarytubercles at the base near to the
zones; the miliary zoneis nude and depressed near the summit; the mouth-opening is small,
and lodged in a concave depression. By these characters it may be distinguished from
C. tiara and young examples of C. granulosum, both of which it resembles much.
Locality and Stratigrapltical Position.-This Urchin is very common in the upper
flinty Chalk of Brighton, Gravesend, and Woolwich. In France M. Cotteau enumerates
the following localities in which it is rarely found in the Etage Senonien :-Senneville,
Saint-Pierre en Port (Craie superieure, M. Hebert) ; Seine Inferieure, La Herelle (Oise);
Pinterville (Eure); Villeneuve-sur-Yonne (Yonne) ; Meudon (Seine-et-Oisel , Sarlat
(Dordogne); 'I'ercis (Landes),
History.-The history of this species, one of the oldest Cyphosomas, is very difficult
to trace, as our table of synonyms has already exposed. Lister and Klein have both
figured it, and Parkinson has given a very good figure of it under the name of Ecltinites
sa(lJatilis in his 'Organic Remains.' Klein's name, however, has the priority, and
therefore is retained.
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AfJ08aiZ, 1840. PI. XXV, figs. 1, ~ a, b, e, d, e.

CYPHOSOMA MAGNIl'ICUM,
8ULCATUM,

8ULCATUM,
CYPHOSOMA MIDDELTONI,
SULCATUM,

PHYMOSOMA

PHYMOSOMA
CYPHOSOMA

HAGNIFICUAI,

Aga8&1z. Cata!. S"st. Ectyp., p. 11, 1840.
.t1.ga88iz et Desor, Oatal. raison. des :Jl]chinides, p. 351,
1846.
Bronn, Index rltJooontol., p. 381, 1848.
Desor, S~nops. des :Jl]chinides (OS8., p. 88, 1856.
Desor. Ibid., p. 90, 1856.
Woodward. Mem. Geol. Surv., Decade V, App., p. 4, 1856.
Pietet. Traite de Paleontol., 2e ed., t, iv, p. 243, 1857.
Cotteau et Triger. :€chinides de la Sarthe, pl. 44, fig. 9,
1860.
Ooquand. Synops. des Foss., Bull. Soc. Geo!. de France,
t, xvi, p. 992, 1860.
Dujardin et Hup~. Hist. Nat. Zooph., p. 508; 1862.
Bourqeoie. Especes Ter. Cretaces, Bull. Soc. Geol. France,
deux. ser., t, xix, p. 674, 1862.
Ootteau. ]jjchinides foss. des Pyrenees, p. 25, 1863.
Ootteau. Paleontologie Franeaise , Ter. Cretace, t. vii, p.
635, pls. 1155.56.57, 1865.

Test circular, elevated, sides tumid, base concave; poriferous zones narrow, undulated,
pores unigeminal; primary tubercles of both areas large at the base and ambitus, and
small on the upper surface; areolee large and confluent at ambitus and base, very small
above , upper third of inter-ambulacra bordered with a row of small secondary tubercles;
miliary zone wide, sulcated, and nude above; mouth-opening small, peristome equal.
lobed; discal opening very large, pentagonal, allgular, and elongated.
IJimen8'ions.-A. Figured specimen, latitude ten lines; altitude six lines.
B. Specimen in my cabinet, latitude one inch; altitude half an inch; discal opening
(antero-posterior diameter) six tenths of an inch.
IJescr~tion.-This very rare British Oypnosoma was obtained by J. Middleton, Esq.,
from the Upper Chalk, near Norwich, and placed in the hands of the late Professor Edward
Forbes for description, whose manuscript name for the same was 0. Middeltoni. Under
this designation a diagnosis of the species was given by my late friend Dr. Woodward,
in his valuable appendix to Decade V of the 'Memoirs of the Geological Survey,' who
kindly obtained another specimen, to enable me to give a detailed description of this rare
British form; a careful examination of this fossil, however, has satisfied me that it is
merely a small variety of Oyplto8oma ma!Jnijicum, Agassiz, and agrees in all its specific
characters with the sulcate variety of that species.
The test is circular, elevated, or moderately depressed on the upper surface, inflated at
the sides (PI. XXV, figs. 1 a and a) and concave at the base (fig. 1 c). The ambulacral
18
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areas are wide, with two rows of tubercles, which are large at the ambitus and base
and very small on the upper surface; the change from the large ambital to the small
dorsal tubercles is very abrupt; theareolre of all the large tubercles are wide and
confluent, and those of the smaller are surrounded by.circlets of granules.
The poriferous zones are narrow, and much undulated at the ambitus and infra-marginal region; they are less sinuous above, where the pores are small and unigeminal; the
spaces between the pairs of holes often support two small granules (fig. 1 e).
The inter-ambulacral areas are about one third wider than the ambulacral, and provided with two rows of primary tubercles, twelve in each, nearly identical with those in
the ambulacra , like them, they have wide areolee at the ambitus and infra-marginal region,
and very small on the upper surface; the transition from the large ambital to the small dorsal
tubercles is likewise well marked in the specimen before me (fig. 1 a, d). A row of small
irregular secondary tubercles, five or six in each, occupies the spaces between the primary
series and the poriferous zones (figs. 1 h, d), and disappears among the granules of this
region. Other secondary tubercles occupy the wide spacesby the zones at the angles of the
plates (figs. 1 c, e, and figs. 2 a, h), and range in file with the small secondary series on the
upper surface. The intermediate granules are large and abundant, of unequal size, and
disposed in circles around the areolre; these circles at the ambitus are incomplete at
their basal border (fig. 1 e). The miliary zone is large, much depressed in the middle,
and nude as it approaches the discalopening (fig. 1 d) ; the small granules forming complete
circlets around the small tubercles of this region.
The primary tubercles at the under surface are moderately large, and nearly the same
size in both areas (fig. 1 c, and fig. 2 h), which imparts a highly ornamented character
to this region of the test and contrasts strongly with the small tubercles, and the naked
and depressed miliary zone on the upper surface (fig. 1 d).
The mouth-opening is small, the peristome circular, and divided into nearly equalsized lobes by feeble incisions (fig. 1 c). The discal opening is large, pentagonal, angular,
and elongated in the antero-posterior direction (fig. 1 h).
Cyphosoma mafJniJicum, so rare in England, is a very common species in the southwest of France, where two well-marked varieties are found. 'I'he first type of the species
is characterised by having its ambulacral and inter-ambulacral tubercles large and prominent at the ambitus, becoming gradually smaller on the upper surface, the miliary zone wide
and not depressed in the middle. In the second type the transition in size from the large
ambital to the small dorsal tubercles is more abrupt, the upper part of the miliary zone is
quite destitute of granules and much depressed in the middle, near the coronal plates, which
are marked with very distinct sutures; the areolas at the ambitus are larger and more superficial, and the under surface has a more ornamented appearance. This variety has been
described as C. sulcatum, and is that to which our specimen is referred. It attains a much
larger size than the first or type form, as a specimen collected from the Chalk. of Royan
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(Charente-Inferieure) measures two and a half inches in diameter, and one inch and
one tenth in height.
The English specimens of this Urchin that have hitherto been collected are small
and immature, they consequently have fewer tubercles in each row than the French
specimens possess, and the poriferous zones, for a like reason, have the pores in single file,
the bigeminal arrangement being a character of more mature age.
Affinities and IJiiferencea.-'rhis species differs so much from its English congeners
that it is readily distinguished from all of them by its wide ambital areolee and large
tubercles, and the series of small tubercles on the upper surface, with a secondary row on
the zonal side. In its general characters O. ma!Jn.ijicum resembles O. Arcltiaci from the
same stage, but the latter has a more pentagonal test, wider inter-ambulacral areas,
smaller primary tubercles, and four rows of secondary tubercles; the base likewise is
flatter, and the mouth-opening larger and more superficial.
Locality and 8trati!Jrapltical Position.-The English specimens have been found only
in the Upper Chalk at Norwich, where they are extremely rare.
M. Cotteau states that this species is common in the Etage Senonien inf. at SaintPierre de ChevilIe, Saint-Paterne, Saint-Calais, Maroon (Sarthe); Villers, Villedieu (Loiret-Cher); Saint-Christophe, Semblaney (Indre-et-Loirej, Barbezieux, Aubeterre, Espagnac,
pres Angouleme, Charmant, Lavalette (Charente); Royan, Talmont, Saintes, Cognac
(Charente-Inferieure), Saint-Georges pres Perigueux, 'I'retissac (Dordogne); Belbeze
(Haute-Garonne) .
History.-The table of synonyms gives the history of this species, which was unknown
to my old friend Professor Forbes, who named the only specimen he ever saw after the
friend who communicated it for description.

CTPHOSOMA WETHERELLI, Forbes.

PI. XXVII, figs. 1, a-h.

CYPHOSOMA. WETHERELLI, Eorbee. In Morris's Catalogue of British Fossils, 2nd ed.,
p. 75, 1854.
Woodward. Mem. Geo!. Surv., Decade V, Supplement,
p. 2, 1856.

Test circular, inflated at the sides, depressed at the summit, and flat beneath; ambulacra wide, two rows of large tubercles, nine to ten in each, gradually diminishing in
size towards the poles; inter-ambulacra, two rows of primary tubercles, nine in each,
with a small secondary tubercle in the centre of the zonal margin of each plate; poriferous
zones narrow, undulated; pores unigeminal throughout; mouth-opening one third the
diameter of the test; discal opening large, angular, pentagonal.
IJimenaiona.-Transverse diameter one inch; height half an inch.
IJeacrption.-This Urchin very much resembles O. corollare, Klein, but was separated
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from that species by the late Professor Edward Forbes, and dedicated to N. T. Wetherell,
Esq., F.G.S., who presented it to the Museum of the Royal School of Mines. This
unique typical example, partly imbedded in flint, was obtained at Gravesend. The test
is of moderate size, has a circular figure, and is depressed a little above and below , the
sides are inflated and the base is flat; the ambulacral areas are wide, with two rows of
large tubercles (figs. 1 c, b), nine or ten in each , the areolee occupy nearly the entire
width of the plates, and are bordered by a series of prominent miliary granules, which are
absent only on the zonal sides of the plates (figs. 1 e, g, It); the tubercles gradually
diminish from the ambitus to the oral (fig. 1 It) and the discal apertures (fig. 1 g) ;
the areolas retain throughout, even to the smallest tubercles, the border of granules special
to each (figs. g, It).
'I'he poriferous zones are much undulated, and form a series of crescents around the
large tubercles (fig. 1, rl) .; the rows are narrow, the pores simple and unigeminal throughout, and there are from five to six pairs of holes opposite each of the .large plates
(figs. e, It).
The inter-ambulacral areas, a little wider than the ambulacral, have two rows of
primary tubercles, nine in each, and two rows of secondary tubercles placed near the
zones, and extending from the peristome to the ambitus (fig. ] o and fig. 1 It). The
areolee of the primaries are wide, occupying nearly the whole surface of the plates, and
each is bordered by a row of distinct miliary granules (fig. 1 e), which completely separates
the areolee from each other. The secondary tubercles are small, and. form a short row of
twelve tubercles set on bosses; they occupy a space between the zones and the primary
tubercles (figs. 1 o, It), and extend from the peristome to the ambitus.
The tubercles of both areas are very prominent, and nearly of the same size, the
bosses are large, with feebly crenulated summits, closely embracing the mammillon, which
is large and conspicuous (figs. 1 e and I).
The miliary zone is narrow at the ambitus, with two rows of granules; on the upper
surface it becomes wider, depressed, and nude in the middle, and is sparsely supplied
there, and at the sides, with very small granules (fig. 1 b).
The mouth-opening, small and circular, is one third the diameter of the test;
the peristome is divided into ten nearly equal-sized lobes, by well defined incisions
(fig. 1 c).
The discal opening is directly opposite to, and of the same proportional size as the
oral aperture; it has a pentagonal form, and the single ovarial plate that extended into
the single inter-ambulacrum protruded farther into this area than either the anterc--or
postero-lateral ovarials (fig. 1 b).
The upper surface of the test is considerably depressed, and the base is l1at. This
contour of the shell is well shown in fig. 1 d.
A.fIinitie8 and nijference8.-rr his species has the closest affini'tie's with D!Jllltoaoma
corollare, of which it may, perhaps, prove to be only a variety. As it is at present a
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unicum, we wait for the discovery of other specimens with spines before stating with
confidence its affinitive relations.
Locality antl8trati!Jrapltical Position.-·Found imbedded in a flint nodule at Gravesend,
from the Upper Chalk.. The specimen belongs to the Museum of the Royal School of
Mines.

CrPHOISOMA 8PAT\)'LIfERUM,

lfbrbes,1850. PI. XXVIII, figs. 1 a, b, c, d, e,f,fJ, It; PI. XXIX,
figs. 1 a, b, c, d.

CYPHOSOlllA SPATULIFERUM,

Eorbe«. Dixon's Geology of Sussex, pi. xxiv, fig. 20,
p. 340, 1850.
Eorbes. In Morris's Catalogue Brit. Foss., 2nd ed.,
p. 75, 1854.
Woodward. Mem. Geol. Surv., Decade V, Supplement,
p. 2, 1856.

Test small, oircular, inflated at the sides, ooncave at the base, and depressed on the
upper surface; ambulacra prominent, two rows of tubercles, eight to ten in each; areolee
wide, bordered by granules; inter-ambulacra with two rows of primary tubercles, nine
in each, and two short rows of secondary tubercles; areolas wide, bordered by granules.
Poriferous zones much undulated; pores unigeminal; tubercles of both areas nearly
alike in size and structure. Mouth-opening one third the diameter of the test; discal
aperture pentagonal, large and angular. Spines spatulate, very much flattened, smooth
except near the base, where there are fine longitudinal lines.
lJimensions.-Height nine twentieths of an inch; transverse diameter seven tenths
of an inch.
lJescription.-This beautiful little 0!lphosoma has a circular body, with inflated sides
and small projecting equal-sized tubercles; the ambulacral areas.are prominent, and have
two rows of tubercles; fig. 11 shows one of these segments magnified six times; the areolas
are wide, and fill nearly the entire plate; the inner and upper margins of each are bordered by a series of miliary granules, which define the boundary of the areolee, and entirely
prevent them becoming confluent. The tubercles at the ambitus are a little larger, and they
gradually become smaller as they approach the two apertures. 'I'he narrow poriferous
zones are much undulated. and form a series of crescents around the large plates; there
are, in general, six pairs of holes opposite each plate, and they are entirely unigeminal
throughout (fig. If).
The inter-ambulaoral areas are a little wider than the ambulacral, and composed of large
plates (PI. XXVIII, fig. 1 fJ; PI. XXIX, fig. 1 d), of which there are nine in each column.
The areolee are wide, and bordered by a circle of miliary granules, complete on five sides
of the plate, but absent on lower margin (PI. XXIX, fig. 1 d). The miliary zone is

CYPHOSOMA

14!

narrow at the ambitus, where it is crowded with granules, and wide at the upper surface, where it is depressed and nearly nude (PI. XXVIII, fig. 1 ~). At the base of the
area, between the primary tubercles and the poriferous zones, there is a short row of small
secondary tubercles (fig. 1 c), which extends from the peristome to the ambitus ; fig. 1 It
shows the base of this segment magnified six times; the small secondaries are raised
upon bosses (fig. 1 It).
The tubercles of both areas are nearly of the same size; the boss is large, with feeble
crenulations,closely embracing the mammillon, which is very prominent (PI. XXIX, fig. 1 d).
The base is concave, and the mouth-opening, one third the diameter of the test, is in
a slight depression (fig. 1 c). The peristome is divided by slight incisions into ten nearly
equal-sized lobes. The discal opening is large and pentagonal. The mould of the single
ovarial plate descends further into the segment than either the antero- or posterolateral ovarials into their respective areas.
. The spines of this Urchin are spatulate, and the stem is extremely smooth, except near
the milled ring, where the base is marked by fine longitudinal lines.
AJlirtities and IJijferences.-The spatulate form of the spines distinguish this
species from O. corollare, with which it has many affinities in the anatomy of the test;
O. spatuliferum is, however, a smaller Urchin, more compressed and pentagonal, less
inflated at the sides, and more depressed on the upper side than O. corollare , the surface
of the test is, likewise, rougher in consequence of the numerous small tubercles that
project sharply from the plates.
Locality and 8tratigraplticol Position.-This is a rare species in the Upper Chalk of
Kent and Sussex. The type specimens of the Dixon Collection are now in the British
Museum. One of these I have figured in PI. XXVIII, fig. 1; and a still larger specimen,
from the Rev. rr. Wiltshire's Cabinet, in PI. XXIX, fig. 1.

CTPHOSOMA RADIATUM,

8orignet, 1850.

PI. XXIX, figs. 2 a, b, c , figs. 3 a, b.

CYPHOSOMA 1 (small or young), Dieon. Geol. Sussex, p. x, pI. xxiv, figs. 28-31, 1850.
RADIATUM, Sorignet. Oursins foss. du Dep, de l'Eure, p. 28, 1850.
SIMPLEX, Forbe«. Morris's Catalogue of Brit. Foss., p. 74, 1854.
Woodward. Mem. Geol. Surv., Decade V, App., p. 1; 1856.
PHYMOSOMA HEBERTI, Deeor. Synopsis des ]jchinides fosa., Supplement, p. 450,
1858.
CYPHOBOMA PERFECTUM, Cotteau 'et Triger (pars). ]jchinides du Depart. de la Sarthe,
p. 375, 1862.
PHYMOSOMA HEBERT!, Dujardin et Hupe. Hist, Nat. des Echinoderm., p. 508, 1862.
:SIMPLEX, Dujardin et Hupe.
Ibid.
CYPHOROMA RADIATUM, Cotteau. \Paleontologie Prancaise , Ter. Cret., pI. 1147, figs.
10-14; pI. 1148, p. 609, 1864.

Test small, subpentagonal, convex above, base concave; ambulaera, two rews of
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tubercles, eight in each, with large confluent areolee at the ambitus , inter-ambulacra; two
rows of primary tubercles, nine to ten in each, with two short rows of small secondaries
at the base; primary tubercles prominent at the ambitus, small and inconspicuous above;
areolse large, radiated, and nearly confluent at the middle, very small above; poriferous
zones undulated, unigeminal; pores small.
J)imensions.-Height three tenths of an inch; transverse diameter six tenths of an
inch.
J)escrip#on.-This beautiful little species occurs in the hard gritty Chalk of Dover.
The test is more highly ornamented than any of the preceding forms; the tubercles at
the ambitus are highly developed, with radiated areolee, and nearly all of the same size.
On the upper surface they are proportionally small. The ambulacral segments slightly
project; this imparts a subpentagonal form to the body (fig. 2 a). There are two rows
of tubercles therein, eight in each, those at the ambitus being very large, and those on
the upper surface very small (fig. 2 c). The areolas of the large ambital tubercles are
confluent, and the smaller ones are separated from each other by a few granules
(fig. 2 c).
The poriferous zones are narrow and much undulated (fig. 3 a) ; at the ambitus the
pores are small and unigeminal, and there are five pairs opposite each of the larger
plates.
The inter-ambulaoral areas are a little wider than the ambulacral, with two rows of
tubercles, nine to ten in each. The areolee are wide; those at the ambitus and superior
surface have a radiated border at the circumference, the radii being formed of elongated
granules developed into a pyriform shape; (fig. 3 b) represents four central plates
of an inter-ambulacral segment magnified eight times. In some of the plates small
miliary granules are introduced within the rayed circle.
The discal opening is large, and of an elongated pentangular shape; the angle corresponding to the single inter-ambulacrum projecting far down that segment (figs. 2 a
and b).
Affinities and J)ijJerences.-This species in its general facies resembles O. spatuliferum,
but differs from it in having the tubercles on the upper surface disproportionately small
when compared with the large size they attain at the ambitus (figs. 2 b, -e). This character
is very evident when fig. 2 c, PI. XXIX, is compared with fig. 1 f, PI. XXVIII. The
radiated structure of the areolas is likewiseanother good diagnostic character between these
nearly allied forms. M. Cotteau appears to consider O. TfTetkerelli and O. spatuliferum
as varieties of O. stria.tum j but, after a careful comparison of the specimens themselves
and with each other, I must dissent from this opinion. However much the tests of
Ecltinid(1J
se may resemble one another, still we must not forget that the shell alone is
not the complete body of the animal, and that without its spines our evidence of specific
identity is incomplete: for example, the test of Hemicidarie crenulari«, Ag., is identical
with Hemicidcrie intermedia, Flem.j but the spines of the former are very different
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from those of the latter, and without these appendages it is impossible to distin..
guish the test of the one Urchin from that of the other, and the same conditions
may be true of the tests of other, nearly allied forms. O. Wetlterelli may be con..
sidered a variety of O. corollare until proof to the contrary is discovered; but the
structure of the test of O. spatuliferum and the remarkable form of its flattened spines,
when compared with the test and spines of O. corollare, afford presumptive evidence that
they are distinct forms. It is very desirable to diminish the number and correct the
synonyms of species in our lists; to do this, however, correctly requires much literary
research and a critical examination and comparison of the specimens themselves, before
a true solution of the difficulty can be arrived at; and in doing all this the best observers very often confuse analogy with identity of structure, from the imperfect materials
upon which they are too often obliged to work.
Locality and 8tratiIJrapltieal Position.-Cyphosoma striatum is usually found in the
hard, gritty beds of Lower Chalk near Folkestone, and occasionally in the Upper Challi
with flints in Sussex.
The type specimen figured in PI. XXIX belongs to the Museum of the Royal School
of Mines. I have examined severalothers collectedby my kind friend, the Rev. T.Wiltshire,
F.G.S., from the Lower Chalk, near Folkestone, where he found it associated with
Salenia IJranulosa, Forb.
SALENIDJE.

Family

5.-SALENIDlE,

W'T1iJht, 1856.

This natural family nearly corresponds to the Salenies of MM. Agassiz and Desor, and
is distinguished from other families of the Eehinodea Endoo/Jclica by the peculiar structure
and great development of the apical disc, which, besides the five genital and five ocular
plates, has an additional or sur-anal plate, developed in the centre of the disc, immediately
before the anal opening; this plate in some genera is single, in others it is composed of
from one to eight separate elements.
The test is thin, and in general small, spheroidal, hemispherical, or depressed; the
ambulacral areas are always narrow, straight, or flexuous, with two rows of granules or
small tubercles, that alternate with each other on the margius of the area.
The poriferous zonesare narrow; the pores unigeminal, except near the peristome, where
they fall into oblique ranks of threes.
The inter-ambulacral areas are wide, with two rows of primary tubercles, which have
large bosses and crenulated summits; in Acrosalenia and Peeudosalenia the tubercles are
perforate, in Peltastes, Goniopkorue, and 8al-enia they are imperforate. The mouth-opening
differs in size in the different genera; the peristome is more or less decagonal, and
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sometimes deeply notched, or only feebly indented. The jaws are known in one genus,
in which they resemble those of Hemioidari«.
The spines in .Acrosalenia are long, slender, angular, or flattened, and the surface of
the stem, although apparently smooth, is covered with very fine longitudinal lines. In
Pseudosalenia they are enlarged, ovoid, sub-glandiform, and more or less granular; in
Peltastes and Salenia they are elongate, aeiculate, straight, curved, or bent.
From a misconception of the true relative position of the elements of the apical disc in
this family, much confusion exists in the works of different authors in the description of
this part of the test. " The great difficulty in the study of this group," says M. Desor,'
cc is to find the place of the madreporiform body; we are consequently embarrassed when
we attempt to assign the lateral parts to the longitudinal axis of these animals, unless we
admit that the sur-anal replaces the madreporiform body; but this would be contrary to
all analogy, because in all the other Cidarides the madreporiform body is an integral part of
one of the genital plates. M. Agassiz got rid of the difficulty by means of an hypothesis,
by admitting that the sur-anal plate is invariably placed in the plane of the animal, that it
therefore could only be anterior or posterior; hence his two divisions in the genus Salenia, the
first with a sur-anal plate posterior, and, consequently, with the periprocte .excentral and
before; the second with the sur-anal plate anterior, and, consequently, with the periprocte
excentral and behind." ~
Professor Johannes MiilIer assigns the left posterior genital plate as the bearer of the
madreporiform body in Salenia personata. "Dies wird auch durch die Salenien bestatigt,
wo die Langsachse dnrch die plaque suranale vor dem After bestimmt wird. An einem
im mineralogischen Museum aufbewahrten ausgeseichnet schonen Exemplar der Salenia
personata, Ag., mit vorderem After, Taf. I, fig: 9, ist die linke hintere Genitalplatte pores
und Madreporenplatte." S
I have selected fine specimens of Peliasies WrifJlttii, Desor, from the Lower Greensand, Peltasies Aueteni, Forbes, from the Lower Chalk, and Salenia petalifera, Desmarest,
from the Upper Greensand, and in all of these the madreporiform body occupies the
surface of the right anterior genital plate, as in the Oidaridte, Hemicidaride, Diademade,
and Echinidce. The sur-anal plate is central, and the anal opening posterior in a line with
the axis of the body, or inclined to the right side. In fact, the madreporiform body and
sand canal, whatever their true functions may be, have the same position in all the
Echinidea, recent and fossil, which I have examined, and probably the same in all
Echinodermata. Professor Muller's mistake, therefore, may have arisen from placing the
Salenia in a false position before him. The study of the apical disc in the Acrosalenia
reveals the true relation of its elements to each other, and proves that the sur-anal plate
'Synopsis des Echiuides fossiles,'. p. 138.
2 For further details on this subject, M. Agassiz's 'Monographies d':Eichinodermes: premiere Monographie
des Salt~nies,' may be consulted.
8 Joh. Miiller, 'Ueber den Bau der Echinodermen,' p. 7.
1
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has nothing in common with the spongy madreporiform body which occupies the surface
of the right anterior genital plate (PI. XV, fig. 4, a, z). I had the good fortune to make
this discovery some years 1 ago, when figuring and describing Acrosalenia hemicidaroides,
which urchin has furnished a key to the true relation of the bilateral pints to the longitudinal axis of the SALENIDlE. On this point M. Desor observes:
" Nous devons en outre M. Wright une autre decouverte plus importante, celle du
corps madreporiforme, qui fait partie integrante de l'une des plaques genitales comme dans
les autres Cidarides. Or eomme nous savons maintenant que eette plaque a une position
fixe dans tous les oursins, nous sommes par la meme en mesure de determiner l'avant et
l'arriere de ces animaux; et puisque les plaques sur-an~les sont situees en arriere de cette
plaque, il s'ensuit que le periprocte se trouve reellement refoule en arriere, Il ne peut
des-lors plus etre question d'Acrosalenies periprocte eccentrique en avant, comme on
supposait que c'etait le cas de l'Acrosalenia tuberculosa" &c.
" Il n'arrive que trop souvent que le disque apicial manque, et dans ce cas, il est tres
difficile de distinguer les Acrosalenies du genre Hemipedina decrit-oi-dessus. Cependant,
comme par suite du refoulement du periprocte en arriere la plaque genitale impaire ou
posterieure gagne plus que les autres sur le test, on peut encore, d'apres M Wright,
reconnaitre la place de cette plaque meme dans les individus depourvus d'appareil spicial." 2
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A Table 8howinfJ the Classification of the SALENID.lE.
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Inter-ambulaeral tubercles large ; apical disc wideand very SOlid,}
with an undulated circumference; surface of the large plates
ornamented with punctuations or sculptured figures along the Salenia, Gray.
line of the sutures j sur-anal plate single; vent posterior excentral and directed towards the right side.

Wright, 'Annals and Magazine of Natural History,'
'Synopsis des :Fjchinides fossiles,' p. 140.
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M. Cotteau thus describes the family er Salenidees," Wright :-Pores disposed in single
pairs; ambulacra sometimes large, straight, and presenting a double ra~ge of small
tubercles; sometimes narrow, and undulated, and garnished with granules; interambulacral tubercles few in number, largely developed, perforated, or imperforate, always
crenulated. Peristome sub-decagonal and furnished with entailles. Periprocte excentric
and posterior, placed in the axis of the animal or inclined a little to the right side.
Apical disc very large, solid, most often marked with deep depressions, composed of five
ovarial plates and five ocular plates perforated, with one or many sur-anal plates which
determine the excentricity of the periprocte. Madreporiform plate distinct, different
from the others by its spongy aspect and sometimes by a simple laceration, a fissure more
or less large which corresponds to the genital pore and seems directed invariably to
the left side. 'I'he spines are sometimes elongate, aciculate, or sub-cylindrical, furnished
with fine longitudinal striee in the .dcrosaienia kemicidaroidee, Wright, sometimes
enlarged, ovoid, sub-glandiform, more or less granular, as in the Peeudosaienia tuberculosa.
The SAL"ENIDlE are divided into two natural groups.
1st. 'I'he Acrosaienie have narrow ambulacra gradually enlarged towards the oral
aperture and provided with perforated tubercles more or less developed; the
peristome is divided into two lobes by deep incisions; the apical disc is very large and
provided with a sur-anal plate composed of. one or many elements; in consequence of
the number of small sur-anal plates, and their feeble union with each other, they are
seldom preserved.
2nd. The Saleni«, and the genera dismembered from them, have narrow ambulacra,
often undulated and garnished with tubercles; their peristome is feebly incised; the
apical disc is large and solid, projecting beyond the surface, and more or less deeply
marked with impressions at the sutures of the plates.
.
The .dorosalenie resemble Hemicidaris and H!/podiadema, except in the structure
of the apical disc, and when this portion is absent it is often difficult to determine the
genus to which the mutilated specimen belongs; but the great size of the discal aperture,
and the extension of the single ovarial plate into the single inter-ambulacrum readily
enable the trained eye of the observer to distinguish it from Hemicidaris.
The Salenie, on the other hand, resemble the ClDARlDLE by their narrow sub-flexuous
arnbulacra, furnished with granules, their wide inter-ambulacral areas, their large primary
tubercles, and the inflated ovoid or sub-glandular spines, sometimes supported on them;
their peristome is likewise feebly incised, like that of Oidaris.
'1'he Acrosalenia: form only a single genus, the species of which, with one exception,
are distributed throughout the Jurassic rocks.
The Salenie have certain distinctive characters by which they are readily distinguished
from the Acrosaleni(iJ. Ist. Their tubercles are all imperforate, and 2nd, the position of the
vent, or periprocte, is always excentric and posterior; sometimes it is situated in the axis
of the body, and sometimes out of the axis, and inclines to the right side. For this reason
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MM. Agassiz and Desor have separated from the true 8aleni((J the genera Peltaste« and
Hyposalenia. By the same authors a doubt has been suggested about the value of this
character, as it may be only an accidental and variable condition; to this objection
M. Cotteau replies, "that he has examined more than four hundred specimens of 8alem((J
appertaining to the different stages of the Cretaceous formations, and representing almost
all the known species, many among which, such as Peliastes ocantkoidee, P. Studeri, 8alenia
petalifera, 8. Prestensis, and 8. BourfJeoisi present characters that are clearly defined.
Nevertheless we have recognised in each of those species that the periprocte, whether
in the axis of the animal or out of the axis, occupies a place which is invariably the same."
The structure of the apical disc, and the lines and impressions marked thereon, afford
a character of secondary importance, for although the general outline of these sutures is
remarkably constant, still there are exceptions which show that caution must be exercised
in using it, along with others, in the determination of species. The size of the ambulacra,
and the number and magnitude of the granules contained therein; the form of the
test, the size of the inter-ambulacral tubercles; the dimensions of the oral aperture, the
structure of the peristome, and the depth of the incisions or entailles, collectively form
good specific characters on which we can rely.
M. Cotteau divides the family SALENID.£ into six genera, of which he gives the
opposable characters in the following table.'
A. Ambulacra large, straight, furnished with small tubercles; apical diSCJ
with a compound sur-anal plate, the elements of which are covered ACROSALENIA.
with granules.
B.

Ambulacra narrow, sub-undulated, furnished with granules; apical
disc large, prominent; sur-anal plate single; elements large shieldshaped, marked by regular impressions.

a. Tubercles perforated.
x. Periprocte excentral and posterior, situated in the}
. f h
. I
PSEUDOSALENJA.
axis 0 t I.' amma
xx, Periprocte excentral and posterior, situated with- }
HETEROSAJ,ENIA.
. 0 f th e b 0 d y
ou t th I.' axis

b, Tubercles imperforate.
x, Periprocte excentral and posterior, situated in the"]
I
axis of the animal.
'/!
•
I . Am b ~I acra desti
estitute 0 f porllerous
ImpresIrPELTASTES.
sions
J
2. Ambulacra furnished with poriferous im-}
,
GONlOPHORUS.
.
pressiona
xx. Periprocte excentral and posterior, situated with_J
out the axis of the body and inclined to the SALENIA.
right side
1

"Paleontologie Franeaise , Terrain Cretace,' tom. vii, p. 90.
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The family SALENID& commenced their life-career in the lower zone of the Inferior
Oolite. Aorosalenia: abound in the Inferior Oolite and the Cornbrash; and one is found in
the Coralline Olite. Pseudosalenia was discovered in the Corallian of the Haut Jura.
Heterosalenia is represented by one solitary species in the Chalk with Hippurites (Senonien
Inferieur). Peltastee and Goniopltorus are found chieflyin the Lower Cretaceous. Salenia:
occur in the Lower, Middle, and Upper Cretaceous rocks; and in the Tertiary Nummulitic
limestone of Biarritz, are represented by a curious species, 8alenia Pellati, recently found
in that formation. Our present seas contain, we are told, a representative form of this
family, which was recently dredged up off the American coast by the deep-sea dredgingoperations performed in 1869; beyond the alleged fact I know nothing whatever of the
genus to which this existing form belongs.

GenUS-PELTASTES, AfJa8siz, 1838.
SALENIA.

(pars), dgaaaiz, 1839.

HYPOSALENJA,

Deaor, 1856.

Test small, circular, more or less inflated above, and almost flat below; pores simple
. in the zone and crowded near the peristome , ambulacra straight, or slightly flexuous, furnished with two rows of small, close-set, homogeneous mammilIonated granules. Interambulacra large, provided with two rows of large, crenulated, imperforate tubercles.
Mouth-opening moderate in size, peristome divided into unequal lobes by feeble
incisions. Periprocte excentral and posterior, situated in the line of the animal's axis.
Apical disc shield-shaped, composed of large plates, more or less undulated at the
border; the disc covers in general alarge portion of the upper surface of the test, and
is marked by sutural impressions and striee that vary in the different species; the right
antero-lateral ovarial plate has an oblong fissure always directed from right to left,
corresponding to the oviductal pore and representing the madreporiform body.
Peliastes in its general form and structure resembles Salenia , it is distinguished from
the latter, however, by the position and direction of the periprocte, which is excentral,
and directed obliquely backwards and outwards and towards the right side; the ambulacra
likewise are less flexed, the mouth-opening is smaller and lies in a deeper depression;
the madreporiform fissure in the rightantero-lateral ovarial plate is smaller.
The genus Peltastes was established in 1838 by Professor Agassiz j and in 1846
MM. Agassiz and Desor comprised in the genus all the SALENIAD.£ in which the periprocte
was situated in a line with the axis of the animal, and this forms the leading character
by which it is distinguished from Salenia.
'I'he genus Peltastes is special to the Cretaceous formations; it commences with some
remarkable forms in the Lower Greensand, appears in full force in the Upper Greensand and
Lower Chalk; becomes rare in the Upper Chalk, and finally disappears from its upper stages.
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A.

8pecz'es from tlte Lower Oreensandor Neocomian.

PELTASTES W RIGHTII, Desor. PI. XXX, fig. I a -f, fig. 2.
SALENIA PUNCTATA,

HYPOSALENTA WRIGHTII,
PELTASTES

Eorbes, In Morris' Catalogue of British Fossils, 2nd ed.,
p. 89, 1854.
Woodward, Memoirs of Geol. Surv., App. to Decade V,
p. 7, 1856.
Desor, Synopsis des lijchinides fossiles, p. 148, 1856.
Cotteau. Paleontologie Fraueaise , Terrain Cretace, tome
vii, pl. 1028, figs. 1-7.

IJiagnosz's.-Test circular, upper surface convex, sides inflated, under surface flat,
ambulacra narrow, slightly flexuous,· with two rows of grannIes fifteen in each, equal in
size, and mammillated; poriferous zones slightly flexed, pores unigeminal, set in oblique
pairs, and multiplied around the peristome; inter-ambulacra wide, with five or six large
prominent tubercles, increasing in size from the peristome upwards. Apical disc very.
large, convex, subcircular, plates smooth, sutures marked with isolated points, periprocte
transversely oblong, a little prominent; mouth-opening large, peristome divided by
feeble indentations into ten lobes.
IJimensz'ons.-Height six tenths of an inch; transverse diameter one inch.
IJescription.-This beautiful typical form of Peltastes, and the oldest we at present
know, appears in our lists of English fossils as Salenia punetata, one.of the synonyms of
Peltastes etellulatu«. A comparative .study of specimens, however, convinced M. Desor
that the identification was erroneous; and he described' our Farringdon urchin as a wellmarked and distinct species, resembling Peltastes stellulatus, but separated from it in
having a more inflated test, with more numerous and less prominent tubercles, the apical
disc thinner and smoother, and marked only with some isolated punctations.
The test is circular, the sides are a little inflated, and the upper surface is convex and
depressed; the ambulacral areas are narrow and very slightly flexed with two rows of
mammillated granules, about fifteen in each. 'I'hey are very uniform in size and arrangement throughout the area, except at the base, where two pairs are a little larger; a line
of microscopic granules down the middle of the area divides the larger lateral rows from
each other (PI. XXX, fig. 1 e). The poriferous zones are wide for so small a test, and
the pairs of pores are obliquely but very regularly arranged in a unigeminal series; near
the peristome, however, they become a little more crowded and doubled.
The inter-ambulacral areas are wide, and in the large specimen I have figured fig. ] a
1

'Synopsis des :Echinides fossiles,' p. 148.
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there are six plates in each column; the tubercles increase in size from the peristome
upwards, .so that the three upper pairs of tubercles are the largest and most prominent
of the series (fig. 1 d and fig. 1/). A few large mammillated granules, unequal in size,
are arranged round the areola and in the miliary zone; a double row of smaller granules
occupy the middle space; the tubercles are raised upon large bosses with deeply crenulated summits, and the mammillon is prominent, projecting, and imperforate (fig. 1/).
The apical disc is very large, convex, subcircular, and entirely smooth, presenting in
the line of its sutures two or three isolated superficial punctations in some of them
(fig. 1 b); the sur-anal plate occupies the centre of the disc, and is situated immediately
before the vent; in one example (fig. 2) however, it is abnormal and rudimentary, and
forms an exceptional variety in an otherwise remarkably regular and symmetrical structure.
Of the many specimens of this Urchin that have passed through my hands this is the only
exception that has come under my notice. All the ovarial plates are perforated near the
centres of each; the madreporic laceration is small, but very distinct in the right
antero-lateral ovarial (fig. 1 b). The periprocte is sub-elliptical, rounded anteriorly, angular
posteriorly, and somewhat elevated and inflated at the border (fig. 1 b and fig. 2).
The base is flat and the mouth-opening large, one half the diameter of the test (fig. 1 c).
The peristome is circular and divided by feeble incisions into ten nearly equal-sized
lobes.
Affinities and ])iJ!erences.-This species presents great uniformity in its specific
characters, after a careful examination of a great many specimens I have found very little
variation from the type form I have figured and described. 'I'his specimen, belonging to
the British Museum, is unexceptionally large, and perfect in all its parts. Smaller
specimens are,"however, equally good for description. The Sponge-gravel in which this
Urchin is most commonly found is in general a very bad matrix for the preservation of the
tests of Eohinidee , when shielded by a ferruginous crust, derived from the matrix, the
more delicate portions of the urchin are wonderfully preserved. P. Wriglttii resembles
P. stellulatus; it is separated from that form by having a greater number of less prominent tubercles in the area; the. apical disc is likewise thinner and smoother, and the sutural
punctations are more isolated and more feebly marked.
Locality and 8tratigrapltical Position.-I have collected Peltastes lfTriglttii from the
Sponge-gravel bed of the Lower Greensand near Farringdon, Berks. it has been found
likewise in the Lower Greensand at Hythe, Kent j and at Atherfield and Sandown,
Isle ofWight j it is, therefore, a true Neocomian or Lower Greensand form.
History.-This species is a v.ery distinct form, and has been separated by Professor
Desor from P. punctatu8, with which it had been identified by most of our English authors.
The accuracy of this determination has been sanctioned by M. Ootteau, who has given a
very good description of the species, with excellent figures thereof, in his great work on
the Cretaceous Bchinidee, in the "Paleontologie Franeaise.'

152

PELTASTES.

PELTASTES STELLULATUS,

.AlJa88iz, 1846.

PI. XXXI, figs. I, 2, 3; PI. XLI, fig. 1 a-1/.

.Agfl8si::. Monog. des SalCnies, pI. ii, figs. 25-32, p.
15, 1838•
AREOLATA,
.Agfl8aiz. Ibid., pl. iii, figs. 1-8, p. 16.
STELLULATA,
.Agasaiz. ];1ehin. foss. de la Suisse, pl, xxiii, figs. 6-10,
p. 90, 1840•
AREOLATA,
.Agasaiz. Ibid., figs. 11-15, 1840.
PELTASTES STELLULATUS,
.dgassiz et Desor, Cat. raison. des ];1llhinides, Ann. Se.
Nat., 3e ser., tom. vi, p. 342, 1846.
.Agfl8aiz et Desor. Ibid.
PUNCTATA,
Mareou. Jura salinois, Mem. Soc. Geol,de France, 2e ser.,
t. iii, p. 140, 1848.
PENTAGONIFERA, .A. Gras. Ours. foss. de l'Isere, p. 29, pI. i, figs. 11,12,1848.
SALENIA STELLULATA,
Bronn. Index Paleeontologicus, p. 1008, 1849.
PELTASTES
D' Orhigny. Prod. de Paleont, strat., t. ii, p. 89, 1850.
PUNCTATA,
D'Orhigny. Ibid.
PELTASTES STELLULATA,
Cotteau. Catal. des ];1chinid. neocomiena, 1851.
Bronn, Leth, Geognost., Kreidegeb., pI. xxix, fig. 5, 1852.
HYPOSALENJA Desor. Synops. des ~chinid. foss., pI. XX, figs. 6-8, 1856.
PUNCTATA, Desor. Ibid.
P,ELTASTES STELLULATA,
Pictet; Traite de Paleont., 2e ed., t. iv, p. 248, 185i.
PUNCTATA,
Pietet. Ibid.
PENTAGONIFERA, Pietet, Ibid.
COURTAUDINA, Pictet, Ibid.
Leymerie et Raulin. GeoI. de l'Yonne, Stat. geol. du dep,
de l'Yonne, p. 420, 1858.
STELLULATA,
Leymerie et Raulin. Ibid.
HYPOSALENJA Cotteau. ];1eh. foss. de l'Yonne, pI. 54, figs. 1-10, 1859.
PELTASTES STELLULATUS,
Cotteau. Paleontol. Franeaise , Terrain Cretace, pl, 1023,
p. 100, 1862.
SALENIA STELLULATA,

IJialJnosis.-Test small, circular, convex above, flat below, poriferous zones straight,
formed of oblique pairs, ambulacra straight, two rows of homogeneous mammillated
granules, set closely together, fourteen in each row. Inter-ambulacra wide, two rows of
tubercles, five in a row, unequal in size, large at the ambitus, and small near the base;
apical disc very large, round, and depressed; sutures well marked with isolated points, and
fine incisions; madreporic fissure small, distinct, and surrounded by an elevation of
the plate.
])i11lensions.-Height three tenths of an inch; transverse diameter half an inch.
Deecription s-«The table of synonyms affords evidence how changes of form in certain
parts of an Urchin lead to confusion in the identification of the species, and how impossible
it is to define in a few words certain organisms among which the same structures vary much
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in different individuals with age and the changing conditions of their existence. The
apical disc of Peltastee stellutatus, Ag., is one of these; M. Cotteau remarks'
that the ovarial plates are sometimes almost smooth, and present hardly any isolated
points, as in P. pentagoniferus, Gras. In certain examples the number of these points
augment sensibly, and the plates remaining perfectly smooth, the lines of the sutures are
punctuated (P. jJunctatus, Ag.). Instead of isolated points, the sutures are often marked
with lines or incisions which extend along the surface of the plates, and give to the apical
disc a very remarkable parsley-leaved aspect (P. stellutatu8, Ag.). Sometimes this character is exaggerated; the incisions become deep, and penetrate even into the interior
of the plates, which unite at certain points, and produce a remarkable variety of disc seen
Echino8jJatagus cordiformis ill the
in certain specimens collected from the calcaires
environs of Auxerre. In other examples, the plates independent of the points, more or
less elongated which exist on the suture, are bordered by little flexuous bourrelets, which
become attenuated as they approach the centre, as in P. Oourtaudinus, Cot. These varieties, when studied separately, as they were discovered by different observers, were
regarded as so many distinct types; but a careful comparison of the series has taught M.
Cotteau that they are only so many varieties of the same species. The admirable figures
given of these variations fully confirm my learned friend's conclusions on the unity of the
species. The structure of the apical disc forms, therefore, an important character in the
history of this species; and as the observations that have been made upon the differences
noted on the ornamentation and sculpture of its elements are applicable to other forms of
Peltastes, the careful study of this structure requires thoughtful notice in making a
diagnosis of all supposed new forms of Salenidee.
The ambulacral areas are quite straight (fig. 1 b), and between the two lateral rows
of mammillated granules a zigzag line of microscopic granulets extends from the base to
the summit (fig. 3 b).
The inter-ambulacral areas are wide and furnished with two rows of tubercles having
crenulated bosses and imperforate mammillons , they are prominent, unequal in size,
largest at the ambitus, and decrease towards the peristome , very large mamrnillated
granules fill up the miliary zone and form very regular circlets around the primary
tubercles. Between these granules in well-preserved specimens a number of microscopic
granulets are seen closely arranged around their base.
The mouth-opening lies in a slight depression, and the peristome is divided into ten
lobes by feeble incisions, with reflected borders (fig. 2).
The vent is transversely oval (fig. 3 a), and the periprocte has a slightly elevated and
inflated border.
A variety of :Peltastes stellulatus, Ag., figured ill detail (PI. XLI, fig. 1 a-g), was collected by the Rev. T. Wiltshire, F.G.S., from a greenish yellow band of the Red Chalk
at Speeton, Yorkshire. The tree position of this specimen was between the upper por-
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tion of the Gault and the base of the Upper Greenaa1¥l; this stratum. about nine feet
thick. contained small Grypl1,(e(JJ and Terebratula 8emit/lQbos(JJ with the Peltastes, and
few fossils besides these. The apical disc (fig. 1 b) shows many punetuations in the line
of the sutures ; one entire ambulacra, magnified four times, is shown (fig. 1 f}.and
one entire inter-ambulacra, equally enlarged. in fig. 1 e , the structure of a single plate.
magnified six times. in fig. 2 p. and the disc isolated. magnified four diameters, is shown
in fig. 1 d. All these figures are drawn with the utmost care and truthfulness for
comparison with other varieties of this species collected from the Sponge-Gravel of
Farringdon and figured in PI. XXXI, figs. 1-3. For an account of the Red Chalk of
Bpeeton, in which this Peltastes was collected, the reader is referred to page 8 of this
Monograph.
Aifinities and IJijfer.ences.-P. stellulatus resembles P. Wri!Jhtii, but, according to
M. Cotteau, the speoies are quite distinct. M. Cotteau had a large series of the different
varieties of P. stellulatus to compare with specimens of P. Wriglttii from Farringdon, sent
him by my lamented colleague, Professor Edward Forbes, and after a careful study of
these fossils my learned friend observes, it is true, that P. stellulatus (var. punctata)
closely resembles P. Wrighttii, but nevertheless it is separated from it by its form being
more inflated. its tubercles more numerous and less prominent.its apical disc more smooth,
less thick, and marked only with. some isolated points. I
Locality and Strati!lrapltical Position.-This species. which is very rare in England.
was collected from the Lower Greensand at Farringdon, Berks. and the Red Chalk at
Speeton, near Filey Bay, Yorkshire.
It is abundant, according to M. Cotteau, in France, in the Neocomien inf, et moyen
at Saint-Sauveur, Fontenoy, Leugny, Auxerre, BernouiJ, Tronchoy (Yonne); Marolles,
Soulaines (Aube); Saint-Dizier (Haute-Marnej , Germigney (Haute-Saonej , Fontanil
(Iserej , Censeau, les Rousses (Jura). where it is abundant; and in Switzerland,
according to Professor Desor, in the etage Valanginien or N eocomien inf. at La Chauxde-Fonds, Sainte-Croix, Hauterive, Lauderon pres Neuchatel,

PELTASTES LARDYI.

Desor.

PI. XXXI, fig. 4 a, b, c, d.

HYl'OSA.LENIA L.A.RDYI, Deeor, Synops. des Echinides Fossiles, p. 148, 1856.
SALENl.A. .A.CUl'ICTA, Desor,
Ibid.,
p. 152.
HYl'OSALENIA LARDYI, Pictet et Renevier. Foss. du terr. Aptien de la Perte duRhone,
p. 161, 1858.
PELTASTES LARDYI, Cotteau. Paleontologie Francaiee, terr. Cretace, t, vii, p. 106,
pl, 1024, 1862.

Test circular, upper surface convex, under surface flat, sides inflated, poriferous zones
straight, ambulacra narrow, straight, two rows of homogenous mammillated granules",
I

"Paleontologie Franeaise, terrain Cretace,' t. ni. p. 105•
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eighteen in each. Inter-ambulacrs wide, two rows of tubercles, five to six in each, largest
at the ambitus. Apical disc large, circular, with undulating borders. Mouth-opening
circular, peristome decagonal, vent transversely oval.
IJime'llsiona.-Height four tenths of an inch; transverse diameter eight tenths of
an inch.
IJescription.-This Salenia, belonging to the British Museum, is a very rare
late friend Dr. Woodward to P. Lard!Ji. The test is
form, and was referred by
circular with inflated sides; the upper surface is convex and elevated, and the base is flat.
The poriferous zones are straight, formed of oval pores arranged in oblique pairs;
separated a small granule, and unigeminal, throughout, except at the base, where they are
a little crowded.
The ambulacral areas are straight, with two rows. of marginal homogenous, mammillated, granules, eighteen in a row (fig. 4 c, d); between the rows there are a double
series of microscope' granulets filling in the spaces.
.The inter-ambulacral areas are large, with two rows of tubercles, five to six in
each (fig. 4 d), largest at the a:tnbitus, diminishing above towards the disc, and below
towards the peristome; a double row of large mammillated granules extends down the
middle of the area, and forms circlets around the tubercles; a large mammillated
tubercle occupies the outer angle of each plate near its union with the poriferous zones
(~g. 4 c, d). Around the base of these granules a number of small granulets are freely
distributed; the surface of the test has therefore a highly ornamented appearance.
The apical disc is large and undulated at the border; in our specimen (fig. 4) the
sutures are much filled in, and the typical character of the species is thereby obscured.
In the beautiful specimens from the Aptien of Auxerre the sutures are sharply engraved
with isolated points and lines of incision, so'as to impart a parsley-leaved character to all
the elements of the disc. The vent is moderately wide and transversely oval, and the
rim of the periprocte is a little elevated.
The mouth-opening lies in a slight depression, it is about half as wide .as the diameter
of the test. The peristome is decagonal, and marked by feeble incisions; of the ten
lobes those over the ambulacra are the largest.
.Affinities and IJijferences.-In its form and general characters P. Lard!Ji approaches
P.stellulatus; it is, however, a larger Urchin, with its upper surface more convex and inflated,
sometimes it even assumes a sub-conical shape; the marginal rows of mammillated
granules on the ambulacra are mote numerous, and separated from each other by a double
series of microscopic granulets; the apical disc is likewise thicker and more prominent.
Localit!J and Stratigrapltical Position.-Collected from the Sponge-gravel of the
Lower Greensand, near Farringdon, where it was associated with P. Wri!Jktii. It is a
v~ry rare form in the English Neocomian strata.
The fossil figured belongs to the
British Museum, and is the only English specimen I know.

my
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B.

Speciesfrom the Upper Greensana.

PELTASTES CLATHRATUS, Aflas8'iz.

PI. XXXII, fig. 1 a--f, 2, 3, 4.

Parkinson's Organic Remains, vol. iii, pl. i, fig. 13, 1811.
Aga88. MSS. Morris's Catalogue of British Fossils, p. 58, 1843.
STELLULATA, Id.
Ibid.
Ibid.
UMBRELLA,
Id.
Ibid.
Ibid.
ORNATA,
Id.
Ibid.
Ibid.
CLATHRATA, Bronn. Index Paleeontologicus, p. 1007, 1849.
UMBRELLA,
Id.
Ibid.,
p. 1008.
CLATHRAT~, For6e',
In Morris's Catalogue of British Fossils, 2nd ed.,
p. 89, 1854.
STELLULATA,
Id.
Ibid.
Ibid.
UMBRELLA,
Id.
Ibid.
Ibid.
CLATHRATA, Woodward.
Mem. of GeoI. Survey, App. to Decade V,
p. 6, 1856,
Desor. Synopsis des :J!}chinides Fossiles, p. 151, 1856.
PELTASTES CLATHRATUS, Cotteau.
Paleontologie Franeaise, terr. Cretace, tome vii,
p. 119, pl, 1028, fig. 8-18, 1862.
SALENIA CLATHRATA,

lJiaflnosis.-Test subglobose very convex above, poriferous zones straight, ambulacpa
narrow, straight, with two rows of mammillated granules. Inter-ambulacra wide, three
pairs of prominent tubercles, miliary zone narrow. Apical disc very large, covering nearly
the entire upper surface, its outline very deeply indented between the ovarial and ocular
plates, which are smooth, and deeply notched at the sutures; those connecting the centres
of the plates forming a distinct pentagon, each of the ovarial pores is the centre of five
radiating grooves with angular depressions between them.
lJimensions.-Height nine twentieths of an inch; six tenths of an inch.
lJescription.-This Salenia is a very common species in the Upper Greensand of
Wiltshire, where it is often found in a fine state of preservation. The test in general is
small and subglobose, although depressed varieties sometimes occur. It is collected
likewise from the Grey Chalk near Folkestone, from whence the largest individuals have
been obtained. In the subglobose forms the upper surface is convex and inflated, and
the under surface is flat, with rounded sides (PI. XXXII, fig. 1 a). The ambulacral
areas are narrow and very slightly flexed; two rows of small mammillated tubercles,
fourteen to sixteen in each, set closely together, are placed on the sides of the area (fig.
1 a), and a line of microscopic granules occupies the centre, and a few are scattered
between the tubercles (fig. 1 e). The poriferons zones are slightly flexed (fig. 1 a), and
the holes lie in oblique pairs (fig. 1 e); the septum separating each pair has a prominent
elevation; and there are eight pairs of holes opposite the larger plates.
The inter-ambulacral areas are wide, and the plates in the columns unequal in size;
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there are four or five tubercles in each series, and of these the two uppermost only attain
a considerable development (fig. 1 6, and fig. 1 a, and fig. 3). The others are much
smaller, and diminish in size as they approach the peristome (fig. 1 c and fig. 1 a); the
margin of each plate is surrounded by a series of small mammillated granules (fig. I e,
and fig. 3), which form a circle around the tubercles, and in the upper part of the area
between the larger granules a number of smaller granulets are placed between them
(fig. 1 a), thus completing the ornamentation of the miliary zone.
The base of this urchin is flat, and the mouth-opening small (fig. 1 c); the peristome
is divided into ten nearly equal lobes, by feeble incisions (fig. 1 f and fig. 1 c).
The apical disc is very large, and occupies all the upper surface of the test (fig. 1 b,
fig. 3). Its ovarial plates are deeply cut, with numerous incisions, which are much better
defined by figures than words; faithful portraits of these most complicated impressions
my friend Mr. Bone has given in fig. 1 6, fig. 2, fig. 3, and fig. 4. These incisions are
large and deep, and extend through the thickness of the plates; three deep incisions mark the
line of suture between the ocular and ovarial plates (fig. 2); the two antero-lateral ovarials
have another series of impressions of a like character before the vent and behind
the oviductal opening. The oviductal holes are large; the two anterior are placed
forward on their respective plates; the three posterior lie near the inner borders of
the genital plates and opposite the angles of the periprocte. The ocular plates are heartshaped, and the orbit occupies a depression at the summit of the ambulacra, near th.e
extreme border of the plates. The vent is large and transversely oblong, sometimes
even becoming angular (fig. 1 6). The periprocte is elevated, and its funnel-shaped
extremity encircled by a bourrelet directed backwards (fig. 3). Most specimens show
this elevation of the vent, but in many varieties it is not so conspicuous as in the type
specimen figured in fig. 3, where the test is magnified twice. The spines are long and
needle-shaped (PI. XLII, fig. 4); above the milled ring is a broad band of longitudinal
lines, and the rest of the stem is covered with very fine longitudinal microscopic lines. For
further details on the spines of this and other species, see description of PI. XLII.
AlJinities ana .Dijferencea.-Peltaatea clathratua is readily distinguished from its congeners by its subglobose test, the great size of its apical disc, and the number, width, and
depth of the numerous incisions that divide its surface; its flat base and small mouth
opening, with its rounded sides, present an ensemble of characters which well characterise
the species and separate it from all the others.
Localil!J ana StratitJraphical Poaition.-This species was in former years very common
in the Upper Greensand near Warminster. Small examples were most abundant, and
large specimens were rare. The largest tests are collected from the Grey Chalk near
Folkstone; my kind friend the Rev. T. Wiltshire has obtained several large examples from
this stratum, and several of these have their spines in aitu on the test.
M. Cotteau gives as the French localities of this species, where it is very rare, l'Etage
Cenomanien, Le Havre, Seine-Inferieure, La Perriere, Orne, Craie a Scaphites.
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PELTASTES UMBRELLA,

Aga8SiZ, MSS.

PI. XXXIV, fig. 1 a-d, fig. 2 and 3.

SALENIA UMBRELLA, Aga88. MSS. Morris's Catalogue of British Fossils, p. 58, 1843.
Id. Forbes, in Morris's Catal. of British Fossils, p. 89. 1854.
CLATBRATA., Id. Woodward (pars), Mem. of Geol. Bury., App. to Decade V,
1856.

lJiagnosis.-Body subglobose, convex above; apical disc large, covering the upper
surface, its outline deeply indented between the ovarial and ocular plates, sutural grooves
deeply and sharply cut, those connecting the centres of the plates forming a distinct pentagon. Each oviductal hole forms a centre, from which five grooves radiate, having angular
pits between them; sur-anal plate marked with an inverted triangle formed by horizontal
and inclined incisions. Ambulacra wide j two rows of mammillated tubercles crowded
with granules around the base; interambulacra with four large tubercles in the upper part,
and all the others small, diminishing towards the peristome; base flat, mouth-opening
small.
lJirnensions.-Height, one quarter of an inch; latitude half an inch.
lJescr£ption.-I have figured the type specimen of this form belonging to the British
Museum, as it is the species Prof. Agassiz gave this manuscript name to many years
ago, when he examined the Cretaceous Urchins in the National Collection. Whether P.
umbrella is specifically distinct from Peltaetes clatkratus I am not in a position to decide.
The apical disc is certainly much more angularly incised, and more sharply defined than
in P. clatkraiu«, and placing two well marked specimens of these type forms in contrast, the
decision would be in the affirmative; but then we have the evidence of M. Cotteau, who
informs us that the incisions and impressions on the disc alone are not to be relied on as
specific characters,as one form glides into another by a series ofintermediate gradations,which
connect together forms that appeared when isolated to be very distinct from one another.
The ambulacral areas are nearly straight, and have two marginal rows of small mammillated tubercles, fourteen in each. The mesial space between the rows and tubercles is
filled with microscopic granules (fig. 1 c). The poriferous zones are conspicuous, and the
pores placed in oblique pairs. The inter-ambulacral areas are wide, and the plates in
the columns unequally developed, those above the ambitus are the widest, and support
large tubercles; from the ambitus to the peristome they gradually become smaller, and
their respective tubercles diminish in the same proportion (fig. 1 b, fig. 1 c, and fig. 2).
The apical disc is large, and its circumference much indented between the margin of
the ocular and ovarial plates (fig. 1 a, and fig. 3), presenting two beautiful varieties of this
remarkable structure. The sur-anal plate situated before the periprocte is marked with
incisions that form a triangle; each oviductal hole of the two antero-Iateral ovarial plates
forms a centre, from which five incisions radiate, and from each oviductal hole in the other
three ovarial plates four incisions radiate outwards, having angular pits between
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,them. 'I'he vent is raised on an eminence which is directed backwards. The anal opening
is transversely oval, and the periprocte forms a thickened bourrelet, which is oblong in the
variety fig. 1 a and angular in fig. 3. In both figures the apical disc is magnified four
~iameters.

The base of the test is flat, and the mouth opening small, about one third the diameter
of the test. The specimens figured in figs. 2 and 3 have been kindly communicated by
W. Cunnington, Esq., F.G.S., as remarkably well marked forms of this species.
Ajjinities and ])ijferences.-The test of P. umbrella closely resembles that of P.
clathratus, the difference chiefly residing in the form and structure of the apical disc, which
cap. be much better understood by a comparison of the figures in PI. XXXII, fig. 2, and PI.
XXXIV, fig. 1 a, fig. 1 b, fig. 1 d, and fig. 3, and to which we must beg to refer the
reader,
Locality and 8tratigrapltical Position.-The type specimen was collected from the
Upper Greensand near Warminster, associated with Peltastes clatltratus in the same
stratum.
PELTASTES

BUNBURYI, Forbes, sp.

PI. XXXIX, fig. 2 a-i.

SALENU BUNBURYI, Porbe«: In Morris's Catalogue of British Fossils, p. 89, 1854.
Woodward. Mem. Geo1. Surv., App. to Decade V, p. 6, 1856.

IJiag1losis.-Test subglobose, much elevated, sides tumid, base wide and flat; oral
aperture depressed; apical disc large, very deeply indented at the border, between the
ocular and ovarial plates; a series of ten elliptical ridges with central depressions forming
an ornamented pentagon on the disc; sur-anal plate with two pairs of oblique elliptical
ridges. Vent large, diamond-shaped, excentral, looking obliquely backwards, with a
thickened periprocte. Ambulacra narrow, slightly flexed, with small remote marginal
tubercles, separated by a prominent ridge of microscopic granules. Inter-ambulacra wide;
three prominent tubercles at the ambitus, and four smaller near the base; upper surface
covered with scattered granules.
])imensions.-Height, half an inch; transverse diameter, thirteen twentieths.
])escriplion.-The original and unique specimen of this 8alenia was presented to the
Museum of the Royal School of Mines by E. H. Bunbury, Esq., M.P. My late lamented
colleague Professor Edward Forbes named this Urchin, without leaving any notes of its
specificcharacters. A brief diagnosis of these were given by my late friend Dr. Woodward
in his appendix to the fifth Decade of the Organic Remains in the Memoirs of the
Geological Survey. - It is now figured for the first time.
The test is subglobose and much elevated (fig. 2 a-d), inclining to a conical form.
The ambulacral areas are narrow, and slightly flexed with two rows of small remote
marginal tubercles, sixteen or seventeen in each row. These are separated by a median
ridge formed of microscopic granules, which fill up all the space unoccupied by the tubercles.
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The poriferous zones are narrow, the pores small and placed in oblique pairs, of which
there are forty in each zone. The septa between the pores are capped by a prominent
granule.
The inter-ambulacral areas are wide, and the plates in the columns of unequal size.
There are three large tubercles in each area; of these one is very large, and two moderately so; the five others diminish gradually towards the peristome , the upper surface is
destitute of tubercles, and this vacant space is covered with small, various sized, sparsely
scattered, mammillated tubercles; a series of these encircle the areolas of the primary
tubercles. Fig. 2/ represents an inter-ambulacral area, magnified four diameters,
showing the great disparity existing between the volume of the different tubercles developed therein. The miliary zone is likewise ornamented with similar bodies. Fig. 2 k
displays these parts, magnified six times, in a single plate, and fig. 2 i a tubercle seen
in profile.
The base is wide and flat, and highly ornamented with the small close-set tubercles
of the inter-ambulacral areas. The oral aperture, one third the diameter of the test, lies
in a depression (fig. 2 c). The peristome is divided into ten lobes by feeble incisions.
The apical disc occupies a large portion of the upper surface; its border is exceedingly sinuous, and deeply incised at the marginal boundary line between the ocular and
ovarial plates; from each oviductal hole two pairs of elliptical-shaped incisions proceed,
and right and left to join those proceeding from the adjoining oviduct; and these form
the sides of the pentagon which extends around the disc. The sur-anal plate is marked
by two pairs of elliptical incisions, which join those from the anterior ocular, and thus
form a diamond-shaped impression before the vent (fig. 2 c). The ovarial plates terminate in three-lobed cardiform expansions, and from each side of the orbits similar heartshaped trilobate bodies stretch obliquely outwards. The disc of this species forms a
most complicated structure, of which words fail to give any adequate idea. Fortunately,
my friend Mr. Bones' admirable figures supply the eye with the fine symmetrical proportions of this intricate bit of anatomy. Consult fig. 2 a, b, a, e, for all details.
The vent is large and looks obliquely backwards; it is of a diamond shape, with a
thick prominent periprocte , at the three posterior angles of this bourrelet the single and
postero-lateral oviducts open, the two antero-laterals are placed much in advance on the
lateral boundary of the sur-anal.
L1jfinities ana J)ijferences.-The sculpture of the apical disc and the deep incisions
through the same reminds us of some forms of Peltastes clathratus; the margin, however,
is more deeply indented, and the style of ornamentation on the same is different; the
marginal tubercles on the ambulacra are smaller and more remote,. and divided by a
prominent granulated ridge; the structure of the inter-ambulacra exhibits a considerable
difference, and the pores in the zones are smaller and more numerous.
Locality ana Stratigrapltical Position.-This rare Salenia was collected from the
Lower Chalk, Mildenhall, near Bury St. Edmunds. The original and unique specimen
is in the Museum of the Royal School of Mines.
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}'ROM rrHE RED CHALK.

PEI.TASTES WILTSHIREI, Wright, novo sp.

PI. XL, fig. 1 a-lt.

IJiagnosis.-Test subglobose,elevatedat the upper surface,flat at the base; ambulacra
narrow, straight, two rows of marginal mammillated granules; poriferous zones narrow,
and slightly flexed; inter-ambulacra wide, two rows of large tubercles, five in each; apical
disc very broad, margin deeply cut out; ovarial plates largely incised; vent elevated;
periprocte prominent, projecting outwards and backwards.
IJimensions.-Altitude, six tenths of an inch; latitude, eight tenths of an inch.
IJescription.-We owe the discovery of this beautiful Peltastes to the long, careful, and
patient study of my excellent friend, the Rev. T. Wiltshire, F.G.S., on the red chalk of
England, to whose valuable collection it belongs. The test is subglobose, much elevated
on the upper surface, and covered with a very large apical disc; the base is flat, and the
sides are tumid.
The ambulacral areas, very narrow and straight, are occupied by
two rows of small oblong mammiIIated marginal granules, about nineteen in each row,
separated by a narrow band of fine, close-set granulations, which extends from the base to
the summit of the area; the poriferous zones are narrow and slightly flexed, and the
small pores are arranged in oblique pairs, of which- there are thirty-eight in each zone.
Fig. Ifexhibits one entire ambulacrum, with its poriferous zones, magnifiedfour diameters.
The inter-ambulacral areas are wide and largely developed (fig. 1 a, d, e); the ovarial
and ocular plates of the apical disc cover up much of the upper portion (fig. 1 b, d, e);
there are ten primary tubercles in each area, of which four are very large, two small, and
four smaller; they are all surrounded by wide areolas (fig. 1 d, e), and around their
margins a few large granules are sparsely disposed, about five around the largest plates,
three at the central, and two at the zonal side of the plate, as shown in fig. 1 It. The
base is flat (fig. 1 c), about two fifths the diameter of the disc, the mouth-opening is
nearly one half the diameter of the test, and the peristome is divided into ten nearly
equal lobes by deep incisions; the numerous small tubercles at the base of the areas, and
the larger size of the marginal ambulacral granules, impart to this region of the test a
highly ornamented appearance (fig. 1 c).
'I'he apical disc (fig. 1 b andg) is a large and complicated structure; the suranal plate lies
in front of the vent, and is notched with sections of four elliptical impressions; the ovarial
plates are large and cut in a like manner into similar patterns, the two adjoining p1ates
contributing each one half of the ellipse, so that the sculptured pattern on the entire dis~
is made up of separate pieces like mosaic; the oviductal holes are in the middle of the
plates and on the right antero-lateral ; the madreporiform tubercle appears like a laceration
on the inner side of the oviductal hole-this has unfortunately escaped the eye of our
artist, as it looks more like a portion of decayed plate than a veritable natural structure.
The ocular plates are likewise large, and have five or six notches round their border, which
in like manner join similar notches on the' ovarial plates and complete the elliptical pattern
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of the sculpture of the disc; the outer border of each ocular plate forms a crescent around
the summit of the ambulacra, and the terminal portions of the ovarial plates form an elegant
five-leafed petal extending down the middle of the inter-ambulacra ; the outer margin
of the disc is therefore very deeply incised between the ovarial and ocular plates, and
produces a structure which will be better understood by an examination of fig. 1 f/, magnified four diameters, than by any verbal description. The vent is large and the periprocte
bluntly diagonal, angular at the side's, and less convex before than behind (fig. 1 IJ) ; when
viewed in profile, as in fig. 1 a and a, the apical disc is conspicuously prominent, and the
elevated periprocte is seen to be very excentral and projected far backwards.
Affinities ana ])ijferences.-This beautiful species in its general characters resembles
Saienia Austeni, Forbes; but a careful comparison of the tests of both species discloses
important differences; the ambulacra in P. Wiltsltirei are narrower, with only two rows of
oblong marginal granules throughout, whilst 8. Austeni has four rows in its wider
ambulacra. The inter-ambulacral areas in P. Wiltsltirei are wider, and the primary
tubercles therein fewer and larger than in 8. .dusteni, The apical disc of P. Wiltsltirei
is much larger; the marginal incisions are deeper, the lines of sculpture wider, and the
periprocte is in the axis of the suranal plate.
This species resembles P. Bunburyi, Forb., in the general structure of the test, and of
the apical disc; the inter-ambulacral areas in P. lYiltshirei are wider, the tubercles are
larger and more regular, the apical disc covers a wider surface of the test than in P.
Bunburyi, and is deeply sculptured after a different pattern, both around the margin and
along the sutures of the plates.
Locality ana 8tratiIJraplticalPosition.-This Peitastes is a very rare Urchin in the Red
Chalk of Hunstanton Cliff, Norfolk, where it was found by the Rev. T. Wiltshire, F.G.S.,
who has contributed a valuable paper on this stratum to the' Quarterly Journal of the
Geological Society," and from which I have made the following quotations, as the true
position of the Red Chalk is well defined in that communication. I am indebted to the
kindness of the Council of the Geological Society for the use of the annexed woodcut
illustrating the stratigraphy of this locality.
Hunstanton Cliff" is marked by three parallel coloured bands, slightly inclined, and
cropping out in succession on the surface soil, of which bands the uppermost is white, the
next bright red, and the lowest yellow, each division being sharply defined, without any
intermingling of tints at the line of contact.
. The highest stratum, the white, consists of a hard calcareous substance, compact in texture, and much shattered and fissured,
originally deposited in such a manner that its materials were arranged in definite layers,
two of which (a b), those forming the base, are represented in the annexed section drawn
to scale. The first of these (a), in thickness about 2 feet 6 inches, is noticeable for the
presence of an enormous quantity of fragments of Inocerami dispersed throughout its
1

'Quart. Journ, Geol. Soc.,' vol. xxv, p. 185, 1869•
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whole exte nt , and whi ch under the influence of weathering impart to this portion of the
cliff a jagged nnd rough appearance. Its characteristic fossils are spines of Cidaris oesiculosa, Hola ster planus, Vermicularia umbonata, TereS ection of Hun st anton Cliff:
bratulina fJra cilis, Terebratula semi!Jlobosa, and Plicatula i1ljla ta. The band b, in thickn ess about 1 foot 2
inches, is conspi cuous for a meandering and manybranched Sponge (S!JphoJlia paradoeicai, sp ecimens of
whi ch ar e visibl e in the cliff only in short lengths, but
on th e fallen blo cks washed by the sea are seen to
extend continuously and horiz ontally over many square
feet of sur face. 'I'he undersid e of b departs from th e
general arrangem ent in th e oth er courses ; for it s base,
instead of forming a flat or approximately flat floor, is
A
broken up into a seri es of irregularly rounded rid ges
and hollows, which undulate perp endicularly within th e
B
limits of a few inches, and ar e represented in the section.
'I'he fossils from this bed (b) are not so many (uumeri.
c
cally speaking) as th ose in a. Th e ch ief forms are
Siphonia p aradoaiica, Terebraiula biplicaia, Terebratula
se1llifJlobosa,var, undata,KiJlfJella lima,.duicula fJryphaoides,
and In oceramus latus.
" N ext in success ion , in descending orde r, is th e red
stratum, locally called th e ' Re d Chalk,' marked by all
abund an ce of organic remain s, some of whi ch, as
"
Bour!Jllelicrillus rllfJosus and Terebratula capilIata, are ,
in En gland, special to this deposit . Lithologically it
y
is unlike the beds a bove it, from th e fact of its a bounding in gr eat numbers of rolled and subaugular pebbles
of quart z, slate, &c., whi ch for th e most part are of small
!J
size and insignifi cant, th ough occasionally assuming
lar ger dim ension s. In app earance it is divi sible into
three almost equal portions , of which th e first (A) has towards it s base a large
quantity of fra gm ents of Inocera mi, th e secon d and thick est divi sion (n) is rich ill
Belemnites, and th e third and lowest (c) yields many Terebraiula, Th e bands A and B
are exceedingly h ard and stony , and sufficiently tabular in charact er to have offered a
plane of resist ance to former }lpheaving forces, and to have afford ed grea t support to the
overlying white beds ; thus, although th e whole cliff was evid ently, in ancient geological
times, much dis turbed, the perpendicular fissures which rise out of the yellow bands
" A thickn ess of upw ard s of 30 feet is here omitted for convenience.
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(T, x) cease just before reaching the layer B, affect the red beds to the right and left of

the points of application, and then start upwards through the white stratum in new positions and in greater number. The colouring matter in A is less equally distributed than
in Band c, and. seems to have been accumulated as an envelope around irregular spheroidal
masses; in B the tint is of a lighter, and in c of a darker shade than in the highest
division. The middle bed (B) is in substance the hardest and most homogeneous of the
three; the last (c) is the least compact. Viewed in the cliff, A wears a mottled aspect, B
a nodular facies, and c a plain surface. Towards the base of the bottom bed (c) the hard
limestone character of the Red Chalk is lost, and the stratum degenerates into a somewhat sandy incoherent mass, hardly differing from the underlying. yellow division, except
in colour. On account of the less compact nature of the last of the three red beds, fossils
are more easily procured from it, have their surfaces in better condition, and are more
readily seen when of small size. Resting on the top of A and filling the undulations on
the under side of the lowest white bed (b) is a bright red argillaceous substance, very
friable, without sand, apparently destitute of organic remains, and never exceeding two
or three inches in thickness.
" The fossils in the three red beds are for the most part similar, and suggest the inference that all three bands may be considered as forming a single division, and composing
one geological stratum. In the case where certain fossils have been seen only in the
lowest part, their absence elsewhere may be accounted for on the ground that the upper
bed (A) is less numerically abundant in organic remains than are those below, and that
the middle bed (B) is so exceedingly hard and compact as to diminish the .chance of
discovering fossils. Avicula gryphceoides and Spongia paradoeica would seem, however,
to be special to the upper part of A, the highest of the three red beds. The dip of these
beds in the cliff is about 2° to the north; sections inland, taken at right angles, give the
same number of degrees to the east.
"Underlying the Red Chalk is a coarse sandy deposit (x, Y of the Section) termed
in the district' Carstone,' of a yellow tint, loose in composition, and full of small pebbles,
which are subangular and polished. The upper part (x), for about 8 feet, consists of
much sand, and is succeeded by a dark brown stratum (Y), in which, at the beginning,
the pebbles are of larger size, and in which, afterwards, the sandy particles are so
loosely held together as to present a strong contrast to the massive nature of the white
and red beds above. Covered by the Carstone and adjoining it is a bed of clay marked
z in the section.
"Throughout the space of more than thirty feet below the base of the Red Chalk no
fossils have been hitherto found at Hunstanton in the Carstone; but beyond that distance,
and just above the clay (z), there is a line of nodules Cy), in which are numerous specimens of .dmmonites IJeshayesi, and occasionally of A. Gornuelianus; close to these nodules
are others of ironstone, very similar to the masses found in the Lower Greensand of
.Blackgang and Shanklin, in the Isle of Wight, containing casts of fossils.
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cc From this part of the Carstone I have obtained Perna Mulleti, AnC'§loceras !Ji!Jas,
Pleurotomaria !Jigantea-fossils which, viewed in connection with the presence of Ammonites IJesnaJjesi, &c., correlate the portion of the Carstone immediately above the clay (z)
with the base of the English Lower Greensand.
cc By a reference to the section it will be seen that the Hunstanton Red Chalk is, in
position, lower than the Chalk-mar! (a), and higher than the Lower Greensand (x, Y) ;
the fossils also, it will be observed, recorded in the list as common to the bed, present a
mixture of what are generally considered Lower Chalk, Upper Greensand, and. Gault
forms. The mingling together of these species, no less than the peculiar aspect of the
stratum, has long caused the Red Chalk to be a fertile field for discussion in reference to
its proper position in the geological scale, various writers offering various opinions, Mr.
C. B. Rose' inclining to its being the equivalent of the Gault, Mr. H. Seeley" to its being
Upper Greensand, and Mr. Judd" to its combining both formations. If, however, the
very fine section of the Gault at Folkstone (where the succession of the beds and their
fossils can be examined in sitU) be taken as typical of the English Gault, then it will
become evident that the' Red Chalk' is the representative of the upper division of that
formation."

Genus-GoNIOPHORUS, Agassiz, 1838.
GONIOPHORUS,

Desor.

GONIOPHORUS,

Cotteau.

Test small, circular, elevated above, and flat beneath. Interambulacral areas wide, two
rows of large tubercles with well-developed areolas, crenulated bosses and imperforate
mammelons , pores small, simple, unigeminaI. Ambulacral areas very narrow, and having
the poriferous zones slightly undulated.
Mouth-opening small, peristome decagonal, with nearly equal sized oral lobes.
Apical disc smooth, prominent, regularly pentagonal, and moderately large, composed
of five ovarial and five ocular plates, and one suranal placed before the vent, which is
excentral, in the axis of the body, and placed a little backwards, as III the genus Peltastes.
The disc is destitute of sutural impressions so characteristic of many SALENID..E, and is
ornamented with prominent carinee, which assume regular geometrical figures, altogether
independent of the form of the ovarial plates or their connecting sutures; in fact, it is
On the Geology of West Norfolk," 'Phil. Mag.,' 1835, voI. vii, p. 180.
"Notice of Opinions on the Stratigraphical Position of the Red Limestone," , Ann. Mag. Nat. Hist.,'
1861, vol. vii, p. 240.
3 "Strata which form the base of the Lincolnshire Wolds," 'Quart. Journ. GeoI. Soc.,' vol. zxii,
p. 249, 1867.
1 ..
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the carinated structure, superadded to the surface of the disc, which forms one of the most
distinctive characters of this group.
The genus Goniophorus resembles Peltastes in the arrangement of the elements of the
apical disc and the relative position of the periprocte to the axis of the body. It is distinguished from it, however, in the absence of sutural impressions, "and the presence of .
prominent ribs, that divide the surface of the pentagonal disc into a number of
triangular areas (PI. XXXVI, figs. 1 and 2).
M. Ootteau' has added another character, which he considers of more importancethan
the preceding; and observes, "The structure of the ambulacra presents a difference
much more important, and the existence of poriferous impressions at the base of some of
its granules form a type certainly exceptional, which ought to have a place apart in the
Family SAI,ENlDlE. 'I'his character has not hitherto been noticed in any other Echinid."

GONIOPHORUS LUNULATUS,

AIJassiz, 1838.

GONIOPHORUS LUNULATUS,

PI. XXXVI, fig. 1 a-d, fig. 2 a-d.

Agaaaiz" Monogr. des Salenies, p. 30, pI.

V,

figs. 17-24,

1838.
APICUT,ATUS,

FAVOSUS,

Agasaiz. Ibid., p. 32, pI. V, figs. 25-32, 1838.
Agassiz. CataI. Ectyp. Foss., p. ii, 1840.
Agassiz, MS. Morris's Catal. of British Fossils, p. 52,

1843.
LUNULATUS,

APTCULATUS,

FAVOSUS,
LUNULATUS,

APICULATUS,
FAVOSUS,
LUNULATUS,
SALENIA LUNULATA,
GONlOPHORUS APICULATUS,

LUNULATUS,
APICULATUS,
LUNULATUS,

, 1

Morris. Catalogue of British Fossils, p. 52, 1843.
Agassiz et Desor. Catal. raison, des :Echinides, Ann. des
Se. Nat., 3e serie, t. vi, p. :543, 1846.
Agassiz et Desor, Ibid.

Index Paleeontol., p. 548, 1849.
Ibid.
Ibid.
D'Orbigny. Prod. de Pal. strat., t, ii, p. 179, 1850.
D'Orbigny. Ibid.
D'Archiac. Hist. des Progr. de la Geol., t, iv, p. 51, 1851.
Bronn, Lethrea geogn., t. ii, p. 184, pI. xxix, fig. 6, 1852.
~lJol'ris. Catal. of Brit. Foss., 2 ed., p. 89, 1854.
Desor,
Synopsis des Echinides Foss., p. 14, pI. xx,
fig. 12, 1856.
Pictet. Traite de Paleontol., t. iv, p. 248, 1857.
Pietet, Ibid., pi. xcvii, fig. 3, 1857.
Cotteau. Paleontol, Franqaise, t, vii, pI. 1029, figs. 8-19,
1864.

Bronn,
Bronn.
Bronn.

'Paleontologie Francaise,' t. vii, p. 126, Terrain cretace.
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IJiallnosis.-Test small, globular, upper surface elevated, summit depressed, base flat,
sides rounded; ambulacra narrow, slightly flexed, filled with two rows of granules; interambulacra wide, two rows, six in each, of well-developed tubercles; apical disc small,
angular, and pentagonal; diagonal ridges of shell marking th~ surface of the plates; base
narrow, concave; mouth-opening small, peristome decagonal with equal lobes.
Dimensione.s-s«, The largest specimen, fig. 1 a, altitude half an inch; latitude six
tenths of an inch.
B. Altitude, three lines; latitude, five lines.
c. Altitude, two and a half lines; latitude, three and a half lines.
IJescription.-This beautiful little Urchin, the sole representative of the genus
Goniophorus, was at one time not uncommon in the Upper Greensand, near Warminster,
and it is curious that no second species of the remarkable group to which it belongs has
up to the present time been discovered; the two other forms which appear in the table
of synonyms (G. apiculatus, G. javosus) being only usual varieties of the original type,
so beautifully and accurately figured by M. Nicolet in Professor Agassiz's <Monographies
d'Echinodermes,' where it was for the first time described.
The test is small and nearly globular, the upper surface much elevated, the summit
a little depressed, the sides inflated, and the base narrow and flat. The ambulacral
areas are very contracted, and slightly flexed (fig. 2 b), the two rows of granules are set so
closelytogether that they alternate on the area; the poriferous zones are nearly as wide as
the ambulacra, the pores are oblique, and the pairs remote from each other, twenty-four in
the zone. The inter-ambulacral areas are well developed (fig. 2 a); in the specimen, fig.
1 a, there are six primary tubercles in each row, the four above the ambitus are much
larger than those on the lower part of the area, and the areola of each tubercle is surrounded by a complete circle of small mammillated tubercles (fig. 1 a, d, and fig. 2 a, c) ;
the miliary zone separating the two series is narrow and zig-zag, and only a little
enlarged at the upper surface (fig. 1 d, fig. 2 a).
The base is narrow and concave,and the small mouth-opening, one third the diameter
of the test, lies in a central depression; the peristome is divided by feeble incisions into ten
equal-sized lobes (fig. 1 c).
The apical disc (fig. 1 h, d) forms a regular pentagon, ornamented with prominent
ridges; an external carina bounds the outline of the disc, an oval carina encircles the vent,
and two others extend from the anterior part of the periprocte to the two anterior sides of
the discal pentagon (fig. 2 d), and two others unite these with the sides of the vent (fig. 1 h) ;
these ridges of ornamentation have nothing whatever to do with the sutures of the disc,
which are very delicate, and only seen in some rare specimens; these sutures in Goniophorus are destitute of the incisions, punctuations, and impressions which form so
remarkable a feature in the test of Peltastee.
'I'he suranal plate lies before, the periprocte, having the two anterior carinre passing
from the periprocte to the anterior border extended over its surface; the two antero-lateral
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ovarials have a rhomboidal figure, the poatero-laterals an irregular shape, occasioned
by the lateral extension of the vent, and the single plate is still longer and narrower by
reason of the space occupied by the same aperture; the oviductal holes occupy the centres
of the sides of the pentagon near the point touched by the diagonal carinee that cross the
ovarial plates. The ocular plates form small triangular bodies, the apices of which touch
the summits of the ambulacra (fig. 2 b); in neither of the fine specimens from Mr.
Cunningham's collection, nor in those from the School of Mines, which were selected as the
best extant for figuring, could the sutures of the ovarial and ocular plates be seen. I have
only discoveredthem now, April, 1871, long after the drawings were executed,in an otherwise
indifferent specimen of my own, collected many years ago, and I have been able therefrom
to trace out these sutural lines satisfactorily, and complete my description of the apical
disc of this most curious and beautiful Salenia. The vent is transversely oblong, inclining
to an angular figure, and surrounded by a ridge of the test, which well defines its
boundary, and forms a prominent periprocte at the same time. The carinas of the disc
cross the sutures of the plates in all directions, especially those anterior to the periprocte,
and convert its surface into a series of seven triangles when all the ridges are preserved
entire.
Affinities and IJijferences.-This Urchin is so entirely different from other SALENIDlE
in the structure of its apical disc that it forms a type quite distinct from all the others;
the calcareous processes or carinte on the surface of the ovarial and ocular plates have
nothing whatever to do with the sutural lines which unite the elements of the discal
apparatus, whereas in Peitastes and Salenia the figures on the disc are always developed
in the line of the sutures.
Locality and StmtiIJraphical Position.-This Urchin has been collected from the
Upper Greensand near Warminster; on the Continent it is a very rare fossil. The
original specimen was found in the Etage Cenomanien, at Cap la Heve, near Havre, Seine
Inferieure, others from the same stratum at Vaches Noires, Calvados, and Vimoutiers,
Orne; in all these localities it is reported as being very rare.
History>: First described and figured by Professor Agassiz in his 'Monographie sur
les Salenies.' In this work he described two forms as distinct species, G. lunulatu8
and G. opiculaiue, which I consider as varieties only of the same Urchin. Professor
Agassiz afterwards gave the MS. name G. faoosu« to a form of this group which
he saw in the collection of Mr. Bunbury, of London, and the name found its way into
Professor Morris's 'Catalogue of British Fossils,' I st Edition; this variety exhibits only
a slight deviation from the type form, so that the singular genus GoniophoTus is at
present represented by the beautiful little Urchin now under consideration. Seeing
that so many examples of SALENIDlE have been collected from the Upper Greensand of
England, and the Cenomanian stage of France, during the last forty years, it is remarkable
that no true second species has been found. It has often occurred to me that this is
one of many problems of a like nature that the disciples of Darwin might attempt to
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solve. The geological record of the Cretaceous rocks where the SAI,ENID..!!:· abound
is not so imperfect as many assert, and connecting forms, if such ever really existed,
ought to be found somewhere in beds that are so often searched and so diligently worked
for the Paleeontological treasures they contain. Notwithstanding all this investigation,
Goniopltorus lunulatus still remains an isolated genus represented by a single species
among the SALENID..E.

Genus-SALENIA,

SALENIA.,

AgaBsiz, 1838.

SALENIA,

Gray, 1835.

Desor, 1858.

SALENIA,

Cotteau, 1864.

Test small, circular, moderately elevated, sides inflated, more or less convex above and
flat beneath; poriferous zones narrow, pores unigeminal, simple in the zones, and crowded
near the peristome; ambulacral areas narrow, gently flexuous, with two or four rows of
close-set homogeneous mammillated granules, Inter-ambulacral areas wide, with two
rows of large crenulated imperforate tubercles.
Mouth-opening nearly two thirds the diameter of the test; peristome divided into ten
unequal lobes by feeble incisions; vent circular, periproete elevated, excentral, and
posterior, placed at the right side of the axial line of the body; apical disc shield-shaped,
covering a large portion of the dorsal surface; plates prominent, with a deeply undulated
border; the ovarials and suranal large and pentagonal, the oculars wide and cordate; the
sutures punctuated or incised, and the surface of the plates smooth in 8. petalifera,
sometimes granulated, in 8. granulosa, or striated with geometrical lines forming various
figures, as in 8. Clar1cii and 8. Austeni.
The right antero-lateral ovarial plate exhibits a slight laceration, in which the madreporiform body is sometimes seen in well-preserved specimens; often it is invisible.
The spines are known only in a few species; in some they are long, slender, and
aciculate; in others they are stronger, with spatulate terminations (PI. XXXVIII, fig. 2) ;
some rarer specimens have their stems flexed, and others have the extremities bent to right
angles with the stem (PI. XXXVIII, fig. 3; PI. XLII, figs. 1, 2, 3, 4, 5).
The genus 8alenia is distinguished from Heterosalenia and Pseudosalenia by its
imperforate tubercles, and from Peltastes, which it very much resembles, by the position
of the vent. In Salenia the periprocte opens excentrically on the right side of a line passing
through the axis of the body, whilst in Peltastes the periprocte lies in the centre of such
an axial prolongation.
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A.-Species from the Upper Greensand.
SALENIA

PETALIFI~RA, Desmarest, sp., 1825.

PI. XXXIII; PI. XLII, fig. 3.

ECHINITE, from Wiltshire, Parkinson, Organic Remaius, vol. iii, pl. i, fig. 12, 1811.
ECHINUS,
W. Smith. Strata identified by Organized Fossils, p. 12,
Greensand, fig. ii, 1816.
AREOLATUS,
Konig. Icones foss. sectiles, fig. 100, IR20.
PETALIFERUS,
Desmareet, Oursin , Diet. Se. Nat., t, xxxvii, p. 101, 1825.
De Blainville. Zoophytes, Ibid., t, lx, p. ::! I 0, 1830.
Desmoulins, :Fitudes sur les :Fichinides, p. 302, 1837.
Agassiz. Monogr, des Salenies, p. 9, pI. i, figs. 17-24, 1838.
S.HENIA PETALIFERA,
Agassiz. Catal. Ectyp. foss., P: 11, 1840.
Dujardin. In Lamarck's Animaux sans Vert., 2e ed., t. iii,
p. 394, 18·tO.
Morris. Catalogue of British Fossils, p. 58, 1843.
PERSONATA,
Agassiz et Desor. Catal, rais. des Echiniues, Ann. Sc. Nat.,
3e serie, t, vi, p. 341, 1846.
Foraes. Mem. of GeoI. Surv., Decade I, pI. v, 1849.
Bronn, Index Paleeontologicus, p. 1l07, 1849.
PETALIFERA,
d'Oraigny. Prodrome de PaL strat., t. ii, p. 179, 1850.
PERSONATA,
d'Oraigny. Cours element. de Pal., t. ii, p. 126, fig. 277,
1851.
Bronn, Lethrea Geog. Kreide-Geb., pI. xxix, fig. 15, 1852.
PETALIFERA,
PERSONATA, ,
John Muller. Ueber den Bau del' Echinodermen, p. 7, pl. i,
fig. 15, 1854.
PET.UIFERA,
Foraes. In Morris's Catal. of Brit. ,Foss., p. 89, 1854.
Desor, Synopsis des Echinides foss., p. 149, pI. XX,
figs. 1-3, 1856.
PERSONATA,
Pictet, Trait6 de Paleontologie, t. iv, p. 247, pI. xcvii,
fig. 1, IR.57.
PETALIFERA,
Cotteau, Paleontologie Francaise, Terrain eretaee, tom. vii,
p. 144, pl. 1034, 1864.

Diagnosis.-Test circular, depressed, upper surface convex, sides inflated, base
narrow, concave; ambulacra wide, prominent, flexed, two complete rows of large marginal,
and two incomplete rows of small central granules. Inter-ambulacra three times the
width of ambulacra, two rows of tubercles, six in each, large above the ambitus, small
below; miliary zone wide, sparsely granulated; apical disc smooth, large, margin
undulated, sutures marked with punctuations , vent circular, periprocte thin and
prominent.
Dimension8.-Altitude, four tenths of an inch j latitude, seven tenths of an inch.
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])escription.-This beautiful Urchin, so long known to collectors of Upper Greensand
fossils, has a subglobose body, depressed above, flat below, and with inflated sides; the
ambulacral areas, gently flexed, stand out more prominently than the inter-ambulacrals;
they have two complete rows of larger granules on the margins of the area, and two
incomplete rows of smaller ones within (fig. 1 c, d, and fig. 2 b); the poriferous zones are
very narrow, depressed, and much flexed, and the pores, which are unigeminal throughout
(fig. 1 d), are arranged in oblique pairs, separated by a prominent tubercle on the septum
(fig. 2 b). The inter-ambulacral spaces are three times as wide as the ambulacral, with
two rows of tubercles, having six in each row, those above the ambitus are large and well
developed (fig. 1 b, d), those below are small, and decrease much in size as they
approach the peristome (fig. 2 a); the base acquires an ornamented appearance from
the number of small primary tubercles that adorn it (fig. 2 a). Each tubercle is sur;'
rounded by a wide areola, around which a more or less complete circle of large granules
is regularly arranged (fig. 1 d), and most.of these granules are mammillated; the miliary
zone is wide below, and increases in diameter above; throughout it is covered with small
granules nearly of the same size (fig. 1 c and d). At the base of the area the primary
tubercles and granules are disposed as in fig. 3, where a portion of the area is magnified
six times; and a profile of one tubercle is given in fig. 4, magnified four times.
The base is flat, and concave towards the centre, the mouth-opening, one third the
diameter of the test, is sunk in a depression; the peristome is deeply incised, and divided
into ten nearly equal-sized lobes (fig. 2 a, fig. 4 b).
The apical disc forms a very regular structure in this species; the antero-lateral and
postero-lateral ovarial plates have a rhomboidal figure, and the single or suranal plate is
smaller in consequence of the position of the vent; the oviductal holes are perforated near
the centre of the plates; and the madreporiform body is seen as a slight laceration on the
surface of the right antero-lateral in some well-preserved specimens only. The ocular
plates are much smaller, and transversely or subtriangularly oblong, their inner sides
forming the prominent portions of the triangle, and their frontal margins the bases. The
suranal plate occupies the centre of the disc before the vent; it is nearly as large, and of the
same form as one of the ovarials, and the lines of the sutures present many punctuations.
At the angles of junction of every three plates is a deep punctuation, and another in the
line of union between every two plates. Thus there are nine punctuations around the
borders of the three anterior ovarials, six around each of the posterior ovarials, and three
around the oculars (fig. 1 e, b). The pits at the junction of three plates are triangular,
and those at the junction of two circular; they are never prolonged as linear notches into
the substance of the plates, as in Peltastes clathratus and P. Bunbur!Ji. 'I'he vent is
subcircular, excentral, and inclines to the right side; the periprocte is elevated and prominent, and bordered by a rim formed of the elevated margins of the suranal, right
postero-Iateral, and single ovarial plates.rfhere is considerable variation in the size of
the punctuations and the width of the lines of suture; but these variations have all their
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connecting links, and fall within the general description given of the punctuations on the
suturallines of the discal elements.
Affinities and IJifferences.-8alenia petalifera forms an excellent type of the true
Salenia, and a leading fossil of the beds in which it is contained. I cannot appreciate
the differences which some naturalists point out between this species and 8. scutigera,
Munster; and as I have never seen a true type of that species, I must reserve my
opinion until I can make a comparison between them. After many careful examinations
of Herr Hohe's figure in the' Petrefacta,' and knowing the extreme accuracy and truthfulness of that excellent artist's admirable drawing, I am inclined to think that Cidarites
scutige?', Munster, is only a smaller form of 8. petalifera, Desm.; but as most competent
authorities have ruled it otherwise, I have not put 8. scutigera in my list of synonyms.
8. petalifera resembles 8. Austeni, Forb.; the latter, however, has a more elevated test
with a smaller apical disc, and more prominent periprocte. It very much resembles
8alenia gib ba, from the same stratum of Upper Greensand, which may be only a variety
of 8. petalifera: a closer comparison between these two allied forms will be found in the
description of 8. fJibba.
Locality and 8tratigraphical Position.-8alenia petalifera was at one time an abundant
fossil in the Upper Greensand of Longleat, Wilts; but has now become more rare. It is
collected from the Grey Chalk near Folkestone, where some very fine examples are sometimes obtained. I have long noticed that nearly all the Upper Greensand Echinidse
are found in the Grey Chalk, and that the specimens from the latter stratum are in general
larger and more fully developed, as if they had been better nourished, than those collected
from the arenaceous beds of the Upper Greensand of Wilts and other localities.
History.-This Urchin has long been considered to be a leading English fossil of the
Upper Greensand; and Parkinson, 18H, Smith,1816, Konig, 1820, have all given good
figures of this Echinite.
Foreign IJistribution.-In the Craie Chloritee de Oap-la-Heve, and other parts of
France, in Bavaria and Minorca, and in the" Hils-Conglomerat" of North Germany.

SALENIA LORIOLII, Wright, novo sp.

PI. XXXV, fig. 1 a-d.

IJiagrlosis.-Test small, Circular, depressed; upper and under surfaces flattened;
ambulacra straight, narrow, two rows of marginal homogeneous granules; interambulacra wide, four or five tubercles in each row; decreasing gradually in size from above
downwards; apical disc large, border slightly undulated, surface flat, smooth; ovarial plates
without suturallines or punctuations in the middle of the disc, and with ten round apertures near the outer border; mouth-opening large, peristome deeply incised, lobes unequal.
IJinzensiorls.-Altitude, two lines; latitude, four lines.
IJescriptiorl.-This small Urchin exhibits a form of apical disc very unusual among the
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SALENIDA!:. The test is depressed on. the upper and under surfaces, and the sides are
inflated between. The poriferous zonesare narrow, and the pores unigeminal throughout.
The ambulacral areas are straight and narrow, with twelve pairs of marginal, close-set,
homogeneous granules, and a few granulations between them at the widest part thereof
(fig. 1 a). The inter-ambulacral areas are wide, and filled with two rows of large tubercles,
four in each row; those in the upper part of the area are the largest, and they gradually
diminish in size from above downwards; the bosses of the tubercles are very prominent, and
their summits sharply crenulated; the mammillon likewise is large jig. 1 a). Two rows of
large granules occupy the miliary zone, and describe a zig-zag ornamentation on each side
of the mesial suture, and two granules occupy the angles of each of the plates at their zonal
side, so that the test of this small species has a highly ornamented appearance (fig. J c, a).
The apical disc is large, solid, and remarkable for the absence from its ovarial plates of
suturallines or punctuations; its border is thickened, and recurved, and near this marginal
bourrelet are ten wide equidistant punctures (fig. 1 a); the vent is round, the periprocte
annulated, not much elevated, and slightly excentral (fig. 1 a, c).
The mouth-opening is very large, one half the diameter of the test; the peristome is
deeply incised, and the oral lobes are slightly unequal (fig. 1 b).
AiJinities ana lJijferences.-8alenia Loriolii resembles Salenia minima in the closely
united sutures of its apical disc, but differs from it in the larger development of its tubercles
and wideness of its mouth-opening. It differs from Salenia Desori, associated with it in
the same" terrain" in which it is found, in possessing larger tubercles, a smooth disc without
punctuations, and a much larger mouth-opening. A comparison of the capital figures of
these two Salenie on the same plate places their affinities and differences better before the
student than any verbal description.
Locality ana Strat£fjraphical Position.-This rare specimen belongs to the British
Museum, and was collected from the Upper Greensand near Warminster.
I have dedicated this Urchin to my friend Monsieur P. de Loriol, of Geneva, one of
the learned authors of the 'Echinologie Helvetique,' and of several other important works
on the Geology and Palreontology of Switzerland.

SALENIA DESORI, Wrifjltt, novo sp.

PI. XXXV fig. 2 a-f.

lJiafjnosis.-Test small, circular, depressed, upper surface convex; ambulacra straight,
narrow, with two rows of mammillated granules; inter-ambulacra wide, four or five
moderate-sized tubercles in each row; pores unigeminal throughout; apical disc prominent, with large punctuations along the suturallines; mouth-opening moderate; peristome
deeply incised; lobes nearly equal.
lJimensiona.-Latitude, four and a half lines; altitude, two and a half lines.
lJescription.-.This pretty little Saleni» was collected with 8. Loriolii in the Upper
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Greensand of Wiltshire. The test is small and circular; the upper surface convex, and
the base flat; the sides are inflated, and the disc conspicuous and prominent.
The ambulacral areas are straight, with two rows of prominent homogeneous granules
on their margins, and oblique rows of small granulations, three in each, between every
pair of marginal granules (fig. 2 f, 2 c). The pores are unigeminal, the pairs slightly
oblique, and the zones narrow and straight.
The inter-ambulacral areas are wide, and the two rows of primary tubercles are placed
close to the pores, so that the miliary zone is wide and filled with granules of different
sizes (fig. 2 c); the tubercles are of moderate dimensions, and gradually decrease from
above downwards. Four of the five sides of each plate are encircled with a row of
mammillated granules (fig. 2/).
The apical disc is large, solid, and prominent, the border gently undulated, and the
sutural lines soldered up; in lieu thereof, there are three large punctuations between the
junctions of the three anterior ovarial and sur-anal plates, and between all the ocular
plates and ovarials; the oviductal holes are large; the vent is round; the periprocte
thickened, prominent, and slightly excentral (fig. 2 a, 2 d).
The mouth-opening is nearly half the diameter of the test; the peristome is deeply
incised, and the lobes are nearly equal (fig. 2 b).
A.f!inities and ])ijferences.-Salenia Desori resembles S. fJibba. It has, however, fewer
granules in the ambulacra, the inter-ambulacra are more regularly developed, the apical
disc is without sutures, and the mouth-opening is larger in proportion to the diameter
of the test.
Locality and Stratif/rapltical Position.-This rare Urchin was collected from the Upper
Greensand near Warminster. I have dedicated it to my friend Professor E. Desor, of
Neuchatel, one of the learned authors of the Catalogue raisonne des Echinides' and
C Echinologie Helvetique,' and author of the r Synopsis des Echinides fossiles' and many
other valuable works on natural science.
C

SALENIA GIBBA,

Agass'lz.

PI. XXXIV, fig. 4 a, b, c, d, e.

SALENIA GIBBA,

..1ga88iz. Monogr. des Salenies, p. 13, pI. ii, figs. 9-16, 1838.
Aga88iz et Desor. Catalog. rais, des l!Jchinides, Ano. Se. Nat., 3e serie,

t.vi,p.341,1846.
Bronn. Index Pnleeontologicus, p. 1107, 1847.
d'Orbigny. Prod. de Pal. strat., t. ii, p. 180, 1850.
Morris. Catalogue of British Fossils, 2nd ed., p. 89, 1856.
Pictet, Traite de Paleontologie, t, iv, p. 248, 1857.
Cotteau. Palsontologie Franeaise, Terrain cretace, tom. vii, p. 151,
pI. 1035, figs. 13-20, 1865.

])iaf/tlosis. -'l'est small, circular, upper surface inflated, gibbous, under surface flat,
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sides rounded; ambulnora narrow, flexed, two rows of marginal, closely set, mammillated
granules, with intermediate granulation; poriferous zones flexed; pores small, oblique,
unigeminal; inter-ambulacra wide, tubercles large and prominent above, four or five in a
row. Apical disc thick, gibbous, subconical; sutural impressions deep, pnnctuations large,
vent circular, periprocte elevated.
IJimension8.-Specimen a. Altitude, two lines; latitude, four lines.
..
b. Altitude, five lines; latitude, six lines.
IJescription.-The type specimens of this species figured by Professor Agassiz and
M. Cotteau, from the Cenomanian of France, have a more elevated gibbous test
than any of the specimens referred to Salenia gibba that I have seen from the Upper
Greensand of England. The shell is small and circular, the upper surface elevated,
the under surface flat, and the sides inflated. 'The ambulacral areas are narrow, and
flexed in their upper third; they have two rows of mammillated marginal granules set close
together, from eighteen to twenty in a series (fig. 4 e), and the surface of the space
between the granules is covered with a microscopic granulation. The poriferous zones
are depressed, and follow the flexnres of the areas; the pores are small, round, and
unigeminal, and disposed in oblique pairs, the two pores forming a pair being separated
by a septal granule (fig. 4 e).
'The inter-ambulacral areas are wide, and the tubercles, of which there are four or
five in a series, are large, prominent, and distant at the upper surface, and small,
granuliform, and closely set together below (fig. 4 b and e); the miliary zone is narrow and
sinuous, and provided with unequal granules j some of these are large and mammillated,
and disposed around the primary tubercles in incomplete circles; others are smaller, and
fill the lower portion of the zone with a sparse granulation.
The apical disc is thick, irregularly round and prominent (fig. 4 c, d), and the plates are
unequal. 'I'he sutures are open and incised, and the punctures deep; in some specimens
figured by M. Cotteau the' disc is thick, gibbous, and subconical, and the impressions are
wide and deep; the surface of the ovarial plates has small" attenuated elevations, which
converge at the centre of the plates. The ocular plates are sub-triangular, and appear to
be perforated in the middle; the sur-anal plate is large and thick, and the ovidnctal lobes
pierce the centre of the plates (fig. 4 d). 'The vent is sub-circular, and the periprocte
prominent, with an annular projecting border.
'The mouth-opening is small, rather more than one third the diameter of the test
(fig. 411). The peristome is slightly incised, and the oral lobes are nearly equal.
Affinities and IJifferences.-In his 'Synopsis des Echinides fossiles,' my friend
Professor Desor considers 8.gibba as simply a variety of 8. scutigera; it appears, however,
to have a more inflated gibbous form, with more flexuous ambulacra, a thicker apical
disc, more unequal in outline, and marked with larger and deeper perforations; and the
mouth-opening is likewise proportionally smaller.
'The structure of the apical disc allies 8. fJibba to 8. BourfJeoisi; the test of the

176

SALENIA

latter is much less inflated, the apical disc thinner and more depressed, the ambulacra
are straighter, and the mouth-opening wider.
Locality and 8tratigrapltical Position.-The specimen I have figured belongs to the
British Museum, and was collected from the Upper Greensand near Longleat, Wilts, where
it is extremely rare. This species appears to be equally scarce in France; as it was
obtained from the Cenomanian = Upper Greensand, in the "Tle d' Aix" (Charente-Inferieure). From this locality the type specimens in the Musee de Paris and others in
private collections were collected.

B.-Species from the Grey Chalk.
SALENIA AUSTENI, Forbes.

PI. XXXVII, figs. 1, 2.

SALENIA AUSTENI,

Eorbes, MS. Woodward, Mem. Geol. Surv., Decade V, App., 1856.
Forbes, In Morris's Catalogue of British Fossils, p. 89, 1854.

IJiagnosis.- Test tumid, more or less elevated; ambulacra prominent, slightly
flexed, two complete rows of remote marginal granules and two incomplete rows of smaller
granules within; inter-ambulacra with two rows of tubercles, five in each, decreasing in
size from above the ambitus to the peristome. Miliary zone wide, sparsely covered with
granules. Apical disc small, thick, prominent; sutures marked by regular punctuations ,
vent elevated, periprocte projecting, having a sharply crenulated border.
IJimensions.-Altitude, five tenths of an inch; latitude, seven tenths of an inch.
IJescrption.-This beautiful Salenia has in general a tumid body, with a narrow base,
inflated at the sides, and convex on the upper surface, the vent being very excentric, elevated,
and prominent; in some examples, however, the upper surface is more or less depressed,
and approaches the form of S. petalifera.
The amhulacral areas are narrow, nearly straight, and very prominent; they have two
complete' rows of remote marginal granules, twenty-four in each (fig. I d), and two
incomplete rows of smaller central granules, which occupy two thirds of the area (fig. If).
The poriferous zones are narrow and slightly flexed; the pores are very small, oblique,
and unigeminal, ten pairs occupying the height of a single plate (fig. I f and g).
The inter-ambulacral areas are wide, and regularly developed (fig. 1 a), with two rows of
primary tubercles, gradually diminishing in size from the upper to the lower part of the
area, those near the disc being large, and those near the peristome small. Fig. 1 e shows
an entire area magnified four diameters; the tubercles are seated near the' poriferous
zones; each is surrounded by a wide, areolar space, and around the margin thereof three
parts of a circle of six to eight large round granules are placed (fig. I d, e, g).
The miliary zone is wide throughout, and sparsely covered with small granules, especially
near the discal region (fig. I d, e). The base is concave (fig. I 0), and highly ornamented
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by the numerous small close-set tubercles of the inter-ambulacra, the' large granules of
the ambulaora, and the width of the miliary zones. The mouth-opening is large, more than
one third the diameter of the test; the peristome is deeply incised, and forms ten nearly
equal-sized lobes (fig. I b).
. 'I'he apical disc is small and thick, and rises above the test (fig. 1 o and d). The
two antero-Iateral and the left postero-Iateral plates have a rhomboidal figure, and
are nearly the same size. The right postero-lateral, the single plate, and the suranal are
small in consequence of the encroachment of the vent; the posterior border of the
suranal is thickened and elevated (fig. I c, a, i), and rises to form the anterior wall
of the periprocte; the sutures between the three. anterior ovarial plates are each
marked by six deep punctuations, which define their line of junction; and the sutures,
uniting the ocular with the ovarial plates, have each three deep punctuations (fig. I c and
fig. I z). 'I'he test I have figured has not the perforations in the ovarial sutures as distinctly
marked as the test which now lies before me for description, so that this character varies
in different specimens. The vent is round and elevated, and placed near the posterior
part of the disc (fig. I c). The periprocte projects upward and backward (fig. 1 a and d),
and forms a crenulated rim around the aperture (fig. 1 a, fig. 1 a, and fig. 1 i).
Ajfinities ana ])i.fferences.-In a large majority of specimens the general form of the
body in 8. Austeni differs from 8. petalifera in being more globose and elevated. The
apical disc is smaller in diameter, and thicker in substance. The vent is likewise more
elevated, the periprocte more produced, and its margin sharply crenulated. In the
structure of the areas, such as the character of the granules in the ambulacra, and the
tubercles in the inter-ambulacra, there is a close resemblance between these portions of
the test in both species.
Locality ana 8tratigraphical Position.-8. Austeni is the most abundant species in
the Lower or Grey Chalk, near Folkestone; from this locality and stratum it has been
collected by my kind friend, the Rev. T. Wiltshire, F.G.S., to whom I am indebted for
several fine specimens given to help me in my work.
Histol'y.-N amed by the late Professor Edward Forbes, but not described by him.
A brief diagnosis of the species was given by my late friend Dr. Woodward, in the
Appendix to the Fifth Decade of the' Memoirs of the Geological Survey.' It is now figured
and described in detail for the first time.
SALENIA CLARKII, Forbe«.

PI. XXXVIII, fig. 1; PI. XXXIX, fig. 1; PI. XLII,
figs. I, 2, 5.

SALENIA CURKII, Forbe8. In Moms's Catalogue of British Fossils, p. 89, 1856.
Woodward. Mem. GeoI. Burv., Decade V, App., p. 5, 1856.

])iagnosis.-Test globose, elevated, flattened on the upper and under surfaces;

23

178

SALENIA

ambulacra narrow, two complete rows of marginal granules, and a few small central; interambulacra wide, two rows of primary tubercles large in the upper part, small below;
apical disc half the diameter of the test, plates roughened with raised points; each ovarial
plate with five furrows leading to the large sutural pores. Spines slender, cylindrical,
finely striated and granulated, the longest exceeding I! inches in length, and less than one
line in diameter; frequently forked at their extremities, and sometimes bent and otherwise
distorted.
lJimen8ion8.-Height, nine twentieths of an inch; latitude, thirteen twentieths of an
inch.
lJe8cription.-This very distinct form of Salenia has an elevated body, depressed and
flattened on the upper and under surfaces; the ambulacral areas are narrow and straight
(fig. 1 d,) with two complete rows of marginal granules, about twenty in each; within these
are two incomplete rows of small irregular granules, having a microscopic granulation
scattered around their base. Fig. 1!l shows an ambulacral area magnified four times,
and exhibits the increase in volume of the marginal granules near the base of the area. The
poriferous zones are narrow; the pores form oblique pairs with a thick septum between, and
having a small granular elevation on the surface: fig. 1 It shows this structure magnified
six diameters, as well as the minute granulation on the surface of the plates, and the
comparative sizes of the marginal and central granules in the area. The number of pores
opposite each large plate is eight or nine pairs.
The inter-ambulacral areas are wide above and narrow below; there are six primary
tubercles in each of the two rows, and of these the four above the ambitus are much the
largest; those on the under side are much smaller and set closely together; all the tubercles
have wide areolar spaces, which are encircled for three parts of their circumference with a
series of large, remote, well-developed granules. Fig. If shows an entire inter-ambulacral
space magnified four diameters, and fig. 1 It a single plate with its primary tubercle,
areolar space, and circle of marginal granules, with the poriferous zones and ambulacra,
magnified six diameters. The miliary zone (fig. 1 f) is wider below the ambitus, and is
here filled with an abundant granulation (fig. 1 c, fig. 1 f); above the ambitus, the large
size of the tubercles diminishes the width of the zone, and the tubercles here are fewer
and larger (fig. 1.1. fig. 1 b, and fig. 1 d).
The apical disc is one half the diameter of the test, and the surface of the plates is
roughened with many raised points (fig. 1 b); each ovarial plate has five furrows leading
to the sutural pores, which have an arrangement similar to the punctuations on the disc
in 8. petalifera; a semicircle of seven punctures indicates the sutures by whichthe sur-anal
is united to the three anterior ovarials, one large and two smaller punctures mark the
line of union between the ocular and ovarial plates. In fig. 1 e the apical disc is magnified
four diameters; and the sutural punctuations are very correctly delineated in this drawing.
The spines of Salenia Clarkii are very well preserved with the test in the unique
specimenbelonging to the Museum of the Royal Schoolof Mines, and which I have figured
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in PI. XXVIII, fig. 2 a. The spines are slender, cylindrical, finely striated, and granulated;
the longest exceed 11 inches in length, and are less than the twelfth of an inch in diameter;
some of the spines are bent, as in figures 3 and 4, some are spatulate (fig. 2 b), and others
are forked (fig. 2 c) at their extremities. The base of the spine around the milled ring
has fine longitudinal lines extending a short distance up the stem, which is likewise covered
by finer microscopic lines (fig. 2 d, and figs. 3 and 4) extending along the stem.
Affinities and IJijferences.-This species very much resembles S. fJibba; but, according
to Dr. Woodward, it is entirely distinct from the mould of Professor Agassiz's original
example of that species.
Locality and Stratigraphical Position.-Salenia Clarleii is very rare in the Grey Chalk
near Folkestone; from this "terrain" the specimens in the Royal School of Mines and the
British Museum were obtained.
History.-First named by the late Professor Edward Forbes, in his additions to the
Echinodermata. in the 2nd edition of Professor Morris's Catalogue of British Fossils.
A diagnosis of the species was subsequently drawn up by Dr. Woodward, in his Appendix
to Decade V, Memoirs of the Geological Survey, illustrative of Organic Remains. It is
now figured in detail from specimens contained in the Cabinet of the Rev. T. Wiltshire,
F.G.S., and in both our National Collections.

B.-Species from the Lower White Challe.
SALENIA GRANULOSA, Forbes.

PI. XLI, figs. 2, 3; PI. XLIII, fig. 1 a-h.

SALENIA SCUTIGERA,

Eorbes.

In Dixon's GeoI. Foss. Sussex, pI. 340, pI. xxv, fig. 24,

1850.

HELIOPHORA, Sorignet. Oursins de l'Eure, p. 20, 18.'iO.
GRANULOSA, Eorbe«, In Morris's Catalogue of Brit. Foss., p. 89, 1854.
Woodward. Mem. of Geol. Surv., Dec. V, 1856.
INCRUSTATA, Cotteau, in Desor's Synops. des ]}ch. foss., P: 152, 1856.
GRANULOSA, Pictet. Traite de Paleontologie, t, iv, p. 218, 1857.
Cotteau. Paleontologie Francaiee, Terrain Cretace, tom. vii,
p. 167, pI. 1039, figs. 6-21, 1860.

IJiafJnosis.-Test small, circular, depressed, upper surface convex, under surface flat;
ambulacra narrow, slightly flexed, with two rows of marginal mammillated granules; interambulacra wide, much covered by a prolongation of the ovarial plates, tubercles small,
surrounded by areolas; apical disc very large, covering like an incrustation nearly the
entire upper surface; the flat ovarial plates have flexuous lines of granular processes
diverging from their centres, and the convex oculars have similar lines extending over them
from their inner side; the sutures smooth, and without impressions.
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.Dimensions.-Specimen a. Altitude, four lines; latitude, five lines.
"
0. Altitude, four and a'half lines; latitude, six and a half lines.
IJescription.-This beautiful species was first noticed by M. l' Abbe Sorignet, in his
description of 'l'Oursins de l'Eure,' and referred by him to HlIPosalenia heliophora from
the Upper Chalk (Danian) of Ciply, which M. Desor' described as "distinguished by its
very much ornamented disc, each ovarial and ocular plate being the centre of a system of
fine ridges, that radiate in all directions." This species was not figured by Sorignet; and
I have not yet seen a French specimen to compare with our Urchin from the lower
white gritty Chalk of Dover, where it has hitherto only been found.
The test is small and circular, the upper surface convex, the lower flat, and the sides
rounded and moderately inflated (PI. XLI, fig. 2 c, PI. XLIII, fig. 1 tl). The ambulacral
areas are narrow, straight, or slightly flexed, with two marginal rows of round prominent
granules, twelve to thirteen in each; those near the base are large and mammillated
(PI. XLI, fig. 1 e); those at the ambitus smaller, and on the upper part .very small and
closely placed together; the intermediate space being filled with an unequal microscopic
granulation, which extends horizontally between the marginal granules.
The poriferous zones are narrow, the pores unigeminal, and set in oblique pairs,
separated from each other by a small granuliform elevation of the septum , there are
about eight pairs of holes opposite one of the large inter-amb~lacral plates (PI. XLI,
fig. 2 f : PI. XLIII, fig. 1 h, in which I have given accurate figures of this part of the
test, magnified six times).
The inter-ambulacral areas are wide (PI. XLI, fig. 2 d), and covered over in their
upper third by a lateral extension of the ovarial plates; there are three or four tubercles in
each row, which rise a little above the ambitus; only one or two of these tubercles in
each series are well developed, surrounded by a circular areola, and having a large boss
and prominent mammillon (PI. XLIII, fig. 1 h,o PI. XLI, fig. 2 f). The miliary zone is
narrow, and its granules unequal in size and structure; the larger are distinctly mammillated, and disposed in a regular crescentic form around the areolre; where the latter abut
against the poriferous zones the granules are absent (fig. 1 It, fig. 1 g); the other granules
are small and irregularly disposed, filling up the space with a fine granulation (fig. 1 It).
The mouth-opening is very small (PI. XLI, fig. 2 0; PI. XLIII, fig. 1 c), in excess of
one third the diameter of the test; the peristome is divided into ten equal lobes by wellmarked incisions.
The apical disc is very large and pentagonal, occupying a great part of the upper
surface (PI. XLIII, fig. 1 b, d, e). It is convex above, and so thin and closely adherent to
the shell at the borders that it appears to blend with the plates of the test; the ovarial
plates are large, and of an irregular form; their surface is sculptured with small unequal
punctuated lines, which appear to radiate outwards from the oviductal holes situate near
I

'Synopsis des :mchinides fossiles,' p. 148.
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the centre of the plate; the ridges on the plates resemble numbers of prominent granulations projecting outwards, which impart a granulose aspect to the surface of the disc,
and is very well represented in PI. XLI, fig. 3, and PI. XLIII. fig. 1 e , a process
of each plate extends into the inter-ambulacra, the ornamentation of which differs from
that in the middle of the plate; the punctuated lines are widest and more flexed, and this
incrusting process appears to blend with the granulations on the test; the sur-anal plate is
elevated, and forms the anterior border of the periprocte , the ocular plates are heartshaped, and more prominent than the ovarials; they are likewise covered with punctuated
flexuous ridges, but the lines are more tortuous, and the style of ornamentation is different
(PI. XLIII, fig. 1 e) from that on the ovarials.
The spines are not preserved in any of the Dover specimens that have passed through
my hands. M. Cotteau, however, describes them as elongate or aciculate, cylindrical, or a
little compressed, provided with fine longitudinal sub-granular striee , their greatest diameter is near the neck of the spine, and they regularly diminish to the upper extremity,
which is pointed. The collarette is short or absent, the milled ring very prominent and
strongly striated, and the rim of the articular cavity crenulated.
AjJinities and ])iJ!erences.-8alenia granulosa, Forb., strongly resembles HlJposalenia
lteliophora, Desor, from the Chalk of Maestricht; it is distinguished from it, however,
according to M. Cotteau, by being smaller in size, and having its upper surface more
conical,its ambulacra furnished below the ambitus with smaller granules, and in possessing
fewer primary tubercles in the inter-ambulacra; the apical disc is thinner and distinctly
circumscribed, the flexuous ridges on the ovarial and ocular plates are more irregular and
more granular, and the periprocte is situated to the right of the axis.
Localio/! and 8tratigraphical Position.-This fine species is found in the hard gritty
whitish beds of the Lower Chalk at Dover, where it is associated with GlJpllOsonza simplex,
Forb., and numerous Poo//zoa. All the specimens I have examined were obtained from
this one locality, where it is rather rare.
M. Cotteau states that it is a common species in the' Etage Senonien of Vernonnet,
Giverny, Petit-Andely, Penterville (Eure), and the environs of Beauvais (Oise),
Hi8torlJ.-M. I'Abbe Sorignet first described in 1850 this Salenia in his interesting
memoir 'I'Oursins de l'Eure,' and, identified it as the HlJposalenia lteliopltora, Desor. In
the same year the late Professor Forbes, in Dixon's 'Geology of Sussex,' gave a figure of
this Urchin, which he referred to 8alenia scutigera, Gray; subsequently, in the second
edition of Morris's' Catalogue of British Fossils,' 1854, Forbes separated it from that species
under the MS. name 8. granulosa. In 1856 M. Cottean, in M. Desor's 'Synopsis des
Echinides fossiles,' named the specimens collected and identified as HlJpo8alenia lteliopltora by M. Sorignet, 8alenia incrustata, Cott.; he gave the following diagnosis of
this form :_U Small Urchins, well characterized by their very large apical disc, thin, and
little in relief, and incrusting in some manner the whole of the upper surface of the test.
The ovarial plates present a series of small points disposed like rays around many centres;
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the disc is so intimately soldered to the test that it is sometimes difficult at first sight to
recognize its limits." A comparison of the English with the French specimens showed
them to be specifically identical, and thus M. Sorignet was the discoverer, but Forbes the
namer, of this well defined species.

c.-Species from the Upper White Chalk.
S.UENIA GEOMETRICA, Agassiz, 1838.

PI. XLIII, fig. 2 a-g, fig. 3 a, b.

SUENIA GEOMETRICA, Agaaaiz. Mongr. :J1jchinodermes, pl. i, figs. 25-32, P: 11, 1838.
CIDARIS? VESICULOSUS, Portloek, Report on the Geology of Londonderry, pI. xviii,
fig. 5, p. 358, 1843.
SALEKIA SCUTIGERA? Eorbes, In Dixou's Geology of Sussex, pl. xxv, fig. 23, 1850.
PORTLOCKIJ, Eorbee. In Morris's Cat. of Brit. Foss., 2nd ed., p. 89,1854.
Woodward. Mem. of the GeoI. Surv., Decade V, Append.,
p. 5, 1856.
GEOMETRICA, Cotteau et Triger. :E:chinides du Depart. de la Sarthe, pl. xlri,
figs. 1-7, 1860.
SCUTIGERA,
Cotteau, pars. Paleontologie Franeaise, Terrain Cretace, tom.
vii, p. 154, pl. 1036, 1864.

IJiagnosis.-Test sub-globose, elevated, convexabove, contracted and concave beneath;
ambulacra narrow, slightly flexuous, marginal granules separated by two rows of granulets;
inter-ambulacra wide, plates slightly radiate; two rows of tubercles, seven to eight in each,
the ambital large, the basal small; miliary zone with large sparse granules and minute
granulations; apical disc moderate, of a regular geometrical figure, flattened, two thirds
the diameter of test; sutures punctuated; plates nearly equal in size; mouth-opening
small, one third the diameter of test.
IJimensions.-a. Altitude, eight lines; latitude, nine lines (Mr. Searles Wood's
specimen).
b. Altitude, eleven lines; latitude, one inch (Mr. King's specimen).
IJescription.-The species to which this Urchin has been referred is considered by
Professor Desor and M. Cotteau to be the Salenia scutigera, Gray; as I am doubtful
about the identity of Dr. Gray's form, I have retained the name given by Professor
Agassiz, seeing that he has published good figures and a clear description of this species
in his beautiful Monograph on the Salenies. 8. geometrica is the largest species of the
genus at present known. The test is elevated and sub-globose, slightly flattened at the
upper and under surfaces. The ambulacral areas are narrow and slightly flexed, with two
marginal rows of close-set granules, fourteen to sixteen in each, and separated by a
double row of minute granulation extending down the middle of the area (PI. XLIII,
fig. 2 c, g,!). The poriferous zones are narrow and slightly flexed, the pores unigeminal
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and oblique (fig. 2/), and the septa between the pores support prominent granuliform
elevations (fig. 2!J).
The inter-ambulaeral areas are very wide throughout (fig. 2 c, e, and fig. 3 a, b) ; they
are formed of two series of deep plates, seven in each, that support large prominent
tubercles (fig. 2 e, g, fig. 3 a). The four ambital tubercles are the largest; they have
well-defined areolas, prominent bosses, and moderate-sized mammelons. A series of mammillated granules surround the areola, except where it abuts against the zones (fig. 2
e and g). The miliary zone is wide, and filled with numerous small granulations (fig. 2 e)
in addition to the larger granules that encircle the tubercles.
The apical disc, two thirds the diameter of the test, has a regular geometrical figure,
hence the origin of the specific name (fig. 2 a, b); it is circular, slightly convex, and a
little elevated at the vent. The ovarial plates have an irregular hexagonal shape, their
outer 'sides are elongated and contracted, and the rounded external border lies within the
circle described by the ocular plates, which have an irregular triangular figure, the largest
side being turned outwards and slightly undulated (fig. 2 d); the sutures are fine,
distinct, and regularly interrupted by small punctuated angular impressions; the oviductal
holes open in the middle of the plates, and the orbits lie under the central projecting
process (fig. 2 d); the surface of all the plates is quite smooth. The vent is slightly
elevated, and the periprocte surrounded by a thick annulus (fig. 2 b, d) j this aperture,
nearly circular, occupies the posterior half of the sur-anal and the anterior halves of the two.
posterior ovarial plates.
The mouth-opening is one third the diameter of the test (fig. 3 b) ; and the peristome
is divided into ten unequal lobes.
Affinities and ])iJ!erence8.-8aleniageometrica resembles 8. 8cutigera; by some authors
it is considered to be a large variety of the latter. M. Cotteau, in his beautiful Monograph
on the' Echinides du Departement de la Sarthe,' figured and described this Urchin under
the name 8alenia geometrica, Ag., but in his later and most valuable contribution to the
"Paleontologie Franeaise' has united it with 8alenia 8cutigera; he says, however, 1 as to
the Saleniageometrica, 'c la question est plus delicate et plus difficile a resoudre. Au
premier abord, cette espece se distingue certainement du 8alenia 8cutigera par plusieurs
caracteres importants: sa taille est beaucoup plus considerable" car sa hauteur depasse
souvent 13 millimetres, et son diametre 17 millimetres; sa face superieure est plus
elevee et plus sensiblement deprimee au sommet j ses tubercules inter-ambulacraires sont
plus nombreux, et la zone miliare qui les separe plus large, plus droite et plus granuleuse j ses ambulacres sont plus longs et plus flexueux, et l'appareilapicial, relativement
moins grand et moins epais, affecte une forme plus pentagonale. Ces differences se
reproduisent chez un certain nombre d'individus avec une constance qui n'est pas
sans leur donner de la valeur; aussi, dans nos' Echinides de la Sarthe,' n'avons-nous
pas besite maintenir la 8. geometrica oomme une espece parfaitement distincte.

a
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Les nombreux materiaux que nous avons sous les yeux, et que nous venons de cornparer, nous engagent aujourd'hui a revenir sur cette opinion. Assooies aux types les
mieux caracterises il se rencontre des exemplaires chez lesquels les differences que nous
venons d'enumerer s'effacent plus ou moins, et qui tendent a se rapprocher, par des
passages insensibles, du veritable S. scutitJera. Les uns, tout en conservant leur grande
taille, sont moins renfles, garnis de tubercules moins abondants, et presentent un appareil
apicial plus developpe, plus epuis et arrondi au pourtour; les autres, plus petits, ont un
appareil apicial qui cesse peu a peu d'etre pentagonal, et tend, en s'agrandissant a s'arrondir sur les bords. Ils appartiennent encore a la variete IJeometrica; cependant ils
offrent une grande ressemblance avec les exemplaires Cenomaniens , quelquefois meme il
est difficile de les en separer.
"Woodward, d'apres Forbes, decrit sous le nom de 8. Portloclcii une espece d'assez
grande taille, elevee, sub-globuleuse, a ambulacres etroits et sinueux, a disque apicial
mediocrement developpe , ses caracteres la rapprochent beaucoup du 8. scutiIJera, var.
IJeometrica. Peut-etre devrait-elle y etre reunie."
Locality ana 8tratigrapltical Position.-This fine large species occurs in the Upper
Chalk of the North of Ireland, where it was collected by the officers of the Geological
Survey, and figured in Colonel Portlock's • Report on the Geology of the County of
Londonderry.' It is found very rarely in the upper beds of white Chalk at Norwich and.
in Sussex, and flint moulds are not uncommon in the Gravel of Norfolk. The specimens
figured belong to the British Museum. Mr. Searles Wood possesses a good example, and
Mr. John King, of Norwich, has a large one which measures eleven lines in height and
as much in diameter. There is also a fine specimen in the Hunterian Collection, Museum
of the College of Surgeons (Woodward).
cc

SALENIA MAGNIFICA, WritJltt, novo sp.

PI. XLIV, fig. 1, a-I.

lJiagnosis.-Test spheroidal, much elevated; ambulacra nearly straight, two marginal
rows of large mammillated and two internal rows of smaller granules j poriferous zones.
narrow, pores very oblique and unigeminal; inter-ambulacra wide, two rows of tubercles,
seven in each, the ambital and dorsal very large, the basal very small; miliary zone wide,
and sparsely covered with granulations; apical disc large, plates smooth, sutures punctuated, vent large, oblong; periprocte hexagonal, elevated, and projecting; mouth-opening
small, oblong.
lJimensions.-Altitude, nine lines; latitude, ten and a half lines.
lJescription.-This magnificent 8alenia from the White Chalk belongs to the British
Museum, and to the illustration of its finely preserved details I have devoted PI. XLIV.
The test is spheroidal and much elevated, its altitude exceedingits diameter by one and a half
lines; the ambulacral areas are narrow and slightly flexed, with two marginal rows of large
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-elose-set mammillated graneles, twenty-six in each row, larger at the base than in the
-upper part. of the area.Witbin these are two rows of much smaller granules, twentytwo in each, less regular in their ..al'tangement than the marginal rows (fig. 1 !l)' The
poriferous ~ones -are extremely.cnarrow and the pores disposed in very oblique pairs
(fig"l.?), eight lying within the-height of one of the large inter-ambulacral plates (fig. 1 i);
the eeptum between e8ICh, pair. terminates in a granuliform elevation (fig. 1 i).
The inter-ambulacrsl areas are well developed (fig. 1 a, d, f), with two rows of
tubercles, seven in each ; -those in the upper part ofthe area and at the ambitus are large,
and at the base small; fig. 1 fshows one area magnified four diameters; the three pairs
of large tubercles nearly occupy the entire surface of their respective plates (fig. 1 i); the
boss has a wide base, surrounded by a well-defined areola, and this is encircled by a
series-of eight large mammillated granules; fig. 1 i shows one of these large plates,
and fig. 1 le .gives a: profile of one tubercle with its .smrounding granules, both figures are
magnified six diameters; from the ambitus to the peristome the tubercles gradually
diminish: in size, and-the four.small basal nearest the mouth have a row of mammillated
granules -sepersting them from the poriferous zones (fig. 1 f and fig. 1 It). The miliary
zoneiswide,nea<rlyof equal diameter throughout; and in addition to the large granules which
form.a series-of crescents around: the areolse the interspace is covered with small granules
sparsely strewed over the surface of. the plates (fig. 1 d, g, f). The apical disc is
.large.snd peominent, consisting of a series.of.thick plates; fig. 1 a shows its natural size
and-relations, .andfig. l i the same magnified four diameters. Three of the ovarial plates
have an irregular hexagonal and two a rhomboidal figure (fig. 1 b and e); in all the
oviductal holes are in the centre of the plates; the .sur-anal plate is much thickened and
raised to form the anterior wall of the periprocte (fig. la, b, d, e); the ocular plates are
triaegular, having-their base undulated and turned outwards ~ the outer border of both
the ovarial and ocular plates are placed within the circle having its centre at the anterior
wall of the vent; the sutures are well marked and punctated with small angular impressions , the vent is large and oblong (fig. I b, e), and the periprocte surrounded by a
thick premiaeot annulus, which forms a conspicuous character of the test of this fine
Salenia , the vent is excentral (fig. la, d), and looks obliquely backwards and to the
right side. The base is narrow, and highly ornamented , the small primary interambulacral tubercles are .closely set together, and the large mammillated ambulacral
granules are very conspicuous, and form a ,prominent band between the tubercles (fig.
1 c, It); the miliary zone is wide, and filled with small close-set granules (fig. l,f, c).
The mouth-opening is oblong (fig. 1 c, l) about one third the diameter of the test.
The peristome is decagonal, dividing the opening into ten unequal lobes; each of the
ambulacral lobes, whicli are the largest, have a double crescentic outline, fig. 1 It, l ,
this is the only species of the genus Salenia which possesses an oblong mouth-opening,
and this forms, therefore, one of the specific characters by which it is distinguished from
its congeners.
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Affinities and ])ijferences.-This magnificent 8alenia in point of size resembles 8.
fJeometrica, var. Portlockii, from the White Chalk. The .test, however, is more elevated,
the apical.disc thicker and more prominent, and the inter-ambulacral areas resemble each
other in the number and development of the tubercles in each row; the oblong vent and
oblong mouth-opening are, however, special to 8. mafJniflca.
Locality and 8tratifJrapnical Position.-This Urchin was collected from the Upper
Chalk near Norwich, and belongs to the British Museum collection.

Genus-CoTTALDIA, Desor, 1856.
ECHINUS,

pars, Kamig, 1820; Munster, 1826; Forbes, 1849.
COTTALDIA, Desor, 1856.

ARBACIA.,

Gray, 1835.

Test small, sub-globular, sides inflated, more or less depressed at tb'e poles.
Shell lobed, divided into fifteen sections; the five most prominent form the ambulacral,
and the ten others, grouped in pairs, the inter-ambulacral areas. Poriferous zones
Tubercles small, mammillated, imperforated,
narrow, straight; pores unigeminal.
uncrenulated, very numerous, homogeneous, and forming on each plate a close-set horizontal row. Granules microscopic, placed on all the inter-tubercular spaces. Apical
disc solid, narrow, forming a prominent ring, composed of five perforated, rhomboidal,
ovarial plates, and five cordate oculars; all the elements of the disc are covered with closeset granules. Mouth-opening moderate, lodged in a concave depression of the base; peristome sub-pentagonal, decagonal, and feebly notched.
The genus Cottaldia forms a very natural group of small fossil Urchins appertaining
to the Cretaceous and Tertiary formations; well characterised by their sub-globular form,
and the abundance and uniformity of their tubercles, arranged in horizontal series
over the entire test. Much confusion formerly existed between ARBACIA, Gra!!; ECHINOCIDARIS, Desmoulins, POLYCYFHUS, AfJa8siz;' and MAGNOSJA, Micnelin. This, however,
has been in a great measure removed by clearer definitions of the genera retained, the
suppression of those that were doubtful, and the establishment of the genus Cottaldia.
The uniformity of the tubercles, Prof. Desor remarks, attains its maximum in this
small genus; and this character accords with its peristome, which is narrow and depressed,
and its pores, which are unigeminal throughout the zones. These characters distinguish
Cottaldia from the neighbouring types with which it has been confounded up to the
present time. It is dedicated by M. Desor in honour of his friend M. Cotteau, the
learned author of the' Fchinides fossiles de I'Yonne,' and of the C Paleontologie Franeaise.'
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Pl. XLV, figs. 1,2, 3.

ECHINUS BENETTIlE,
Konig. Icones Foss. Sectiles, p. 2, pI. iii, fig. 35, 1825.
GRANULOSUS, Munster, Pet. Germ., p. 125, pI. xlix, fig. 5, a. '6, 1826.
Grateloup. Mem. Oursins Fossiles, Eehinides, p. 82, 1836.
ARBACIA GRANULOSA, .tI.gassiz. Cat. Syst., p. 12.
Morris. Cat. of British Fossils, p. 48, 1843 .
.tI.gassiz et Desor. Cat. Rais. des Eehinides, Ann. des Se.
Nat., 3rd series, vol vi, p. 356.
ECHINUS GRANULOSUS, Eorbes, Mem. Geol. Surv. Organic Remains, Decade I, pl.
vi, 1849.
Eorbes in Morris. British Fossils, 2nd ed., p. 79, 1854.
COTTALDlA GRANULOSA, Desor, Synop. des lnchinid. Foss., p. 114, pI. xix, fig. 1-3,
1858.
Cotteau. Paleontologie Fran~aise, Ter. Cretace, t. vii, P: 789,
pl, 1193 and 1194, 1-9, 1866.

IJiafJnoaia.-Test small, globular, nearly equally depressed at both poles; pl;ttes
of both areas very narrow, the inter-ambulacral supporting a horizontal series of small,
equal-sized, imperforate, spiniferous tubercles, from eight to twelve in a row; the amhulacral tubercles of the same size, less numerous, and packed obliquely together; poriferous
zones very narrow, pores unigeminal throughout; apical disc very small; mouth-opening
large, placed in a depression; peristome slightly de~agonal, notches feebly marked.
IJimenaiona.-Altitude, nine twentieths of an inch; latitude, six tenths of an inch;
the relation of the altitude to the latitude varies considerably,
some being more conical, others more depressed than others ; in
four specimens the ratio was 17 to 10, 15 to 11J 12 to 11, and
12 to 8.
IJeacription.-This beautiful little Urchin was first figured by M. Konig in his
"Ieones Fossilium Sectiles ' under the name of Echinua Benettie, in honour of a lady
who had long made the fossils of Wiltshire her especial study, and had published a valuable
catalogue of the same; a year later the German forms of this species were figured and
described in Goldfuss' "Petrefacta Germanire' under Count Munster's name Ecltinua
fJranulo8Ua j subsequently it was entered in Agassiz and Desor's 'Catalogue Raisonne des
Echinides' at the head of the list of their second type of Arbaci(JJ with uniform
tubercles on. all the. surface of the test; and, lastly, M. Desor established the genus
Cottaldia for this small group, which was characterised by having the surface of the small
test covered with spiniferous tubercles, uniform in size and regular in arrangement,
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forming distinct horizontal rows on the plates of the inter-ambulacre., and having the
pores unigeminal throughout the narrow areas.
The test varies in form in different individuals from nearly-a globular shape, as-in PI.
figs. 2 .and 3/ The
XLV, fig. 1, to forms more or less depressed-at both poles, as
uniformity in size and arrangement' of the numerous small tubercles covering the sarfaoe,
and the division of the same into' five broad and-fivenarrow segments- (fig. 1 af, by
the poriferous zones radiating from the circumference of',the apical disc (fig.. 1 b) and
converging below around the peristome (fig. 1 c), impart. a remarkable physiognomy tothis pretty little Urchin; the medial suture down the middle of the inter-ambulacra isoften depressed, and then Cottaldia Benettie resembles a little melon, having its' surface'
divided into fifteen lobes (fig. r b, d).
The ambnlacral areas are about one third the width of the inter-ambulaoral, and at:'
the ambitus there are threeor four tubercles on each plate (fig. 2 b), with numerous small
granules around them; the outer rows of tubercles are the most persistent, and the inner
rows in general are limited to the ambital region of the test; the poriferous zones are very'
narrow, and the pores numerous and unigeminal throughout (fig. 2 b) ; near thebase
they show a disposition to fall into triple oblique pairs, as in the genus Ec~inu8, but thedeviation is so slight that it is only occasionally seen in exceptional specimens; thereare in general three pairs of holes opposite each ambulacral plate (fig. 1 e and fig. 2 b),
so that in the specimen I am describing there are quite 100' pairs of holes in each zone.
The inter-ambnlacral areas are three times" as wide as-the ambulacral; the plates are
very narrow in proportion to their length, and in the specimen before me there are thirtyfive plates in each column; each plate has' a horizontal series of small equal-sized spiniferous tubercles; in the longest plates at the ambitus thereare from nine to eleven 00
each according to the age and size of. the specimen under examination; the tubercles of
both areas are of the same size, but they are rather more closely set together" and more
obliquely placed in consequence in the' ambulacral areas (see fig. l' e and fig.. 2 h) ;. the
number of tubercles in each vertical row varies with the age and size of the specimen;
they are most numerous near the ambital region; the rows nearest the poriferous zones
are the longest and most persistent, and those near the miliary zone the shortest and most
frequently absent. In some large specimens there is a .depression in the line of the
median suture in the inter-ambulacral areas, which gives this space a bilobed appearance; as these areas are nearly half the width of the ambulacral, the whole circumference of the test is divided by the five sutural depressions into ten poriferous zones
and fifteen well-marked lobes, as represented in fig. 1 a, b, c, d, and this imparts a
remarkable symmetrical neatness to the physiognomy of the Urchin.
The mouth-opening is nearly circular, and about one half the diameter of the test (fig.
1 c); the peristome, which is superficial, is very feebly notched opposite the zones.
The apical disc is a small ring-like structure slightly projecting from the surface of
the test (fig. 1 b); the ovarial plates are sub-triangular (fig, 1 b), and perforated near
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their outer third by a large oviductal hole; the madreporiform tubercle is feebly developed
and occupies the inner portion of the right antere-lateral plate; in most specimens the
ocular plates are small and angularly- reniform, the-erbit is excavated out of the centre of
their outer margim. the elements- of·'the- disc are. covered with numerous small granules,
which are closely crewded-together on the surface of all,the plates.
The tesf is extremely thin, and the spines- are et-present unknown.
AfflnitielFandDiffe'l'enaes:--Thete·are very- few species-in-the-genua Cottaldia. C. conica,
Agass., is merely an elevated form of O. tg'l'~lflulosa'j O. Ruc/lii, Steiniger, is a nearly
allied species, from a Tertiary rock at Rommelsheim, near-Fnim.
h()(Jalz"t!l and 8tratiIJraJJltieal Position.-This'; Urchin. was formerly very abundant in
the Upper Greeasand of Warminster, -and at Chute ,Farm, Wilts. On the Continent the firstdescribed specimens were-collected at Regensburgi-Bavarie. In France, according to M.
Cotteau, it is found at Villers-sur-mer (Calvados);le Havre, Rouen (Seine-Inferieure) ;
Vimoutiers, La Perriere (Omej, La Madeleine (Eurej , le Mans, Coulaine, Yvre-l'Eveque,
les Bosdiers, Nogent-le-Bemard, Gaville (Sarthe) ;Cherves-de-Cognac (CharenteInferieurej , La Bedoule (Var); very- abundant in the Btage Oenomanien
Upper
Greensand; Environs of Royan.{Charente-Inferiellre); very. rare in the Etage Senonien
LoW6J." Chalk. .

=

=

ECHINOIDEA EXOCYCLICA, lYrilJltt, 18-55.

Before entering upon the study. of the ECIlINOIDEA EX'.oCYCLICA, it is due to the
Echinological student to state in- general terms the reasons that have led to the adoption
of names for several generic groups so different from those in general use at the present
time. In working out the materials for these' Monographs it has been my most earnest
endeavour to do justice to my predecessors and contemporaries in the same field of labour,
by observing the most scrupulous cape in reference to priority of date in each
genus and species founded on figures or descriptions, or both., without a rigorous
base of equity on this fundamental principle, it would be vain to hope for the stability of
any sy!)tem of nomenclature, or limits to the interminable list of synonyms which would
result from its neglect. In every case, therefore, I have traced back the history of each
genus and species to its original author, and have added his name and the date after
each, so that justice is done to every naturalist who has enriched our science by original
work. The following remarks were made in the preface to my Monogra nh on the Oolitic
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Echinodermata, and twenty years' experience has only afforded additional evidence of
their truth.
"Many of the readers of this Monograph will probably he surprised to find some old
generic names reproduced which have been long superseded by those of modern writers;
but a sense of justice to such authors as Van Phelsum, Breynius, Klein, and Leske has
led me to consult their original works and restore the genera first described and figured
by them, but omitted from the treatises of later authors on the same subject.
" In the nomenclature of the Echinoderm.ata, had I merely gone back to the time of
Linneeus, as suggested by the Committee of the British Association in their Report made
in 1842, I must necessarily have excluded the important work by Breynius,' in which,
for the first time, were proposed seven well-described and accurately figured genera of
Echinoidea, which, by some strange oversight, were not adopted by his contemporaries,
although they have reappeared under new names in the works of later authors. On the
principle of priority, therefore, I have restored the original genera so clearly defined by
Breynius, even although it may occasion a temporary inconvenience in the names of some
well-known forms of Urchins.
"In every case where practicable the name of the author who either first recorded,
described, or figured the species follows the specific name of the object without the
addition of "Sp.' adopted by some authors. By this mode justice is done to the original
author and confusion avoided. The modern practice of inventing new generic terms and
appending to the old specific name that of the individual who has merely changed a
word but discovered nothing cannot be sufficiently discountenanced, as it increases the
confusion arising from an overloaded synonymy, and thereby retards the real progress of
the natural-history sciences."!
The first author who described systematically and figured accurately many typical
forms of EchinidtJ3 was undoubtedly Breynius," in his' Schediasma de Echinis ,' he takes
the general form of the test and relative position of the vent as the basis of his
methodical arrangement, in which he groups the whole order into the seven following
genera.

I. Genus-EcHINOMETRA, Brel/niu8, 1732.
Shell more or less globular, the mouth and vent occupying the two poles. This
genus was retained by Gaultieri, 1742; by Seba, 1758, and by Van Phelsum, 1770; but it
1
2

De Echinis et Echinitis, sive methodica Echinorum distributione, Schediasma. Gedani, 1732.
'Monograph on the British Fossil Echinodermata of the Oolitic Formation,' p. vii, Pal. SDC. vol. for

]855.
3 Joannis Phillippi Breynii dissertatio physica de Polythalamiis-c-tandemque Sehediasma de Echinis
methodice disponendis cum figuris. Gedani, 1732.
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was changed into Cidari« by Klein, in 1734, into Ecltinus by Linneeus, in 1758, and into
Ecltinus and Cidaris by Lamarck in 1801, who suppressed the name Ecltinometra
altogether. It has been restored to another group of Urchins by Agassiz in 1846,
who unfortunately attributed the name to Klein instead of Breynius its author.

n.

Genus-EcHINOCONUS, Brel/nius, 1732.

The mouth in the centre of the base, and the vent beneath, at the margin, or above
the border; the shell elevated, round, or conoidal. This generic name was ignored by
Klein, 1,734, who changed it to Conulus; Leske, his commentator in 1778, changed it to
Ecltinites. Lamarck, 1801, omitted the names proposed by his predecessors, and gave
that of Galeritee to the same group; all the authors down to the time of Alcide
d'Orbigny have followed Lamarck instead of Breynius, who nearly a century before
had well described and figured this genus.
-

Ill. Genus-EcHINOCORYS, Brel/nius, 1732.
The test is helmet-shaped, with the mouth and vent beneath, the former aperture
before, and the latter at the marginal border. This generic name was ignored by Klein and
changed by him to Galea in 1734. It was retained by Leske, 1778, by Parkinson, 1811,
. and Mantell, 1832. Lamarck in 1801 proposed the new name Anancltl/tes for this group,
which was retained and adopted by all subsequent modern authors down to 1853, when
d'Orbigny restored to this form Breynius' original name Ecltinocor!Js.

IV. Genus-EcHUIANTHUS, Bre!Jnius, 1732.
Large, oblong, shield-shaped Urchins with petaloidal, ambulacral areas, the mouthopening beneath near the centre, and the vent within or below the marginal border; this
genus was preserved by Gaultieri, 1742, and -Leske, 1778. It was changed into Scutum
by Klein, 1734; into Cl!Jpeaster by Lamarck, 1816; and into Ecltinolampas by Gray in
1834. Agassiz and most other modern authors retained the name Ecltinolampas until
d'Orbigny rightly restored the old original name Ecltinantltus to all oblong Urchins with
leaf-shaped ambulacra and the vent in the lower border.

192

BREYNIUS" MEMont

V. Genua-EcHINOS'PA1'AGUs7·.8re.vniu8. 173:2.
Heart-shaped Urchins. with inflated-sides; ih'6" ambulaora on the upper-surface lodged
in depressions of the test; the mouth 'anterior' between the centre and the border; the
vent on the upper part of the .pesterier border. in 'a direction-oblique to that of the
mouth. This name was changed' by Klein.,1734. to..spatangus. adopted by.Lamarek
and all subsequent authors. As the genus EchinospatagU8 represents a natural family
rather than a genus. one of the forms figured by Breynius among his t.Ypes. ought to
bear this generic .name, whilst...theother genera might he readily arrange.d around the
central type form,

VI.' Genus.:..:....EcHINOBRISSUS.

Breynius~

1732.

Small buckler-shaped Urchins' more or less depressed, the mouth-opening- Hear the
centre of the base, ventdebouching into a deepdorsal sulcus. ambulaoral areas petaioidal.
The specimen figured as the type of this' genus is one of the most common Oolitic forms.
Still no author has cited this genus. and it appears to have been ·overloohd. un tilLamarck
described it under the name Nucleolite«.

eVIl. Genu8-EcHlNODISCUS. 'Bre!lmf48. 1732.

Discoidal Urchins with the mouth and vent opening near each other-at the base.
The ambulacra limited. petaloidal, and dorsal. Shell always flat; border thin, entire.or
often indented or perforated. This genus was adopted by Gaultieri, 1742. am} by Seba,
] 758; by Leske and Davila, 1778. It was changed to Rotul(l by Klein, 1734. and into
8cutella by Lamarek, 1801.
The ' Dissertatio Physica de Polythalamiis, de Belemnitis, de Eehinis,' by Breynius, is
a very scarce book. After endeavouring in vain to obtain it in commerce. I made known
my want to my friend Professor de Koninck, of Liege. who kindly gave me the copy I
now possess. In discussing many years ago the merits of this work with myoId mend
the Rev. Robert Hepworth, M.A., he kindly offered to make a translation for my Monograph of that portion of the dissertation which related to the classification of the Echinodermata. for which I heartily thank .him, and I have now the pleasure of adding the
version as it came from his pen. I have inserted such references to the plates of this
Monograph as will help the reader to supply the absence of the original plates which
accompany the work of Breynius.

•

DE ECHINIS.

193

•

cc

C(

DE ECHINIS ET ECHINITIS, SIVE METHODICA ECHINORUM DISTRIBUTIONE, SCHEDIASMA
JOANNIS PBILIPPI BREYNII, M.D., ET SOCIET. REG. LaND. SODALIS."

Genus I.-The ECHINOMET~A is an Echinu8 witlt the oral aperture placed in the centre
of the base, but with the anal one diametrically opposite at the 8ummit.

The term Ecltinometra occurs in Aristotle, who designates by it the largest genus of
Ecltini. Naturalists dispute whether, on this point, regard must be had to the size of
the spines, or of the test. Bellonius and his followers determine the latter. Hence I
think that this name is not inappropriately affixed to this Echinu8, since those belonging
to this genus are found equal in size to an infant's head. There is this additional
peculiarity, that this genus, among all the Ecltini, is provided with very large spines and
tubercles. Its common name is Ovariu8.
The Ecltinometra has many peculiarities which distinguish it from other Echini,
besides the position of the apertures.
1. Internally there are five testaceous teeth, each elaborately composed of several
parts, and surrounded by testaceous semicircles, which are situated internally around the
oral aperture. Some species of Echinanthu8 are also furnished with teeth, but of a
different structure.
2. The test is divided into five equal or nearly equal areas.
3. Externally it is rendered rough by tubercles, greater or smaller according to regular
series, placed for the purpose of receiving the sockets of the spines; whilst in the other
Ecltini all the tubercles are nearly equal in size and very small.
4. In like manner it has the primary and secondary spines more or less large and
unequal in size, whilst all the spines of other Edltini are very small, and generally of
equal size.
.
5. I have also especially observed near the anal aperture a small warty substance [the
madreporiform body], which can be more clearly distinguished with a lens, and similar to
that which Linck first detected in the Star-fish, the use of which in that animal will
. doubtless throw light also upon this species of the Eckinometra;"
[Plates V and VI of this work represent typical forms of this group.]
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." Genus H.-The

is an Echinus, whose aperture« are both in the base, the
oral £n the centre, and the anal at or in the marfJin.
ECHINOCONUS

It is either of a conical figure (the Ecltinites pileatus of Luidius), or hemispherical, or

more or less compressed or oval. All of them have five duplicate pointed lines
extending from the vertex to the oral aperture.
I have observed various fossil species of this genus, but only one recent species.
I have given it the name of ECHINOCONUS from the conical figure which certain
speCIes possess.
Table H, fig. I.-The ECHINOCONUS VERB CONICUS; perfectly conical, fossil; filled
'With cretaceous matter. From the Kent chalk pits. The Ecltinites pilea,tus, with either
a conoid figure, or somewhat turbinated. [Plates XLIX and L of this work.]
Fig. 2. The base of the same, in which may be observed the oral aperture in the
centre and the anal in the margin. [Plate L, fig. 1. Echinoconus conicus, Brey.]
Fig. 3. The ECHINOCONITES HEMISPH..ERICUS FERME, nearly hemispherical, consisting
of siliceous matter, or of what is commonly called hornstone. [Plate LIlI, fig. 2 c, d.]
Fig. 4. The base. [Plate LIH, fig. 2 b. .Ecltinoconus 8ubrotundus.]
Fig. 5. ECHINOCONUS OVALIS, the anal aperture near the margin. This is the only
recent one known to me; it does not exceed half an inch in size, is fragile, and with a
whitish shell.
Fig. 6. The base.

Genus Ill-The

is an Eehinus with both apertures in the base, the oral
between tlte centre and the marfJin, and tlte anal as distant as possible from the
moutlt in the ma1"fjin itself.
ECHINOCORYS

All those which have come under my observation approximate in some measure in
their form to that of a helmet. Hence they are termed by Luidius in his 'Lithophylacium Britannicum ' fJaleati or heimeted.
\
I have designated the genus Eehinoeorl/s for the same reason, as Ko~v~ among the
Greeks signified a helmet or casque. Hitherto I have observed no recent specimen of
this genus, but many fossil ones.
Table Ill, fig. I. The ECHINOCORYS VULGARIS; fossil, filled with cretaceous matter,
from the chalk pits near Gravesend, Kent. This is the common helmeted Ecltinitea
of Luidius.
~. Fig. 2. The base of the same, with two apertures; the upper one is the mouth, the
lower the anus,"
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Fig. 3. The ECHINOCORYTA, like marble, ashy grey, representing with the greatest
exactness the internal face of the shell. [This is a siliceous mould of an EchinoconU8.]
Fig. 4. The base. [Siliceous mould of the base of a small Echinocorl/8 vu{?ari8.]
et

Genus IV.-The ECHINANTHUS is an EchinU8 who8e oral aperture i8 near the centre,
and the anal upon or at thatpart of the marfJin which i8 at the fJreate8t di8tance
from the oral.
All the species of this genus have an oval figure, one extremity of which is narrower,
the other broader, in which latter the anal aperture is always situated; but the poriferous .
zones in the upper surface resemble a five-petaled flower, as though they were artificially
marked by a needle; and for this reason I have assigned to this genu~ the name of
Echinanthu8 or Urchin flower.
It is termed by Woodward EchinU8 pentaph!Jlloide8, i, e., five-leaved, and is represented as having only one foramen in the centre of the base; whereas, on the contrary,
the other foramen is conspicuous upon or at the margin in both the fossil and the recent
speCIes.
Fig. 1. The ECHINANTHUS, with the vertex (upper surface) more or less raised, of a
whitish colour. From the Kleinian Museum. This species seems to approximate in the
outward shape of an helmet to the Echinocorl/8, but it differs from it sufficiently in the
position of the mouth, and in the likeness of the flower at the summit.
Fig. 2. The base. This fossil EchinanthU8, filled with chalky matter, is depicted in
the 'Museum Amboinee,' Tab. LIX, fig. D.
Fig. 3. An Echinanthu8 of flatter form; fossil; filled with stony matter. From Monte
Baldo, near Verona; remarkable for the upper surface with the anal aperture.
Fig. 4. An Echinanthu8 with the .dorsal region more or less raised along its length;
fossil; filled with stony matter of an ashy colour.
Fig. 5. The base. The oral aperture near the centre, the anal on the margin. In
this genus the anal aperture is generally so situated that it can be viewed equally well
from both the summit and the base. On this account I am the more astonished that
Woodward should have overlooked it."
[plate L yUI, P'!JfJUru8 lampas, represents a type form of this genus.]
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Genus V.-The ECHINOSPATAGUS is anEchinU8wltose oral aperture is between tlte centre
and tlte margin, but the anal is situated obliquelJJ opposite to the moutlt upon or
at the margin toioard« tlte summit.

The figure is usually heart-shaped, the furrow being on the upper surface at the broader
extremity; or it is oval without a furrow of that kind. But the anal aperture is always
observable in the narrow extremity, as in the Echinantltus. In some speciesthere is also,
it appears, some representation of a flower, as in my Echinanthus, but this consists not of
jive but of only four petals, and those of unequal size;' the fifth towards the broader
extremity being absent.
I have thought that the name of &1atagU8 or Spatan!Jus, derived from the Greek
~7raTa'Y'Y0C;, and which is found in Aristotle and other naturalists who have thus designated this Ecltinus, ought, on this account, to be retained, although more recent writers
have extended the term SpatagU8 or 8patan!Jus to all except the oval Ecltini; and these
Woodward also has followed in his catalogue, which embraces under this title all except
the oval and those marked with five leaves-the pentaphylloidal shaped.
Table V, fig. I.-The ECHINOSPATAGUS CORDIFORMIS; very common. The anal
aperture which, in the entire shell, is usually closed because it is membranous, does not
seem to be less minute than in the oval. I have found the shells of this genus empty,
blanched, and very fragile. They are very commonly found on the shores ofthe Adriatic,
near Pesaro, where they are termed CU!Jlioni on account of their shape and size.
. Fig. 2. The base, in which may be observed both the oral aperture and the anal one
of less size.
Fig. 3. The heart-shaped Eclt£nospatagU8, more or less flat, of a smaller size; fossil;
filled with chalk rock; from, I believe, Wirtemberg. Fig. 4. The base.
Fig. 5. The heart-shaped Echinospatagu8; fossil. English, from the Kent chalk pits.
'I'he Eckinitee cordatu« of Luidius. [See Plate LXII, jJficraster cor-an!JuinuJn.]
Fig. 6. The base. [Plate LXII, fig. 1 b.]

Genus VI.-The ECHINOBRISSUS is an Echinu8 wlto8e oral aperture usuall!J occupies tlte
centre of tlte base, but the anal is seen upon the upper surface at a ekort distance
from the centre, and in a furrow obliquel!J opposite to the mouth.
It is always of an oval shape, with the mouth invariably placed towards the narrower'
and the anus towards the broader part. Some species are rather more elevated, and
represent in some measure the human buttocks; hence it is called clunicularis by Luidius :
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but others with a Hatter surface may be compared to' a shield; hence they are termed
Ecltini clypeati.:
The Brissu« (Bftaao~) is enumerated by Aristotle in his fifth book of the • History
-of Animals' as the thira genus' of Echini. But since his translators have not sanctioned
what this naturalist understood by that term, I have applied the name of Bris8U8 to this
genus.
No recent Eehinobfissus'has come under my observation, but I have seen some fossil
-species, although these latter are by no means common. Morton assigns only one aperture
to this Eehinus, since the other situated in the furrow escaped his notice; but Woodward
-ought afterwards to have discovered it, since he enumerates it among the Eehini which
have two apertures, the other being in the furrow.
Table VI, fig. 1. The ECHINOBRISSUS PLANIOR or CLYPEATUS MINIMUS; fossil; filled
with stony matter; with the anal aperture in the furrow. From England.. [Eehinobrissus clunicularis.]
Fig. 2. The base with the oral aperture.
Fig. 3. ECHINOBRISSUS ELA'rIOR; more or less raised; fossil; filled with stony matter.
From England. [Eeh,inobrissus scutatus, a characteristic fossil of the Coralline Oolite.]
[Plate LVI, figs. 1 and 2 represent several type forms of Eehinobrissi from the Creta-eeous formations. This genus has one living representative species.]

Genus VII.-The ECHINODISCUS ,is an Eehinus with the oral aperture situated near the
centre, but with the anal between the centre and the margin or on the margin.
The form always somewhatflattened.
All the species of this genus have the likeness of a five-leaved flower upon the upper
surface.
I have termed it Eehinodiseus from the figure of a disc or orb.
As I have not seen any recent Eehinus of the genus immediately preceding, so, on the
other hand, I have never hitherto observed a fossil of this genus. The following species
were all brought from the Eastern Ocean.
Table VII, fig. 1. The ECHINODISCUS CIRCINATUS MINOR, with the margin entire.
Fig. 2. The base or lower portion, in which is seen the anal aperture, but the other
(the oral) in the middle is not visible on account of the mutilation of the shell in the
centre.
Fig. 3. Eehinodiseus, one half of the circumference generally marked with equal
indentations.
Fig. 4. 'I'he base, in which are seen the oral and anal apertures."
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cc Fig. 5. All Ecltinodiscus, one half of the circumference marked with unequal indentations. The other half furnished with two pervious apertures.
Fig. 6. The base, with mouth and anus.
Fig. 7. The ECHINODISCUS MAXlMUS, with margin entire. The anal aperture placed
on the margin itself. From the Kleinian Museum.
Fig. 8. The base, with the oral aperture in thecentre.
A new genus may not inaptly be constituted as the eighth in order in my
'System,' from this last species, since it differs as to the rule of the position of the anal
aperture, and in the absence of the representation of the flower. But since only this.
single species has been known hitherto, I have preferred adding it to the Ecltinodisci,
until perchance some other specimen shall have been discovered."
[I must refer all interested in the study of this group to Professor L. Agassiz's
admirable Monograph •Des Scutelles,' with magnificent plates of living and fossil forms..

T. w.j

VI.

Famill/-EcHINOCONIDiE,

W'I"ight, IS54.

When I proposed the establishment of this Family I defined It as a natural group of
fossil Echinoidea having a thin, circular, or slightly pentagonal test; the upper' surface
in most of the forms being very much elevated or conoidal, in others it is more or less
depressed,

The ambulacral areas are narrow and the inter-ambulacral wide; the plates of both
are covered with numerous, small, perforated tubercles, raised 011 bosses with crenulated
summits. They are sometimes scattered over the plate, but are frequently arranged in
regular longitudinal rows. They are always larger at the base than on the sides and
dorsum; and the surface of the test is likewise covered with close-set microscopic
granules.
The poriferous zones are narrow, and formed throughout of round unigeminal pores
about equal in diameter; they converge in a straight line from the apical disc to the
peristome, around which aperture they have sometimes a bigeminal arrangement.
The mouth-opening is inferior, central, sub-circular, and armed with five pairs of jaws;.
the peristome is more or less decagonal and divided by notches into ten lobes, well
marked in Pl/gaster and Holectl/pus, but feebly in Discoidea and Eckinoconua.
The vent is variable in position; it is situated at the upper surface in Pl/gaster, at the
border in Echinoconus, at the base in Diecoidea i and this 'aperture is oval, pyriform, or
oblique in different genera.
The apical disc occupies the summit of the upper surface,and,is composedof five ovarial
and five ocular plates; the madreporiform body is very large, extending from the right.
antero-lateral ovarial into the centre of the disc.
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The posterior ovarial is often replaced bya complementary, imperforate plate, which
is sometimes wanting altogether.
The spines are small, short, and subulate.
The ECHINOCONID..E are distinguished from the ECHINOBRISSID..E, ECHINOLAKPID..E,
and CLYPEASTERIDlE, by their simple poriferous zones; in this respect the family
resembles the EOHINONID..E, from which, however, it differs in possessing a peristome
furnished with 'auricles and a masticating apparatus; the form is likewise more circular
and elevated, and the tubercles are more developed aud arranged in longitudinal rows.
The ECHINOCONIDlE are an extinct family, found only in the Oolitic and Cretaceous
rocks; at present we recognise six well-defined genera in this natural group, which
present the following opposite characters:
Test elevated; ambitus with projecting internal septa , vent
inferior always

DISCOIDEA.

Test elevated; peristome sub-decagonal; vent marginal

ECHINOCONUS.

Test depressed; ambitus without internal septa , vent inferior
and marginal
HOLECTYPUS.
Test depressed; peristome decagonal; vent oblique, distant from
ANORTHOPYGUS.
the disc; tubercles perforated and .crenulated
'Test depressed; peristome decagonal; vent pyriform, separated
from the disc; tubercles perforated, but not crenulated;
irregularly superposed pores

PU.EUS. '

Test depressed; peristome decagonal; vent pyriform, not separated
from the disc; tubercles perforated and not crenulated; pores
un~geminal, regularly superposed
PYGASTER.
•

I. Genua-DlscoIDEA, Klein, 1734.
GALERITES;

pars, Lamarclc, 1801.

Gray, 1834.
De8or, 1842.

DISCOIDEA,

DISCOIDEA,

DISCOIDEA,

Aga8siz, 1836.

'rest circular or subpentagonal at the border; upper surface much elevated, hemi'spherical; sides vertical or slightly convex; inferior surface flat, slightly concave.
Poriferous zones very narrow, and converging in a straight line from the disc to the
.peristome.
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Tubercles very small, perforated, crenulated, and surrounded by areolee, unequal and
microscopic on the sides and upper surface; larger at the ambitus and base, and disposed
there in regular concentric rows.
Mouth-opening small, circular, central; peristome decagonal, marked by slight notches.
Vent inferior, oval, sub-acuminate at both extremities, situated between the peristome·
and posterior border; opening covered with irregular granular plates, which are very
small around the anal opening; this aperture is placed near the internal angle.
The apical disc solid, well soldered to the areal plates, and forming a slight projection
above the test, having in some five perforated ovarial plates, in others four perforated
ovarials, and an imperforate, complementary, single ovarial; madreporiform body restingon the larger antero-lateral, and extending into the centre of the disc; ocular plates smallJ
and well wedged into the angles of the ovarials.
From the inner surface of the inter-ambulacral plates near the poriferous zones thick
shelly processes project inwards, and form internal septa, which occasion the ten characteristic impressions near the ambitus seen on the moulds of this genus.
Spines short, stout.
The Disooidea very much resemble Holect!!pus. Prof. Desor properly separated!
the latter from the former in consequence of the absence of all internal ribs from the shelb
of Holect!!pus, which likewise has a larger mouth-opening, the peristome deeper notched,
and the vent often marginal.
A.-Species/rom the Upper Greensand.
DISCOIDEA SUBUCULUS,

Klein, 1734.

DISCOIDES SUBUCULUA,

ECHINITES SUBUCULUS,

DISCOIDEA SUBUCULUS,
ECHINITES,

GALERITES ROTULARIS,

GALERITES SUBUCULUS,

ECHINONEUS ROTULARIS,
DISCOIDEA SUBUCULUS,
ROTULARIS,

Plate XLV, figs. 4, 5, 6.
Klein. Nat. dispositio Echinodermatum, p. 26, pI. xiv,.
l, m, 1734.
Leske, apud Klein, p. 171, pl. xiv, l, m, n, 0, 1778.
Gmelin. Systema Natura, p. 3183, 1789.
Encyclop. method., Moll. et Zoophyt. Atlas, pl, 158, figs•.
14, 15, 1791.
Parkinson, Organic Remains, vol. iii, p. 21, 1811.
Smith. Strata Ident. by Organ. Foss., pl. vii, fig. 12,.
1816.
Lamarck. Animaux sans Vert., t. iii, p. 21, 1811.
Dealongekampa. Zooph., Encyl. m~thod., t, ii, p. 433,
1824.
Defranee, Galerites, Die. Se. Nat., e. xviii, p. 86, 1825.
Goldfue«, Petref. Germaniee, t. i, p. 129, pl, xlix,.flg. 2,.
1826.
Blainville. Zooph., Die. Se. Nat., t, lx, p.194, 1830. :
Bronn, Letheea Geogn., p. 615, pl, xxix, fig. 19, 1835.
.dga8aiz. Prodrome d'une Monogr., p. 186, 1836.

•
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GALERITES BEMISPHlERICUS, Grateloup. Mem. les Oursins Fossiles, p. 55, 1836.
SUBUCULUS,
De8mouli1l8. Etudes sur les ~ehinides. p. 254, 1836.
DISCOlDEA SUBUCULUS,
Desor, Monogr. des Galerites, p. 54, pl, vii. figs. 5-7,
1842.
Morri8. Catalogue of British Fossils, p. 52, 1843.
Agaasiz and Desor, Catal. rais, des Ech., Ann. Se. Nat.
3e serie, t. vii, p. 146, 1847 .
.11.. Gra«. Oursins fossiles de l'Isere, p. 44, 1848.
Bronn. Index Palreontologieus, p. 430, 1848.
GALERITES SUBUCULUS,
Forbes, Mem. Geol. Surv., Dec. 1. pI. vii, 1849.
DISCOlDEA SUBUCULUS.
d'Orbigny. Prod. de Pal. Strat., t, ii, p. 179, 1850.
Sorignet. Oursins fossiles de l'Eure, p. 39, 1850.
Eorbe« in Dixon's Geology of Sussex, p. 341, 1852.
GALERITES SUBUCULUS,
Forbe« in Morriil's Catalogue of Brit. Fossils, 2nd ed.,
DISCOlDEA SUBUCULUS,
p. 77, 1854.
Desor. Synop des 1!:ehinides Foss., p. 176, pI. xxiv,
fig. 1, 1857.
Cotteau and Priger. 1:ehinides Foss. de la Sarthe,
p. 170, pI. xxiv, fig. 12, 1859.
Cotteau. Paleontologie Franeaise, Ter. Cretaee, t, vii, p.
23, pI. 1009, fig. 8-16, 1864.
De Loriol, Oursins de la Suisse, pI. xiii, fig. 15, 1873.

IJiagnosis.-Test small, circular, or slightly pentagonal; upper surface inflated, more
or less conical; under surface concave in the middle; ambulacra forming five prominent
bands, composed of very narrow plates; poriferous zones narrow, straight. holes
unigeminal in oblique pairs. Interambulacra wide, divided into three lobes by two subcentral carinee, which rise from near the middle of the plates; miliary zone concave,
depressed; tubercles small, perforated, larger at the base; on the sides there are two
regular, constant. carinal rows. and eight or ten less regular and inconstant; at the base
the principal tubercles are arranged in concentric lines around the peristome. Surface of
all the plates covered with fine close-set granulations; mouth-opening small, sunk in the
middle of a deep depression; vent infra-marginal, pyriform, midway between the
peristome and border, with the apex directed inwards. Apical disc small, prominent,
composed of five ovarial and five very small ocular plates.
'
IJimensions.- Height, seven twentieths of an inch; latitude, eleven twentieths of an
inch. The relative proportion of height to breadth varies considerably in different
specimens.
IJescription.-A figure given by Plott' in his' History of Oxfordshire,' pI. viii, fig. 9,
and described as "another sort of Button-stone" sent me from Teynton, which I take to be
a mere production of nature, finelystriated from the top, as I have seen some hair buttons,
as in Fig. 9, and may thereforebe called Porpites . except weshould rather take it for a new
sort of Ecltinites not yet discovered, which is wholly left to the reader's choice." Martin
1 'The Natural History of Oxfordshire,' ed. 1677, pI. viii, fig. 9, p. 139.
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Lister' in his' Hist. Animal. Anglire' states, in reference to his fig. 20, tab. vii, which is
copied from Plott, "Echinites parvulus striis capillaceis undiq , insignitus," ex D. Plott,
fig. 9, tab. viii, "Juxta Teynton agri Oxoniensis inventus est."
Leng,s in his 'Historia Lapidum Figuratorum,' says, in reference to "Echinites, striis
capillaceis centro ad circumferentiam undique insignitus, subluteus mediocris rotundus,
vertice compresso, basi ex pluribus annulis striatis sibi invicem impositis conflats," I
regard the original of Plott's figure not as an Echinite, but as a species of Coral belonging
to the family CYCLOLITID..E, genus Anabacia; about Lang's figure I think t~ere can be no
doubt, the concentric ridges of the epitheca at the base afford sufficient evidence of the
class ANTHOZOA to which his fossil Coral belonged. Klein's' Naturalis Dispositio' is the
first works in which we find an undeniable figure of this Urchin; in tab. xiv, 1, m, n, 0, he
says, "lJiscoides suhuculus; Kamisol-Knopff: Discum Germanorum imitans, si versum vel
supinum consideramus, a Vertice rosaceo ; quinque seriebus geminis capillaceis et velut
acu pictis , in vertice figuram rosulee ferens.' Leske," in his 'Additamenta ad Kleinii
Echinodermata,' observes, in reference to the figure given by Plott and Lister, "pro
Echinite exhibetur , at vero quantum ex icone coniicerelicet, potius Madreporites est, quam
Echinites. N am striee capillacese ex centro progrediunter, ut in Madreporis, neque aliqua
oris vel ani mentio fit, preeterea a Plotio Porpites dicitur, quod ipsum nomen Madreporis
petrefactis tribui solet, Tanquam dubium corpus, illud itaque omisi." Of Lang's figure
Leske says, "mea sententia firma manet, hsec corpora non Echinitas, sed Madreporitas esse."
The figures ofthis Urchin given by Parkinson of English specimens, and by Brongniart of
French, are very poor; and those of Bronn and Goldfuss of German forms, are not satisfactory.
The first real good drawing is that given by Professor Desor in his valuable' Monograph
on the Galerites,' and since then Professor E. Forbes' beautiful plate of this species in the
'Memoirs of the Geological Survey,' decade 1, pl. vii, leaves nothing to be desired;
subsequently admirable figures have been published in the 'Paleontologie Franeaise,
Terrain Cretace,' and in the Echinides of the department of the Sarthe, by M. Cotteau.
The test is small, orbicular, or slightly pentagonal, the upper surface convex, more or
less conical, and divided into five broad and five narrow segments by the poriferous zones,
which radiate with mathematical accuracy from the circumference of the apical disc, which
is small and prominent at the vertex. The under surface is rounded in young and
concave in adult specimens, the small, circular mouth-opening lies in a deep central
depression, and between it and the posterior margin is a large oblong vent.
The inter-ambulacral areas at the ambitus are nearly twice the width of the ambulacral ;
the dorsal surface of large specimens contains thirteen plates in each column between the
apical disc and the basal angle; the length of the plate varies from the ambitus, where

a
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'Historia Animalium Anglire,' 1678, tab. vii, fig. 20, p.220.
Historia Lapidum Figuratorom Helvetire,' 1708, tab. 36, figs. I, 2, p. 126.
C Naturalis Dispositio Echinodermatum,' 1734, tab. xiv, sec. 57, p. 26.
Ibid.• Additamenta ad Kleinii, 1778. p. 172.

C

•

· FROM THE UPPER GREENSAND.

20;~

they are longest, to the apex, where they are shortest, but their vertical depth is nearly
the same throughout; their surface is thickly covered with minute secondary granules
placed in very regular horizontal rows (fig. 4 g). Each plate exhibits a more or less
distinct sub-central carination, so that in many specimens the inter-ambulacral areas
appear to be partitioned by two prominent ridges on each side of the line of junction of the
plates. Along the carinated ridge each plate develops a larger tubercle, and these form a
complete series from the base to the summit (figs. 4, a, b, d, g): between this and the
median suture there are two smaller tubercles placed horizontally (fig. 4.9), and between
the carina and the poriferous zones are two or more similar tubercles placed in
two oblique series with reference to the larger central tubercles on the line of carination , consequently the primary tubercles placed between the carinated ridge and the
median suture are horizontal, and those between the ridge. and the zones arranged in
oblique rows (fig. 4). At the ambitus the tubercles are more numerous and less regularly disposed. The basal plates resemble very much those on the upper surface; in
full-grown specimens they are from six to eight in number; they are of the same vertical depth as those on the dorsal surface, and are ornamented in a like manner.
'I'he ambulacral areas are half the width of the inter-ambulacral , the plates are
numerous and narrow, four plates occupying the vertical depth of one inter-ambulacral
plate (fig. 4 g); they are closely covered with small granulets, and each plate supports a
small primary tubercle. These tubercles are so placed that they form oblique rows of twos
or threes, and do not form direct vertical rows. The plates forming the ventral portion
of the areas are rather larger than those on the dorsal surface (fig. 4 c).
The poriferous zones are straight and extremely narrow; the pores are unigeminal,
and the pores of each pair are obliquely placed (fig. 4 It, g). Each inter-ambulacral
column contains twenty-one plates, and each ambulacral column eighty-four, and
there are one pair of pores opposite each plate; it follows that each zone contains
eighty-four pairs of pores; all the primary tubercles are raised on elevated bosses in
areolar spaces, and they are all perforated (figs. 4j, 09, It).
The apical disc is small, and makes a slight prominence at the vertex; the right
antero-lateral plate is the largest, and supports a large madreporiform body (fig. 4 e); the
single ovarian plate is imperforate, as in all its congeners. The ocular plates are very
small, and closely fitted in between the ovarials.
The mouth is circular, and occupies a deep depression in the centre of the under
surface; it is about one fourth the diameter of the base; the peristome is feebly
decagonal, and the lobes are nearly equal (fig. 4 c).
The vent occupies a considerable portion of the basal region in the single inter-ambulaerum, between the peristome and the border; it is of a pyriform shape, having its small
extremity directed inwards towards the mouth with a series of tubercles surrounding it
(fig. 4 c).
Like other Diecoidee, moulds of the interior differ materially from the external shape
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of the test in exhibiting ten notches around the margin, extending to the mouth on the
ventral surface, and disappearing at the lower third of the dorsal. Five of these unite
near the mouth, and five continue singly to it. The centre of the prominent interspaces
of the latter is marked by a shallow depression. This groove corresponds to the line of
suture of the ambulacral plates, and its prominent sides to the pores. The ten deep
notches are caused by as many internal ribs, which spring from the inner sides of the
mouth, and run up the wall under the carinated portion of each series of inter-ambulacral
plates."-Forbes.
Aflinities and DiJferences.-After a careful comparison of D, subuculus with the four
following allied species, the late Professor Forbes remarks :l-The first, Discoidea minima,
Agass., founded on a single example from the Chalk-mar! of France, appears to be ouly
one of the less conical forms of the young of the species, such as not uncommonly occur
at Warminster. The second, D, pisum, Merian, is said to be exactly like D. minima, and
only distinguishable from it and D. subuculus by having distinctly perforate primary
tubercles; this, however, is a generic and not a specific character. The third, D, turrita,
Desor, is proportionally higher than D. 8ubuculus. The fourth, D. infera, Desor, has
primary tubercles only at the base. I have little doubt, the Professor observes, that the
several so-called species just enumerated are only slight varieties, if as much, of D. subuculu«. M. Cotteau admits that D. pisum may be the young of D. subuculus, but that the
three others indicated by Professor Forbes are certainly distinct. D, subuculus differs
from D, Dieoni, Forb., in having smaller mouth- and vent-openings, so that the appearance
of the base is materially different.
Locality and StratifJraphical Position.-This Urchin is abundant in the Upper Greensand of Warminster, and Chute Farm, Wilts; in the junction beds of Greensand and
Chalk-mar! at Maiden Bradley, Wilts; the Lower Chalk at Weymouth, and the Grey
Chalk near Folkestone. This species is very abundant in the different type localities of
the Etage Oenomanien in France, see p. 189.
B.-Species from the Lower Chalk.

DISCOIDEA CYLINDRICA, Lamarck's sp.
GALERITES CYLINDRICUS,

CONULUS HA.WKINSII,
GALERITES CANALICULATUS,

1 •

PI. XLVI, figs. 1, 2; PI. XLVII, figs. 1-3.
Animaux sans Vertebres, tom. iii,
p. 23, 1816.
De8longchamp8. EncycI. Method., Zoophytes,
t. ii, p. 433, 1824.
Mantell. Geol. Trans., new series, vol. iii,
part I, p. 208, 1828.
Goldfu88. Petrefaeta Germaniee, vol. i, p. 128.
pl. xli, 1829.

Lamarck.

Memoirs of the Geological Survey,' Decade I, pl, vii, p. 4•
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Geology of Norfolk, p. 52, pI. v,
fig. 4, 1833.
WoodwaI·d. Idem, pl. v, fig. 5, 1833.
HElIIISPHERICA,
AgQssiz'. Prodrome, Mem. Se. Nat. Neuchatel,
DISCOIDEA CANALICULATA,
t. i, p. 186, 1836.
Desmoulin«. Etudes sur les l11chinides, p. 254,
GALERITES HAWKINSlI,
1837.
AgasB1z. Echinid. foss. de la Suisse, Part I,
DISCOIDEA CYLINDRICA,
p. 92, pI. vi, figs. 13-15, 1839.
Dujardin. Animaux sans Vertebres 2e ed., t.
GALERITES CYLINDRICUS,
iii, p. 311, 1840.
,
Desor. Monographie des Galerites, pI. viii, figs.
DISCOlDEA CYLI~DRICA,
8-16, p. 58, 1840.
Morris. Catalogue of British Fossils, p. 52, 1843.
HElIIISPHlERICA,
Mor/is. Idem •.
Agassiz et Desor, Catal. rais, les ]jch. An
CYLINDRICA,
Se. Nat. 3e ser., t. vii, p. 147, 1847.
Bronn. Index Paleeontologieus, p.429, 1848.
GALERITES (DISCOlDEA) CYLINDRICUS, Eorbee, Mem. of Geol. Surv., Decade 1, pl, viii,
1849.
d'Orhigny. Prod. de Pal. strat., t, ii, P: 178,1850.
DISCOIDEA CYLINDRICA,
Quenstedt. Hand. der Petrefact., pI. xl, fig. 20,
GALERITES CYLINDRICUS,
p. 583, 1852.
Gra«. Catal. Ours. foss. de I'Isere, p. 43, 1852.
DISCOIDEA CYLINDRICA,
Mot/is. Catal. Brit. Foss., 2 ed., p. 77, 1854.
Pietet. Traite de Paleont., t. iv, p. 228, pl,
xcv, figs. 9-12, 1857.
Desor. Synopsis des Echinides Fossiles, p. 177,
pI. xxix, fig. 12, 1857.
Cotteau. Paleont, Francaise, Ter. Cret., t. vii,
p. 28, pI. 1010 et 1011, 1866.
DeLoriol. Ours. de la Suisse, pl. xiii, fig. 14,1873.
SCUTELLA DEPRESSA,

Woodward.

JJiallnosis.-Test large, sub-circular, slightly pentagonal; upper surface' hemispherical,
more or less elevated, regularly convex above, rounded vertically on the sides, and acutely
angular at the border; base nearly flat, marked by impressions which correspond to the
internal carina; ambulacra one third the width of inter-ambulacra , mouth-opening
central, decagonal; vent small, oblong, basal, midway between the peristome and border.
JJimensions.-A. Height, one inch and four tenths; latitude, two inches and one tenth.
B. Height, one inch and eight tenths; latitude, two inches and two tenths.
JJescription.-Whether this: common Chalk Urchin was known to Leske or not is
difficult to decide. My friend Professor Desor considers the notice on Echinus quate,..
jasciatus to refer to this species; but a careful examination of Leske's figures leads me to
the conclusion that the mouth figured by that author in his PI. xlvii represents some
species of the genus Eckinoconu8 rather than a Discoidea, for they show no trace of
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impressions made by the internal ribs, so characteristic of the latter genus. For this
reason I am ofopinion that the history of this Urchin commences with Lamarck's description.
The outline of Discoidea cylinrlrica is orbicular, the base is very flat, and the upper
surface convex, more or less elevated, the amount varying with its phases of growth from
a regularly hemispherical form in young shells, as in the specimen figured in PI. XLVI,.
fig. 2 a, to hemispherico-cylindrical, its adult condition, as shown in PI. XLVI, fig. 1 c,
and PI. XLVII, fig. 1 a, b.
The inter-ambulaeral areas are three times the width of the ambulacral (fig. 1 a, b, d) ;.
the plates on the sides and lower part of the dorsal surface are broad horizontally and
narrow vertically (fig. 1 d), and those around the vertex are nearly square (fig. 1 e) ;_
near the middle of each plate there is a slight elevation of the surface which, in connection
with others in the column of plates, form a line of carination, which extends from theapical disc to the circumference, and imparts a marked feature to som~ old tests (PI.
XLVII, fig. 1). On this ridge a tubercle rather larger than the others is developed
(fig. 1 d) on the lower half of each plate; (this tubercle with the line of carination is indicated in fig. 1 by the vertical shading). On the surface of each plate from the sides of
the test there are from six to seven larger, and the same number of smaller tubercles
(fig. 1 d), all of which are perforated and striated, and their areolar spaces surrounded
by circles of minute granules (fig. 2 d); the quadrate plates in the upper portion of the
columns support only the one tubercle growing on the line of carinations already referred
to (fig. 1 e). In addition to the perforated and striated tubercles, the plates are covered
with microscopic granules, distributed very regularly over the surface. The series of
plates around the angular border are narrow, and bear five or six large tubercles
arranged in regular horizontal rows, having areolar excavations around their base. Those
on the basal plates are still more conspicuously ornamented with rows of primary tubercles, each surrounded by a depressed areola bounded by granules, which are larger and
more thickly set than on the upper surface. 'I'he plates round the mouth are smaller and
have fewer tubercles (fig. 1 b). The inferior inter-ambulacral plates bulge out on each
half near the margin, a prominence which is continuous with the lines of carination above,
and indicates the position of the internal ribs in the interior of the test. PI. XL VII,
fig. 2 a, b, shows the position of impressions made by the internal ribs on a well-marked
mould; from this we learn that the two impressions at the base of each inter-ambulaera;
and the ridge at the circumference, are due in part to the internal ribs of the test.
The ambulacral areas are narrow and lanceolate above, and of the same width and
more prominent at the base; they are composed of small unequal plates, of which about
three correspond vertically to one inter-ambulacral plate. They are, however, very
irregular in size and shape, some being narrow, others rhomboidal or triangular, with
small wedge-shaped pieces fitted into the poriferous zones, the whole forming a kind of
mosaic of many-sized pieces. The plates at the base and on the upper surface are more
regular in form and smaller in size than those on the sides (fig. 1 d); each plate carries.
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one or two small primary 'tubercles; at every third plate one of these is near the zonal
side (fig. 2 f), so that in each ambulacra there are two marginal rows of small perforated
and crenulated tubercles surrounded by several microscopic granules.
The poriferous zones are very narrow, and have one pair of small round holes opposite
each ambulacral plate, which are larger and more conspicuous on the dorsal than on
the ventral surface; on the lateral and dorsal surfaces the pores are unigeminal, but at
the base, from the narrowness of the plates, they fall into double file (fig. 2f), and near the
mouth-opening two rows go to each plate, the number of pairs of pores corresponding
with the number of the ambulacral plates; taking the average as equal to seven ambulacral
plates for two inter-ambulacral an average-sized adult test would have seventy pairs of
pores in the lateral and dorsal portions of the zones; the exact number at the base it would
be difficult to estimate, from the narrowness of the plates and the bigeminal arrangement
of the pores. .
The base is flat and the mouth-opening occupies the centre of the disc; it is a small
obscurely decagonal opening (PI. XLVI, figs. 1 b, 2 b), equal in diameter to one fourth the
distance between it and the border; the peristome is subcircular and divided into ten
equal lobes; it is only in some rare specimens that this part of the anatomy of the test is
shown, as the oral opening is nearly always filled with closely adhering matrix. In
some fine specimens from the soft Grey Chalk I have been able to clear out the peristome
and demonstrate the oral lobes.
The vent is proportionately very small, oblong, and acute at each extremity. It
occupies rather more than one fourth of the space between the mouth and border,
and is distant from the margin about its own long diameter (fig. lb). The plates of the
single inter-ambulacrum appear sharply incised by the vent, the margins of which are on
a level with them except at the inner extremity, where there is a bulging of the plates
extending to the peristome (PI. XLVII, fig. lb).
The apical disc is well shown in my type-specimen; and this structure is accurately
drawn in PI. XLVI, fig. 2 c. It is often prominent in consequence of the convexity of
its elements; the five ovarial plates are of an irregular rhomboidal figure and closely united
together; four of the five plates are perforated for the passage of the genital tubes, the
single plate is imperforate, and the microscopic madreporiform body occupies the entire
'Surface of the right antero-lateral plate. The five ocular plates, each having an orbit,
are small cordate bodies wedged into the angles of the ovarials, fig. 2 c shows this
structure magnified six diameters. Mr. Bones' very accurate drawing renders any
lengthened description of the discal elements unnecessary.
In PI. XLVII, fig. 2 a, b, I have figured a very perfect mould of this Urchin to assist
the geologist to identify the species whe:n all the test is absent. This mould is marked by
ten impressions made by the internal carinee of the test, which deeply groove the border
and base and extend from the lower part of the sides, pass along the floor of the test and
vanish at the peristome. In addition to these well-marked depressioas Professor
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Desor describes and figures three fine marginal incisions visible below and in profile iD
each column of plates, and which assume a different form in the single inter-ambulaerum
where they are only two in each column; they are here wider and deeper than those in.
the pairs of the inter-ambulacra.
PI. XLVII, fig. 3, is the drawing of the base of a mould of a monstrosity of this,
species, iu which there are only four ambulacra seen from below.
Affinitie8 and nijference8.-niscoidea cylindrica cannot be mistaken for any of its
congeners, as it is readily identified by its great height, its inflated and sub-cylindrical
form, its perfectly flat base, and by the proportionate smallness of the oral opening and
the vent. Discoidea Favrina is the nearest allied form; this, however, differs from
D. cylindrica in having a larger vent placed nearer the border, and in having the interambulacral plates much larger; each plate, in vertical height, corresponding to six.
ambulacral plates.
Locality and Stratigrapltical P08ition.-This species occurs in the Upper Chalk of
Norwich and Holt (Mr. S. Woodward, Sen.), Chalk Mad and Lower Chalk at Hamsey,
near Guildford, Markham Gayton, Charing, Lewes, Dover, Burham, near Maidstone,
Speeton, Yorkshire; the Chloritic Mad, near Chardstock, and in the Red Chalk, in the
highest of the tinted bands at Speeton Cliff, Yorkshire, at the part where the pink and
white sems alternate (Rev. 'I', Wiltshire).
Foreign ni8tribution.-In France, in the 'Etage Cenomenien,' according to M.
Cotteau, Rouen (Seine-Inferieure) , Pourrain, Saint-Sauveur (Yonne); La Fauge pres le
Villard-de-Lans (Iserej , Saint-Aignan en Vercors (Drome) : Castellanne (Basses-Alpes).
In Germany, in the Lower Planer (stage with Ammonite» Rlwtomagemi8) = Chalk-mar]
of English authors; at Langelsheim near Brunswick (Strombeck); at Rethen, near Hildesheim (Romer), near Paderborn (Goldfuss), from the Gault of the Mountain of Fis;
according to Desor, and from the Etage Albien, Cheville, Alpes Vaudoises = Lower
Chalk (Renevier),
DISCOIDEA MINIMA, Agassiz, 1840.
DISCOIDEA. MINIMA.,

PI. XLVII, fig. 4 a-h.

Agassiz. Catal. Syst. Ectyp. Foss., p. 7, 1840.
Desor. Monogr. des Galerites,p. 56, pI. viii, figs. 1-4, 1842.
Morris. Catalogue of~British l!'ossils, p. 52, 1843.
Agassiz and Desor, Catal. raisonne des Echinides, 1847.
Morris. Catalogue of British Fossils, p. 77, 2nd ed., 1854.
McCoy. Contributions to British Palreontology, p. 67, 1854.
Cotteau. Paleontol. Francaise, t. vii, pl. 1012, figs. 1-7, 1866.

Diagnosis.- Test small, sub-circular; height and length equal; upper surface'
inflated; base slightly convex; border round; ambulacra half the width of the interambulaora , tubercles form regular series on the sides of the areas; mouth and vent.
moderately wide.
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IJescription.-The specimens of this Urchin sent to me for drawing and description
were so imperfect that I requested Mr. Bone to make accurate copies of the very capital
figures of this species given by my friend M. Cotteau in the <Paleontologie Franeaise,'
pI. 1012, figs. 1-7.
The test is small and sub-circular; the upper surface inflated and convex; the
base slightly swollen in the middle, and round at the border.
The ambulacra half the width of the inter-ambulacra, with two rows of primary
tubercles extending from the disc to the peristome (fig. 4 //> It); the plates supporting,
besides, numerous fine granules, which are disposed around the base of the tubercles.
The poriferous zones are narrow, the pores round, unigeminal, slightly oblique, and well
spaced out from each other (fig. 4f and fig. 4.9).
The inter-ambulacra are formed of large plates; at the ambitus each plate carries
three tubercles, two of which are more conspicuous and persistent than the others, and
reach higher up the sides. The central tubercles extend from the disc to the peristome,
and the zonal series is absent above and below; the larger tubercles grow on two slightly
elevated longitudinal carinal lines (fig. 4/), indicated by the direction of the shading in
the figures. The granulations on the plates are very fine and form horizontal beaded
chains of great delicacy; the primary tubercles at their base have circular depressed
areolas without encircling granulations.
The small mouth-opening has a circular or sub-decagonal peristome and opens in the
centre of the base, which is slightly convex (fig. 4 a).
The vent is oval, and acuminated at the inner extremity; it occupies nearly two
thirds of the space between the peristome and posterior border; the aperture was closed
by a series of ten anal plates, unequal in size (fig. 4 It) and covered with small granules;
the periprocte at the inner border is surrounded by seven small plates let into a space
around the vent like a piece of mosaic.
The apical disc is small and composed of five perforated ovarial plates, the right
antero-lateral being much the largest and covered with the madreporiform body; the
surface of the other four is crowded with granules; and the small cordate oeulars are
wedged into the angles formed by the ovarial plates.
AtJinities and IJijferences.-The general form and arrangement of the tubercles on
IJ. 'mini;na resemble the young condition of IJ. subuculus, of which some authors
consider it a small variety. M. Cotteau' has had an opportunity of examining with care a
great number of specimens collected from different localities, and says that he has
acquired the certainty that this species differs essentially from IJ. subuculus, not only in
its size, which is constantly smaller, but in its greater height, more inflated sides, and
convex base, and by its granules, which are more closely set together and disposed in
more regular lines on the plates, and always by its apical disc, which is composed of five
perforated ovarial plates.
~

•Paleontologie Franyaise,' tome vii, p. 35.
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Loeolit!l and 8tl'atiflrapltir!al Poaition.-This· species is extremely rare; on the
authority of Professor M'Coy one only has been found in England in the Upper Greensand
of Cambridge; and this type-specimen, with its anal plates, is in the Woodwardian
Museum of Cambridge.
.
The Foreifln Localities, according to M. Cotteau, are Rouen (Seine-Inferieure), Neuchatel pres Boulogne (Pas-de-Calaia) , Verronnet (Eure); La Chapelle Saint-Aubin, Les
Menus pres la Loupe (Sarthe); environs de Villedieu (Loir-et-Cher), from the Etage
Turonien, where it is very rare.

DISCOIDEA FAVRINA, J)es01', 1842, PI. XLVIII, fig. I a-fl'
DrSCOIDEA FAVRINA,

Desor, Monogr. des Galerites, p. 62, pl, vii, figs. 12-16, 1842.
Eorbe«. Mem. of Geol, Survey, Decade I, descrip. pl, viii, 1849.

J)iaflnosis.-Test sub-pentagonal; upper surface elevated, round, more or less inflated;
base flat; mouth-opening small; vent oblong, midway between the peristome and border;
inter-ambulacra wide, two prominent rows of primary tubercles; ambulacra narrow; five
plates opposite one inter-ambulacral.
J)imensione.-Height seven tenths of an inch; latitude one inch.
J)eseription.-This Urchin was first figured by my friend Professor Desor under the
name Discoidea rotula , he informs us that when the plates were executed for his
beautiful memoir on the Galeritide his knowledge of the J). rotula was limited to moulds
of this species, or to moulds with a fragment of the test adherent, but so much effaced
that it was impossible to study its intimate structure. As he had recognised among
the Urchins sent to M..-Agassiz by M. Alex. Brongniart from the" GIauconie" of Rouen,
who had first figured J). rotula, a species ,"ery similar in form to the others, he thought he
could identify it with J). rotula , subsequently M. Favre, of Geneva, sent from Saxonnet
a specimen of J). rotula with its test perfectly preserved. This specimen he compared
with those sent from Rouen, when he found that the tubercles on J). rotula from Saxonnet
were very different from those on the specimens from Rouen, for instead of being
scattered without apparent order on the surface of the test, they formed horizontal series
very continuous, resembling those on J). macroP!lfla. This discovery determined M.
Desor to separate the Saxonnet specimen from those derived from the" Glauconie" of
Rouen, and to describe it under the name Discoidea Eaorina.
The specimen I have figured from the British Museum collectionwas identified by the
late Dr. Woodward as the representative of Desor's species from the Upper Greensand;
the test has a subpentagonal outline, is considerablyelevated with a convex dorsal surface
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(fig. 1 c); the base is flat; the mouth-opening small (fig. Ib, and the oblong vent
occupies a space midway between the peristome and the border.
The ambulaoral areas are formed of small irregular-shaped plates, many of a triangular
form. On each of these is a primary tubercle, so placed that on every three plates we
observe an oblique disposition like this : ::

The poriferous zones are very narrow,

and there is one pair of pores opposite each of the ambulacral plates, of which five are packed
within the vertical depth of one inter-ambulacral. Fig. 1 e shows the structure of one of
these areas magnified four diameters, and the form \of the individual plates is wen
delineated in this drawing.
'
The inter-ambulacral areas are four times the width of the ambulacral; the tubercles
are arranged with much regularity, and two series in each area, situated about one third
the distance between the zones and the median sutures, are formed of larger primary
tubercles, which are elevated on a slight carinal ridge of the plate, and extend uninterruptedly from the apical disc to the peristome , this ridge is faintly represented
by a vertical line in fig. 1 e , besides the longitudinal series there are several other
tubercles very regularly arranged, and between them the surface of the plates is covered
with a microscopic granulation. The tubercles are larger at the base, and form horizontal rows on the plates (fig. 19), where several of the basal plates are drawn four diameters to show this arrangement of the tubercles with their encircling granules. The·
structure of the basal portion of the single inter-ambulacrum with the oblong vent is well
shown in fig. 1,f, where the two primary series of tubercles flank the periprocte, and others
fillup the intermediate spaces; in this figure, likewise magnified four diameters, we observe
that each alternate plate of the basal portion of the ambulacra supports a primary tubercle.
The apical disc (fig. 1 rl) is formed of five irregular, pear-shaped ovarial plates, four of
which are perforated; the right antero-lateral is larger than the others, and supports as
usual the madreporiform body. . The five heart-shaped ocuIars with their microscopic
orbits are wedged between the ovarials; the elements of the disc 'are well soldered together
and form a compact body.
The mouth-opening is small, and occupies a slight central depression (fig. 1 b).
Alflnities and lJijferences.-This Urchin closely resembles D. cylindrica, a species
which presents many interesting varieties of size and form from different localities, scarcely
two specimens from the Grey Chalk of Folkestone, or the Lower Chalk of the South of
England, being precisely alike. The same remark may be made of the specimens of
D. cylindrica now before me from the Planer of Hanover, the Craie Chlorite of La Fauge
(Isere), and the Btage Oenomanien of Saint-Aignan (Drome), and of other departments of
Franee , such being the case I accept lJ. Favrina only as a provisional species
until a series of specimens have been found which may determine more accurately
its specific characters.
Locality and 8tratig1'aphical Position.-The specimen I have figured belongs to the
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British Museum, and was obtained from the Upper Greensand. Professor Desor's type
was collected by Professor Favre from the same stage at Saxonnet. My late colleague,
Professor Forbes, stated in his note on allied British species of D, c!llindrica: "I think
it not improbable that in the end we shall have to adopt the specific appellation
Favrina for the Greensand ~pecies; and that the Chalk specimens alluded to will prove
varieties of c!llindrica; but a comparison of the types themselves only can settle the
matter." , Memoirs of the Geological Survey, British Organic Remains,' Decade i; note
to plate viii, Diseoidea C!Jlindrica.

DISCOIDEA DIXONI, Forbe«; 1850.

PI. XLVIII, fig. 2 a-d, fig. 3 a, b.

DISCOIDEA DIXONI, Eorbes, in Dixon's Geology of Sussex, pI. xxiv, figs. 13, 14, 1850.
Forbes, in Morris's CataI. of British Fossils, 2nd ed., p. 77, 1854.

IJia!!nosis.-Test small, circular; upper surface elevated, dorsum convex, sides
inflated; base slightly convex; mouth-opening and vent very small; inter-ambulaera
wide; two rows of primary tubercles more prominent than the others; surface of the
plates finely granulated; basal tubercles larger; apical disc small; the five genital plates
all perforated.
IJimensions.-Height five twentieths of an inch; latitude three tenths of an inch.
IJescription.-In describing this Urchin, which he found in Mr. Frederick Dixon's
• Cretaceous Fossils from Sussex,' my late colleague, Professor Edward Forbes, observes:
"In form and size this species resembles Discoidea subuculus; also in the proportional
number of ambulacral as compared with the inter-ambulacral plates, and the granulation
of their surfaces. It is distinguished, however, by the proportions and dimensions of
mouth and anus as compared with the whole ventral surface. The mouth, instead of
being (as in subuculus) nearly equal in diameter to the distances between its sides and
the margin of the inferior surface, is scarcely half that size, and the' anus, instead of
occupying the greater part of the space between the mouth and the margin, fills less than
half of it.'?
This elegant little Urchin has likewise the upper surface elevated, the sides inflated,
and the base slightly convex, a careful comparison of type-specimens discloses the affinities
and differences subsisting between these congeneric for~s.
The ambulacral areas, half the width of the inter-ambulacral, have a row of small
tubercles on the zonal side of the plates, one tubercle on every other plate in the column,
and a second row more irregular than the former,filling in only the wider part of the area
1

"Dixcn's Geology and Fossils of Sussex,' p. 341.
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·eflg. 2 tl); the surface of the plates is likewise covered with numerous microscopic
granules set in horizontal rows. There are four ambulacral plates opposite each inter.ambulacrel, and a pair of oblique pores correspond to each ambulacral plate.
The inter-ambulacral areas have two rows of primary tubercles, nearer the zonal than
the sutural side of the plates; these rows extend from the disc to the peristome (fig: 2 a, b,
.and fig. 3 a); each plate besides, near the ambitus, supports four smaller tubercles
~placed less regular on the surface than those forming the vertical series. The surface of
the plates is likewise covered with a most abundant development of microscopic granules
.arranged .in horizontal rows in the direction of the long diameter of the plate. Fig. 2 d
-shows this condition of the surface in the plates of both areas magnified six times; all the
tubercles are perforated and crenulated. Those on the base are large as shown in fig. 3 a,
where the test is magnified twice; and the details of a portion of the same are very well
exhibited in fig. 3 b, where a portion of both areas is accurately drawn eight times the
natural size. 'I'hese admirable drawings by my friend Mr. C. R. Bone render any
detailed description unnecessary, as they are correct representations of the minute anatomy
-ef the test carefully drawn under a lens.
'I'he apical disc is level with the general surface, and all the five ovarial plates are
perforated (fig. 2 c), as in D, minima.
The base is slightly convex; the small mouth-opening is quite superficial, and its
.peristome is marked with microscopic incisions; the vent is oblong, and occupies the
middle of the space between the peristome and border, which is rounded and inflated,
.but never angular as in D. subuculus.
4/flnities and lJijferences.-When compared with D. subuculus it is distinguished by
,the proportions and dimensionsof mouth and vent as compared with the whole ventral area,
which are much larger in D. subuculus than in D, Diaoni. M. Cotteau is inclined to
unite D, Dieoni to D. minima, as the apical disc in both has each of the five genital plates
'perforated, whereas, in other congeneric forms, only four of the ovarials are so.
Locality and StratifJrapltical Position.-The type-specimen was collected from the
White Chalk of Sussex, and the original of our figures belongs to the British Museum.

Genus-ECHINOCONUS,
CONULUS,

Klein, 1734.

ECHINITES,

Leske, 1778.

Breynius, 1732.
GALE RITEs,

Lamarck, 1801.

Shell round, oval, or pentagonal; enlarged a little before and slightly contracted
behind; upper surface more or less elevated, and having a rounded or conoidal form;
.summit central; under surface flat, border rounded or angular, sometimes concave in the
middle, rarely undulated by the depression of the ambulacra,
Mouth-opening small, circular, decagonal, in the centre of the base; peristome

214

ECHINOCONUS

notched with internal auricles, and supporting a pentagonal masticating apparatus; vent·.
oval, acuminated above, opening on the border, either marginal or infra-marginal.
Ambulacra lanceolate; poriferous zones narrow; pores unigeminal, except near theperistome, where they are trigeminal.
Inter-ambulacra wide, with numerous primary tubercles, small on the sides and
upper surface, and larger at the base; in both crenulated and perforated; miliary granules
either microscopic and homogeneous, filling up all the intermediate spaces, or larger and
more developed, and disposed in regular circles around the primary tubercles.
The apical disc, placed at the centre of the summit, is quadrangular, solid, and'
compact, and composed of four perforate and one imperforate ovarial plates; the right
antero-lateral is much the largest, and is prolonged posteriorly with a portion of themadreporiform body into the centre of the disc; the three other plates are much smaller,
and terminate externally in prominent angles, in which the genital aperture is pierced.
The five ocular plates are very small, and interposed between the angles of the ovarials.
The genus Ecltinoconus is distinguished from Discoidea by the position of the vent,
and the absence of projecting processes from the interior of the test; from Pygaster by its.
infra-marginal vent, absence of a dorsal aperture, and its elevated conoidal test; from
Holectypus by its elevated profileand much smaller mouth. and vent-openings; from Pyrina
in the quadrangular structure of the apical disc, its more pentagonal and conoidal
form and regular decagonal peristome provided with five jaws, and by its infra-marginal
vent.
In Professor Desor's valuable Monograph on the Galerites twelve species are beautifully and accurately figured belonging to the genus Ecltinoconus, such as I have defined
it; after a careful study of this series, and a comparison with a collection of specimens of
many varieties now before me, I have come to the conclusion that they all are referable
to four types, each of which may be described as a distinct species. These areIst. E. cQstanea.-Has an oblong form, enlarged anteriorly and contracted posteriorly;.
the upper surface depressed; it belongs to the Upper Greensand, the Ohalk-marl, and
Lower Chalk.
'
2nd. E. sub-rotundus.--Has a tall, round, or sub-globular test, and appears to be one
of the many forms which were figured by Klein and described by Leske under the name
Ecltinites vulgaris; the specimensgrouped together were siliceous moulds, entirely destitute
of shell, and clearly referable to several specific forms; one of them may represent the
beautiful test I have figured; but as it is impossible to determine its identity, I prefer
retaining the appropriate name given to it by Mantell, This species is collected from
the Lower Chalk of Sussex, and several of my specimens came from Lewes.
3rd. E. conicus.-This is the true ECHINOCONUS VERE CONICUS; marino-terrestrie,
creta repletue , em crete fodinis Cantianis, of Breynius; two years later Klein named it
Conulus albogalerus on account of its fancied resemblance to the white caps worn by the
priests of Jupiter; it has been frequently figured (see the synonyms of this species) and
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described under that name; there never was any mistake about the typical form of this
-species; although its generic and specific names have been frequently changed; in justice
to its original author I have restored its old name. It appertains to the Medial Chalk.
4th. E. abbreviatuB.-This species was proposed by Lamarck for a large flint mould
figured by Leske , but whether that form is the prototype of the Urchin to which I now
apply the name is uncertain, for moulds seldom possess specific characters and ought
never to have been described and figured as representatives of species; moulds having
been so admitted by former authors have led to interminable confusion, and E. abbreoiatu« is one of many examples that might be adduced of this error. My learned friend,
Professor Desor, in his valuable Monograph, has cited thirty-one references to Galerite«
-abbreviata, Lamk., and given excellent figures of one of the varieties, which is the
G. vulgaris of Goldfuss and Bronn.
The first figure that can be relied upon as truly
representing E. abbreviatus, Desor, is that given in Woodward's ' Geologyof Norfolk: pl. ¥,
figs. 2 and 3, p. 47, where it is entered in his stratigraphical list of fossils as G. vul!Jaris,
I have a series of type-specimens of this Urchin from the same chalk pits, and have
ascertained the accuracy of this identification; we next find that G. vul!Jaris, Woodward,
is G. arlf/ulosa, Desor, pl. iv, figs. 5-7, and Caratomue hemispluericus, Desor, pl, v,
figs. 14-19 ; both these species were drawn and described from English specimens collected
from the White Chalk of Norwich, and sent by the Marquis of Northampton to Professor
Agassiz, so that there can be no mistake about the identity of the original specimens most
beautifully and accurately figured in Desor's valuable work.
, A.-Species from the Lower Chalk.
ECHINOCONUS CASTANEA,

Brorlf/niart, 1822.

PI. LI, fig. 2 a-fl, fig. 3.

Brongniart. GeoI. Environs Paris, pt Q, figs. 13, 14,
1822.
De/ranee. Diet. Se. Nat., tome 35, p. 214, 1825•
GALERITES CASTANEA,
..1gassiz. Eehinod. Foss, Suisse, pI. xii, fig. 7-9, P: 77,
1839.
CATOPYGUS CASTANEA,
Agassiz. Prodrome des ]jjehinides, p. 185, 1835.
PYRINA CASTANEA,
Desmoulins. ]jjtudes ]jjehinides, p. 185, 1837.
GALERITES ROTHOMAGENSIS, Agassiz. Cat. Syst. Eetyp., p. 7.
CASTANEA,
Desor. Monogr. des Galerites, pl. iv, figs. 12-16, p. 23,
1842.
Agassiz aud Desor. Catal, rais. des Eehinides, Ann. Sc.
Nat., 3rd series, vol. vii, p. 149, 1847.
MOI·riB. Catalogue of British Fossils, p. 80, 1854.
Eorbes. Mem. Geol, Surv., Decade iii, pI. vii, 1850.
ECHINOCONUS CASTANEA,
d'Ol'bigny. Revue de Zoo!., p. 21, 1854.
GALERITES ROTHOMAGENSIS, SiB1nOnda. ]jjehin. Foss. de Nizza p. 51, pl, 2, figs. 8-10,
1843.
ECHINOCONUS C~STANEA, Cotteau. Paleontol. FraD~aise, t. vi, p. 503, pl, 990.
De Loriol. Ours. de la Suisse, pl, xiv, fig. I, 1873.

NUCLEOLITES CASTANEA,
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IJiaf/nosis.-Test oval, pentagonal, enlarged anteriorly, contracted and roundedposteriorly; upper surface elevated and convex; sides inflated; base contracted, slightly.
convex or flat. Mouth-opening small, roundish, and central; vent large, elliptical;
marginal; ambulacra narrow, prominent, corresponding to the angles of the test.
Poriferous zones linear, pores unigeminal; apical disc small, central, soldered to the plates
of the test.
IJime1lsions.-rrhe following measurement of six specimens is given to show thevariability of the proportions of this species.

Length
Breadth
Height

A.

B.

C.

D.

G. C.

G. C.

G. C.

U. G.

2
1 186
1 120

1 160
1 146
1 230

llo
Ilo

G. C. means Gritty Chalk; u.
in inches and parts of an inch.

G.

Upper Greensand; c.

~~
M.

E.

F.

C. M.

C. M.

llo

1

1

90
1

90
1

r 70

90
-1
90
1
60
1

Chloritic Marl; and the measurements are-

IJescription.-The two Urchins, from the cretaceous rocks of Savoy, drawn in pI. Q,.
figs. ] 4 and 17, of M. Alex. Brongniart's 'Description Geologique des Environs de
Paris,' and described under the names Nucleolites castanea, AI. Br., fig. 14, and
Nucleolites depressa, AI. Br., fig. 17, have occasioned much diversity of opinion among
Palseontologists in consequence of the unsatisfactory condition of the specimens themselves and the inadequacy of the figures for subsequent determination.
Having collected many specimens of this species showing its various stages of growth,.
I am enabled to state that the two forms figured by Brongniart are only different conditions'
of the same species, my larger shells agreeing with N. castanea and the smaller with
N. depressa.
I have given the anatomy of the test with ample details of structure of the largest
specimen I have seen from a very fine fossil in my collection (fig. 2 a-!J); the smallerand commoner shell is drawn in fig. 3.
The distinctness of the two forms has been persistently maintained by most foreign
authors, as our table of synonyms shows; nevertheless in this, as in other matters,
authority must bend to facts, and dry anatomy settle the question of the unity of the·
speCIes.
The British specimens of Ecltinoconus castanea nearly all belong to the small variety;.
these were collected from the Chloritic Mad near Chaldon, Dorset, and most of them
have the test beautifully preserved. My larger specimens were obtained from the bed of
hard gritty siliceous Chalk near Folkestone, and are equally well preserved, so that both
varieties belong to the lower portion of the Cretaceous formation.
All my specimens are of an ovate or sub-globular form, inclining to a pentangular or-
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hexangular outline. 'l'hey vary much in the degree of height and tumidity, as compared
with their length and breadth; the upper surface is sometimes convex and sometimes
depressed , the anterior half of the shell is more enlarged than the posterior, the widest
portion being the region across the antero-lateral ambulacra (fig. 2 b, d). The obscure
angles, when they are five, correspond to the ambulacral areas; when there is a sixth it
is in the centre of the single. inter-ambulacrum. The sides are so rounded that their
most tumid portions are central or sub-central.
In the large specimen (fig. 2 b) the base is flat, inclining to concave, in the smaller
-specimens from the Chloritic Marl, as in fig. 3, the border is so rounded off at the sides
that it becomes slightly convex, in the still smaller varieties it is mostly flat.
The ambulacral areas are narrow, tapering towards the disc and peristome, and widest
above the ambitus (fig.2 a, b, c); they are formed of narrow plates four or five of which are
opposite one inter-ambulacral , four rows of tubercles set in a zigozag arrangement occupy
the area (fig. ;2 e), and those at the base are much larger than those on the sides. The
poriferous zones are linear and the very small pores are set in triple oblique pairs,
six or eight pair being opposite the vertical height of one inter-ambulacral plate.
The inter-amhulacral areas, four times the width of the ambulacral, are formed of broad
.and well-developed plates (fig. 2 a, b, c); in the large specimen (fig. 2 c), twelve of these
ere found in each column between the disc and border, and six between the border and
peristome , each plate supports two rows of tubercles set in irregular horizontal lines
above each other, four or five tubercles occupying each row. Fig. 2 e shows two
complete and two incomplete inter-ambulacral plates, and a portion of the ambulacral
area and poriferous zones magnified four times; besides the primary tubercles the surface
-of the plates of both areas is covered with numerous microscopic granules. The basal
.havelarger tubercles than the lateral plates. Fig. 2 f shows two of these plates from the
middle of the base magnified four times; the crenulations of the boss and the perforations
at the summit are better seen in this than in the other figure.
The apical disc is composed of five genital and five ocular plates; four of the former
are perforated and the single plate is imperforate (fig. 2 g). The right antero-lateral
.genital plate is much the largest and supports the madreporiform body, which extends
backwards and fills the central portion of the disc. The small cordate perforated oculars
are wedged into the angles formed by the ovarials and complete the circle of the disc, the
elements of which are well soldered together to form a compact structure; and the surface
of the plates uncovered by the spongy body is studded with close-set microscopic granules.
The mouth-opening is small and oval (fig. 2 b), the long diameter extending obliquely
across the base from the left to the right side; the peristome is obscurely decagonal and
divided into ten nearly equal-sized lobes. 'I'he base is sometimes flat, or slightly concave, as in the large specimen (fig. 2b), or it is flattened in the centre and rounded off at
the sides, or sometimes it is slightly convex (fig. 3); in either case the mouth-opening
is nearly in the middle.
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The vent is elliptical(fig. 2 d); one third larger than the mouth in vertical dimensions;
it is placed at the lower part of the posterior border in the single ambulacrum immediately below the margin (fig. 2 b), or just within the range of the same; it varies a little
in the degree of its elevation in the different specimensI have compared.
Ajjlnities ana nijferences.-This species is distinguished from its congeners by its
elongated and pentagonal form; it is enlarged anteriorly and tapers slightly posteriorly,
its greatest transverse diameter being across the antero-lateral ambulacra , it becomes
a little narrower towards the posterior border, which is rounded with an elongated ridge
rising from the upper angle of the elliptical vent. The primary tubercles of both areas are
of the same size; they are sunk in areal depressions and scarcely rise above the general
surfaceof the plates, the wholeof the intermediate structure being covered with numerous
close-set granules; so that the shell of Ecltinoco'llus castanea feels smooth to the touch
when compared with that of Ecltinoconus conicus or E. abbreviatus. In this respect it
resembles E. subrotundus; the latter, however, has a smoother test, with fewer and
smaller tubercles on the plates; besides this character the elongated pentagonal form
is very characteristic of E. casianea.
Locality and 8tratigrapltical Position.-Ecltinoconus castanea is collected very rarely in
the Upper Greensand. A few specimens have been found in this formation at Chute Farm,
near Warminster, and one of these now lies before me. Small forms of this Urchin in
fine preservation are very characteristic of the Chloritic Mar! near Chard, a bed of Chalk
Marl tinged green with scattered particles of silicate of iron, which lies between the Chalk
Marl and Upper Greensand, and contains a most interesting suite of Ecltinid(jJ, all of
which likewise occur in the Upper Greensand formation. The large figured specimen
was obtained from the Chalk Mar! near Lewes, in Sussex. I have others that were
collected from the bed of hard gritty Lower Chalk near Folkestone, a stratum which has
yielded many interesting Urchins, as Salenia granulosa, Gypltosoma simple3J, and numerous.
Polyzoa. It belongs, therefore, to the lower division of the Cretaceous formation.
Foreign nistribution.-It was collected by Mr. Alex. Brongniart in the Albien stage
of the Chalk at the Mountain of Fis, in Savoy; in the same stage near Nice, by M.
Cailliaud; in France at Escragnolles (Var), by MM. Cotteau and Kcechlin : near Pres,
Valley de Rencurel, near Grenoble (Isere), by M. Albin Gras.
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ECHINOCONUS SUBROTUNDUS,

Mantell, 1822.
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PI. LII, fig. 1 a-I; PI. LIII, fig..2 a-I,
fig. 3.

CONULUS SU"BROTUNDUS,

Mantell. Geol. of Sussex, p. 191, tab. xvii, figs. 15-18,
1822.
GALERITES SUBROTUNDA, AgaBBiz. Monogr. des Radiaires, Mem. Soc. des Se. Nat. de
NeuchateI, t. i, p. 186, 1836.
DeBmoulinB. Etudes sur Ies Echinides, P: 256, 1837.
Dujardin. In Lamarck's Animaux sans Vertebres, 2e ed.,
t, iii, p. 313, 1840.
Desor. Monogr. des GaIerites, p. 18, tab. ii, figs. 11-14,
1842.
Morl·is. Catalogue of British Fossils, p. 53, 1843.
AgasBiz and Desor, Catal. rais. des :E1chinides, Ann. Se.
Nat., 3e serie, t, vii, p. 148, 1847.
LESKEI,
Desor,
p. 148, 1847.
SUBTRUNCATA, d'Orlngny. Prod. de Pal., t. ii, p. 272, 1850.
SUBROTUNDUS, Eorbee. In Dixon's Geol. of Sussex, p. 340, 1850.
Forbes, Mem. of Geol. Survey, decade iii, p. 6, 1850.
Morris. Catal. of Brit. Foss., 2nd ed., p. 80, 1854.
ECHINOCONUS
d'qrbigny. Rev. et Mag~ Zoologie, t. vi, p. 20, 1854.
Cotteau.
Paleontol. Franeaise terrains Cretaces, t, vi.
p. 517, pI. 997, figs. 8-12, 1856.
GALERITES
Desor, Synopsis des :E1chinides Foss., p. 183, 1856.
ECHINOCONUS
Cotteau. :E1chinides de la Sarthe, p. 283, pI. xlvii, fig. 4,
1860'.

ra.,

])iafJnosis.-Test subcircular, rounded anteriorly, a little contracted, and subangular

posteriorly; upper surface elevated, sub-conoidal and convex; base flat, rounded at the
border, sides a little inflated, mouth-opening small, roundish central; vent large,
marginal, elliptical; ambulacra narrow, plates of both areas covered with small flat,
equal-sized tubercles.
])escrption.-Under the name Galerites vulgaris, Leske, it is probable that moulds of
E. 8uorotunau8 have been included. Klein's tab. xiii, fig. C-K, and tab. xiv, fig. A-K,
are cited by Lamarck as types of G. vulgaris. As these figures all represent siliceous
moulds, a doubt may be .allowed to rest on their identity with the form I have figured in
Plates LII and LIII. Dr. Mantell also gave the name Oonulu« suorotunaus to a doubtful
cast; but Desor has published excellent figures of this species from an English specimen
collected in the Isle of Wight, and contained in the Museum at Neufchatel. Professor
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Agassiz made a cast of this specimen for his collection of moulds of fossil Echinoderms,
This form, therefore, has become classical, and I prefer to retain it, with Mantell's name,.
as M. Cotteau has done, in his beautiful work on the • Fossil Echinides of the Department
of the Sarthe.'
Echinoconu8 8uhrotundu8 is a common Urchin in the Lower English Chalk. The
subcircular outline being rounded anteriorly, and a little contracted posteriorly, sometimes is slightly sub-pentagonal, as in the large specimen figured in PI. LIII,
fig. 2 a, b ; the upper surface is elevated and convex, or sub-conoidal. A fine series of
well-preserved specimens gives about equal numbers of both forms. The base is narrow
and flat, and much rounded off at the border; the sides are tall and convex, not much
inflated. Mr. Bone has given admirable figures of this species in PIs. LU and-LIII,.
with full details of the anatomy of. the test.
'fhe ambulacral areas are narrow and lanceolate, PI. LII, fig. ] h, c, PI.. LIII,.
fig. 2 a, b, and composed of small plates, of which five are opposite one large interambulacral plate. PI. LIlI, fig. 2 e, representing a portion of the large test near theambitus magnified four times, shows the structure of the ambulacra; two rows of tubercles occupy the area, and form thereon irregular oblique rows; the poriferous zones areextremely distinct; the pores are very small, one oblique pair corresponding to each plate.
The inter-ambulacral areas are nearly three times the width of the ambulacral, and
formed of wide deep plates (PI. LIl, fig. d, PI. LUI, fig. 2 e). In the large specimen
(PI. LIlI, fig. 2 c, d) there are fifteen plates in each column between the border and thedisc, and six or seven between the border and the periostome, each plate supports three
or four longitudinal series of tubercles arranged in quincuncial order, fig. 2 e, each surrounded by an areola, and having its summit perforated; the tubercles on both areas arevery small, indistinct, and nearly homogeneous, and can only be seen with a lens, so that
the shell appears quite smooth to the naked eye. The inter-tubercular surface is covered
with microscopic granulets.
The base is flat, PI. LIl' fig. 1 a, PI. LIII, fig. 2 h, sometimes it is undulated from
the convexity of the basal inter-ambulacra, and the tubercles are a little larger than those
on the sides; PI. LIlI, fig. 3, represents the arrangement they assume on three basal
plates magnified six times; the bosses are crenulated, and the tubercles perforated.
The mouth-opening is small and central, about one seventh the diameter of the base;
and the periostome presents very feeble indications of entailles (fig. 2 b). .
The vent is larger than the oral opening, and occupies the border (Pis. LII and LIII) ;
it has an elliptical form, placed vertically, the most acute angle being directed upwards
(PI. LIII, fig. 2, h, d) ; the opening is on the same plane with the border of the test, and thesingle inter-ambulacrum is neither tumid or rostrated, like E. abbreoiatus (PI. LIII, fig. 1).
The apical disc is firmly soldered to the surrounding plates, and is almost always well
preserved; it is small, and consists of five ovarial plates, four of which are perforated, and
one single imperforate, the antero-lateral plate is large, and projects into the centre of
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the disc, supporting on its. surface the madreporiform body. The five ocular plates are
very small cordate bodies, wedged between the ovarials (PI. LII, fig. e, PI. LIlI, 2/).
The surface of all the discal elements is covered with microscopic granulets.
Affinfties and ])ijJerences.-This species resembles some globular varieties of E.
vulgaris, and is often grouped with these in collections. It has a more globular form
and is less elongated, the ambitus is more rounded, and the vent opens higher up in the
border. It differs from E. castanea in the general outline of the test by being more
globular, and elevated with a more convex dorsal surface. The same characters distinguish this species from Eo conicue, from which, however, it further differs in having
smaller tubercles, and a more microscope form of granulation. It differs from E.
abbreviatu8 in the general form of the test, and in having much smoother plates, from the
smallness of its tubercles; those in ·E. abbreviatus being larger, and surrounded by a
more prominent granulation; the vent likewise is more inferior, and the single interambulacrum neither tumid nor rostrated as in this species.
. Locality and 8tratifJraplticalPosition.-I collected my large specimen from the Lower
Chalk, near Lewes, in Sussex; it is found in the same stratum at Charing, in Kent, and
in the' Lower or Hard Chalk at Feltwell Marborough, in Norfolk, it is therefore a
fossil characteristic of the Lower Chalk, and in this respect differs from E. conicue, E.
!/lobzAs, and E. abbreviatus, which all appertain to the Medial and Upper Chalk. The Rev.
T. Wiltshire, F.G.S., has collectedthis speciesin the Lower Chalk, near Folkestone, from a
stratum fifteen feet above the bed of hard gritty chalk, but never in the gritty chalk itself.

B.-Species/rom tke Medial Chalk.
.ECHINocoNUS CONICUS, Breynius, 1732.

PI. XLIX, figs. 2, 3, 4; PI. L, figs. 1-6.

ECHINOCONU!l VERE CONICUS, Breynius. Sched. de Echinis, p. 57, pI. iii, fig. 12,
1732.
CONULUS ALHOGALERUS,
Klein. Natur. dispositio Echinodenn., p. 24, tab. xiii,
A, H, 1734.
ECHINITE CONOIDE,
Bourpuet, Trait. des Petrif., p. 77,pI.liii, fig. 360, 1742.
CONULUS ALHOGALERUS,
Leske, Apud Klein, p. 162, tab. xiii, A, H, 1778.
ECHINUS
Gmelin. Systema Naturee, p. 3181, No. 46, 1789.
Bruguiere. Tab. Encycl. Atlas, pl. clii, figs. 5,6,1791.
CONULUS
Parkinson, Organic Remains, voI. iii, pl. ii, figs. ID, 11,
1811.
GALERITES
Lamarek. Animaux sans Vert., t, iii, p. 20, 1816.
DeJranee. Die. Sci. Nat., t, xviii, p. 86, 1820.
Brongniart. Foss. envir. de 'Paris, p. 631, pI. 1,fig. 12,
1822.
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GALERITES PYRAMIDALIS,
CONULUS ALBOGALERUS,

Brongniart. Idem.
Mantell. Geol. of Sussex, p. 190, pI. xvii, figs. 16-19,

1822.
De8longcnamp8. Zoophytes Ecycl. Method., t. ii, p. 431,
1824.
Goldfu88. Petrefacta, t. i, p. 127, pl, xl, fig. 19, 1826.
CONULUS
Fleming. History of British Animals, p. 481, 1828.
GALERITES
Stoke«. Trans. Geol. Soc. Lond., 2nd ser., vol. ii, p. 406,
pI. xlv, figs. 14, 15, 1829.
ECBINONEUS
De Blain'Dille. Zoophytes Dic. Se. Nat., t. lx, p. 194,
1830.
.DISCOIDEA ALBOGALERA,
Agassiz. Monogr. des Radiair., Mem. Soc. Neuf., t, i,
p. 186, 1836.
De8mouli1l8. Etudes sur les Echinid., p. 248, 1837.
GALERITES PYRAMIDALIS,
DeBmoulin8. Idem.
ALBOGALERUS,
Aga8&i:. CataI. Syst, Ectyp. Foss., p. 6, 1839.
PYRAMIDALIS,
Agas8iz. Idem.
ALBOGALERUS,
Dujardin. In Lamarck, 2nd ed., t. iii, p. 306, 1840..
PYRAMIDALIS,
Dujardin. In Lamarck, idem.
Rcemer, Norddeutschen Kreidegebirges, p. 32, 1840.
ALBOGALERUS,
Desor, Monogr. des Galerites, tabs. i and xiii, p. 11,
1842.
PYRAMIDALIS,
Desor, Idem, p. 13, tab. i, figs. 1-3.
ANGULOSA,
Desor, Idem, P: 22, tab. iv, figs. 5-7.
Morl·i8. Catalogue of British Fossils, p. 53, 1843.
ALBOGALERUS,
Aga8siz and Desor. Catal. raise des Echinides, Ann. Se.
Nat., 3rd ser., t, vii, p. 148, 1847.
Aga88iz and Desor, Idem.
PYRAMIDALIS,
Aga88iz and Desor, Idem.
ANGULOSA,
d'Orbigny. Pal. Stratigraph., t. ii, p. 272, 1850.
d'Orbigny. Idem.
ALBOGALERUS,
FOI·be8. In Dixon's Geol. of Sussex, p. 340, 1850.
Sorignet. Oursin Foss. de l'Eure, p. 40,1850.
Eorbes, Mem, Geol. Survey, decade iii, pl. viii, 1850.
Bronn,
Lethrea Geognost. Kreidegebirges, p. 191,
pl. xxix, fig. 18, a, b, 1857.
Quen8tedt. Handbuch der Petrefak., p. 583, 1852.
ECBINOCONUS
d'Orbigny. Revue et Mag. de Zoologie, p. 20, 1854.
PYRAMIDALIS, d'Orbigny. Idem.
d'Orbigny. Idem.
ANGULOSUS,
Eorbes. In Morris's Catalogue of Brit. Foss., 2nd ed.,
GALERITES ALBOGALERUS,
p-,80, 1854.
Cotteau. Ech. Foss. Pyrenees, Bulletin Soc. Geo!. de
ECBINOCONUS
France, 2e ser., t, xiii, p. 258, 1856.
d'Orbigny. Paleeontoi. Franeaise ter, Cretaces, t. vi,
CONICUS,
p. 513, pl. 996, 1856.
SUBPYRAMIDALIS, d'Orbigny. Idem, pl. 1000, p. 530.
GALERITES ALBOGALERUS,
Pietet, Traite de Paleont., pl. xcv, fig. 12, 1857•
GALERITES
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Synopsis des ~chinides Foss.• pI. xxv, 1857.

GALERITES ALBOGALERUS,

Desor,

ECHINOCONUS CONICUS,

Ootteall. ~chinides du Depart. de la Sarthe, pI. 47,
figs. 1-3, 1860.

IJiagnoBiB.-Test much elevated, conoidal, larger anteriorly than posteriorly; slightly
angular and rounded at the border; base flat; single inter-ambulacrum tumid and recurved; vent large, oval, infra-marginal; mouth-opening central, periostome decagonal,
armed with five pairs of dentiferous jaws; ambulacra straight, narrow, doubly lanceolate;
pores small, unigeminal, in oblique pairs, which become trigeminal near the periostome ;
interambulacra wide, angular; tubercles on both areas small, homogeneous; granules
abundant, unequal, sometimes elongated and prominent; apical disc small, quadrangular,
very solid.
IJimenBionB.-Height, one inch and five tenths; latitude, one inch and four tenths.
IJeBcription.-I recognise three well-marked varieties of form in this Urchin, which
have been described as distinct species by different systematic authors: these are,
according to my reading of the matter, as follows : Oonica.-This may be regarded as the normal form, and as such it is figured
as the type of the species.
FORMA f3. P!JramidaliB.-Desor, • Monographie des GaIerites; PI. I,: figs. 1-3;
d'Orbigny, Paleontologie PI. 1000, figs. 5-7. A small
test, with pyramidal elongation of the vertex.
FORMA Y: AnguloBa.-Desor, • Monographic des Galerites,' PI. 4, figs. 5-7, a
depressed, elongated, and angular variety of Conica.
FORMA

a.

IJeBcription.-This is the most typical of all the Echinoconi, and has been welt
figured and described by most classical authors who have described the different forms
of this genus. It is the true I!]cltinoconuB oere conicus of Breynius, 1732; two years later
it was figured and described as OonuluB albo-galeruB by Klein, on account of its supposed
resemblance to the white caps worn by the priests of Jupiter. Lang figured it in 1708
as Ecltinometritis in his • Historia Lapidum figuratorum Helvetiee,' and Bourget in his
• 'rraite de Petrifactions,' as the Ecltinite conoide, whilst Lamarck made it the type of his
new genus Galerites; reserving for it the specific name albo-galeruB, given by Klein, by
which it has been known to the present time.
The general form of this Urchin is conical, varying in different specimens from a tall
pyramid, with very steep sides, to a short one with inflated walls; the base is flattened,
its circumference' slightly pentangular, the greatest width corresponding to the region of
the antero-Iateral ambulaora , the basal angle is more or less rounded, and the single
inter-ambulacrum'tumid and recurved.
The ambulacral areas are doubly lanceolate, and built up of minute plates, which in
the upper part of the area are often cuneiform in shape, irregular in size, and some-
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times separated from each other by small accessory pieces; near the ambitus they
have a more regular shape, as seen in PI. L, fig. 1 d. . All the plates are narrow, four or
five corresponding in depth to one inter-ambulacral plate. In the large specimen drawn
in PI. XLIX, fig. 3, there are fifteen plates in each, dorsal inter-ambulacral column
between the angle of the disc, so that in this specimen, in the same space, there are
seventy-five plates in each half of an ambulacral area; there are four rows of primary
tubercles in the widest part of the area, which have a zig-zag arrangement, the two
inner rows, which are the most irregular, disappear near to the middle of the base, and about
the upper fourth of the dorsal surface. 'I'he poriferous zones are very narrow, the pores unigeminal and oblique, six pairs being often opposite one large plate; near the mouth they
form sets of triple oblique pairs, as in the example (fig. 5), magnified four times; from
several specimens before me in different stages of weathering, I have ascertained that a
small cuneiform plate is apportioned to each pair of holes; this plate appears to have been
formed of two halves, so as to embrace the tubular feet; the plates, therefore, of the
poriferous zones are not perforated for the soft parts, but have, in fact, grown around
them in the process of development.
The inter-ambulacral areas are three times the width of the ambulacral at the
ambitus (PI. L, fig. 1 d); they are formed of large plates, each supporting from 10 to 14
primary tubercles, arranged in irregular horizontal rows, which sometimes assume an
hour-glass-shape-like disposition; each of these tubercles is spiniferous (fig. If), and
is encircled by a smooth depressed areola; the boss is large, mammillated, and
crenulated at the summit, and the small round head is perforated; those at the base are
larger, and form more regular horizontal rows; when examined with an inch object-glass
they present the appearance shown in fig. If. The inter-tubercular surface is covered
with rows of microscopic granules (fig. 1 d, e,!); the tubercles on the upper surface all
supported short spines, which are sometimes seen in sitlt, those at the base are large,
about one fifth of an inch in length; they are slender, tapering, smooth, and covered with
fine longitudinal lines, which are delicatelyserrated near the summit, the stem is enlarged
at the base, where it is encircled by a crenulated collar (fig. 3). Dr. Bowerbank made a
microscopic examination of the spines of Eckinoconi in his collection, and found that the
dorsal spines of E. conicus differed from those of E. subrotundus in being thickened \it
the base, and set on tubercles as it were sessile, instead of being shortly pedunculated; as
they are in the latter species.
'I'he minute moniliform spines of E. COlliCU8, according to Dr. Bowerbank, are
1 ~ 3 of an inch in length, and of equal diameter (fig. 4).
Three were accurately
measured, and all were as nearly as possible of the same size and proportions; they were
all perfectly smooth.
'I'he mouth-opening is small and central (PI. L, fig. 1 b); the periostome is decagonal
(fig. 5), and armed with a dental lantern: this fact was first discovered by Mr. Charles
Stokes, F.G.S., and described by him in the' Geological Transactions;' since that time
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other specimens exhibiting the jaws have been discovered. The teeth are small, smooth,
white, lanceolate, triangular, each consisting of a concave lamina, terminating below in
the dental point, and strengthened by a prominent ridge behind (fig. 6).
The base is flat, and both areas are covered with much larger tubercles than those
developed on the dorsal surface; they are arranged in irregular concentric rows around the
peristome; the single inter-ambulacrum is elongated posteriorly, and more tumid towards
the border, which is sometimes rostrated and recurved (PI. XLIX, fig. 2 and fig. 4, and
PI. L, fig. 1 and fig. 2). In this portion the vent opens; this aperture is one third,
larger than the mouth, and broadly elliptical in a longitudinal direction; its margins are
thick and elevated, and appear
The vent is
. to have supported an anal membrane.
.
marginal in a majority of specimens, and is rarely seen above the border; most frequently
it cuts that angle obliquely (PI. L, figs. 1 and 2).
The apical disc (PI. L, fig. 1 e) is quadrangular, and formed of four perforate
and one small imperforate ovarial plates; the right antero-lateral is the largest, and
extends into the centre of the disc, its surface supports the madreporiform body; the five
ocular plates are small cordate elements, closely wedged in the angle between the ovarials.
AJlnities and IJijfere'Jlces.-This typical species differs from its congeners in its form,
which is always conical or pyramidal; the base is flat and sub-pentangular, and the single
inter-ambulacrum is posteally produced, being somewhat tumid and recurved. These
characters readily distinguish it from E. castanea. The straight, slightly inclined sides,
the acute ambital angle, and flat base, form a good diagnosis between it and E. 8ubrotundus,
which has convex sides, a rounded ambital border, narrow base, and small interambulacrum; the conical form, small tubercles, and large vent distinguish it from
E. abfJreviatu<8.
Locality and 8tratiflrapltical Position.-This species is found in abundance in the
white Medial Chalk of the English Cretaceous districts. It is very Common in the south;
fine specimens are obtained at Gravesend and other localities in Kent, and at Swaffham, in Norfolk. Specimens showing the dentiferous jaws are in the collections of Mr.
Stokes, Dr. Bowerbank, and my kind friend the Rev. T. Wiltshire, F.G.S.; to whom I
am indebted for the figured specimen.
Foreifln Localities.-In France, according to M. Cotteau, it is found in l'Etage
Senonien, at Meudon, near Paris, near Sens, Villeneuve-le-Roi, and Charny, Yonne ,
Beauvais and Roquemont, Oise , Chartres, Eure-et-Loire , Vernonnet and Pinterville,
Eure; Bains-de-Rennes, Aude , the environs of Aix-la-Chapelle, and in the Island of

Ruegen.
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ECHINOCONUS ABBREVIA'fUS,

Desor.

PI. LII, fig. 2 a-i; PI. LIII, fig. 1.
Nat. dispositio Ecbinodermatum, p. 25, tab. xiii, c.
D, E, F, var. a, Wagricu8; tab. xiv, c, tl, e, f, var. /3.

CONULUS GLOBULUS,

Klein.

NODUS,
BULLA,
ECHINITES VULGARIS,

Getlanenai8, 1734.
Klein. Idem., tab. xiv, g, It, Gottlandicua, 1734.
Klein. Idem., tab. xiv, i, k, Gedanenai8, 1734.
Ecbin., tab. xiii, C, D, E, F; tab. xiv,
Leske (pars), Klein.
C, D, E, F,

1778.

Gmelin. Syst. Naturre, p. 3182, 1789.
Bruguiere. Encycl. Method., tab. 153, figs. 6, 7, 1791.
GALERITES
Lamarck (pars). Syst., p. 347, 1801.
Lamarck. Animaux sans Vertllbres, t, iii, p. 20, 1816.
ECHlNITES
Scklotlteim. Die Petrefakten, p.320.
GALERITES TRUNCATUS, Defrance. Die. Se. Nat. Galerites, t, viii, p. 87.
VULGARIS,
De8longcltamp8. Encycl. Method., p. 431, 1824.
Goldfu8S. Petrefacta Germanire, tab. xl, fig. 20, 1829.
Woodward. Geology of Norfolk, pl, v, fig. 2, 3,1833.
Blainville. Manuel d' Actinologie, p. 222, 1834.
PYRAMIDA.LIS, De8moulins (pars). Etudes sur les ]jchinides,p. 248,1837.
ABBREVIATA, Desor. Monographie des Galerites, tab. iii, figs. 9-17, p. 20,
(non Lamarck), 1816.
Aga88iz arid Desor. Catal. raison., p. 90 (model.es s, 65,

s.70).
VULGARIS,
d'Orbigny. Prod., 1. ii, p. 272, 1847.
ABBREVIATUS, Eorbe« (pars). Mem. GeoI. Soc. Survey, decade iii, pI. viii,
fig. 5, 1850.
Bronn, Lethea Geognost. Kreid., p. 192, pI. xix, fig. 17,
1854.
Desor, Synopsis des ]jchinides Foss., p. 184, 1858.
Morri8. CataI. of British Fossils, 2 ed., p. 80, 1854.
d'Orbigny. Revue de Zoologie, p. 20, 1854.
ECHINOCONUS GLOBULUS, d'Orbigny. Paleontol. Franeaise, t. vi, tab. 999, p. 522,
1855.

IJiafjnosis-Test thick, elevated, conoidal or globular, margin almost circular, not
angular; wider near the anterior third; base flat, rounded at the circumference'; single
inter-ambulacrum narrow, tumid, and recurved at the border; vent prominent, inframarginal; primary tubercles surrounded by deeply concave areolas; miliary granules
large and thickly set on the inter-tubercular spaces.
])imensions.-Height, one inch and one tenth; length, one inch and four tenths;
latitude, one inch and three tenths.
IJescription.-The attempt to make out the history of this Urchin has proved a perplexing and unsatisfactory task, inasmuch as the type-specimens figured by Klein were
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siliceous moulds without any portion of test attached thereto, and of these he made three
species, Oonulua !Jlobulu8, O. nodu8, and O. Bulla. His learned commentator, .Leske, in
his 'Additamenta ad Kleinii Dispositionem Echinodermatum,' p. 165, groups them all
into one species, which he described under the name Echinite8 vulgari8, and remarks,
"Interim hae differentire si heec corpora petrefacta, qure plerumque nuclei tantum
Echinitarum sunt, attente contemplor, mihi magis videntur a mutatione, cum in petram
converterentur Echini naturales, pendere, quam veram diversitatem specierum indicare.
Itaque etiam Noaum et Bullam Klenii, § 53, 54, ad varietates refero. Prout enim testa
vel plus vel minus comprimeretur, eo velobtusa, vel conics magis nascebatur figura. In
multis speciminibus vertice obtuso, hie vi externa quasi impressus videtur." Lamarck,
in his' Systeme,' 1801, and in 'Animaux silns Vertebras,' 1816, followed Leske, and
cites the Tabs. XIII and XIV of Klein's work as types of E. vulgari8.
Leske, in his' Additamenta,' p. 166, describes another large mould, which he regards
as a variety of Echinite8 vulgari8, and figures the same. In Tab. XL, figs. 2 and 3, of
this specimen he observes, "Singularis et notatu digna varietas, tarn propter brunum
colorem; quam propter insignem magnitudinem est ea, TClb. XL, Van Phelsum hanc
iconem interrogando cum Klenii Tab. XIII, G, H, comparat. Singulares etiam rugee et
lineee eminentes in areis conspiciuntur.
Ambulacra singula biporosa fuisse videntur ,
08 parvum; anus oblongus , ambitus testee est circularis."
Lamarck, in his' Animaux sans Vertebras,' tom. iii, p. 20, describes this mould as a
new species under the name Galerites abbreviatu8, and cites Leske's figure as its type, but
we are left in ignorance of its true specific characters, as the test is entirely wanting.
Schlotheim, Deslongohamps, Goldfuss, d'Blainville, Desmoulins, and Milne-Edwards,
in their several works, have followed Lamarck.
Professor Desor, in his "Monographie des Galerites,' first gave capital figures in
Tab. Ill, fig. 9-17, and a concise description of a large Urchin with the test entire,
and interior moulds of the same from the collection of M. de Luc. 'I'he specimens were
collected from the detritic sands of Stada, in North Germany; he considers these
moulds to be the same species which Klein figured as Oonulu8 !Jlobulu8, O. nodus, and
O. nodosa in his' Dispositio Echinodermatum,' Tab. XIII, fig. D-H. The specimen
with the shell was a unicum and has been valuable as helping us to a knowledge of the
moulds which have occasioned so much confusion in our synonymy.
Mr. S. Woodward, Sen., in his' Memoir of the Geology of Norfolk, has figured two
varieties of this Urchin as Gaierite« vulgari8, a, {3. The specimens Mr. Bone has drawn
for this work were obtained from the same chalk pits as those from whence Mr. Woodward's
fossils were collected, and these Norwich specimens agree so well with Desor's figure that
there is no doubt about their identity with M. de Luc's Urchin.
M. d'Orbigny, in his • Palseontologie Franqaise,' described and figured this species
under the name Ecltinoconua !Jlobulu8, Klein, which, I admit, would have been correct in
accordance with the principle of priority which has guided our nomenclature of species
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had only one species been so named, but as Klein described three species out of what
now appears to be mere varieties of one form in my judgment it is wiser, for the sake of
clearnesss and precision, to avoid the revival of either of his names, as it is uncertain to
which variety the name !Jlooulu8 should be strictly applied.
In order to define accurately this species, I have determined to adopt Professor
Desor's figures and description as the type retaining the specific name abbreviata without
reference to the mould to which it was first applied.
'
The test is round, not angular at the border, moderately elevated; convex or
subeonoidal, a little wider anteriorly, its greatest latitude being across the antero-lateral
ambulacra, the sides are unequally inflated, the posterior half being more protuberant
than the anterior half, owing to the apicaldisc being excentral and situated a little forwards
(PI. LII, fig. 2 c, PI. LIII, fig. 1); the base is flat, the mouth-opening small, round, and
prominent; the vent larger and opening into a recurved prominence formed by the single
inter-ambuIacrum lPI. LII, fig. 2 0, d).
'I'he ambulacral areas are narrow (PI. LII, fig. 2 e) and built up of a column of
small plates, of which four correspond in height to one inter-ambulacral, the outer border
of each pair of microscopic pedal plates are united, and in each of these a pair of pores
are set obliquely. The anatomy of the pedal plates forming the poriferous zones is more
satisfactorily exposed in the specimen now under examination than I have hitherto seen
them, and clearly showsthat the poriferous zones are a portion of the test distinct from the
plates forming the inter-ambulacra and ambulacra between which they are interposed, each
pair of holes being formed, for the passage of the tubular feet, by the growth of a pair
of plates around the exertile pedal suckers.
'I'he inter-ambulacral areas are three times the width of the ambulacral; on each
plate are three horizontal rows of tubercles, four or five in each row (fig. 2 e), each
is surrounded by a sunken areola, encircled by granules; the boss is crenuIated, and
the summit of the tubercle perforated (fig. 2, g, It).
The entire surface of the
plates is covered with granules much larger and more numerous than in any other
Echinaconus.
The base is flat or slightly concave, and the border rounded; the single interambulacrum convex, prominent, and recurved at the margin, where the circular vent
opens (fig. 2 0, d); the mouth-opening is small and central, the peristome feebly
diagonal with an elevated border at the circumference.
The apical disc is small, and its plates so intimately soldered together that few
specimens show the sutures (fig. 2 i); the disc is excentral and inclined forwards, as the
slope from the disc to the anterior border is shorter than the slope from disc to the
posterior border; this is owing to the great development of the single inter-ambulacrum
and the prominence of the basal portion of that area (see PI. LII, fig. 2 C j and PI. LII,
fig. 1). 'I'he two pairs of ovarialplates are small, their holes very large (fig. 2 z); and the
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small single plate is imperforate; the spongy portion of the madreporiform body is small.
and the surface of the oth~r plates closely covered with granules.
One remarkable feature in the structure of this test consists in the size, number, and
prominence of the miliary granules, which cover the inter-tubercular spaces and form on
the sides and upper surface of well-preserved specimensa thin incrustation which coats the
plates and makes the tubercles on the sides appear as punctured depressions rather than
elevations of the. test. PI. LII, fig. 2 e, is a drawing of a portion of both areas with
the zones magnified four diameters, taken from the side of the test; the inter-ambulaeral
plates support three rows of tubercles, four or five in each, which are situated in a
depression surrounded by an areola, and have some of their bosses crenulated and
summits perforated (fig. 2 g, h). The ambulacra have four rows of similar tubercles and
a like abundance of close-set granules on the surface of their plates. The tubercles on
the basal plates are more numerous, the areolas wider, and the granules in a great
measure absent from this region of the test (fig. 2 f) where these large basal plates are
situated, they are drawn, magnified four diameters.
'I'he mouth-opening is very small (fig. 2 b), about one third less than the vent; the
peristome is nearly circular, thickened and prominent like the vent, the microscopic
plates of the inter-ambulacra being narrow and piled on each other produce the rounding
and thickening of the peristome; the pores in the zones are unigeminal around the
opening. One remarkable specimen in my collection enables me to make these detailed
observations on the minute anatomy of the test of E. abbreviatu8.
Affinitie8 ana ])ijferences.-This species resembles E. 8ubrotunaU8 in the elevation of
the upper surface and inflation of the lateral parts. A comparison, however, of the
profiles of both species, as given in PI. LII, fig. 1 c, and fig. 2 c, and PI. LIII, fig. 1
and fig. 2 c, will show at a glance several distinguishing characters, the excentricity
forwards of the apical disc, the shortness of the anterior slope, as compared with the
greater length of the posterior, and the prominence and recurvation of the single interambulacrum. In E. subrotunaus the tubercles are larger and more numerous and the
miliary granules smaller and fewer, whilst the reverse forms one of the specific characters
of E. abbreviatus; the tubercles are small and sparse, and appear sunk in the test by
the great development of the miliary granulation which forms a thin coating on the
lateral and upper portions of the plates. In PI. LII both species are admirably drawn,
and the minute anatomy of the tests displayed, so that a careful examination of the
figures, will place the affinities and differences between these confluent forms more clearly
before the eye of the student, than the most elaborate description could convey to the
mind.
Locality ana 8tratigraphical Poaition.-All the examples of this species that I have
examined were collected from the Upper Chalk at Harford Bridge, Trowse, and Trimmingham, Norfolk, where it is known as a leading fossil of the Norwich Chalk.
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ECHINOCONUS GLOBULUS, Desor.

PI. XLIX, fig. 1 a-g.

GALERITES GLOBULUS, Desor.

Forbes.

Monographie des Galerites, tab. iv, figB. 1-4, p. 18,
1842.
In MorriB, Catalogue of Brit. FOBs., 2nd ed., p. 80,

1854.

IJiagnosis.-Test small, nearly globular , base 'narrow, border rounded; vent
elliptical and supra-marginal; inter-ambulacral plates sparsely covered with primary
tubercles.
IJimensions.-Height, six tenths of an inch; length, eight tenths; latitude, seven tenths.
IJescription.-The small test figured in our PI. XLIX was always cousidered to be
a distinct species by the late Dr. Woodward; it is identical with the form first described
and figured by Professor Desor, in his 'Monograph on the Galerites;' the specimen, in
fact, which served as the type of Desor's figure belonged to the collection of M. de Luc,
who obtained it from the English White Chalk; at first sight it appears to be a young
specimen of E. subrotunrlus; a closer examination, however, shows it differs in essential
points from that form. The test is slightly elongated, and is nearly globular in consequence of the narrowness of the base, and the rounding of the border; the posterior
carina is not prominent, the vent is elliptical and quite supra-marginal, but in consequence of the rounding of the border this aperture is visible both from the base and
upper surface. The ambulacral areas are built of very narrow plates and have four rows
of tubercles arranged obliquely on the area, one tubercle from the inner row alternating with a tubercle on the outer row; the poriferous zones are very narrow, the
pores unigeminal and oblique, six pairs being opposite one large plate (fig. 1 e).
The inter-ambulacral areas are twice the width of the ambulacral; each of the plates
supports five or six tubercles arranged in quincuncial order, aud the inter-tubercular
surface is covered with microscopic miliary grauules, of which a capital sketch is given in
fig. le; at the border and base the granules form regular circles around the tubercles,
as seen in fig. 11/. Both these drawings are magnified six diameters.
.
The apical disc is large and well developed in this small Urchin (fig. 1/); the right
antero-lateral ovarial is the largest plate in the disc and extends into the centre , it is
covered with the spongy body, and the other three ovarials forming the two pairs
are small and of the same size; they are perforated near their apices, and the
small posterior single ovarial is imperforate; the five ocular plates are all well
perforated.
The mouth-opening is small and central, and the peristome less in diameter than
the supra-marginal elliptical vent.
Affinities and Differences. -The globular shape of this Urchin resembles some forms
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of E. subrotu/ndus, of which it may be only a variety; it has, however, fewer tubercles 011
the inter-ambulacral plates, and the vent is much higher up on the test than in that
species. Its globose form presents a remarkable contrast to the conical E. conieue, the
elongated E. castanea, and the recurved posterior base of E. abbreviatus.
Locality and 8tratzgraplticat Position.-'rhis very rare species is found in the Upper
White Chalk with flints at Gravesend and in Kent. The test I have figured is contained
in the British Museum.

Genus-HoLECTYPUS, Desor, 1847.
(pars), Klein, 1 i34.
(pars), Leske, 1778.
GALERITES (pars), Lamarck, 1816.
DISCOIDEA (pars), Gray, 1835.
DISCOIDES

ECHINITES

The Genus Holectypus was established by M. Desor for the reception of those
Discoidee which are deprived of ribs or projecting processes on the inner wall of the test.
The species referred to this group constitute one of the oldest types of the Echinoconidse,
and are met with chiefly in the Oolitic rocks. They form, according to the views of the
late Professor Forbes, "a section or sub-genus of the Galerite«, more valuable on
account of their palseontological merits, and limited distribution in time, being in the
main characteristic of the Oolitic period, than for the zoological importance of the
character of their organization, which are rather transitional than distinctive."
The test is thin, circular, or sub-circular, more or less hemispherical, conical,
or sub-conical, always tumid at the sides, and flat or concave at the base.
The ambulacral areas are narrow, straight, and lanceolate, with six or eight rows of
small tubercles, of which the marginal series only extend from the base to the apex.
The poriferous zones are narrow, and the pores are unigeminal throughout.
The inter-ambulacral areas are three times the width of the ambulacral; the large
pentagonal plates support numerous, small, perforated tubercles, which are very regularly
arranged in vertical and concentric rows. They are raised on bosses with crenulated
summits and surrounded by ring-like areolas; numerous minute granules are scattered
over the surface of the plates and form circles around the tubercles.
The mouth-opening is circular and situated in the centre of the base; the peristome
is divided by obtuse notches into ten equal lobes. The organs of mastication consisted
of five jaws, which are preserved in 8itu in one specimen I collected from the Forest
Marble of Wilts.

,
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The anal opening is large, inferior, infra-marginal, rarely marginal, sometimes
occupying the entire space between the mouth and the border.
'I'he apical disc is nearly central and vertical, composed of five ovarial and five
ocular plates; the right antero-lateral ovarial is much the largest and extends into the
centre of the disc; it supports a prominent, convex, madreporiform body. In all the
Oolitic species the anterior and posterior pairs of ovarials are perforated, and the single
plate imperforate; whilst in all the Cretaceous species the five ovarial plates are all
perforate, and the five ocular plates are small, triangular bodies, with marginal perforations (fig. 1 i).
'I'he internal moulds of Holectypus want those depressions occasioned by ribs
projecting from the inner walls of the test which so well characterise the genus Discoidea.
The spines are short, with a smooth head and milled ring, and they have the surface
sculptured with fine longitudinal lines.
Holectypus is distinguished from Echinoconus by having a larger mouth and vent,
a concave base, and a less elevated dorsal surface; and from Discoidea in having
tumid sides, a larger mouth and vent, and the absence of ribs from the internal walls
of the test.
The small crenulated tubercles and basal vent, with the absence of any aperture
in the upper surface of the inter-ambulacrum, distinguishes Holeco/Jpus from Py!/aster;
and the want of a longitudinal valley in the inter-ambulacrum separates Holect!lpus from
Hybocl!JPU8 and GaleropY!/U8.
The Genus Holectypu8 is most abundant in the Oolitic rocks; the Cretaceous
rocks of France contain seven species: one is special to the Neocomian, one to the
Aptien, three to the Oenomanian,' and two to the 'I'uronian stages. I now add a new
species from the Chloritic Marl of England, and the first of this genus from the chalk
found in the British Islands.
The Genus Holectypus forms two natural groups, both organicallyand stratigraphically
distinct from each other. The apical disc in one group has only four of the ovarial
plates perforate; in the second group all the five ovarials are so. The species with the
four perforate ovarials are all Jurassic, and those with the five perforate ovarials are
Cretaceous.
I
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HOLECTYPUS BISTRIATUS,

Wriflltt, sp. novo

PI. LXV, fig. 3 a,

s, c.

Diaflnoaia.-Test 'sub-circular" sub-conoidal, depressed on the upper surface, and
flattened at the base; ambulacra lanceolate, with four irregular rows of small tubercles;
poriferous zones straight, narrow, with a smooth nude band extending from the disc to the
border on the inter-ambulacral side of each zone. Inter-ambulacra wide, plates narrow,
with horizontal rows of small tubercles on each, apical disc small.
DimenBiona.-Height eight tenths of an inch; breadth one inch and eight tenths of
an inch.
Deacription.-This rare Urchin was collected many years ago from the Chlontic
Marl, near Chard, by Mr. Weist, and kindly communicated for this work. It was
long considered to be a depressed variety of Discoidea C!Jlindrica. In developing
the specimen, however, I displaced a portion of the test, which disclosed the
inner surface and the mould, and it then became evident that the Urchin was nota
Diseoidea, but a true Holectypua, as it had none of the internal ribs at the ambitus which
distinguish Discoidea , it is the first Holectypus that has been recorded from the Cretaceous
rocks of England.
The test is sub-circular, thin at the ambitus and depressed on the upper surface
(fig. 3 b); the ambulacral areas are lanceolate, with four or six rows of small tubercles
disposed in a zig-zag manner on alternate plates of the area which are very narrow, five
of them in vertical height being equal to one inter-ambulacral plate. The poriferous
zones are narrow, the pores small, and unigeminal, one pair of pores corresponding to
one ambulacral plate (fig. 3 c) magnified twice.
The inter-ambulacral areas at the ambitus are nearly three times the width of the
ambulacra; the columns are built of narrow plates, each supporting a horizontal row of
small tubercles, seven to eight in a row near the ambitus and fewer up the sides, each
tubercle is surrounded by a narrow areola, the boss of which is crenulated and the
summit perforated. 'I'he only specimen I have seen is the one under examination;
unfortunately, the surface of the test is so much rubbed that its minute structure can
only be made out by selecting those parts of the plates which are best preserved for
careful study with the glass. The tubercles are very small and numerous, and the
horizontal rows they form fill up the greater portion of the surface of the plates, so that
the number of miliary granules is inconsiderable. On each side of the inter-ambulaora,
separating the tubercular surface from the poriferous zones, two smooth nude bands
extend from the ambitus to the disc. These naked calcareous ribbons are very well
seen on one of the areas, and this bistriated structure forms a specific character of some
value and from which the specific name is derived.
30
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The apical disc is small, and the five ovarial plates are all perforated; the spongy
body is much rubbed and the ocular plates so blended with the other elements that
their individual character cannot be seen.
The base is covered with the matrix, which adheres so firmly to the test that it is
impossible to effect its separation from the surface without at the same time removing
the shell. The anatomy of this region is, unfortunately, at present unknown.
Affinities and IJijferenee8.-This speciesvery much resembles Holectl/Pus Oenomanen8is,
Gueranger both in the general outline ofthe test, the smallness of its tubercles, and in the
manner they are disposed on the plates. It is found likewise in nearly the same horizon
of the Cretaceous rocks. The only difference I can detect is the presence of the nude
ribbon-like bands on the outer side of the poriferous zones, no indication of which is
given in M. Cotteau's beautiful and carefully drawn figures.
Localitl/ and 8tratiIJropnieal P08ition. »-Collected from the Chloritic Marl near
Chard, with Oatopl/gu8 eolumbarius, Pl/rina IJesmoulinsii, Cottaldia Benettie, and other
Upper Greensand forms.

Famil!J 7.-COLLYRITIDlE, d'Orbigfll/, 1853 (not yet found in British
Cretaceous strata).

Famill/ 8.-EcHINONIDlE, WriIJht, 1856.
Test thin, oval; poriferous zones narrow, meeting at the apical disc; pores unigeminal ;
tubercles of both areas nearly equal in size, but neither perforated nor crenulated; spines
stout, subulate, Mouth-opening nearly central, irregularly pentagonal and edentulous.
Vent oblong or pyriform, basal or marginal, closed by anal plates; apical disc nearly
central, four ovarial plates perforated, one imperforate. Oculars microscopic, tubercles
small and imperforate.
The existing forms belong to the genus Ecltinoneu8 of Van Phelsum, instituted under
the Dutch name Egelscltuitze, and adopted by Leske, Lamarck, Deslongchamps,
De Blainville, and Desor, to include certain living species of small thin-shelled Urchins,
with an oval form and a rounded and inflated border. The ambulacral areas are narrow
and lanceolate; the poriferous zones depressed, and the pores small and unigeminal
throughout; the upper surface is flattened, and the apical disc small and excentral; the
two pairs of genital plates are perforated, and the single posterior plate is imperforate;
the base is concave and curved from before backwards; the mouth-opening small, oblong,
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oblique, and nearly central; the peristome entire and 'without auricles, and therefore
edentulous. A diagnostic character of the family is the periprocte, which is basal and
pyriform, about the same size as the peristome, and situated between the border and the
mouth. The tubercles are small and numerous, disposed in regular series, and raised upon
smooth circular elevations, with perforated summits; in this we discover another
organic differencebetween the ECHINONID& and the ECHINOCONID..E. The ECHINONIDlE
inhabit the seas of the Antilles, the Philippines, the Trinity, Cuba, Zanzibar, and New
Zealand, and tests of the same species are found in a semi-fossil state in the calcareous
tufa of Guadeloupe, Cuba, and Porto-Rico.
'l'he fossil speciesare included in the genus P!Jrina, which are all found in the different
stages of the Cretaceous rocks.

GenUS-PYRINA, ])eamoulins, 1837.
PYRINA, GLOBATER,

and

NUCLEOPYGUS,

Agassiz, 1837.

Test oval or round, depressed or globular, sometimes pentagonal or enlarged before and
narrow behind. Under surface inflated and often depressed around the mouth-opening,
which is oval, oblique, and inclined from the right to the left side; this aperture is
nearly central, and destitute of lobes and auricles. The apical disc is small, compact,
and nearly central; it is composed of four perforated genital plates, of which the right
antero-lateral is the largest, extending into the middle, and supporting the small madreporiform body. The five small ocular plates are closely wedged into the angles formed
by the genitals, all the elements of the disc being soldered together. The vent is oval
and marginal, in general nearer the upper than the under surface. The poriferous zones
form straight equal narrow linear depressions, all composed of simple pores in regular
pairs extending from the peristome to the disc. The tubercles are mammillated and
imperforate, larger at the under side, and the inter-tubercular surface of the plates is
covered with a great number of granules.
P!Jrina differs from Echinoconu8 in having in general an elongated form, the apical
disc has only four genital plates, the mouth is oval, oblique and edentulous; the
vent is marginal, and the tubercles are imperforate, whereas in Echinoconu8 the disc has
five genital plates, the mouth is circular or slightly pentagonal, and provided with dentiferous jaws; the vent is basal or infra-marginal, and the tubercles are mammillated with
crenulated bosses and perforated summits.

PYRINA'

236

. PYRINA DESMOULiNSII,

d'Archiac, 1847, PI. LIV, fig. 2 a-i.

FYRINA DESMO'GLINSII, rl' Archiac. Mem. de la Soc. Geo], de France, 2e aerie, tome
ii, p. 297, pl, xiii, fig. 4, 1847.
Agassiz et Desor. Catal. raisonne, p. 9'2, Modele T. 86.
1847•.
d'Orbigny. Prodrome, t, ii, P: 178, Etage No. 651, 1847.
Woodward.
Mem. of the GeoI. Surv., Organic Remains.
Decade v, pl, vi, fig. A, 1856.
l'YRINA PRATTII.
Eorbes. Morris Catal. Brit. Foss., p. 88, 1854.
DESMOULINSII, d'Orbigny. Paleontol. Franqeise, tome vi, p. 467, pl, 981.
figs. 7-11, 1855.

IJiagnosis.-Test tumid, oblong; ambitus inflated; posterior Border slightly emarginate; upper surface depressed; apical disc small, nearly central; base concave in the
middle and pulvinated at the border; mouth-opening oval, oblique, and nearly central;
periprocte elliptical, supra-marginal, nearer the upper than the under surface.
IJimensions.-Antero-posterior diameter one inch; height half an inch.
IJescripti01z.-The test of this rare Urchin is oblong or elliptical, regular and
symmetrical, depressed on the upper surface, inflated round the sides, and concave near
the centre of the under surface. The summit is sub-central, nearer the anterior than the
posterior border. The ambulacral areas are narrowly lanceolate; the poriferous zones are
linear and depressed, and the pores minute, unigeminal, and placed in oblique pairs. In
passing across the base the geminal pores become more and more oblique, until they fall
into a single file and terminate around the peristome. The plates of both areas sueport
a number of small equal-sized tubercles; in fig. 2 e is shown their mode of arrangement on the ambulacral and inter-ambulacral areas; they have a quincuncial disposition on
the plates. The areal space around each is sharply defined, the tubercle is raised on a boss.
and its summit is perforated. The intermediate surface of the plates is covered with a
very fine microscopic granulation (fig. 2 !J). The tubercles at the base are much more
developed than those on the upper surface of the test. Fig. 2 It and fig. 2 i show the
basal tubercles magnified; the areal space is deeply excavated out of the structure of the
plate, and the tubercle is larger than those on the upper surface at fig. 2 i. A portion of
the test near the mouth-opening is shown with the arrangement of the zones and the
disposition of the tubercles in this region.
The mouth-opening is large, elliptical, elongated in the direction of its greatest axis.
slightly oblique (fig. 2 b), and situated immediately beneath the orgamc summit•
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'The vent is elliptical, and placed in the middle of the posterior border (fig. 2 d),
nearer the upper than the under surface (fig. 2 a).
The apical disc is small, and composed of four ovarial plates, of which the right
antero-lateral is much the largest, and supports a spongy madreporiform body. All these
plates are perforated (fig. 2/). The ocular plates, five in number; are small, and well
wedged in between the ovarials.
AjJinities and ])iJ!erences.-The regular elliptical elongated form of Pl/rina Deemoulinsii, with its flattened upper surface and pulvinated base, distinguish this species from
its congeners. I have compared specimens obtained from the Etage Oenomanien of the
-environs of Tournay, Belgium, with specimens collected from the Chloritic Mar! at
'Chard, and find them to be identical in all their details. It very much resembles Pl/rina
,ovulum, which, however, is a smaller form, with a more inflated test, and the elliptical
vent is situated near the dorsum. Compare fig. 2. and fig. 3, where the affinities and
-differences are well shown in the admirable figures in PI. LIV.
It differs from Pl/rina !OJvis in having a narrower test of a more regular elliptical
figure, and wants the inflation of the anterior portion and the tapering of its posterior
·border.
Localitl/ and Stratijrapltical Position.-rrhis rare Urchin was collected by Mr. Weist,
in the Chloritic Marl, near Chard, and Mr. Pratt obtained another from the same locality
.and stratum, which has been beautifully figured in the ':Memoirs of the Geological
Survey,' Decade v, pI. vi. The short description was from the pen of myoid
esteemed friend Dr. Woodward, to whom I forwarded all my materials when he was
engaged in writing the text for the description of pI. vi of that Decade.

PYRINA OVULUM:,

Lamarck, sp.

PI. LIV, fig. 3 a-It.

NUCLEOLITES OVULUM, Lamarek. Anim. sans vert., t. iii, p, 37, 1816.
Deslongekamps. Encycl. Method., t, ii, p. 500, 1824.
De/ranee. Die, des Sc. Nat., t, xxxv, p. 213, 1825.
PYRINA.
Aga8siz. Cat. Syst., P: 7, 1840.
NUCLEOLITES
Desor, Mon. des Galerites, P: 26, pl, V, figs. 35-37, 1842.
.tJ..qassiz et Desor. Cat. raise des :F}chinides, p. 92, 1842.
d'Orbigny. Prodrome, t, ii, p. 271, 1847.
Morris. . Catal, of British Fossils, 2 ed, p. 88, 1854.
Wood,ward. Mem. GeoI. Surv., Decade v, pl, vi, 1856.
Cotteau, Paleontologie Fraueaise, pI. 985, figs. 7-11, tome
vi, p. 484, 1855.

238

PYRINA

IJia/lnosis.-Test small, inflated, depressed at the upper surface. Ambitus elliptical,
base flattened, margin much inflated; mouth irregular, pentagonal, oblique, situated in
the middle of the base; posterior border sulcated, vent elliptical, elevated near the upper
surface, plates closely covered with small tubercles.
IJimensio'lt8.-Antero-posterior diameter four tenths of an inch; height three tenths of
an inch.
IJescriptions.-The test of this rare little Pyrina is oblong-oval, inflated, rounded
before, and sulcated behind, for lodging the vent. In its longitudinal profile, fig. 3 d, thetest is higher behind than before, and always more or less truncated, the upper surface is
convexand slightly flattened, the under surface is convex and pulvinated, without a depression in the centre, the plates are covered with numerous small tubercles larger on the under'
surface, the areas are excavated to receive the boss, which carries a small perforated
tubercle, fig. 3 /I and It. The apical disc is small, composed of four perforated ovarial
plates and five very minute oculars, fig. 3 f. The mouth opening is situated in the
middle of the base, fig. 3 c, and forms an irregular pentagon with its long axis oblique. The
vent is oval, situated in a sulcus high up in the posterior border, and the periprocte is much
nearer the upper than the under surface, fig. 3 b, and fig. 3 e. The poriferous zones.
are extremely narrow, and appear like fine depressed lines on the surface of the shell.
Affinities and IJijferences.-This species differs from Pl/rina IJesmoulinsii in having
the posterior border sulcated for the vent which occupies a higher position in this
Urchin.
Locality and 8trati/lrapltical Position.-It is said to have been collected from the
lower chalk of Dorsetshire. In France M. Cotteau records it from l'Etage Senonien, hecollected it in that formation at Saint Christophe, and at Tours, Indre-et-Loire, and at
Villedieu, Loir-et-Oher,

PYRINA LlEVIS,

A/lassiz, 1840.

PI.

LIV, fig. 1 a-e.

GALERITES LiEVIS, AgaBBiz. Cat. Syst., P: 7, 1840.
Desor, Monographie des Galerites, p. 24, pl, iv, figs. 8-11,1843 •.
AgQ8Biz. Cat. rais., p. 91, Modele 79, 1847.
d'Orbigny. Prodrome, t, ii, p. 272, 1847.
ECHlNOCONUS d'Orhigny. Revue Zoologique, p. 21, 1854.
FYRINA
Cotteau. Paleontol, Frangaise, t, vi, p. 490, pI. 987, figs. 6-9,.
1855.

IJia/lnosis.-Test subpentagonal, enlarged anteriorly and contracted posteriorly,.
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'Convex above, inflated at the sides and flattened below; vent large, supra-marginal,
elliptical , mouth-opening central. opposite the disc; tubercles small, surface of the plates
smooth,

IJimensions.-Anterior posterior diameter eleven twentieths of an inch; height seven
twentieths of an inch.
IJescription.-This little Urchin appears to be a very rare form. as the example before
me is the only specimen I have seen in English collections; the type specimen figured by
.my friend Professor Desor, in his Monograph on the Galerites belonged to M.
Deshayes and was the only one known to him.
M. Cotteau has not seen the original. giving copies of Prof. Desor's figure of the test
and quoting his description of its structure in his C Paleontologie Francaise.' My
specimen was collected several years ago from the Upper Greensand near Chute farm.
Wilts, along with some fine examples of OatoPY!lus columbarius and Oottaldia Benettie,
so that there is no doubt of the horizon of the English specimen. The general outline
of the test is indistinctly pentagonal. enlarged before and slightly narrower behind (fig. 1 b
and fig. 1 c). The upper surface is convex. the sides inflated. and the base flat (fig. 1 a;
fig. 1 e); its height is about one half the length of the test. The plates are covered with
small tubercles, which are very indistinctly seen; those at the base are larger. The vent
occupies the middle of the border; the periprocte is large, of an elliptical shape. and
placed a little nearer to the base than the upper surface. The sur-anal carina is only
slightly developed around the lower part of periprocte. The lower surface is nearly flat,
with the margin round. and the small mouth-opening is situated in the middle of the
base directly opposite the vertex.
AJlinities and IJifferences.-This species is readily distinguished from Pyrina
IJesmoulinsii by its sub-pentagonal form enlarged before and contracted behind; its
sides are likewise more inflated and the lower angle of the periprocte is nearest the base,
whilst in P. IJesmoulinsii the upper angle of that aperture is nearest the dorsal surface.
Locality and 8tratiIJrapltical Position.-I collected this Urchin from the Upper
Greensand of Chute Farm. near Wilts, with OatopY!lus columbariu8. Oottaldia Benettie,
and other well-known forms of Urchins and Mollusca belonging to that stratum.
The type figured by M. Desor was obtained from the Cretaceousrocks of France, and
as it was communicated to M. Desor by M. Deshayes without the indication of the formation from whence it was collected. we are unfortunately in ignorance of its stratigraphical
position. and as M. Cotteau had not seen the specimen. he was unable to give an opinion
<on the matrix.
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Family

9-EcHINOBRISSID.Bi:,

Wrif/ltt, 1856.

Test thin, circular, oblong, sub-pentagonal, or clypeiform, covered with microscopic'
perforate or imperforate tubercles, surrounded by excavated areolas; ambulacra narrow,
enclosed by poriferous zones more or less petaloidal j pores set at different distances apart,
and united by connecting sutures.
Mouth-opening small, nearly central, pentagonal,
edentulous, and in general surrounded by five lobes. Vent-opening in a sulcus in the
upper surface of the single inter-ambulacrum, or in a marginal depression or basal'
portion thereof; apical disc small, with four perforate and one imperforate genital plate;
ocular plates very small; madreporiform body extending into the centre of the disc.
This family is extremely numerous in genera and species; two of its representative forms
are stillliving-Ecltinobrissus recess, Edwards, in the Antilles, and Oassidulus Australus,.
Lamarck, in the Australian seas.
I include the following genera in this natural family:
d' Orbif/n!J.
TREMATOPYGUS, d' Orbif/ny.
RHYNCHOPYGUS, d' Orbif/ny.
CASSIDULUS, Lamarck,
CARA'fOMUS, Agassiz.

Af/assiz.
CLYPI<:OPYGUS, d' Orbif/ny.
CLYPEUS, Klein.
ECHINOBRISSUS, Breynius.

BOTRIOPYGUS,

CATOPYGUS,

PHYLLOBRISSUS,

Cotteau.

Genus-CATOPYGUS,
NUCLEOLITES,

Af/assiz, 1837.

Lamarck, Goltifuaa.

IJiaf/nosis.-Test oval or elongated, in general inflated, narrower anteriorly than,
posteriorly; upper surface convex, summit excentrical anteriorly; under surface fiat or
slightly convex, and rounded at the border; posterior half of the test much higher and
wider than the anterior half; vent situated in the posterior border; periprocte small,
round, or oval, placed high in a prominent projection of the inter-ambulacrum at the summit
of a vertical truncation of the area. Mouth-opening small, situated nearer the anterior
than the posterior border; pentagonal in form with equal elongated sides, having one angle
anterior, and surrounded by five prominent lobes (PI. LV, fig. 2 It); between the lobes
a rosette is formed of five depressed leaves, crowned with minute granules and unequal
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buccal pores; some double externally, others small internally. Ambulacra narrow,
sub-petaloid, straight,more or less elongated, and open at the lower extremity; poriferous
zones composed of an inner series of round pores, and an external series of elongated
pores arranged in conjugate pairs (fig. 2 /J) ;. tubercles very small, raised on mammillated
bosses (fig. 2) in many horizontal lines on the surface of the dorsal plates, those at the
base being larger. Apical disc small, prominent, formed of four perforated ovarial plates
and five microscopic oculars, the madreporiform body projecting from the surface
(fig. 2 f).
AjJlnities ana IJiJference8.-Catopl//Jus differs from Cll/peopl//Jus and Echinobrissus by
its ovalform, convexity of the upper surface, inflation of the sides, and flatness of the base,
by its pentagonal mouth, with five prominent sides and rosette of pores between the
lobes, and its small round periprocte opening high in a prominent vertical truncation of
the single inter-ambulacrum.
The genus Catopl//Jus appertains to the Cretaceous rocks, and is a very characteristic
fossil in its different divisions. In the Gault or Albian stage' of the Mediterranean basin
CatoPl/!Jus cl/lindricus has only hitherto been found.
In the Upper Greensand or Cenomanian formation C. columbarius prevails throughout
the Anglo-Parisien andMediterranean basins.
In the Lower Chalk or Turonian C. Ebral/anus is found.
In the Middle Chalk or Senonian eight species have been collected in France, where
many of the beds of this division attain a development unknown in England, and contain
a fauna of the most remarkable forms. The C. sub-carinatue and elo7l!Jatus are found
simultaneously in the Anglo-Parisian and Pyrenean basins, although C. leoie, fenestratu«; conformis, pl/riformis, ob/usus, and ajJlnis, are discovered only in the Parisian basin.
'I'his genus, therefore, attained its greatest development in the seas which deposited
the White Chalk with flints, and became extinct with the close of the Cretaceous epoch,
as Catopl//Jus is not found in the Tertiary rocks nor in the waters of the present
time.

CATOPYGUS COLUMBARIUS,

Lamarclc, 1816.

PI. LV, fig. 2 a-i.

Parkinson. Organic Remains, vol. iii, tab.'iii, fig. 6, 1811.
COLUMBARIA, Lamarck. Anim. sans Vertebres, t, iii, p. 37,1816.
Deslongckamp. EncyI. Method., t, ii, p. 570, 1824.
Defrance, Die. des Sciences Nat., t, xxxv, P: 313, 1825.
CARINATUS,
Gold/uss. Petrefacta Germanire, b. i, p. 142, pI. xliii, fig.
u, 1826.
COLU~llARIA, Blainville. Die. des Sciences Nat., t.Jx, p. 188. 1830.

ECHINITES PYRIFORMIS,
NUCLEOLITES

31
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CATOPYGUS CARINATUS,
NUCLEOLITES COLUMBARIA,
CARINATUS,
CATOPYGUS

Aga8&iz. Prodrome 1!ichinides, p. 18, 1836.
De8moulinB. 1!itudes sur les Echinides, p. 356, 1837.
d'Arc!tiac. Mem. Geol. Soc. de France, p. 180, 1837.

Bronn.

Lethal Geognostica, p. 613, 1837.

Milne-EdwardB. In Lamarck, 2e 6d., t. iii, p. 351,1840.
NUCLEOLITES COLUMBARIA, Ibid. Ibid., 344.
CATOPYGUS CARINATUS,
AgaB8iz. Cat. Syst., p. 4, 1840.
Roemer, Norddeuts-Kreide-Gebirges, p, 32, 1840.
CATOPYGUS CARINATUS,
MorriB. Catalogue of British Fossils, p. 49,1843.
COLUMBARIUS, d' Arckiac. Mem. Soc. geol. France, p. 296, 1847.
AgaBlliz et Desor, Cat. raison., p. 100, Modele R 71

1847.
NUCLEOLITES CARINATUS,
CATOPYGUS
NUCLEOLITES
CATOPYGUS

d'Orbigny. Prod., t. i, p. 178, Etage 20, 1847.
Eorbee, Mem. Geol. Surv., Decade i, pI. 10, 1849.
Sorignet. Oursins de l'Eure, p. 43, 1850.
Quen8tedt. Handbuch der Petrefact., p. 586, pl, xlix,

fig. 51, 1852.
Bronn, Leth. Geogn., 2 ed., p. 196, pI. 293, fig. 16, 1852.
Albin Gras, CataI. des Corps org. de I'Isere, p. 40,1852.
Morris. Catal. of British Fossils, 2 ed, p. 74, 1854.
COLUMBARIUS, Cotteau. Pal. Frane, Ter. Cret., t, vi, p. 436, pl. 970, 1855.

IJia!lnosis.-Test oval or subrotund, contracted anteriorly, enlarged and truncated
posteriorly, sides inflated, dorsal surface unequally convex, base nearly flat, ambulacra
narrow, dorsal, subpetaloid and open below; inter-ambulacra wide, single inter-ambulaorum
narrow, elevated, and truncated, vent round in the upper border, above the periprocte
an obtuse carina which terminates in the projecting upper border of the vent; mouth.
opening small, excentral nearer the anterior border, peristome surrounded by five prominent
lobes and a rosette of pores between them.
Apical disc excentral nearer the anterior
border, the vertex in general behind the apex.
IJimensions.-I have selected six good typical forms showing the varying proportions
of this species.

Length
Height
Breadth

1
1

2

3

Oll
12

Oll
12

Oil
12
Oll
12

8
1 2

7
1 2

0

0

0 182
0 162

5
0 182
0 152
0 162

4
0 192
0 162
0 162

6
0/2

O-.L
12
0 172

IJescription.-The table of synonyms exhibits the changing views of naturalists in
respect to this beautiful Urchin. Goldfuss, who gave the first good figure of the species,
cites, with doubt, its identity with Nucleolites columbarius, Lamarck, but the brief diagnosis
in "Hist. Nat. des Anim. sans Vert.,' taken in connection with the locality and stratum
from whence it was collected, "les environs de Mans," so well known for its beautiful Upper-
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Greensand fossils, has satisfied me, after a comparison of specimens in my collection from
that locality with a series oftype tests from the Upper Greensand of Wilts and Dorset, that
the two Urchins appertain to the same species, and that Lamarck's name ought to be
retained. OatoplJgus columaarius, it is true, assumes a considerable variation of form as
regards the elongation, shortening, height, breadth, and inflation of the test, so that there
is fieldenough for species-makers, who attach undue importance to these characters, to make
several varieties out of a handful of specimens. These phases of form appear to me to
have depended on the physical conditions which surrounded the life of the Urchin, and
have nothing whatever to do with the specific characters I have pointed out in my
diagnosis of the species.
.
The test is ovate or subrotund and always wider behind than before; the dorsal
surface is tumid, varying in the degree of its elevation; in some specimens it is subdepressed and declinesanteriorly, in others it is subconic and much elevated in the centre,
the true apex being almost the apical disc, whereas, in general, that body is excentral and
situated before the vertex, which is formed by the ridge of the single inter-ambulacrum.
The sides are rounded and more or less. inflated, and the posterior extremity is truncated
more or less abruptly. A more or less developed obtuse central elevation extends along
the ridge of the single inter-ambulacrum to the upper border of the vent, where it forms
in many examples a prominent apiculated arch over the periprocte, PI. LV, fig. 2 d. In
all the specimens I have examined this prominence exists, but its degree of development
varies much. The ambulacral areas are narrowly lanceolate, limited to the dorsal surface,
subpetaloid, and very uniform in their proportions in all the varieties. 'I'he single are~
and anterior pair are nearly equidistant from each other, but the posterior pair are more
distant from the anterior pair, and are placed much closertogether than the others and extend
backwards. The number of pairs of pores in each zone is nearly equal, varying from
twenty-eight to thirty in well-grown adult shells; the pores in the outer row are elongated
and oblique, and in the inner pores are round and appear to be conjugated by fineoblique sutures. At the lower part of the petals the pores become smaller, and are set
much wider apart as they pass round the border of the test and extend to the peristome.
The ambulacral plates are narrow in the petaloid portion of the zones, and become
much larger and broader beyond the petals; each plate has its pair of holes which
can be distinctly traced in good specimens, and they form the true poriferous zones on
the sides and base of the test. PI. LV, fig. 2 b, c, d, e, shows these poriferous zones.
Around the mouth the pairs of pores again form petals as on the dorsal surface, and they
are here so arranged that they form ten short petaloidal ambulacra, forming rosettes
around the mouth, and constructed like those on the dorsal surface. Fig. 2 It shows this
structnre extremely well in a drawing magnified six diameters.
The wide inter-ambulacral areas are formed of large oblong plates, the surface of
which, as well as those of the ambulacra, are covered with minute moniliform tubercles,
interspersed with microscopic granules. Fig. 2!J shows the arrangement of the tubercles
I

,
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.and granules on the ambulacral and inter-ambulacral areas magnified six times; and
fig. 2 exhibits the more developed form the tubercles assume on the basal plates, and the
manner they are encircled by rows of granules, It is only on very fine specimens, such
.as some I have obtained from the Chloritic Mar! of Chard, that I have been able to see the
surface anatomy of the plates, such as I have figured and described it; the Upper-Greensand
fossils are spoiled by the matrix, and are quite unfit for such minute observations.
The small apical disc is, in general, excentral, and the madreporiform body occupies
the centre, covers the plates, and forms a prominence; there are four perforated genital
plates, and five distinct ocular plates (fig. 2 b and fig. 2 j). The two anterior genital
holes are placed nearer together than the posterior pair.
The ventral surface is slightly convex, or nearly flat; the tubercles are much larger in
this region, and exhibit the arrangement shown in fig. 2 i, where each tubercle rises on
the surface of a rounded boss and is encircled by a ring of granules (fig. 2 c). The
mouth-opening is excentral and nearer the anterior border, the peristome is pentagonal and
surrounded by five prominent tubercles which form the termination of the inter-ambulacral
areas (fig. 2 c). From the inter-lobular spaces ten short petaloid ambulacra proceed, and
these collectively form rosettes around the peristome, as shown in fig. 2 h, where this
.structure is drawn magnified six diameters.
The vent opens in the upper portion of the truncated posterior border in a well.
defined vertical area; it is oblong, and varies in size in different specimens, but is always
small in proportion to the size of the test.
The periprocte is prominent, especially in the upper border, which, in some specimens,
overhangs the vent in a beak-shaped fashion (fig. 2 d).
Affinities and IJijferences.-This species is found in the Upper Greensand or
Cenomanian stage throughout the Anglo-Parisian and Mediterranean basins, and it is the
only form of OatopYIJus hitherto collected in this stratum in England; its characters are so
definite and distinct that there is no difficulty in distinguishing this species from its
congeners.
Locality and 8tratiIJraphical Position.-It has been collected from the Upper Greensand of Warminster and Chute Farm, Wiltshire; Hythe, Kent; and from the junction beds
of Upper Greensand and Chalk-mar! at Maiden Bradley, Wiltshire; and fromthe Chloritic
Marl, near Chard, whence my best specimens were obtained. The foreign distribution of
this species, according to M. Cotteau, is from the Cenomanian or 20th stage of d'Orbigny,
the equivalent of the Upper Greensand of English authors. In France it is common at
Mans, Coulaines, Saint-Calais, and Condrecieux, Sarthe; Villers, Trouville, Calvados;
Havre, Seine-Inferieure , Grace, Orne; Vierzou, Cher; Chinon, Indre-et-Loire , Fouvas
and Bel-Air, near Rochefort, and other localities. In Belgium in the Tourtia of Tournay;
in Westphalia at Essen on the Ruhr.
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novo sp.

PI.

LV,
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fig. I a-d.

IJia!Jnosis.-Test oblong, contracted posteriorly ; dorsal surface flat and convex,
elevated towards the narrow posterior border; sides inflated, base concave; ambulacra
narrow, lanceolate, dorsal, subpetaloid, and open below; inter-ambulacra wide, single
inter-ambulaerum narrow, slightly elevated; posterior border truncated; vent oblong,
in the upper third; an obtuse elevation of the dorsal portion, bifurcating at the
periprocte, sends down a carina on each side of the vent, which extends to the
margin. Apical disc nearly central, four perforated genital plates; madreporiform body
small, central.
IJi11lensions.-Length one inch; breadth eight tenths of an inch; height unknown.
IJescription.-'rhis species has much resemblance to certain varieties of CatoPl/!Jus
columDarius but a careful comparison between it and the most allied forms of that
species shows that Catopl/!Ju,'l Fectensi« possesses distinct characters of its own. It is, I
believe, the oldest form of the genus Catopl/flus at present known. The outline of the test
is nearly a regular oblong, rather more contracted posteriorly (PI. LV, fig. 1 a, D). It .is
moderately elevated and a little higher at the posterior border (fig 1 c); the sides are
inflated (fig. 1 d), and the base is concave; this portion of the test is partially covered
by closely adherent matrix in the best specimen, and broken in the other, so I must speak with reservation regarding the specific characters of this region. 'I'he ambulacral
areas are narrowly lanceolate (fig. 1 D, d), and the long subpetaloid poriferous zones extend
over the dorsal surface, a character which is very well drawn in figs. 1 a, D, o, d , the
traject line of the pores is indicated by the sutures in which they are placed, but the
pores themselves cannot be satisfactorily made out in consequence of the imperfect
preservation of the areal plates.
The inter-ambulacral areas are built of long plates; those on the upper surface had
very small tubercles which appear to have been more developed at the base; the posterior
single inter-ambulacrum has an elevated ridge on the mesial line which extends to the
upper border of the vent (fig. 1 0), and then divides into two branches (fig. 1 d); which
descend to the border, the whole forming a kind of miniature Gothic arch,having
the oblong vent in its upper third (fig. 1 c and d).
The apical disc is nearly central (fig..I D), and lower than the vertex (fig. 1 c) ; it is
small, has four genital holes drilled around a small central button-shaped madreporiform
tubercle.
The mouth-opening is excentral and anterior; it is too much concealed by hard rock
to be exposed without risking the fracture of the shell, so the anatomy of the .peristome
cannot be made out.
.
Affinitiea and IJijferencea.-This species differs from O. columbarius in the following
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'characters :-The shell tapers behind, is not so elevated, has a flatter dorsal surface and
less prominent central ridge in the inter-ambulaerum , the apical disc is more central, and!
the contour indicates a flatter form with less inflated sides.
.
Locality and Stratigrapltical Position.-This new species was collected by the Rev.
T. Wiltshire, F.G.S., from the Lower Greensand (Neoeomian) at Shanklin, Isle of
Wight.

Genus-CLYPEOPYGUS,

A. d'OrbifJny, 1856.

(pars), A!la8siz, Desor, Cotteau.
(pars), De Loriol.
(pars), Aga,siz.

NUCLEOLITES

ECHINOBRISSUS
CATOPYGUS

])zafJnosis.-Test oblong, more or less depressed, upper surface convex, under surfaceconcave, mouth-opening excentral, nearest the anterior border; peristome surrounded by
five rosettes of buccal pores, and separated by five prominent lobes, oral aperture regular,
pentagonal, with equal sides and a prominent angle anteriorly. Vent small, situated in a
deep groove with perpendicular walls and well-defined outline, extending nearly half way
up the dorsal surface of the single inter-ambulacrum, ambulacra narrowly lanceolate, and
subpetaloidal; the anterior and posterior pairs, especially the latter, long and flexuous.
The pores which compose the zones are sometimes unequal, the .external series being
more or less elongated in a transverse direction; apical disc small, excentral, and
composed of four perforated, and one imperforate genital plates, the right antero-lateral
supporting the madreporiform body, which extends into the middle of the disc and forms
a prominence there; the five ocular plates are small and angled into the summits of
lanceolate ambulacra. The tubercles are very small and set closely together on theupper surface (Pt LVI, fig. 1/), and larger on the under surface (PI. LVI, fig. 3 .9);
they are all encircled by areal depressions and separated by minute granules.
This group was separated by M. A. d'Orbigny from Echinooris8us in consequence of the
following characters, which he observed to be constant in all the species :-The large central
polypiform madreporiform body; the mouth-opening surrounded by five rosettes of'
pores, alternating with five well-developed buccal lobes; and the anal sinus circumscribed and contracted.
The species are all special to the Cretaceous formations. M. d'Orbigny described
and figured six from the Neocomian and two from the Albian stages, and I now add
another form from the Neocomian of the Isle of Wight.
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FITToNI, W'J'iiltt, novo sp. PI. LVI, fig. 1-3.

Test oblong, upper surface depressed, highest posteriorIy; under surface concave;
ambulacra narrow, lanceolate; poriferous zones subpetaloidal above and narrowly biserial
'On the sides and base; apical disc nearly central; vent-opening at the end of 3: narrow
'sinus with vertical walls; mouth-opening at the junction of the anterior with the middle
third, peristome surrounded by five prominent lobes and five pairs of subpetaloidal
pores, forming together a well-marked rosette.
IJimensions.-N o. 1, length llo inches, breadth 1 inch; No. 2, length It inches,
'breadth llo inch.
IJesC'I'iption.-The outline of the test is oblong, with the sides slightly compressed;
the upper surface is convex, flattened at the anterior half, and gradually elevated towards
the posterior third, which is the highest part of the test (PI. LVI, fig. 1 d, fig. 3 e) ; from
this point it bends abruptly down to the posterior border; Mr. Bones' capital figures
in PI. LVI make this character of the test far more intelligible than the most laboured
description could effect.
The ambulacral areas are narrowly lanceolate, the antero- and postero-lateral pairs
are long and flexuous, and the single area is short and straight; the poriferous zones
(fig. 3 J) are slightly subpetaloidal on the dorsal surface (fig. 1 b, fig. 3 b), and closely
biserial on the sides and at the base (fig. 1 ri, e, fig. 1 o, fig. 3 c); as they approach the
peristome, they expand and form five petaloidal expansions around the mouth, which are
separated from each other by the five lobes that surround the oral opening (fig. 3 c).
The inter-ambulaeral areas are largely developed; the antero-lateral are the narrowest,
the postero-lateral the widest, and the single area of intermediate width; they are built of
large plates bent in the middle, having their surface closely covere~ with small scrobiculated tubercles arranged in horizontal rows; fig. 1/ shows three of these plates and a
corresponding portion of the ambulacral area with the poriferous zones, magnified six
diameters. The tubercles at the base are larger and wider apart than those on the
upper surface, as shown in fig. 39, where a portion of the base is magnified three
diameters; the boss, area, and imperforate tubercle are well seen in this drawing.
The vent opens at the end of a deep sulcus near the middle of the dorsal portion of
the single inter-ambulacrum: see figs. 1 b, e, fig. 3 b, d ; the walls of the sulcus are
abruptly perpendicular (fig. 3 b, d, e), and the oval periprocte is seen at the upper portion
thereof (fig. 1 e, fig. 3 b, d) ; the single inter-ambulacrum exceedsin height all the others,
for its upper surface is elevated (fig. 1 a), and forms the vertex of the test, whilst its
under surface is curved downwards and forms a marked prominence in the base
(fig. 1 d, e, fig. 3 a, e): I have not seen the apical disc well shown in any specimens.
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The base is concave, and the mouth-opening occupies a deep depression at the
junction of the anterior with the middle third of the base (fig. 3 c); the development of
the five oral lobes, and the five alternating, petaloidal rosettes impart a remarkable
generic character to the only specimen in which this portion of the anatomy of the test is
satisfactorily exposed. I have given a figure of this structure, as all the other specimens
have the base covered more or less with the coarse grains of the matrix.
Affinities and IJijferences.-This species resembles Glypeopygus Gerceleti, d'Orb., in all'
the chief points of its anatomy, but differs in the following particulars :-0. Fittoni has
the test more oblong or subquadrate, and not enlarged posteriorly; the single interambulacrum is more developed, rises higher on the upper surface, and curves loweron the under surface than in d'Orbigny's figure of O. Cerceleti.
Locality and Stratigrapltical Position.-This rare Urchin was collected from the
Lower Greensand of Shanklin, Isle of Wight, by the Rev. T. Wiltshire, F.G.S., and'
myself. I have dedicated the species to the memory of myoId friend Dr. Fitton,
F.R.S., whose admirable monograph on the Lower Greensand of the Isle of Wight will"
long remain a text-book to the explorers of this classical geological region.

Genus-ECHINOBRISSUS, Breynius, 1732.
Lamarck, 1801.
Goldfuss, 1826.
Agassiz, 1837.
ECHINOBRISSUS, d'Orbiglly, 1855.
Desor, 1857.
Cotteau, 1858.
De Loriol, 1868.

NUCLEOLITES,

This natural group is composedof small Urchins which have an oval,oblong,subquadrate..
or subcircular form, more or less convex on the upper surface, and slightly concave at
the base; the test is obtusely rounded anteriorly, more or less produced, truncated, orlobed posteriorly, and in general is narrower at the anterior than the posterior third; thevent opens into an anal sulcus which in one group extends from the apical disc to the
posterior border, and in another is limited to the lower third of the inter-ambulacrum ,
the periprocte was closed by a series of small anal plates usually absent in fossil forms,
but preserved in the only living descendant of the genus.
The base is more or less concave; the mouth-opening is small, pentagonal,
excentral, and lodged in an excentral depression; in one group the peristome formsa regular pentagon; in another group it is directed obliquely across the test.
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D'Orbigny has separated the latter into a distinct genus under the name Trematop!l.9U8,
all of which are special to the Cretaceous Rocks; and they form a convenient section of'
the genus, although the characters on which the separation is based are, from my point of
view, too slight and evanescent to form a stable generic basis. The apical disc is small,
quadrate, and compact; it is composed of four perforated and one imperforate genital plate,
the right antero-lateral, supports the madreporiform body; the five oculars are very small
and triangular, and are wedged in between the genitals and apices of the lanceolate
ambulacra,
The tubercles are sm~ll, with perforated summits and depressed areas, and the'
surface of the plates is covered with microscopic granulations.
The genus Ecltinobri88U8 was established by Breynius in 1732 in his important
memoir C De Echinis et Echinitis,' and of which I have given a translation at p. 193.
Klein, who published only two years afterwards, did not, unfortunately. preserve the
well-defined genera proposed on such good characters by his learned contemporary; ,
and Leske, his commentator, in 1778 placed the Ech.inobrissus of Breynius under the
8patangu8 of Klein. When Lamarck in 1801 proposed the genus Nucleolite8 in the
first edition of his great work, he was not aware that the same group of Urchins had
been well figured and accurately diagnosed sixty-nine years before by Breynius; but in
the second edition of Animaux sans Vertebres ' a reference was made to this work for
figures of the species. The late Professor Agassizin dismembering Lamarck's Nucleolite8
unfortunately did not restore Breynius' genus, although, as a rule, Agassiz adhered to the
genera of the older naturalists. To the late Professor A. d'Orbigny the honour is due
of vindicating the claims of Breynius's work, and which all subsequent Echinologists,
Desor, Cotteau, and De Loriol, have rigidly observed.
C

ECHINOBRISSUS LACUNOSUS,

GOlrlfU8S,1 1829.

NUCLEOLITES LACUNOSUS,

ECHINOllRISSUS

Goldfuss. Petref, Germanire, pl, xliii, fig. 8, p. 141, 1829.
Desmoulins, Etudes sur les Echinides, p. 36U, 1837.
MOI·ris. Cat. of Brit. Foss., p. 55, 1843 .
.dgassis et Desor, Cat. raison., p. 97, 1847.
Forbes. Mem. Geol. Survey, Decade i, p. 8, 1849.
d'Ol'bigny. Pal. Franc, Ter. Oret., pl, 958, figs. 7-10, 1855.

J)iagnosis.-Test ovate, obtuse anteriorly, subquadrate and subtruncate posteriorly,
sides subcompressed; upper surface convex, vertex subcentral or supra-anal; ambulacra
narrowly lanceolate; anal sulcus deep, short, oblong, and abruptly declined; inter1

No specimen has been found hitherto sufficiently perfect for the purpose of illustration.
I
3~
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ambulacrum subdepressed, recurved; base concave; mouth-opening surrounded by five
short petaloid poriferous zones.
.Dimensions.-Length seven tenths of an inch; breadth half an inch.
.Description.-The test of this species is obtusely rounded before, and subquadrate
and truncated behind; the sides are slightly compressed, and the posterior third is the
widest part of the ambitus. The upper surface is convex and the under surface concave;
and inclined upwards towards the posterior border.
The ambulacral- areas are narrowly lanceolate, and the dorsal poriferous zones slightly
subpetaloidal on the sides and base; the pores are scarcely visible on the upper surface,
but around the mouth they form a five-rayed star of short petaloidal pores, with five oral
lobes between them, as in ClypeopY!lus,
The apical disc is small and excentral; four of the ovarial plates are perforated.
The surface is covered with scrobiculated tubercles. The mouth is situated at the
junction of the anterior with the middle third, and is surrounded with the short rosette
of pores already described; the base is concave between the sides, and curves upwards
towards the anterior and posterior borders, so that the borders of the postero-lateral interambulacra are convex and prominent at the sides and base, and impart to this Urchin one
of its best diagnostic characters. The anal sulcus is short, deep, oblong, and abruptly
declined, and occupies the region above the posterior border of the inter-ambulacrum ,
the vent opens at the extreme end of the sulcus above the middle of the test.
AjJinities anti .DiJlerences.-This Urchin was well figured by Goldfuss, and much
resembles Ecltinobrissus similis, d'Orbigny, which appears to be a large variety of
E. lacunosus. It resembles E. Roberti, Gras, from the Upper Neocomian, but is
distinguished from that form by the following characters: the anal sulcus is lower,
narrower, and nearer the border; the sides are less inflated and more compressed; and
the base curves more upwards posteriorly.
Locality and StratifJrapltical Position.·- This Urchin has been long collected in
the Upper Greensand at Longleat, Wilts, and from the Chloritic Marl at Chardstock;
the type-specimen was obtained from the Chalk-mad near Essen on the Ruhr,
Westphalia.

ECHINOBRISSUS MORRISII,

Forbee, 1849.

CASSIDULUS LAPlS-CANCRI, Morri8.
NUCLEOLITES MORRISII,
Eorbee.
ECHINOBRISSUS

Cat. Brit. Foss., p. 49, 1843.
Mem. GeoI. Surv., decade i, p. 8, 1849.
Morri8. Cat. Brit. Foss., 2 ed., p. 84, 1854.
d'Orbigny. Pal. Fran/}.Ter. Cretaces, pI. 959, 1854•

.Dia[Jnosis.-Test oblong, anterior and posterior borders obtusely rounded; sides
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compressed, dorsal surface convex; ambulacra lanceolate, subpetaloidal; apical disc
excentral and forwards; vertex central; anal sulcus short, deep, and subtriangular; base
concave; mouth-opening pentagonal, slightly excentral, and forwards.
IJimen8ion8.-Antero-posterior diameter half an inch; height three tenths of an inch.
IJe8cription.-The test is oval and depressed, obtusely rounded before, a little
angular, subrostrated, and sloped out behind, and the greatest diameter is at the posterior third. The upper surface is convex; the longitudinal profile shows it to be rounded
and depressed at both extremities, with a slight excentral elevation nearer the anterior
than the posterior border. The ambulacra are long, lanceolate, and subpetaloidal on the
dorsum, narrower at the ambitus, and enlarged in the base; the poriferous zones have the
pores unequal, and a little apart above where they form the petals; they are close together
and microscopic at the ambitus, and are larger and more numerous near the mouth, where
they form a pentagonal star around the peristome. The anal sulcus occupies the lower
fourth of the single inter-ambulacrum; it is short, deep, and triangular, and its two
lateral walls form prominent carinee, the sulcus making an excavation in the posterior
border; the vent is oval and opens at the summit of the valley.
The apical -.disc is small, quadrate, with four perforated genital pores; it is slightly
excentral and placed a little forwards, and forms the vertex of the test.
The base is very concave, always near the mouth, and greatly undulated at the sides,
the single inter-ambulacrum being slightly subrostrated and recurved.
The mouth-opening is excentral, the peristome pentagonal, with one angle directed
forwards, and the pores increase in size and number in the ten zones around this
aperture.
The scrobiculated tubercles closelycover all the upper surface; beneath they are larger
and not so numerous.
. Affinitie8 and ])iJference8.-This species, which is very rare in England, was said by
the late Professor A. d'Orbigny to resemble E. Bourfjuifjnati, but to be distinguished
from it by having the test much more depressed, subrostrated behind, compressed at the
sides, humped at the vertex, and more concave and undulated on the under surface.
Locality and Stratifjrapltical P08ition.-According to the late Professor Forbes, who
first separated the species from E. lacunosus, and gave only an imperfect diagnosis without
any figure of the same, this Urchin is found in the Upper Greensand of Warminster and
Blackdown, and the type was detected in Professor Tennant's collection. On the Continent
it was collected by the late Vicomte d'Arohiao from" l'Etage Cenomaaien" at Brunswick.
Unfortunately the figure of this species was not drawn by my late lamented friend
Mr. Bone, as he was waiting to procure a good specimen to draw, and had not obtained
one when it was required.
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Genu8-TREMATOPYGUS, A. a.'Orbignl/, 1855.
(pars), JigfUJlJiz.
(pars), Desor,
PHYLLOBRISSUS (pars), Cotteau.
(pars), De Loriol.
NUCLEOLITES

ECHINOBRISSUS

Form of the test ovate or oblong, a little contracted and rounded before, and more or
less enlarged behind.
Upper surface convex, ambitus inflated, posterior Inter-embulacrum slightly rostrated.
Apical disc quadrate, excentral, and nearer the anterior border, composed of four
perforate ovarial and one single imperforate plates; the madreporiform body covers the
genital elements and forms a prominence in the centre of the disc; the five ocular plates
are very small and closely united to the genitals.
The ambulacra are long, lanceolate, and well defined throughout; the poriferous
zones are subpetaloidal on the upper surface; the outer rows of the dorsal pores are
elongated transversely at the ambitus and base, they are equal, biserial, and microscopic,
and around the peristome a few supplementary pairs are present, which are larger and
•
more conspicuous than the others.
The inter-ambulacra are built of large plates bent in the middle, having their surface
covered with two or three irregular rows of tubercles, which are perforated, raised on
mammelons, and encircled by depressed areas having circles of granules around them"
and the inter-tubercular surface is covered with a fine granulation.
The anal sulcus is large, shallow, and limited to the posterior border; the vent is
large, oval, or pyriform, and opens near the surface.
The base is flat or slightly concave towards the middle; the mouth-opening is
irregularly pentagonal, compressed obliquely from left to right, and from above downwards.
TrematoPl/fJu8 is only a sectional group of the genus Echinobri88u8, characterised by
an oblique compressed peristome, and by the large elongated vent placed in a marginal
shallow sulcus.
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Wri!Jltt; 1871.

TREMATOPYGUS FARINGDONENSIS,
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PI. LVII, fig. 1 a-It.

Wriflkt.

In Phillips' Geology of Oxford, p. 434,
18il.

lJia!Jnosis.-Test gibbous, oval, much inflated at the sides and base, narrow in the
-anterior, and enlarged in the posterior third. Apical disc and vertex excentral and forwards; ambulacra lanceolate, dorsal pores snbpetaloid, and sulcus excavated out of the
posterior border; vent pyriform, large; base concave, sides undulated by the inflation of
the inter-ambulacra , mouth-opening large and oblique, and situated at the junction of
the anterior with the middle third.
lJimensions.-a. Length one inch and three tenths; height seven tenths of an inch;
'breadth one inch and two tenths. b. Length one inch and five tenths; height seven
tenths; breadth one inch and three tenths.
lJescription.-The test of this rare Urchin has an oval outline, is a little narrower
before than behind, and is much inflated at the sides and base. The upper surface is
convex with the vertex excentral and forwards, fig. 1 a and b.
The ambulacra are long, lanceolate, unequal, petaloid; the posterior pair ate much
longer than the others, and the single area is the shortest and narrowest; at the under
surface the ambulacra form depressions, and the inter-ambulacra elevations, so that the
base is undulated at the sides and concave ill the middle, fig. 1 c.
The poriferous zones are well developed at the upper surface and the external rows
are slightly elongated, fig. 1 b, at the ambitus and base the pores are small and closely
biserial, and become larger and more conspicuous around the peristome, fig. 1 c.
The apical disc is small and quadrate, fig. 1 a, b , the four genital plates are perfo-rated, and the anterior pair set closer together than the posterior pair; the madreporiform
body occupies the middle of the disc and forms a prominent button there. The ocular
plates are very small and closely united to the other discal elements, see fig. l.f, where the
-disc is shown magnified six diameters,
The periprocte is pyriform or oval, and acuminated at the upper extremity, fig. 1
a, b, and e; it is quite supra-marginal; the anal sulcus makes a deep indentation in the
posterior border, fig. 1 b, d, e, and from its sides two carinas proceed towards the base.
·:fig.l e.
.
The tubercles are prominent and perforated, and raised on bosses surrounded by
depressed areas, the margins of which are encircled by granules, and all the inter'tubercular surface is covered with a well-developed granulation, fig. 1 !J; at the base
·the tubercles are larger and more spaced out, the mammelons are larger, and the granules
.surrounding the areas more developed, fig. 1 It. In fig. 1!J an ambulacral area with the
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poriferous zones together with a portion of inter-ambulacra is shown, consisting of
three plates magnified six diameters; the arrangement of the tubercles is most accurately
given, and their relative size and structure well shown in this drawing.
AjJinities and ])iJferences.-This species resembles very much Trematopygus Oampicheanus, d'Orbigny. Our Urchin is larger and more gibbous, and the anal sulcus widerand more developed; the base likewise is more undulated, from the inflation of the basal
portions of the inter-ambulacra , and the arrangement of rows of granules above the pores
in the poriferous zones, 'Pal. Francaise,' pI. 950, fig. 6, is absent in 1'. Faringdonensis.
In the absence of specimens with which to compare these nearly allied forms, it is
impossible to decide whether they are specifically distinct or only varieties of 1'. Olfersii.
Locality and Stratigraphical Position:-I have collected this Urchin only in the Spongegravel beds of Lower Greensand at Coxwell, near Faringdon, Berks. The fine specimen,
fig. 1 a, was obtained from this locality, and presented to me by myoId esteemed friend
Thomas Davidson, Esq., F.R.S. I am likewise indebted to E. C. Davy, Esq., F.G.S.,
Wantage, for several specimens more or less perfect to complete my description of
the anatomy of the test of this very rare form. It is worthy of note that the group to
which I refer the species all come from beds appertaining to the Middle Neocomian,
"Etage Neocomien moyen," a fact of importance helping to determine the age of theSponge-gravel beds of Berkshire.

Genua-CARATOMUS, Agassiz, 1840.
Small Urchins with an ovoid or circular test rounded before and often rostrated.
behind; the sides are thick and inflated, the upper surface is convex, and the apical disc
excentral and forwards; the base is convex with a slight depression around the mouth.
opening, which has neither lobes nor pores.
The vent is infra-marginal and not visible from the upper surface, it is transversely
oblong or triangular, and situated in several species in a rostrated development of the
single inter-ambulacrum.
The ambulacra are short and subpetaloid, and the zones are formed of simple, equal.
non-conjugate pores, disposed in pairs,which are closely approximated at the summit, apart
in the middle of the zone, and approximated at the ambitus, PI. LVII, fig. 2 b, e, at
the base they are feebly indicated by lines which converge around the mouth-opening.
The tubercles, which are large for so small a test, are scrobiculated, those at the baseare the largest, and the surface of the plates likewise is covered with minute granu-·

Iations,
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The apical disc is nearly central, with four perforated ovarials and five small oculars,
'the spongy body extending into the middle of the disc.
The mouth-opening is nearly central, always obliquely elongated.
This genus belongs essentially to the Cretaceous formations. The Upper Greensand, ,
·Craie Chloritee, or Etage Cenomanien, has yielded O. trifJonop!J!Jus, jaba, rostratue, and
-orbicularis; of these the first three are found both in the Anglo-Parisian and in the
Pyrenean basins, and the last up to the present time only in the Anglo-Parisian basin.
In the White Chalk, or l'Etage Senonien are four species-C. avellanus, suicato-radiatus,
.trunoatu«, and peltifornzis, all of which are found in the Angle-Parisian basin.
The only specimen discovered in England is O. rostratus.

,CARATOMUS ROSTRA'fUS,

Agassiz, 1840, PI. LVII, fig. 2 a-e.

CARATOMUS ROSTRATUS, AgQssiz. Catalogus Syst. Ectyp., p. 7, 1840.
Desor, Monog. des Galerites, P: 38, pl. 5, figs. 1-4, 1842.
Morris. Cat. of Brit. FOBS., p. 49, 1843.
AgQssiz et Desor, Cat. Rais., p. 93, Modele No. 81, 1~47.
d'Orhigny. Prodrom., t, ii, p. 178, Etage 20e, 1847.
Forhes. In Morris' Cat. of Brit. Foss., p. 73, 1854.
d'Orhigny. Pal. Franeaise, Ter. Cretaces, pl, 941, p. 367,1855.

IJiagnosis.-Test thick, depressed, round, inclining to oblong, obtusely round before,
and prolonged into a rostrum behind; apical disc slightly excentral; base convex,
pulvinated, depressed near the. mouth, which is small, oblique, and excentral; vent
triangular, infra-rostral at the lower third of the height; ambulacranarrow and obscured
by large scrobiculated tubercles.
IJimensions.-Antero-posterior diameter four tenths of an inch; breadth three tenths
of an inch; height two tenths of an inch.
IJescription.-This little Urchin was first figured and described by M. Desor in his
beautiful Monograph on the Galerites and has since been figured by d'Orbigny in the
, PaIeontologie Franeaise.' The shell is thick and depressed, longer than wide, veryobtuse
anteriorly, and ending in a prolonged rostrum posteriorly, which gives it a pyriform
aspect.
The ambulacra are narrow and scarcely visible, being obscured by large scrobiculated
tubercles; ill order to expose the poriferous zones it is often necessary to treat the
test with some dilute acid. I have never been fortunate enough to obtain so good a
specimen as the one which my late esteemed friend Mr. Bone procured for his beautiful
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drawings of this species, and Ofwhich he has given details all magnified six diameters. Theambulacra are narrow and subpetaloid and the pores in the zones are small, equal, and'
non-conjugate. The surface of the test is covered with scrobiculated tubercles, which are
large in proportion to the size of the shell; these with the thickness of the test serve toobscure the details of its structure.
The apical disc, which is likewise the vertex, is placed a little before the centre, and is.
composed of four perforated genital and five ocular plates, and the spongy body projects
towards the middle of the disc.
The large triangular vent is situated at the under side of the projecting rostrum, fig. 2 c;
a, e, and is so completely infra-marginal that the aperture cannot be seen from the upper
surface. The great development of the intra-ambulacrum which produces the rostrum
forms one of the most marked characters of this species, fig. 2 o, and serves to distinguish it from the congeners.
The base is convex and pulvinate; it is a little depressed near the middle, where the
oblique mouth-opening is situated, fig. 2 c : the lines of zone-pores are here visible, and
the scrobiculated tubercles are even larger than on the upper surface.
Affinities and lJijferences.-This species resembles O. trigonop!Jgus, but is distinguished'
from it by its long recurved rostrum, fig. 2 c. The shell is likewise more inflated and the
base more convex.
Localit!J ana Stratigrapltical Position.-This species is found only in the UpperGreensand near Warminster, Wilts, In France it is likewise special to " l'Etage Cenomanien," or the "Craie Chloritee," from whence it has been collected at Havre,.
Seine-Inferieure, at Fourras, Charente-Inferieure, and at Vaches-Noires, Calvados.

Family 10-EcHINOLAMPIDlE, Wrigltt, 1856.
Test thin, oval, oblong, elevated, or subdiscoidal; ambulacral areas large, petaloidal;
poriferous zones wide, pores distant, united by sutures, and extending nearly to themargm.
Mouth-opening small, subcentral; peristome surrounded by five prominent lobes, and
always by a well-developed pentaphylloid floscelle.
Vent oval transversely and infra-marginal.
Apical disc very small, excentral, and composed of foul' perforated genital and one.
imperforate plate, with five minute oeulars wedged into the circumference of the disc.
Plates of the upper surface covered with several rows of numerous small, closely set
tubercles encircled by sunken areolas.
A few species are now living in warm seas; the greatest number are extinct, and
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found in the Oolitic, Cretaceous, and Tertiary rocks, where they form important leading
fossils of the strata which they characterise.
I include the following genera in this Family:

Gra?/.
d' OrbignJ/.
FAUJ ASI A, d' OrbitlnJ/.

Breyniu8.
Agassiz.
Agassiz.

ECHINOLAMPAS,

ECHINANTHUS.

PYGURUS,

CONOCLYPUS,

GenuS-PYGURUS,

ECHINANTHITES,

PYGAULUS,

d'OrbignJ/, 1855.
Le8ke, 1778.

(pars),
Lamarck, 1801.
ECHINOLAMPAS (pars), .Aga8Biz, 1836.
PYGURUS (pars),
Aga8siz, 1840.
CLYPEASTER

d'Orbigny, 1855.
Desor, 1858.
De Loriol, 1873.

The genus P?/guru8, as now limited, is composed of large, discoidal, or elypeiform
Urchins, in which the test in general is more or less enlarged at t~e sides, and rostrated
posteriorly; its upper surface is usually depressed, and rarely elevated. The ambulacraI
areas and poriferous zones in the upper surface form petaloidal expansions. which have an
elegant figure, being in general contracted at the border. enlarged in the middle, and
attenuated at the apex. 'I'he anterior single area is narrower than the antero- and
postero-lateral areas; the summit is in general central, or slightly excentral, the inclination being always forwards. The base is concave and much undulated, the wide basal
interambulacra swell into prominent cushions, and the narrow ambulacra form contracted
valleys between them. The mouth-opening is pentagonal, and always excentral; the
peristome is surrounded by five prominent lobes, with which five expanded ambulacral
petals alternate; in the poriferous zones near the mouth the pores are closely crowded in
triple oblique ranks; .these perforated petals form an oral rosette or a penta-phylloid
floscelle of considerable dimensions (PI. LVIII, fig. 1 c).
The vent is infra-marginal; it is in general oval, and surrounded by a distinct area,
which occupies the rostrated portion of the single interambulacrum; the long diameter of
the opening in general corresponds with the longitudinal axis of the test, although it is
sometimes transverse (PI. LVIII, fig. 1 c).
The apical disc is very small. and occupies the summit; it is composed of two pairs of
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narrow, perforated, and a single rudimentary imperforate, ovarial plate; five minute
ocular plates, are interposed between the ovarials (PI. LVIII, fig. 1 It).
The small madreporiform body is attached to the surface of the right anterior ovarial,
and forms thereon a spongy eminence, which extends over the other discal elements.
The tubercles are very small on the upper surface, and larger at the base; they are
surrounded by sunken areolas, and have their summits perforated; the intertubercular
space is covered with close-set miliary granules (PI. LVIII, fig. 1 fJ)'
The genus Pl/fjUrus first appears in the Lower Oolites, and its species are likewise
found in the Inferior Oolite, Fuller's Earth, Great Oolite, Cornbrash, Kelloway Rock,
Coralline, and Portland Oolite.
In the Cretaceous formations the species Pl/f/urus rostratue, P. Gillieroni, P.
Bucltii, characterise the Lower Neocomian or Valangian; PlIfjurus .J:fontmolini and P.
Saleveneis are found in the Middle Neocomian; Pl/fjurus produciu« comes from the
Urgonian; PlIfJurus Ricordeanus from the Gault; Pl/fjurus Lampas from the Upper
Greensand or Cenomanian. Ofthe eight Cretaceous species one is found in the English
Upper Greensand, where it is so rare that I know only of two specimens, and one of
these is preserved in the British Museum.

PYGURUS LAMPAS,

IJe la Becke, 1819, PI. LVIII, figs. la-llt.

CLYPEASTER OVIFORMIS, Lamarck. Anim. sans Vertebres, t. iii, p. 15, 1816.
ECHINOLAMPAS LAMPAS, De la Recite. Geol. Trans., 2nd ser., p. 112, t, iii, fig. 3, 1819.
PYGURUS TRILOBUS,
.A.gaaaiz. Cat. Syst. Ecty., p. 5, 1840.
Agaaaiz and Desor, Cat. rais., p. 103, Modele No. 39, 1847.
d'Orbigny. Prodrome, t, ii, p. 178, Etage 20, 1847.
OVIFORMIS,
d'Orbigny. Pal. Franeaise, t. 919, tom. vii, p. 3Il, 1855.
LAMPAS,
Desor, Synopsis Echinides foss., p. 3Il, 1858.

IJiafjnosis.-Test. high, very convex above and concave beneath, much longer than
wid-e, largely rostrated, and abruptly truncated behind; ambulacra lanceolate, poriferous
zones subpetaloidal, apical disc and vertex exoentral, base very concave and much undulated; mouth excentral; peristome surrounded by a pentapetaloid floscelle of complicated
structure; interambulacrum much developed, recurved, and truncated; vent transverse
and infra-marginal.
.Dimensions.-This very rare British Urchin wasfirst noticed by myoid esteemed friend
Sir Henry De la Beche, F.R.S., who collected it from the Upper Greensand near Lyme
Regis, and figured it in the C Transactions of the Geological Society,' depositing the specimen
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in the British Museum. Sir Henry called it Lampae, from its resemblance to an ancient
lamp when held with the base uppermost. Lamarck, 1816, described a Olypeaster as O.
oviformis, from the South Sea, collected by Peron and le Sueur, and referred "la vaJ::i.ete
que se trouve fossile dans les vignes aux environs du Mans" to the same species. From the
angular character which the posterior half of the test exhibits Agassiz called it trilobus.
D'Orbigny, finding that Lamarck had noticed the fossil species from Mans as a variety of
o. oviformis, has given this name to the fossil, which is quite distinct from the living
form. I have, therefore, followed my friend Professor Desor, and retained Sir Henry
De la Beche's most appropriate name.
The test is oval or oblong, obtusely rounded before, hollowed out on the sides, and
prolonged into an abruptly truncated rostrum behind; it is very convex, and inflated on
the upper surface, its profile forming a regular curve, which is a little more depressed
behind the vertex than before (fig. 1 a). The ambitus is very angular (fig. 1 a, b) in its
posterior half, and the two lateral and one posterior lobe gives value to the name trilobus
which was proposed for it. The single inter-ambulacrum is much prolonged, and on it
two carinee are developed, which 'proceed from the apical disc to the sides of the
truncated border (fig. 1 b, c), and impart a still more angular appearance to the test.
The ambulacra are largely petaloid on the upper surface (fig. 1 0). They are
contracted at the ambitus (fig. 1 d, e), and are again largely developed and petaloidal at
the base (fig. 1 c).
The poriferous zones are well developed and visible throughout in the petaloidal
portion onthe dorsum; the pores in the external row are elongated, and in the internal
row round; at the ambitus they are remote and microscopic, and in the base they again
become largely petaloidal, where they surround the mouth; the petals here are distinguished by their elegant forms and complicated structure; the pores are increased in
number, and set in oblique pairs on the sides of the petals, and in the centre of each is a
longitudinal enlargement like the stem of a leaf (fig. 1 c). This remarkable structure is
shown magnified two diameters.
The large plates on the upper surface have several rows of small tubercles, which
become larger and less numerous at the base (fig. 1 fJ); besides these a fine close-set
granulation covers the surface of all the plates.
The apical disc is very small, so that the lanceolate ambulacra meet close together at
the vertex, which is slightly exeentral , there are four perforated genital plates, with a
small spongy body in the centre (fig. lit).
The vent is large, transversely oval, and opens near the border of the infra-marginal
portion of the rostrum (fig. 1 c).
A.lJinities and lJijferences.-This fine Urchin is distinguished from its congeners by its
elevated upper surface, angular ambitus, prolonged rostrum and hollowed-out .sides, by its
rostral carinee, and the remarkable pentspetaloid arrangement of the pores around the
peristome.

1I
260

SPATANGID.£.

Locality and 8tratigrapltical Poaition.-It was collected from the Upper Greensand
near Lyme Regis, where. it appears to be very rare, as I have seen only one
other English example in addition to Sir Henry De la Beche's gift to the British
Museum. In France it is found not unfrequently in the Micaceous Sandstone, l'etage
Cenomanien of Mans, Sarthe, and in the Gres Calcarifere (Cenomanien), of Fouras,
Oharente-Inferieure,

Famil!J 11.-CLYPEASTERIDlE, Wrigltt, 1856. (Not yet found in British Cretaceous
strata.)

Famil!J 12.-SPATANGID2E, d'Orbigny, 1853.
The general outline of the urchins of this family is oval, oblong, or cordiform, and
they satisfactorily exhibit the bilateral symmetry of the Echinidee. The mouth is
anterior, bilabiate, and edentulous. The anal opening is posterior and supramarginal,
and closed by a complicated series of small periproctal plates. The ambulacral areas are
united at the summit of the test. The anterior single ambulacrum has a different
structure from the antero- and postero-lateral pairs, and is lodged in a depression
of the test, which extends to the anterior border and forms the anteal sulcus; the
test is extremely thin, and covered with small perforated tubercles, which support
hair-like spines; besides these there are some larger crenulated and perforated tubercles,
which support large spines. There are two or four genital pores, which are sometimes placed close together, but in other genera are apart. The eye-plates are five
in number, and placed in a pentagonal form at the apices of the ambulacra around
the genital plates. We observe on the surface of the test of some Spatangidre certain
delicate lines called fasciolee, having a smoother appearance than the tubercular surface of the test; they are furrows which are strewed with microscopic tubercles
destined to carry very delicate spines which, when seen under the microscope, appear
to have a structure similar to the Pedicellariee. The fascioles have a different disposition in each genus, and afford a good generic character in giving definitions of the
same; when the fasciole surrounds the ambulacral petals like an undulating groove,
as in Hemiaster, 8cltizaater, &c., it is said to be peripetalous; when it surrounds the
single ambulacrum, as in Ampltidetus, it is internal; when it extends along the sides, as
in 8cltizaatel', it is lateral; when it encircles the circumference of the test, as in
Pericoemus, it is marginal; when it is limited to the base of the anal opening it is
•
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subanal. We find sometimes in the same genus more fascioles than one; thus the
subanal and peripetal are frequently associated together.
This family contains many genera. none of which are found in rocks older than the
Cretaceous formations; the species increase in number in the Tertiary beds, and attain
their greatest development in our present seas. In the Cretaceous rocks we find the
extinct genera
HEMIASTER, Desor.
EPIASTER, d' Orbig1lY.
MlCRAS'l'ER, d' Orbig1lY.

ENALLASTER. d' Orbig'llY.
. HETERASTER, d' Orbig1lY.
ECHIN OSPATAGUS, Breynius.

The new genus Paleopneuete«, AI. Agassiz, proposed for a species brought from
Barbadoes by the Hassler expedition, appears to furnish an interesting link between the
ECHINOCORIDlE and SPArrANGIDlE. In its general form it resembles Echinocorys
vulgaris, its anteal sulcus is rudimentary, and it has structural affinities with the anterior
single area of that Urchin. The other ambulacra are subpetaloidal; and the peristome
bilabiate with well-developed lips.

Genus-HEMIASTER, IJes01', 1847.
Urchins with a short, elevated, inflated, or cordiform test. The ambulacral summit
in general excentral and posterior. The pairs of ambulacra petaloidal, unequal in length,
and lodged in depressions of the surface; poriferous zones large and equal in the same
ambulacra, the pores elongated and placed close together. The single ambulacrum
lodged in a long, shallow, anteal sulcus; the poriferous zones are very narrow and corn.
posed of small round pores, sparsely disposed in oblique, widely separate. simple pairs.
The fasciole single. peripetalous, and circumscribing the ambulacra.
The apical disc small and compact. four perforated genital plates, and five very small
oculars.
Peristome bilabiate, very excentral, opening at the anterior fourth part of the base.
Periprocte opening high up on the posterior border, which is in general flat, and
obliquely truncated.
Hemiaster differs from Micraster in having a single peripetalous fasciole and no anal
fasciole , the test likewise is in general shorter, more inflated, and the posterior pair of
ambulacra are much shorter than the anterior pair. Hemiaster differs from Periaster in
having only a peripetalcus fasciole, the latter having both peripetalous and lateral

fascioles.
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HEMIASTER MORRISII,

Forbes, 1854.

PI. LXI, fig. a-le.

SPATANGUS l'RUNELLA,
HEMIASTER
EOBINOSPATANGUS OORDI~ORMIS,
SPATA~GUS OOMPLANATUS,
HEMIASTER PUNOTATUS,
MORRISII,

Mantell. Geology of Sussex, pl, xvii, figs. 22, :Z3~
1822.
Desor, (pars) Cat. raisonee, p. 122, 1847.
Mantell (pars). Geol. Sussex, p. 108, 1822.
Mantell. Medals, p. 355.
d'Orbigny. Pal. Franc. Ter. Cret., pl, 886, 1854.
Eorbe«: Morris, Cat. Brit. Foas., 2nd ed., p. 81,.
1854.
Woodward. Mem. Geol. Surv., decade v, pI. ix, 1856.

J)ia!lnosis.-Test oval, polygonal, or cordiform, inflated, obtusely rounded before and
obliquely truncated behind, sides nodulated; ambulacra straight, narrow, moderately
depressed, anterior pair twice as long as posterior, anteal sulcus short, shallow, dorsal;
apical disc excentral backwards; vertex near posterior border, which is flat and obliquely
truncated; periprocte oval, supra-marginal; base convex, with a slight depression near themouth, which is bilabiate and opens near the border; fasciole narrow, distinct, closely
surrounding the petals.
J)imensions.-Antero-posterior diameter one inch and six tenths; breadth one inch.
and five tenths; height one inch.
J)escription.-This Urchin has been long known to collectors of Cretaceous fossils by
many incorrect names. I have now figured it with ample anatomical details for the first.
time, which for the future will make it impossible to mistake it for any other.
The outline is oval,slightly polygonal,or inclining to a cordate shape; the anteal sulcus
is broad and obscure, and impresses slightly the anterior border, which is obtusely rounded
and sometimes flattened; the posterior border is obliquely and flatly truncated, and
slopes at an angle of 70°; sometimes this border becomes slightly concave in large shells,
and it is conspicuously so in three specimens in my collection.
The ambulacral petals are small and moderately depressed, the anterior incline
45°; are nearly twice as long as the posterior pair (fig. 1 a); the poriferous zones are
narrow, and the pores form oblique transverse slits in them; the single area is about same
length as the anterior, and is lodged in the anteal sulcus; there are from twelve to fourteen
pairs of pores in each zone, with a prominent granule between each of the pores forming
a pair (fig. 1 a); the anteal sulcus widens out and disappears at the anterior border.
The inter-ambulacral areas present a remarkable nodulated appearance in this species;.
in each area there are two rows of these elevations; those at the sides are seen in
fig. 1 a, c ; in the front in fig. 1 e ; and the back fig. 1 d , in fig. 1 It the appearance-
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these nodules present is admirably shown in three inter-ambulacral plates taken from the
ambitus and magnified three diameters.
.
The peripetalous fasciole is very well defined in this species; it passes straight from
point to point with scarcely any curvature, and forms a bold line among the numerous
'tubercles; fig. 11/ shows this structure.
The tubercles are small, very numerous, and set irregularly on the plates; they are
all perforated, and raised on bosses surrounded by well-defined areolas; fig. 1 i shows
the tubercles on the upper surface, and fig. 1 le those on the under surface, where the
larger tubercles have the bosses crenulated; besides the tubercles the entire surface of the
plates is closely covered with miliary granules.
The apical disc is small and excentral, the four genital plates are perforated, and the
.antero-lateral carries the spongy body (fig. 1 j); the five ocular plates are very small, as
shown in fig. 1 f.
The oval periprocte occupiesthe upper third of the oblique posterior border (fig. 1 d),
and the vertex is seen rising above it all, as shown in fig. 1 c, d).
The base is convex transversely behind the mouth (fig. 1 b, c), and flat before that
aperture. The basal portions of the ambulacral areas, especially the postero-lateral pair,
which first descend backwards towards the ambitus, bend round the border forming an
obtuse angle there, and make a sinuous course to the mouth. The anterior pair and the
single area have a more direct course; the basal portions of the postero-laterals are
destitute of tubercles and granules (fig. 1 b).
The mouth-opening is situated at the anterior fourth of the base; it is transversely
arched and bilabiate, the lower lip being the most prominent, and the peristome is
surrounded by a narrow calcareous band.
The tubercles on the basal portion of the inter-ambulacrum have a remarkable
arrangement. They 'form a series of curved rows that radiate from a central nodule
near the posterior border and from a kind of fan-shaped tubercular sculpture between the
two smooth winding paths formed by the sinuous ambulacra (fig. b). The tubercles on
the other portions of the inter-ambulacra have a much less regular arrangement.
AJlinities and IJifferences.-This species resembles H. prunella, Desor, with which it
has been confounded; it differs from that species, however, in being much larger, less
globular and inflated, having the posterior border obliquely truncated, the dorsum much
more inclined, and having the tubercles smaller and more numerous, and the inter.ambulacra nodulated around the sides.
Locality and Stratil/rapltical Poaition.-This species is found only in the Grey
'Chalk near Folkestone, the Lower Chalk at Hamsey, Sussex, and in the Grey Chalk of
Ventnor, Isle of Wight.
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HEMIASTER BAILYI, Forbe«:

PI. LX, fig. 2.

ECHIl\OSPATANGl:S,
HOLASTER ARGILLACEUB,
HEMIASTER

BAlLYI,

Man tell. Geology of Sussex, p. 86, 1822.
MOI'Tis (pars.), Catalogue Brit. Foss., 1st ed., p, 54, 1843.
Forbes. Morris, Catalogue, 2nd ed., p. 81, 1854.
Woodward. Mem. Geol. Surv., decade v, 1856.

The specimen figured in this plate belongs to the Museum of the Royal Schoolof Mines,.
and is so much crushed and its characters defaced that I am unable to give a correct
diagnosis of the species, and now figure it as the authentic example of my late friend's
species. The outline figure and general contour of the test resemble EckinospatafJUS"
Murcltisonianu8. "The peripetalous fasciole is narrow, distinct, and simple in contour;
passing from end to end of the ambulacral petals and only slightly contracted at the
sides. The surface of the Echinidre from the Gault is in general rough with nodular
concretions of iron pyrites formed upon the tubercles. So many of the Blackdown
fossils are identical with species of the Folkestone Gault that we have felt considerable
hesitation in admitting as specific a character which may by any possibility be due to the
mineral condition of the specimens."-Woodward.
Locality and 8tratigrapltical Position.-Collected from the Gault at Folkestone;
the type-specimen I have figured is contained in the Museum of the Royal School of
Mines.

HEMIASTER ASTERIAS, Forbes.

PI. LX, fig. 3.

HEMIASTER ASTERIAS,

Eorbe«,

In Morris, Catalogue, 2nd ed., p. 81, 1854.

Woodward, Mem. Geol. Surv., decade v, 1856.

The type-specimen I have figured is not sufficiently well preserved to enable me to'
form a diagnosis of the species. The vertex appears to have been more prominent and
removed more posteriorly than in H. Bailyi, and the dorsal ambulacra are likewise
rough and narrower in proportion than in that species.
Localit, ana 8tratifJrapkical Positio'll.-Collected from the Gault at Folkestone..
where it is rare. The type-specimen I have figured belongs to the Museum of the Royal
School of Mines, Jermyn Street.
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GenuS-EpIASTER, d'Orbig'll!J, 1853.
SPATANGUS

(pars), Auctorum.

MICRA.BTER

(pars), Agassiz.

Form oblong; test more or less elevated, often cordiform.
Antero- and postero-lateral pairs of ambulacra petaloidal and lodged in depressions
of the test; the anterior are longer and more developed than the posterior pair.
Poriferous zones equal in each ambulacra, composed of elongated pores shorter in the
internal than in the external rows.
The single ambulacrum, lodged in a well-defined anteal sulcus, is composed of pores
different from those of the antero- and postero-lateral pairs, as they are mostly round
and disposed in pairs set widely apart.
The apical disc is composed of four perforated genital and five ocular plates.
Peristome near the anterior border and strongly bilabiate; the inferior lip thick and
prominent.
Periprocte round or oval, situated at the posterior border, often opening in a
distinct area.
No fascioles.
Tubercles well spaced out, unequal in size, crenulated, and often scrobiculated; intertubercular area covered with granules.
The Epiasters have been long confused with the Micrasters, which they resemble
much, but differ from that genus in the absence of all fascioles. They are distinguished
from Echinospatagus by their ambulacra, which are in the form of enclosed petals,
by their poriferous zones, which are equal, and by their peristome, which is markedly
bilabiate.

EPIASTER DE LORIOLII, Wrigltt, novo sp.
:MICRAST.ER LACUNOSUS,
HEMlASTER BUCARDIUM,

PI. LIX, figs. 1, a-g.

Morm. Catalogue of British Fossils, 1st ed., p. 55, 1843.
Woodward. Mem. Geol. Surv., decade v, pl, ix, notes, 1856.

J)iagnosis.-Test large, cordiform, declining anteriorly, elevated posteriorly; anteal
sulcus deep, grooving the border; ambulacra much depressed. Antero-laterals curved
slightly forwards and outwards, and inclined at 45°; postero-laterals shorter, curved
34
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backwards and inwards, and inclined at 30°; posterior border obliquely truncated; vent
large, oval, supra-marginal; base convex; mouth-opening in the anterior fourth; peristome bilateral.
IJimensions.-Length, antero-posterior diameter two inches and five tenths; breadth,
two inches and five tenths; height, one -ineh and five tenths.
])escriptifJrt.-This fine large Epiaster has been long known to geologists as a fossil
from the Upper Greensand of Wiltshire, as I have detected specimens in different.
collections made many. years ago. It was erroneously identified with Parkinson's
8patan!luslacu1l08U8, which is a Maltese specimen, and was entered in the first edition of
Morris' Catalogue as Microater laounosu«. It was omitted from the second edition
that work, and described by Dr. S. P. Woodward as Hemiaster bucardium, from his
belief that it agreed with Goldfuss' figure. .
The test is large and cordiform in middle growth, and round and tumid with age,
when its width and length are about equal. The vertex is at a point between the
terminal portions of the postero-lateral ambulacra, from whence its horizontal profile
slopes gently towards the anterior border and backwards. to the abruptly truncated
posterior border.
The anteal sulcus is deep and narrow, with nearly vertical walls; it grooves deeply
the anterior border, fig. 1 0, and extends from the disc to the mouth, fig. 1 e.
The pores are small, biserial, closely set together, and limited to the upper half of the
area; with a prominent granule between the two pores forming a pair.
The ambulacra are much depressed, circumscribed, and unequal in length and
inclination; t~e antero-lateral are one third longer than the postero-lateral pair.
The poriferous zones are wide, of unequal length, and formed of transversely elongated pores, thosein the posterior zone of the antero-lateral pair are the longest and there
the pores are widest apart.
There is no true peripetalous fascicle, and the naked line which Mr. Bone mistook
for this structure and figured as such appears to have been produced by friction on the
sutures of the large inter-ambulacral plates forming the peripetalous area added to a
certain local baldness at the terminal portions of the depressed ambulacra, so that
referring to Plate LIX the student must please delete the peripetalous naked line in
fig. 1 a, c, d, e, f; in all other respects the various figures given on this plate are
admirable delineations of the form and structure of this fine' Epiaater.
The apical disc is central; it has four perforated ovarial plates, a very small spongy
body, and five oculars with distinct orbits.
The numerous small tubercles are arranged in rows in quincuncial order on the
plates and the interspaees are cover~d besides with abundant granulations. Fig. 1 f
represents three inter-ambulacral plates, the terminal portion of an ambulacrum, with
its poriferous zones, magnified three diameters in order to illustrate this portion of the
anatomy of the test.
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A.lJinitiea and .Dijferencea.-The wide test, deep ambulacra, and inclined upper surface
distinguish this Urchin from all its congeners; and likewise from the Micrasters with
which others have been often confounded.
I dedicate this fine species to my esteemed friend M. De Loriol, the learned author of
the' Echinologie Helvetique,' whose assiduous studies in Palreontology have borne such
ample fruits.
Locality and Stratigraphical Position. This species has been collected from the
Upper Greensand, near Warminster and Devises, Wilts.

. EPIASTER GIBBUS,

Lamarcle, 1816.

PI. LXIII, fig. 1, a-le.

Lamarck. Animaux sans Vertebres, t, iii,
p. 32, 1816.
Dealongchampa.
Enc. Method., p. 689,
pl, 156, figs. 4-6, 1824.
Goldfuaa. Petr. Germaniee, tab. xlviii, fig. 4,
p. 155, 1824.
Defranee, Diet. Se. Nat., t, I, p. 94, 1827.
Woodward. Geol. of Norfolk, pl, v, fig. 8,
COR.ANGUINUM,
1833.
De Blainville. Manuel d'Actin., pp. 203,653,
GIBBUS,
1834.
Grateloup.
Oursins Foss. (Dax), p. 71,
1836.
Desmoulina. Etudes sur les Echinides, p. 402,
1837.
Edwarda. Anim. sans Verteb., t, iii, p. 331,
1840.
Agaaaiz. CataI. Syst., p. 129, 1847.
:MICRASTER CORDATUS,
Hihert. ]ijtudes sur les Terr. Cretaces; :Mem.
Soc. Geol. France, 2e ser., t. v, pl, nix,
fig. 16, 1854.
GIBBUS,
Desor, Synopsis :I;;chid. Foss., p. 365, 1858.
COR-ANGUINUM,
Eorbe« (pars). Mem. Geol. Surv., dec. iii,
pl. x, 1850.
GIBBUS,
Eorbe«. In Dixon's Geol. of Sussex, p. 342,
pl, xxiv, figs. 5, 6, 1850.
COR-ANGUINUM var. GIBBUS, Morris. Brit. Foss., 2nd ed., p. 83,1854.
d' Orhigny (pars). Paleont, Fran9aise Terr.
Cree., t, vi, p. 207, 1855.
SPATANGUS GIBBUS,

lJiagnosis.-Test cordiform, very high, and almost conical; sides convex and
carinated. Ambulacra slightly depressed; anteal sulcus shallow above and grooving the
anterior border; posterior margin acuminated and truncated obliquely inwards. Vent
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round, supra-marginal; base slightly convex transversely; mouth-opening very. near
the border, bilabiate, with prominent under lip; apical disc nearly central, and placed
before the vertex.
])imensions.-~eight, 1 180 inch; length, 2 180 inch.
Description.-There has been so much difference of opinion about this Urchin that I
have given full details of the anatomy of its test in PI. LXIII.
Lamarck, who first described it, has the following diagnosis:-" SI? cordatoabbreviatus, eonvexus, subgibbosus, antice retusus; vertice elato; ambulacris quinis,
duplicato-biporosis , ano ovato;" and refers to the figure in the "Encyclopedia
Methodique,' pl. 156, figs. 4-6, as the type of the form. Goldfuss gave in his
, Petrefacta' excellent figures and an accurate description. Woodward sketched a fair
outline of it i~ his' Geology of Norfolk,' but mistook it for the common Chalk species
Micraster cor-anguinum. Desmoulins, De Blainville, Deshayes, Grateloup, and Desor,
all retained the species as established by Lamarck. My late esteemed colleague,
Professor E. Forbes, upheld Woodward's mistake, and mentioned it as a variety of
Micraster cor-anguinum in the ' Memoirs of the Geological Survey,' Decade Ill, PI. 10,
whilst oddly enough he had previously described it correctly in his account of the
Echinodermata in Dixon's 'Geology of Sussex.' D'Orbigny in his 'PaIeontologie
Franeaise ' groups M.' gibbus with M. cor-anguinum, and perpetuates the old confusion
I have pointed out.
If we admit that the structure and disposition of a fasciole or fascioles form characters
of sufficient importance for the establishment of generic groups among the 8patangidt:e,
then, indeed, the Urchin under consideration is not only specifically but generically
distinct from Micraster cor-anguinum, for, whereas all true Micrasters have a subanal
fasciole, forming a ring placed around the base of the posterior border, one half of
which embraces the border, the other half the base, the Urchin before us has no
fasciole ·whatever; and this anatomical fact has been altogether overlooked both by Forbes
and d'Orbigny, otherwise they would not have confused gibbus with cor-anguinum.
The build of this Urchin differs from M. cor-anlJuinum in having a flattened base, an
angular ambitus, and a pyramidal upper surface, with steeply-inclined sides, the anterior
portion sloping at an angle of from 40° to 50°, the posterior from 25° to 30°, and the
lateral sides 35°. In half a dozen good typical specimens these measurements represent
a fair average. PI. LXIII, fig. I, c, d, e.
The ambulacral areas are narrow, and their petaloidal portions not much depresse.d,
fig. 1 a, c, d, e; the antero-Iateral being one third longer than the postero-Iateral pair.
The poriferous zones of the petals consist of a pair of holes, the inner being rounder
than those in the outer line, and they are connected by a slight depression in the plates,
fig. 1 g. Beyond the petals the zones diverge; and in the anterior pair I have traced
the holes to the ambitus, in the posterior pair theyhave disappeared. The anteal sulcus
is feebly marked, and the single petal shorter than the anterior pair; in the petaloid
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section it contains about 20 pairs of holes in each zone, and in the non-petaloidal portion
of this area the small pairs of pores can be distinctly traced to the ambitus and onward
to the mouth-opening, fig. 1 e, h. The ambulacral plates in the petaloidal portions of
the areas are elongated and flat in the single area, and short, convex, and tumid in the
antero- and postero-Iateral pairs. There are several miliary granules on the plates in the
single arc and only solitary granules on the convex surface of those in the pairs.
The inter-ambulacral areas are formed of very large plates (fig. 1 a, c, ri, e), which
on the upper surface have a conspicuous mesial suture in each of the areas. All the
plates are covered with several horizontal rows of tubercles, arranged in a quincuncial
manner, fig. 1 fI, on their surface, and the inter-areolar space on the same is profusely
covered with microscopic granules; fig. 1 fI exhibits three of the inter-ambulacral and ,a
portion of the petaloid and non-petaloid portions of the ambulacral plates, magnified
three diameters; the arrangement of the tubercles and granules is likewise well delineated
in this beautiful drawing. The tubercles are raised on bosses encircled by sunken areolas,
each of which is surrounded by a circlet of microscopic granules, so that the surface
of the test in a well-preserved specimen, such as the type I have figured, is highly
ornamented.
The posterior border is a very limited space, and is truncated obliquely downwards
and inwards; in its upper portion the vent is situated (fig. 1 ri). The periprocte is large,
circular, and supra-marginal, and its position in relation to the base is very well shown
in fig. 1 c and fig. 1 d.
'I'he apical disc is small in proportion to the size of the shell. It consists of four
perforated ovarials and five small, heart-shaped eye-plates; the antero-lateral ovarial
is much larger than the others, and extends obliquely into the centre of the disc, with
the spongy body covering its surface as in fig. 1 a, where the relation of the disc to the
petaloid ambulacra is shown, and in fig. 1 f, where the disc is drawn magnified eight
diameters.
The base is nearly flat, and most accurately delineated in fig. 1 b. The course of
the basal portions of the postero-lateral ambulacra are observed dividing, the base
into a central and lateral regions; the central extends from the.lower labial prolongation
backwards becoming merged in the posterior border, and is closely,covered with
tubercles, close-set and arranged with great regularity in this space; the lateral regions
extending to the sides and anterior border have fewer tubercles, which are larger in size,
but more sparse in their distribution than those which occupy the central shield. I have
given a figure of the basal tubercles in fig. 1 k, showing the boss with its areola and
circle of granules, and the perforated tubercle raised on the summit of the radiated
bossal elevation. The enlargement is eight times, so that the comparative magnitude
of the tubercles on the upper and under surfaces of the test of this species may be. fairly
estimated by comparing fig. 1 i with 1 le, aod the whole in relation to the test in
figs. 1 a and b.
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The mouth-opening is found very near the anterior border, figs. 1 6, c, and e. It is
largely and transversely oblong, and the lower lip is thick and much prolonged.
AJlinities and ])ijJerences.-This Urchin resembles some forms of Micraster cor:'·
anfJuinum, and has long been considered by many a variety of that common Chalk species.
An attentive study of the anatomy of their tests will soon disclose their affinities and
differences, which have already been pointed out in the introductory part of the description, and to which I refer the reader.
Locality and StratifJraphical Position.-The most typical examples of this species are
found in the Upper Chalk at Harford Bridge, near Norwich, and from the Upper Chalk
of Sussex, where it is very rare. The large specimen figured in "Dixon's Geology of
Sussex' is a broad and abnormal form of the species, and is the type of my late
colleague's description in the text of that work.
Since this article was in type my friend Mons. de Loriol has called my attention to
and given me a copy of a memoir by Dr. Clemens Schliitter
Verh. d. Nat. Ver.
Jahrg.,' xxvi, Folge 3, Bd. vi), "Fossilen Echinodermen des nordliohen Deutschlands,'
in which the author has published good figures and an accurate description of Epiaster
fJibbus.

e

Genus-MICRASTER,

AfJassiz, 1836.

Auctorum.
Aga88iz.
d' Orbigny.
De Loriol.

SPATANGUS, pars,

MrcRAsTER, pars,
MICRASTER,
MICRASTER,

Body oval, oblong, more or less inflated; test cordiform, thin, and fragile.
Ambulacral pairs petaloidal, closed at their extremities, the anterior exceeding in
length the posterior pair.
Poriferous zones equal in each ambulacr~"t.
Holes oval or oblong, conjugated by transverse depressions.
Anterior or single ambulacrum lodged in a wide, shallow, anteal sulcus, which
deeply indents the border of the test.
Pores small and round, and set obliquely in uniform pairs more or less widely apart,
the distance of one pair from another increasing from the disc to the mouth.
Apical disc small, central, solid, composed of four perforated ovarial and five perforated ocular plates.
Madreporiform body small, located in the middle of the disc.
Mouth-opening transverse near the border; peristome bilabiate, with a prominent
projecting under lip. Base flat or slightly convex, covered with large, regularly arranged,
well-developed tubercles.
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Posterior border narrow, obliquely truncated downwards and inwards, and slightly
concave transversely.
Vent located in the upper part of the border under a ridge-like projection of the
dorsal surface.
Periprocte oval and widely patent.
Fasciole sub-anal, forming a ring around the· posterior extremity; embracing half
of the upper and half of the lower part of the border.
Tubercles perforated sparsely, distributed on the upper surface; larger and placed
closer together below. All are raised on bosses with crenulated summits.
Spines small, needle-shaped, straight or bent, and enlarged and crenulated at the
base.
Micraater differs from Epiaater in possessing a well-defined sub-anal fasciole, and
from Hemiaster and Periaster by the absence of a peripetalous fascicle.
Micraater forms a leading genus of fossil Urchins, and well characterises the upper
beds of the Cretaceous formation in the Anglo-Parisian, Pyrenean, and Mediterranean
basins of Europe.

MICRASTER COR-ANGUINUM,

Klein, sp., 1734.

PI. LXII, figs. 1 a-l, 3, 5 (not fig.

~).

Plot. Nat. Hist. Oxfordshire, p. 91, pI. ii, fig. 11,
1677.
Liste«. De Lapidibus Turbinatis, p. 224, fig. 28,
ECHINITES PRlETER RADIOS,
t. vii, 1678.
ECHINITES CORDATUS VULGARIS, Llkwytl. Lithophylac. Britannici Iconograph, p. 47,
Num. 964-967, fig. 964, 1699.
ECIlINOSPATAGUS CORDIFORMIS, BreyniuB. Schediasma de Echinis, p. 62, t, T, figs.
5,6, )732.
Klein.
Naturalis Dispositio Echinodermatum, p. 28, .
SPATANGUS COR-ANGUINUM,
t, xxiii, figs. A-D, 1734.
Klein. Ordre Nat. des Oursins de Mer; ed. Gall.,
p. 100, pl. xii, figs. E, F, .pl. xiii, fig. c, 1754.
LeBke. Addit. ad Kleinii Disposit, Echinid., p. 221.
pl, xriii, figs. i-D,p!. xxiii'· c,and pl, xlv, fig. 12,
1778.
.
Gmelin. Systema Naturse, p. 3195. No. 91, 1799.
ECHINUS COR-ANGUINUM,
ParkinBon. Organic Remains, voI. iii, p. 28, pl, iii,
SPATANGUS COR-MARINUM,
fig. 11, 1811.
Lamarck. Anim. sans Vert., t, iii, p. 32, 1816.
COR-ANGUINUM,
Lamarck. Ibid.
PUNCTATUS,
De8longckampB. EncyI. Method., t. ii, p. 63,1824.
COR-ANGUINUM,
DeBlongckamp8. Ibid.
PUKCTATUS,
Difrance. Diet. Se. Nat., p. 93, t. 1, 1827.
COR-ANGUINUM,
Difrance.
Ibid.
PUNCTATUB,

BRONTIA vel OMBRIA,
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SPATANGUS COR-ANGUINUM,

PUNCTATUS,
COR-ANGUINUM,

PUNCTATUS,
COR-AN GUINUM,
PUNCTATUS,

COR-ANGUINUM,
MICRASTER COR-ANGUINUM,

Goldfuall. Petrefaeta Germanire, voti, p. 157,
pl. xlviii, fig. 6, 1829.
De BlainfJille. Diet. Se. Nat., t. xl, p. 135, 1830.
De BlainfJille. Ibid.
AgallBiz. Prodrom., Mem. Se. Nat. Neuehatel, t. i,
p. 184, 1835.
DeBmoulinll. Etudes sur les l!1chinides, p. 402, 1837.
DeBmoulinB. Ibid.
Agassiz. CataI. Syst. Eetyp. foss., p. 2, 1840.
Dujardin. In Lamk. Anim. sans Vert., 2nd ed., t, iii,
p.328, 1840.
Dujardin. Ibid.
Geinitz. Charakteristik. Petref. Saehs-bohm. Kreidegebirges, p. 91,1842.
Morris. Catalogue of British Fossils, p. 54, 1843.
Agassiz et Desor.
CataI. raise des Ech., Ann. Se.
p. 23, 18·n.
Nat., 3e ser., t.
d'Orbigny. Prodrome Pal. Strat., t. ii, p. 269, 1850.
Surignet. Oursius foss. de l'Eure, p. 59, 1850.
Forbee, Mem. GeoI. Surv., decade iii, pI. x, 1850.
Bronn. Letheea geognost., Kreidegebirge, p. 200,
1852.
d'Orbigny. Paleontologie Franeaiae, Terr, cretaee, t. vi,
p. 207, pl. 867 (pars), 1852.
Forbes. Morris, Catal. Brit. Fossils, 2nd ed., p. 83,
1854.
Hebert: TabI. Foss. de la Craie de Meudon, Mem.
Soc. Geol. de France, 2e serie, t. v, pI. xxix,
fig. 15, 1854.
Deeor, Synopsis des l1lchinides fossiles, p. 364, 1858.
Cotteau. l1lchinides de la Sarthe, pl, lv, figs. 5-10,
p. 326, 1860.

',n,

IJiaf/n08i8.-Test cordiform, length and width nearly equal. Upper surface more or
less inflated in different specimens; enlarged and sinuous before, contracted and tapering
behind; the greatest diameter at the anterior third. Upper surface convex; the anterior
half declining obliquely from the disc to the anteal sulcus, and the posterior half
forming a curved carinal ridge from the disc to the anal area; posterior border flat,
scooped out, and inclined inwards; vent above opening under the rostrated 'carina.
Under surface convex; anteal sulcus equally hollowed throughout, from the disc to the
mouth; petaloid ambulacra unequal in length and slightly depressed; mouth-opening
near the border, with a very stout under lip.
IJimenBiortB.-Height, II inch ;'length, 2 120 inches; width, 2 120 inches.
De8cription.-This common Chalk Urchin has been long known to naturalists, and its
flint moulds, collected from the Chiltern downs, were first figured by Plot in his C History
of Oxfordshire,' then by Lister and Llhwyd, and its test by Breynius, Klein, Van Phelsum,
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Leske and others. It presents a great many forms which have been considered distinct
species by some, but only as varieties by others.· 'I'he specimen I have selected for
figuring and description is a capital type of the species in the highest state of preservation, and the anatomy of the test has been carefully displayed in a series of figures in
_ my late lamented friend Mr. C. R. Bone's best manner.
'
The test is cordiform, and its width and length are nearly equal j it is enlarged before
and contracted behind, and its greatest transverse diameter is at the junction of the
anterior with the middle third j the upper surface is inflated j from the disc to the anterior
border it is obliquely depressed, fig. 1 c, and from the disc to the posterior border it
describes a curved line which forms the summit of a carinal ridge extending to the vent
and forming a rostrated process at the upper border of the periprocte j the sides are much
inflated, fig. 1 a, and the posterior border is flat, obliquely truncated downwards and
inwards, and with the rostrated carina forms an excavation which imparts a specific
character to the 'species, which is well delineated in fig. 1 c.
The pairs of petaloid ambulacra are of unequal length, the anterior pair being the
largest j they are not much depressed and very slightly flexed j the poriferous zones are
narrow, not ronnded at their extremity, and present certain characters which prevail
throughout the various forms this species exhibits.
The ambulacral plates are invariably tumid, rugose, and separated by d. strongly
marked suture, fig. 1 11" magnified four diameters j whilst the general suture running down
the centre of the ambulacral area is deeply depressed and grooved like fig. 1 a; the ridge
separating each poriferous groove is also tumid and studded with a single IOW of five or
six small close-set tubercles, fig. 1 It.
The single anterior ambulacrum is feebly petaloid in its upper part j its pores are set
much closer together than those in the pairs, and in many specimens the grooves
connecting the pores are obsolete j the pores of the inner row in the lateral ambulacra is
rounder than those of the outer row, which are slightly elongated, fig. 1 It; the nonpetaloid portion of this area is more fully developed than in the corresponding portion
of the others j fig. 1 i shows the anterior ambulacrum. It is lanceolate, the plates are
wide and irregular, each having a pair of small holes with tubercles placed between them.
The inter-ambulaoral areas are' formed of large plates eight to ten in each column
according to the age of specimen. They attain a greater development at the base, the
postero-lateral pair forming the largest portion of the region, fig. 1 lJ; the antero-lateral
pair forming the anterior border, fig. 1 a, e , the carinal ridge, the anal area, the central
shield of the base, with its circular subanal fasciole, and highly omamented tubercular
surface, are all formed by the single posterior area, fig. 1 b, c, d.
The surface of the inter-ambulaeral plates is covered with highly developed tubercles
on the sides and upper surface j each plate has four or five horizontal rows of them more
or less regularly arranged as shown in fig. 1 f, where two of these plates are drawn
magnified four diameters.
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The plates in the ambulacral areas likewise support tubercles, but they are smaller
and more sparsely distributed than in the inter-ambulaora , the relative magnitudes of
the tubercles in the two areas is shown in fig. 1 f, where they are both drawn to a scale
of four diameters. The tubercles on the sides and upper surface consist of a perforated
tubercle, placed upon a crenulated boss, and surrounded by a smooth areolar space, not
scrobiculated on the upper surface, but very distinctly so at the base. They become
much more numerous around the ambitus, and increase in size on the basal plates of the
postero-lateral inter-ambulacral areas, fig. 1 b. On the triangular central space extending
from the fasciole to the under lip, the tubercles are arranged in well-formed rowsthat radiate
forwards and outwards from a central tubercle and fill the entire space with close-set,
regularly arranged tubercles, as shown in fig. 1 b; the structure of the tubercles is very
well delineated in the enlarged drawing of the same, made from a portion of the base where
each areolar space is seen to be surrounded by a circle of granules and the intermediate
portion filled in with the same.
The tubercles supported small, needle-shaped spines, some of which are preserved on
one of our specimens; of these spines a feware slightly bent near the base, fig. 5; all are
marked by fine longitudinal ridges, fig. 3 (destitute of spiral ornaments), which disappear
towards the apex; at the acetabulum a crenulated ring is visible. The minute spines
with distinct ridges, which extend from base to apex, and which are traversed by a series
of spiral depressions, fig. 4, occasionally found ,in the beds containing M. c01'-an!Juinum,
belong to Echinothu1'ia floris and not to M. cor-an!Juinum.
The apical disc is small and excentral, and composed of four perforated ovarial plates,
the right antero-lateral being much the largest and extending into the middle of the disc;
it is covered with the madreporiform body. The five ocular plates are wedged into the
angular spaces left by the ovarials; the discal elements being firmly soldered together, this
portion of the test is nearly always well preserved.
The posterior border is flat, abruptly truncated, and obliquely inclined downwards
and forwards. The vent occupies the upper part of this region, and opens immediately
under the rostrated carina. A few small tubercles are sparsely disposed below the
vent and the lower part of the space is smooth, the fasciole encircles the angle, one
half passing above, the other half below the basal angle. It is well seen in most
specimens, and I have given a drawing of it in fig. 1 le, where it is seen passing as a
finely granulated band between the tubercles on the plates.
The mouth is placed very near the border, at the inferior termination of the deeply
impressed anterior ambulacrum. It varies in position slightly in different specimens.
The lower lip is thick and strong, and varies in the amount of projection, fig. 1 1J and e.
AjJinities ana ])ijferences.-This species, so long ~nown and so often described, has
nevertheless been the subject of much confusion. The older authors, as Lister and
Llhwyd, appear to have been acquainted with its moulds.in flint. Breynius and .Klein
studied its test, and the latter described it in 1734 under the name 8patan!Ju8 cor-an!JuinU1/l;.
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His figures are very poor, and the varieties which he has united under the name appear to
comprise forms which do not properly belong to the type. Goldfllss was the first who, in
1829, gave an exact representation of the test from the able and accurate crayon of Hen
Hohe, He separated it from his Spata'ngu8 cor-testudina'l'ium, with which it had been
united; but the authors who followed Goldfuss have forgotten the distinction pointed out by
him; thus Agassizand Desor in 1847 reunited these two species,and considered Micraate'l'
cO'l'-te8tudinarium only as a large variety of Micraate'l' cor-anlJuinum. Forbes in 1850, and
d'Orbigny in 1853, increased the confusion, for by them nearly all the species of the
White Chalk were referred to one and the same type, and Micra8ter I/ibbus, 'l'08t'l'atUB,
cordatUB, cO'l'-te8tudina'l'ium, latUB, armatua, brevis, &c., successively established by different
authors, were only admitted as simple varieties of MicrQ8ter cO'l'-anlJUinum.
Professor Hebert after a careful study and comparison of the species of Micraster
reunited by Forbes and d'Orbigny, arrived at an opposite determination; not only did
he admit the validity of MicrQster cor-te8tudinarium,lJibbu8, and b'l'et)is, but he determined
two other species. The structure of the ambulacral plates is the principal character
upon which M. Hebert founds the description of his species.
In his' Synopsis des Echinides Fossiles,' published since Professor Hebert's memoir,'
M. Desor persists in uniting Micraster cO'l'-testudinarium to M. cor-anl/uinum, and admits
under reserve M. BronlJniarti, H6b., and M. Desori, H6b., proposed therein with such
diverse opinions about the true characters pfthis old fossil. When M. Cotteau was about to
describe the species in his classicalwork on the 'Echinides du departement de la Sarthe,'
he determined to study the species anew, and for this purpose collected all the necessary
documents for reference and numerous specimens for comparison, and says, "Without
adopting entirely the conclusions of M. Hebert we believe, nevertheless, that there exists
among the Mierasters which d'Orbigny has eonfounded under the same denomination four
species very distinct, viz."
"Tst. The Micraater cor-te8tudinarium, Goldfuss," admirably figured and described
by Cotteau.
"2nd. Micraster IJibbu8, Agass. 8patan.r;us IJibbu8, Lam." (Epiaste'l' IJibbus of this
work.) "Well represented in the' Atlas de l'Encyclopedie M6thodique,' pI. clvi,figs. 4-6,
and remarkable for its elevated conical form, its long straight ambulacra, its large, flat
under surfaces, truncated posterior border, with its vent placed low down near the angle."
Remarkable also, I may add, for the want of the subanal fasciole, which has been overlooked by Forbes, d'Orbigny, and Cotteau: so that assuming the presence, absence, or
character or number of the fascioles to afford characters for generic division, this species
would not belong to the Micrasters at all.
"3rd. The MicrQster B'l'onl/niarti, Hebert, figured for the first time by Brongniart
in his 'Fossils from the Environs of Paris' under the name Micraater cor-anlJuinum, and
I
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perfectly characterised by its sub-undulated ambitus, subconvex upper surface, its central
ambulacral summit, ambitus much grooved by the single ambulacrum, and its narrow
ambulacra deeply depressed. The Micraster Brongniarti appears to be special to the
Chalk at Meudon, as but one mould has been collected near Sens.'
er 4th. The Micraster cor-anl/uinum, easily recognised by its cordiform outline; dilated
before, acuminated behind, by its elevated and inflated upper surface, convex aud rostrated
in the posterior region, with narrow and shallow petaloid ambulacra , its ambulacral
plates shorter and deeper than in its congeners, and by its excentral apical disc placed
in the direction of the posterior border."
Locality and Stratigraphicalposition.-It is found in all the Upper Chalk districts of
England, and is common in Kent, Sussex, and Norfolk. It was recorded by General
Portlock from the Chalk of MagiUigan, County Derry, Ireland..
Foreil/n IJistribution.-This Urchin is one of the most characteristic of the Upper
White Chalk, equivalent of the C 22e Etage Senonien,' d'Orbigny. According to that
author it has been collected in the Anl/lo-Parisian basin at Meudon (Seine-et-Oise},
Beauvais (Oise); in the Somme; in the Ardennes at Retheil; in the Seine-Inferieure,
at Ciqueport, Etretat, Fecamp, Dieppe, Treport , in the Yonne at Sens, Seigneley,
Joigny, Villeneuve-sur-Yonne j in the Eure, at Chftteeudun , in the Sarthe, at SaintFrambault, Roches, Vendome , in the Loir-et-Cher, at Couture, Villiers, Blois; in
l'Indre-et-Loire, near Tours.
In the Pyrenean basin at Perigueux (Dordogne), at Moutiers, Cognac (Charente);
at Mirambeau, Coze, Meschers, Saintes (Oharente-Inferieurej , at Tercis, Riviere, near
Dax (Landesj , at Mauleon, Magnoac (Hautes-Pyreneesj , at Bidart (Basses-Pyrenees),
in the Mediterranean basin at Soulage, Songraigne (Ande); at Ayglun, Mers, Beausset
(Var); and in Scandinavia, Germany, Switzerland, and Belgium in the same geological
horizon.

MICRASTER COR-BOVIS,

Forbe«; 1850. PI. LXII

MICRAST;ER COR-BOVIS.

A,

figs. 1,2 a-d.

Eorbe«: In Dixon's Geol, of Sussex, pI. xxiv, figs. 3,4, p. 342,
1850.
Forbe8. Mem. Geol. Surv., decade Hi, note, pl, x, 1850.
Forbe8. In Morris' Cat. of Brit. Foss., 2 ed., p. 83, 1854.
Deeor, Synopsis des ]jchinides Foss., p. 367, 1858.

IJiagnosis.·-Test large, ovate, slightly cordate, broadest in the region of the anterolateral ambulacra. Posterior border obtusely subtruncated. Dorsal surface depressed.
and slightly elevated in the anterior region above the rest of its surface. Apical disc
excentral, nearer the anterior border. Anteal sulcus shallow, petaloid ambulacra short,
unequal in length, and slightly depressed. Base convex, vent in the middle of the
obtusely sub-truncated border.
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lJimensions.-Length three inohesj. breadth two inches and seven twelfths; height
one inch and nine twelfths of an inch.
lJescription.-My late esteemed colleague in this work, Professor Edward Forbes,
gave the following note upon this Urchin in Decade III of the' Memoirs of the Geological
Survey,' in his note on allied species of British species of Micrasters :-" I have given an
account ,of it in Dixon's work on the • Geology of Sussex: where it is excellentlyfigured.
I have there named it Micraster cor-booi«. It is usually a larger and longer species than
cor-anflUinum, and its petaloidal ambulacra are more deeply impressed and much shorter
in proportion to the body. The shape is ovate-cordate, the curve of the sides from the
front of the antero-lateral ambulacra to the anal extremity being but slight, its chief swelling
being near the anus, and not on a line with the postero-lateral ambulacra as in coran/luinum. The back is more equally depressed than in the depressed variety of the lastnamed species. The mouth is much smaller comparatively, and the post-oral spinous space,
though much longer, in consequence of the elongation of the hinder portion of the test, is
nevertheless proportionally broader. . The tubercles of the plates, whether dorsal or
ventral, are much smaller and more scattered. Besides all these comparative characters,
there is the positive one that in cor-bovis the ambulacral plates, instead of being tumid,
are smooth and plain, as are also the ridges separating the sulcations of the pairs of pores
in the petaloidal ambulacra. The ambulacral spaces are wider than the breadth of any
of the sulcations."
It will be more satisfactory if I here insert Forbes' note from the work referred to: cc The body of this fine and large Micraater is ovate and slightly cordate, broadest
in the region of the antero-lateral ambulaera. The posterior end is obtusely subtruncated.
The dorsal surface is depressed and but slightly elevated in the anterior region above the
rest of its surface.
cc The ovarian circle is placed nearer the anterior than the posterior end. The frontal
groove is shallow. The lateral ambulacra are placed in gentle depressions.
" The postero-lateral ambulacra are very short, and little more than half the length
of the antero-laterals, There are about thirty pair of pores in each row in the latter and
about seventeen in each row in the former. The larger tubercles of the dorsal plates are
much scattered and minute in proportion to the size of the shell. The interstices are
minutely granulated.
cc The areolated tubercles of the ventral surface are also proportionally small.
The
post-oral spinous space is triangularly lanceolate."
AjJinities and lJijferences.-This species resembles M. breviporus, of which it has long
appeared to me to be a gigantic variety.
Locality ana 8trati/lraphical Position.-Dixon's type was collected from the White
Chalk, Sussex, others are found at Oharing, Kent, and some fine specimens in the
)Voodwardian Museum, Cambridge, were obtained from Balsham, near Cambridge; it
occurs low down in the White Chalk.
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MICRASTER BREVIPORUS,

Agflssiz) 1840.

MICRASTER BREVIPORUS,

LESKEI

MICRASTER BREVlPORUS,

PI. LXII

A,

fig. 3 a-b.

AgaaBiz. Cat. Ectyp. Foss. Mus. Neo.) p. 2, 1840.
Agalliz ~t Desor, Cat. raisonne i1es Echinides)

p. 130,
1847.
d'Orhigny. Prodrome, t. ii, p. 270, 1850.
Sorignet. Oursins de l'Eure, p. 62, 1850.
d'Orhigay. Paleont. Franc;aise Ter. Cr6taces, tom. vi,
p. 215, pl, 869, 1853.
Desor, Synopsis des ]Jjchinides Fose., p. 366, 185S.
Coquand. Synopsis des Foss. des Charentes, p. 134, 1860.
Cot6eau. Cat. des Echinid. de l' Aube, P: 34, 1865.
He4ert. Camp. rend. de l'Institut. 25 Juin, 1866.
ScklonfJacTi. Beitriig. des Griipsandes van Rothenf~Idll,
p. 14, 1'869.
De 1.oriol. Echin. Relv. ]Jjchinides Cretacees de la Suisse,
2ntepartie, p.369, pI. xxxi, fig. 5, 1873.

lJiagllosis.-.Test largely cordiform, rounded and grooved before) contracted behind
and truncated at the posterior border, Upper surface uniformly convex, declining a little
more anteriorly than posteriorly, with a prominent carina between the apical disc and
posterior border; base convex, ambitns slightly undulated, rounded, and inflated.
lJimensions.-Antero-posterior diameter 12~o inch; transverse diameter 1 140 inch;
height It inch.
l)escription.-The test of this Urchin has a cordiform shape; it is rounded and slightly
grooved anteriorly, and tapers gently to the posterior border, which is truncated downwards and a little inwards. The upper surface is depressed and uniformly convex, and
declines a little more to the anterior th3'Jl.th~posteri6r border; a prominent carina. more
or less elevated in different individuals extends backwards from the apical disc to the
summit of the periprocte, and divides-into two ridges, which descend on each side of the
vent towards the lower part of the posterior border) where they disappear near the
fasQiole.
The ambulacra are short and straight, very uooq1llW in length, and slightly depressed.
The anterior single ambulacrum is lodged in a sulcus, which grooves the. anterior border
and extends to the peristome; its pairs of pores lie wide apart, and are. nearly obsolete.
The anterior pair are large and divergent; they occupy well-marked depression Si and
their poriferous zones consist, in one of my specimens, of 30 pairs of holes) each having a
connecting groove between the. holes. The posterior pair are slightly· bent and directed
backwards, and are about two thirds the length of the anterior pair. The pores are:
similar in structure, and there are 18 to 20 pairs in each sone. The ambulacral plate$
are concave, smooth, and plain, those of the single area alone carrying miliary granules•
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This structure of the ambulacra forms a good diagnostic character between this species
and M. cor-anfJuinum.
The apical disc is very small, and lodged in a valley formed by the confluence of
the apices of the five ambulaora , the madreporiform tubercle occupies the centre, sur.
rounded by four ovarial holes, the posterior pair being wider apart than the anterior
pair; the culminating summit of the upper surface being immediately behind the disc.
The periprocte is situated at the upper part of the obliquely truncated posterior border,
and its position is persistently the same in all the six specimens before me.
The base is flattened. the portion between the peristome and anterior border is slightly
hollowed out. The plastron is wide and filled with large close-set tubercles, these radiate
in regular rows from a point rising near the middle of the fasciolar line;' the lateral
portions slope away to the ambitus , the valleys b~tween indicate the course of the basal
portions of ambulacra between the border and the mouth, which is situated at a short
distance from the anterior sulcus, and is bilabiate, and surrounded by a rosette of pores
and tubercles very regularly arranged in the small specimenfigured in 3 b.
AjJinities and IJijferences.-Micraster brevipor71s, which has long been considered to be
a variety of Mo cor-anfJuinum and of M. cor-testudinarium, is distinguished from them by
its outline,. which is more elongated and depressed, tapering at the sides, and less
acnminated posteriorly; its upper surface is more uniformly convex, its ambulacral
summit is excentral and placed forwards, and its petaloidal ambulacra are shorter and
less depressed, and the ambulacral plates are smooth and not tumid as in M. cor-

anfJuinum.
Micraster laeoporu«, d'Orb., has the summit more central, the ambulacra much more
depressed, the anterior half of the upper surface more declined, and the posterior half
more strongly carinated. I have compared my specimens from Brighton and Norfolk
with a type-specimen kindly given me by my excellent friend M. De Loriol, which was
collected at St. Julien du Sault (Yonne); from the" etage Senonien," equal to our White
Chalk. M. De Loriol ' say~, "In 1837 M. Desmoulins gave the name of 8patanfJUB
Lesbei to the Urchin figured by Klein under the name 8patan.fJus cor-anfJuinum, var,
N01'vafJicum and var. productum, which differsreally from the true 8patanfJu8 cor-anfJuinum.
D'Orbigny and other authors have referred to this Micraster (8patanfJu8 Les1cei) the
species named by the late Professor Agassiz Micraster breoiporu«. Recently M. Hebert
having been able in Denmark to examine the original specimens of the species which
Klein had figured under the name 8p. cor-anl/uinurit, var. NoroafJicum, has recognised that
it differs in reality from Micr. breviporu8, and that it ought to be separated, and continue
to bear the name Micr. Leskei, which appears to be a form special to the Upper Chalk
of the north of Europe.
Localityami StratifJrapltical Position.-My specimens of this species have been collected from the" Uppe! Chalk of Brighton, Sussex; Balsham, Cambridge; and from the
1
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Upper Chalk near Norwich, out of the same terrain that yielded Oardiaster !lranu!o8U8;
Oard. eeeentricu«, and Epiaster fJibbua.
In France it has been collected from the White Chalk at Fecamp, :Etretat, and
Dieppe, the environs of Beauvais, Meru (Oisej , of Vervins and La Capelle (Aisne); of
Andelys, Caussols (Var); of St•.Julien du Sault (Yonne),
In Switzerland (according to De Loriol) from the Seewerkalk of Sentis (Appenzell) ;
the Grands Troncs near Semsales (Fribourg), Etage Senonien.

Genus-ECHINOSPATAGUS,

Bre!lniu8, 1732.

(pars), Brey'lliU8, 1732.
(pars), Ktei«, 1734.
SUTANGUS (pars), Lamarclc, 1816.
TOXASTER (pars), AgfJ88iz, 1840.
ECHINOBPATAGUS
SPATANGUB

Body cordiform, more or less inflated at the upper surface, and in general flattened
at the base.
The pairs of ambulacra petaloidal, unequal in length, always large, and lodged in
depressions of the test; poriferous zones wide and slightly unequal in the anterior pair;
pores in the form of narrow slits, those of the outer being longer than those of inner
rows; the anterior poriferous zones are longer than the posterior. The single
ambulacrum is lodged in a wide, deep, anteal sulcus, its poriferous zones are narrow and
equal with each other, and the holes are smaller and placed closer together than the
pores in the pairs.
The apical disc is compact and solid, composed of four perforated ovarial plates and
five small oculars, minutely and finely perforated; the madreporiform body extends into
the centre of the disc.
The mouth-opening is situated near the anterior border, and the peristome is small
and subpentagonaI.
The vent is situated in the upper part of the posterior border, and the periprocte is
oval.
The tubercles, of various sizes, crenulated and scrobioulated, are placed in two or
three irregular rows on the plates; they are most numerous at the anterior border and
around the ambitus, and are sparsely scattered on the base; the surface of the plates is
likewise covered with a very fine close-set miliary granulation.
The absence of fascioles from all parts of the test distinguishes this genus from
Hemiaster, with which it has been often confused. The type-species so common in the
Neocomian strata of France and Switzerland was first figured by Breynius as Eclli"ospatafJUB cordiformis.
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It was afterwards figured and described by Agassiz as Holaster complanatus, and
subsequently separated from that group to form the type of his ·genus Toeaste«, As this
corresponds with the Ecltinospata!Jus of Breynius, the laws of priority demand the
restitution of the original name, however much we may regret these changes of
nomenclature.

ECBINOSPATAGUS MURCBISONIANUS, Mantell, 1835.
PI. LX, figs. 1, a-z, and
PI. LXIV, fig. 1.
GeoI. Trans., 2 ser., voI. iii, p. 210, 1835.
Desmoulins. Tableau des Echinides, p. 412, 1837.
MICRASTER MURCHISONJ,
Morria. Catalogue of Brit. Fossils, p. 55, 1843.
Bronn. Index Paleeontolcgicus, p. 724, 1848.
HEMIASTER IN.iEQUALIS,
Eorbes, Morris's Catalogue of Brit. Foss., 2 ed., p. 81.
1854.
:MURCHISONIlE.
Forbes, :Mem. of Geol. Surv., decade v, pI. ix, 1856.
Desor, Synopsis des Echinides Foss., p. 369, 1857.
MURCHISONIANUS, De Eoriol. Echin.lIelv. Cretaces, t. ii, p. 374, pl, xxxii,
figs. 4-6, 1873.
SPATANGUS MURCHISONIANUS, Mantel.

lJiafJllosis.-Test cordiform, often much inflated, length and breadth nearly equal;
round, and largely grooved before, contracted behind, and obliquely truncated on the
posterior border. Upper surface convex, declining to the anterior side, and having an
obtuse carina on the single inter-ambulacrum; anteal sulcus wide and deep; the pairs of
petaloid ambulacra unequal in length, and forming deep depressions on the upper surface,
periprocte oval, opening high on the border. Ambulacral summit excentral, posterior to
the disc.
lJimellsions.-A. Height, 1 140ths inch; long., 1 1'oths; lat., 11t-ths.
B. Height?; long., 1 180ths; lat., 1l'oths.
c. Height, 190th8; long., 1Taths; lat., 1 140ths.
D. Height, 1 ; long., 1 130ths; lat., 1 130ths.
lJescription.-I have given the dimensions of four typical specimens of this Urchin
to show its relative proportions. A, the figured specimen, belongs to the British Museum,.
and B, C, D are in my cabinet. A is a very globose form, and Band C are fair types.
In all the specimens the test is very well preserved, and there is no trace of a peripetalous
fasciole on anyone of them, so I have removed it from the Hemiasters and placed it in
the genus EcltinospatafJus.
Professor Edward Forbes studied the specimens of this Urchin in the British Museum,
and recorded his measurements in the following memorandum. Further, he noted that
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they differed from each other considerably in form, and in degree of depth of the dorsal
ambulacra and the number of the pores in the zones.
~~

A.

B.

c.

1~

Ih

~

8
1 2
3
12

2
1 2

Breadth
1
1
1.
Height
1
0t ~
0 182'
Anterior single ambulacrum
28 pairs
26
24.
Antero-Iateral pair
"
43 pairs
36
30.
Postero-lateral pair "
20
22
16.
The anteal sulcus in which the single ambulacrum is lodged is deep, wide, finely
granulated and tuberculated. The pairs of pores are arranged on the sides of the area in
single files, and the pores forming a pair are separated from each other by distinct
tubercles.
The antero-lateral pair are doubly flexed, and the postero-Iateral pair, slightly bent, are
about half their length. The floors of all the areas are nearly smooth, and the pores, with
their small transverse slits in the zones, are set at short distances apart. The portions of
the test between the petals form obtuse eminences near the apical disc, that body reposing
at the confluence of the five valleys. On these inter-ambulacral elevations the tubercles
are more numerous and set closer together than on other portions of the upper surface,
•
fig. 1 a and fig. 1 c.
The apical disc is small, and composed of four perforated, ovarial plates; the right
antero-lateral is the largest, and supports the madreporiformtubercle on its surface. The
five ocular plates are very small, fig. 1 f/.
The surface of the plates is finely granulated, among which there are developed many
well-formed tubercles; these become more numerous on the sides, they increase in size
and number at the ambitus, and are large and set closely together at the base, on the
plastron of which they are very conspicuous, fig. 1 h.
Mr. Bone copied fig. 1, PI. LX, from Decade V, pI. ix, 'Memoirs of the Geol. Survey.'
In this figure, drawn under the direction of Professor Forbes, a portion of the surface
adjoining the right postero-lateral ambulacrum was magnified to show the diffused
condition of the fasciole. As I have carefully examined many very good tests of this
species without observingsuch a structure, I am convinced that a mistake was committed,
which my friend unfortunately imported into PI. LX, fig. 1 f, of this work, as no true
fasciole exists in this species.
The base is flat or rounded, and the peristome situated at the anterior fourth of the
under surface; the tubercles on this region are very large, they are raised upon crenulated
bosses, and their summits are perforated; the areola is surrounded by a chain of
granules, which completely incircle the areolar boundaries (fig. 1 i).
AjJlnitie8 ana J)ijference8.-This Urchin is well characterised by its large and deep
anteal sulcus, its hi-flexed antero-lateral ambulacra, the small postero-lateral pair, and
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the very excentral position of the ambulacral summit, which is situated behind the centre
of the upper surface (fig. 1).
Localit!! and Stratigrapltical Position.-This species is found in the Upper Greensand of Blackdown, Devon, where it is the only Urchin of frequent occurrence, and I
have no record of its discovery in any other Upper Greensand locality.

ECHINOSPATAGUS COLLEGNII,

8ismonda, 1843.

PI. LXIV, fig. 4.

Si8nionda. Sugli Echini foss. del Contado di Nizza,
p. 21, pl, i, figs. 9-11, 1843.
AgaaBiz et Desor. Cat. raisonne des I1Jchinides, p.
132, 1847.
BRUNNERI,
Merian. In Desor's Synopsis foss. I1Jchinides, pI. xl, figs.
2-4, p. 354, 1857.
ECHINOSPATAGUS COLLEGNII, d'Orbigny. Pal. Franeaise, Ter. Cretace, t. vi, p. 169,
pl, lcccxlvi, 1853.
Cotteau. I1Jchinides des Pyrenees, p. 52, 1863.
Cotteau. I1Jchinides de l'Yonne, pl, lxiv, fig. 11, t. ii,
1865.
Ooeter, Synop. I1Jchin. Suisse, pI. xxv, fig. 8, 1865.
De Loriol, I1Jchin. Helv, Cretaces, t. ii, pI. xxx,
figs. 1-5, p. 350, 1873.

TOXASTER COLLEGNIJ,

IJiagnosis.-Test largely cordiform; a little polygonal; rounded, flattened, and slightly
depressed anteriorly; contracted behind and obliquelytruncated on the posterior border.
Upper surface convex, inflated at the posterior half, and much declined from the apical
disc to the anterior border. Highest point at the ridge behind the apical disc. Posterior border quadrate, high, strongly and obliquely truncated. Base feebly convex in the
region of the plastron, and depressed near the mouth. ':::'he lateral parts of the ambitus
inflated.'
IJimensions.-Length 2 inches and 2 tenths; breadth 2 inches and 1 tenth; height
2 inches.
IJescription.-This large fine Urchin was given to me several years ago by my late
lamented friend Dr. S. P. Woodward, with the remark that it was said to have been
collected from the Upper Greensand, Wiltshire, but the species was unknown to him,
so he begged me to figure and describe it when I came to the group.
The test is large, cordate, and slightly polygonal, much elevated behind, and sloping
from the summit to the anterior border.
The single ambulacrum is lodged in a large, wide, anteal sulcus, deeper above than
at the anterior border, which it depresses only feebly; its poriferous zones are narrow;
the pores are nearly equal in size, and set obliquely in pairs.

284

ECHINOSPATAGUS

The antero-lateral ambulacra are subpetaloidal, unequal, and lodged in considerable
depressions of the test. The anterior pair are the largest, and slightly flexed. The
poriferous zones are unequal in width, the inner being the narrowest. The external
zone is nearly as wide as the interporiferous space. The pores in both rows are nearly
equal in size, and are each connected with slitlike depressions of the test. The posterior
pair are shorter than the anterior. They are nearly as wide and diverge at an angle of 45° ;
their poriferous zones are nearly equal, and a considerable horizontal ridge separates the
pair. The plates of the test are sparsely provided with small perforated tubercles, which
are all raised upon crenulated bosses and surrounded by circular areolas, and the intertubercular ~urface is covered with a fine close-set microscopical granulation.
The apical disc is excentral, placed nearer the posterior than the anterior border, in a
depression at the ambulacral summit; from this point the test developes a ridge which
extends to the posterior border, and the highest point of the test is found one quarter of
an inch behind the apical disc.
The posterior border is very much elevated; it appears to have a quadrate form, is
sharply truncated, and almost vertical. This portion of the test is unfortunately broken,
and it is from the remaining outline that the diagnosis is made. The vent was
placed high up on the border, but only one side of the periprocte remains to indicate the
position of that opening.
The base is flattened in the region of the plastron; it is slightly convex, and near the
oral region is concave. The mouth-opening, situated at the junction of the anterior
with the middle third, is transversely oval or subpentagonal; the tubercles on the base
are larger than those on the upper surface. On the plastron they radiate from a central
point near the posterior border, and have a very symmetrical arrangement on the anterior
half; around the mouth they are larger and more sparsely distributed, whilst around
the anterior border and the ambitus they are again more numerous.
Affin£ties ana lJijference8.-1 have grave doubts about this Urchin being a British
fossil. The matrix differs from the rock in Wiltshire, which usually yields the Upper
Greensand fossils of that county, and therefore I record it with reservation; it certainly
is the E. Oolle!lnii of Sismonda so well figured by Desor in plate 40, figs. 2 to 4, of his
admirable Synopsis. Unfortunately I have no authentic specimen of this species with
which to compare it, although I have no doubt as to its identity with the form referred to.
Strati!lrapltical Position.-Said to have been collected from the Upper Greensand of
Wiltshire. I have no confirmatory evidence of the fact, and give it with proper
reservation.
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PI. LXXV, fig. 1.

DiafJno8i8.-Test cordate. much inclined and depressed, the antero-posterior equalling

the transverse diameter; ambulacral pairs petaloidal, unequal in length and structure.
-and lodged in slight depressions. Anterior pair much flexed; poriferous zones nearly
equal. the inner a little narrower than the outer row; posterior pair short, curved; zones
equal. Ambulacrum wide. lodged in a deep depression. Test elevated in posterior half
and tapering behind to a point; anterior half sloping rapidly to anterior border; base
"fiat.
lJimenaions.-Length 1 inch and 4 tenths; transverse diameter 1 inch and 4 tenths;
height 8 tenths of an inch.
IJe8C'f'iption.-This Urchin was catalogued by the late Dr. Fitton as Holaster
.complanatus in his lists of fossils from the inferior beds of Lower Greensand exposed at
Atherfield, Isle of Wight. A careful examination of all our Neocomian Echinides,
however, has proved that. although H. complanatus forms a leading fossil in the Lower
N eocomian strata of .France and Switzerland. it has never yet been found in England.
I have searched carefully most of the public and private collections to find an English
specimen, but hitherto without success. Any so-called examples that I have found in
the cabinets of my friends were in reality foreign specimens purchased from dealers.
The outline of E. Renevieri is peculiar, it being as broad as it is long, and
terminating behind in a pointed process. This character at a glance distinguishes it;
but when added to others which I shall now point out it renders the difference wider at
each step of the demonstration.
The ambulacral pairs are petaloidal and lodged in depressions, whereas in H.
.complanatus they are superficial. The anterior pair are gently flexed, and the poriferous
sones are nearly of the same width; the posterior pair are short and curve inwards. and
nave equal-sized poriferous zones. The ambulacrum is lodged in a wide anteal sulcus.
which is deeper above than at the border. The poriferous zones consist of equal-sized
holes placed in oblique pairs.
The apical disc is small, and the ambulacral summit excentral; it is much nearer the
posterior than the anterior border, and the highest point in the test is on an elevation
immediately behind the apical disc. The posterior third of the upp~r surface is
-eonsiderably elevated. and the two anterior thirds slope gradually to the border. which
imparts a marked character to the test.
.
The posterior border is narrow and obliquely truncated downwards and inwards. It
is unfortunately covered up with a very hard matrix, which cannot be removed without
risk to the specimen.
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The base is flat and partially covered, and the position of neither the mouth-opening
nor the vent is shown.
Affinities and IJijfm·ences.-It certainly resembles some specimens of Toeaster
eomplanatus, but differs from all in the form of the test, being as broad as it is long J its
greatest transverse diameter is about the middle of the test. From this point the
anterior portion of the ambitus maintains its rounded outline, whilst the posterior
portion rapidly contracts to form the narrow truncated posterior border.
The pairs of petaloidal ambulacra are lodged in depressions of the test, whilst they
are quite on the general surface without depressions in T. compianatu«. The conical
elevated portion of the upper part of the posterior border is likewise very different from
the broadly truncated posterior border in T. complanatu«, For these reasons I have
grouped it with the Echinospatagi, and dedicated the species toProfessor E. Renevier, of
Lausanne, who collected the specimen at Shanklin, Isle of Wight, and gave it to our
mutual friend Monsieur De Loriol, to whose cabinet it belongs.
Locality and Stratigrapltical Position.-Found in the inferior beds of Lower Greensand at Shanklin, Isle of Wight, in the hard grey sandy rock with numerous oolitic
grains of silicate of iron, and which contains fine specimens of Gryp!u.ea sinuata and
Ostrea carinata, with the Echinides Olypeopygus Fittoni, Wr., and E/lallaster Pittoni,
Forb. It is, therefore, derived from one of the richest Urchin-beds of the Neocomian
series in the Isle of Wight.

ECHINOSPATAGUS QUENSTEDTlI, lJTrigltt, novo sp.

PI. LXXV, fig. 2•

.Diagno8is.-Test cordate. Upper surface convex, very much declined, length and
breadth nearly equal. Ambulacral pairs unequal, lodged in shallow depressions.
Anterior pair lanceolate, not flexed; form an angle of 40°. Posterior pair short; form
an angle of 45°. The poriferous zones of both pairs equal. Ambulacrum long, anteal
sulcus shallow, poriferous zones not longer than the anterior pair, only grooving the
anterior border very little. Ambulacral summit excentral, situate at the junction of the
posterior with the middle third. Posterior border truncated concavely. Flanks sloped
inwards. Base small, flat; mouth-opening transversely oblong near the ambitus. Vent
high up in the border; periprocte oblong; upper point extending to the beak-like process
of the test.
IJimensions.-Length 2 inches and 1 tenth; breadth 2 inches and 2 tenths; height
at vertex 1 inch and 2 tenths.
IJescription.-This Urchin was collected from the fine sandy calcareo-micaceous beds
of Lower Chalk or Upper Greensand in Wiltshire; it is always more or less completely
denuded of the plates of its test, and is found in the form of moulds. The fineness of
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'the matrix fortunately produces a very sharp cast of the interior, and as the shell was
very thin the outline of its structure is very well preserved.
The ambulacral pairs form quite a cc crux Andrere" on the convexsurface ofthe highly
inclined dorsal surface. They were lodged in very shallow depressions, and pass nearly
straight out from the summit to the ambitus. The anterior pair are lanceolate and
moderately long, and the posterior pair short, extending half the distance between the
disc and the border. The poriferous zones in both pairs are nearly equal. The single
ambulacrum lies in a shallow anteal sinus, which scarcely grooves the anterior border.
The ambulacral summit is extremely excentral, the disc being near the junction
'Of the posterior with the middle third.
The upper surface is convex and very much inclined. The posterior third is the
highest, and the two anterior thirds slope sharply down to the border forming an angle
of 20°.

The anterior border is thin, the sides inflated, and bevelled away towards the base
'and posterior border, which is truncated concavely, and has a portion of the upper
surface overhanging it above. In this beak-like projection the vent is situated. The
periprocte is oval, the upper end reaching near to the border.
The base is flat. The mouth-opening is situated near the border, and the peristome
is narrow and transversely oval; the plastron is a little convex near the border.
Affinities and IJijlerences.-This species resembles E. Beneoieri in its cordiform
outline and highly inclined upper surface. It differs, however, in the shallowness
of its ambulacrum and in the absence of depressions for the petaloidal ambulaera, which
are straight in E. Quenstedtii and flexed in E. Reneoieri.
Locality and Stratit;rapltical Position.-The only two specimens I have obtained
were collected from the fine marly micaceous beds of the Upper Greensand of Wiltshire.
I have dedicated this species to Professor Aug. Quenstedt, of Tiibingell, whose
magnificent works on the Cephalopoda, Echinodermata, and' der Jura' of Wiirtemburg
bave so greatly advanced the palreontology of the Jurassic Formations.
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Genua.-ENALLASTER,

d'Orbil/n!/, 1853.

HEMIPNEUSTES, ForbeB, 1852 (non Agassiz, 1836).
TOXASTER, Roemer, 1850 (non Agassiz).
ENALLASTER, De Loriol, 1873.

Test more or less cordiform.
Ambulacral summit subcentral.
Ambulacral pairs subpetaloidal, unequal, and depressed.
Poriferous zones in the anterior pair unequal. The posterior zones are much larger
and wider than the anterior zones. In the small short pair of posterior ambulacra the'
poriferous zones are equal.
The anteal sulcus wide. Single ambulacrum, one third wider than the laterals, has
narrow poriferous zones, in which each pair of holes are set well spaced out and disposed
very oblique to each other; a small tubercle rising from the surface of the partition wall
between the pores divides them, and developes an ornamental beaded line on each side of
the area.
Apical disc small, compact, with four perforated ovarial and five perforated ocular
plates.
Mouth near the anterior border.
Peristome subpentagonal, with well-defined
margin.
Vent in the middle of the truncated posterior border. Periprocte oval, with welldefined margin.

ENALLASTER FITTONI,

Forbes, 1852.

PI. LXV, figs. 1 a-j; 2 a-c.

HEMIPNEUSTES FITTONI; Eorbe«, Mem. GeoI. Surv., decade iv, pI. v, note, 1852..
ForbeB. MorriB. Catalogue of British Fossils, 2 ed., p. 82,.
1854.
ENALLASTER FITTONI, Deeor. Synopsis des :mchinides fossiles, p. 357, pI. xl, figs.
5-7,1857.
Jaccard. Jura Vaudois et Neuchatelois, p. 134, 1869.
De LoritJl. :mchin. Helv, Cretaces, t, ii, p. 359, pl, xxx,
fig. 9, 1873 .

.Dial/nosi8.-Test oval, cordiform, rounded and sinuous before, contracted behind,.
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and obliquely truncated posteriorly. Upper surface convex, elevated, and declining
towards the anterior border; base flat, with peristomal depression.. Sides rounded and
inflated, ambulacral summit excentral, and posterior ; periprocte oval, situated high up in
the border.
.Dimensiona.-Antero-posterior diameter one inch and 140ths; height, one inch;
transverse diameter, one inch and 250ths.
.Description.-The test is sometimes cordiform, tapering slightly from the anterior
third to the posterior border; in other specimens it is oval, its greatest diameter being
about the middle of the ambitus, from whence it diminishes anteriorly and posteriorly.
The anteal sulcus is shallow, and the pairs of ambulacra are unequal in length and not
much depressed (fig. 1 a).
'I'he antero-lateral pair are only partially petaloid, they are long, wide, and depressed
in their upper third, are arched above and divergent below. The poriferous zones are
very unequal, the anterior are very narrow and composed of small, oblong, almost equal
pores, each pair being disposed obliquely circumflex (fig. 2 c).
'I'he posterior are much larger, and formed of elongated pores, of which the external
are nearly twice as long as the internal series, and there are about 36 pairs of pores in
the petaloid portion of each row. The postero-Iateral ambulacra are much shorter and
more symmetrical in structure, and their poriferous zones are nearly equal; there are
about 16 pairs of pores in the petaloid parts of each row. The anterior single
ambulacrum is lodged in a shallow anteal sulcus, and is wider than the antero-lateral pair.
It preserves a nearly uniform width throughout, and is composed of small plates, which
become gradually contracted vertically throughout its upper half (fig. 2 b), a character
which appears to be generic rather than specific in all the Enallasters that have passed
through my hands.
In the lower half of the areas the plates are large, square, or oblong; they are each
perforated near their lower and outer corners by a pair of minute approximated pores.
In the upper half of the area the plates become narrow, and the poriferous zones are here
very conspicuous; each pair of pores is set obliquely in a kind of circumflex manner with
a prominent tubercle marking the divisional partition between them (fig. 2 b), a singular
character which was not well shown in the figured specimen, although it is well marked
in others in which the tubercles of the test have been preserved. 'The surface of the '
plates is covered with minute granulations, closely set together in transverse rows.
The apical disc is small and compact, the four genital plates are perforated, and the
right antero-lateral extends into the middle of the disc, with the madreporiform body on
its surface; the elements of the disc are closely blended with the areal plates (fig. 2 b).
Peristome sub pentagonal and lodged in a depression; it is encircled by a smooth
border, and is elongated transversely (fig. 1 b).
The periprocte is small and oval, and opens at the summit of the truncated posterior
border, within a smooth, undefined, anal area (fig. 1 a and d).
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The tubercles are very small, and developed chiefly on the sides and base (fig. 1 b),
on the convex upper surface they are nearly absent (fig. 1 a); they are largest on the
anterior and lateral portions of the base (fig. 1 b), and on the plastron they are more
regularly arranged; the miliary granules are very small, and set closely together over
the surface of the plates and around the tubercles, as seen in fig. 1 f, where two large
plates and a portion of one of the ambulacral areas is magnified three diameters.
Affinities and J)ijferences.-It is distinguished from Enaliaster Gree1tOvii by a smaller
and narrower anteal sulcus, and by a difference in the structure of the antero-lateral
ambulacra, the size of the poriferous zones, and the form of the pores therein.
Locality and 8tratigrapltical Poaition.-This species has been collected from Horseledge Point, near Shanklin, Isle of Wight, from beds of Lower Greensand, where it is
very rare. I have found it in beds of the same age at Atherfield, and it is a leading
fossil of these beds in the Island. It has been collected from the Lower Greensand at
Hythe. My friend M. De Loriol gives La Presta (Neuchatel), Sainte-Croix (Vaud.), as
localities in Switzerland, where it is collected from the yellowish marlbelonging to the
Etage Aptien inferieur.

ENALLASTER GREENOVII,

Forbe«, 1852.

PI. LXIV, fig's. 2 a-f, 3 a-d.

HEMIPNEUSTES GREENOVII, Eorbes. . Mem. Geol. Surv., Decade iv, pI. v, 1852.
In Morris' Catalogue British Foss., 2 ed., p. 82,
1854.
EI\AI.LASTER GREENOVII, d'Orbigny. Paleont, Franeaise, Terrains Cretaces, tome vi,
p. 183, pI. 849, 1855.
D~8or. Synopsis des Echinides Foss., p. 358, 1858.

IJiaf/nosis.-Test cordiform, enlarged and sinuous before, contracted and truncated
behind; upper surface convex,
and declined towards the anterior border. Anteal sulcus
I
large, and wider in the middle. Antero-Iateral ambulacra long, biflexed; poriferous
zones unequal; internal row formed of small, simple, close-set pores. Postero-lateral
pair of short zones equal; posterior border obliquely truncated; periprocte in the upper
third.
IJimellsiolls.-Fig. 1. Antero-posterior and transverse diameters 1 inch and 4 twelfths;
height 1 inch.
Fig. 2. Antero-posterior and transverse diameters 1 inch and 1 twelfth; height
8 twelfths of an inch.
Description.-This interesting Urchin has a regularly cordate outline, nearly as wide
as long, rounded and sulcated anteriorly, and bluntly truncate d posteriorly. Its tumidity
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varies in different specimens, and the posterior is always higher than the anterior half of
the test. The sides are much inflated, and the base is slightly convex (figs. 2 a and 2 b).
The anterior single ambulacrum is a third wider than the pairs. According to Forbes
it preserves nearly a uniform width, and is composed of plates which become contracted
vertically throughout the upper half (fig. 2 a). Out of the thirty-seven plates seen in each
of its two series the lower seven are square or oblong and large (fig. 2/). They are each
perforated near their outer and lower corners by a pair of minute approximated pores.
In the narrow plates above these a very curious change takes place in the avenue arrangements for the pairs of pores; all become conspicuous,are alternately approximated, and set
widely apart, the latter pairs 'each consisting of a long outer pore and a shorter inner. one
(fig. 2/). Inside of the pores there is a very small tubercle or two on each plate, the rest
of the surface being covered by minute and closely set granulations ranged in transverse
rows. The antero-Iateral ambulacra are undepressed and superficial, and exhibit a slight
and graceful curve; they are composed of an inner series of minute and approximated
pairs of 'pores, and an outer or hinder series in which the pores of each pair are widely
separated and unequal (the outer ones being the longest), and connected by a shallow
groove. There are about thirty pairs of pores in the petaloidal portion of each series;
the petals are also plain and undepressed, but are more regularly lanceolate in shape in
consequence of the two series of pairs of pores in each being of nearly similar structure
and but slightly unequal in width. There are about eighteen pairs in each petaloid avenue.
A few tubercles (fig. 3 b) are seen upon the lateral ambulacra. On the interambulacral
spaces they are much more numerous though set well apart and much larger. They are
largest on the anterior segments, where they have wide areolee (fig. 3 c). Their interstices over the whole of the test are occupied by minute granules, which are, however, not
so small or so regularly arranged as those on the odd ambulacral plates. On the under
surface the tubercles are confined for the most part to the interambulacral spaces, and
are especially numerous, regular, and closely set on the ovate-lanceolate post-oral space
formed by the inferior portion of the hinder ambnlacrum (fig. 2 b). This space exhibits a
prominent caudal gibbosity. The tubercles are minute and perforated; they are elevated
upon crenulated bosses (fig. 3 d). The tracks of the ambulacra are naked. The spines
are unknown.
The apical disc is small, and is composed of four perforated genital plates, the
perforations of which are approximated. In the midst of them is seen the madreporiform body. A fifth genital plate is imperforate; the five ocular plates are all
perforated, but very minute (fig. 2/).
Affinities and .Dijfe'l'ences.-It very much resembles E. Fitto'Qi in its form, outline,
and tumidity. It is, however,a larger Urchin, with larger tubercles on the upper surface,
and having them more sparsely distributed on the plates.
Locality and Stratigraphical Position.-The specimens I have figured are in
the Museum of the Royal School of Mines, and are the same which were so beautifully

.
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drawn by Mr. C. R. Bone for my late esteemed colleague Professor Edward Forbes, whose
accurate description I have adopted. 'I'hey were collected from the Greensand of Blackdown in Devonshire, a formation whose geological horizon is probably about the junction
of the Gault and Upper Greensand, and I am not aware the species has been found in allY
other locality.

Family 13.-EcHINOCORID..E, Wright, 1856.
The Urchins of this family have an oval, cordate, or conoidal test, which often attains
a considerable size.
The arubulacral areas are equal, narrowly lanceolate, and converge to one ambulacral
summit, which is always the vertex of the test.
The poriferous zones are narrow, and the pores are disposed in pairs at some distance
apart.
The surface of the plates of both areas has in general two horizontal rows of very
irregular, small, perforated tubercles, raised upon bosses with crenulated summits, and
having around their bases a circle of very small granules , the entire surface of the plates
in some well-preserved tests is likewise covered with a profusion of similar microscopic
granul~tions.

The mouth-opening is always placed near the anterior border; it is transversely
oblong, and often bilabiate , the vent is round, and opens either at the base, near the
margin, or in a supra-marginal region of the posterior border in different genera.
The apical disc is usually narrow and much elongated; it consists of four perforated
and one unperforated ovarial plate, with five perforated oculars: the whole of the
elements are well soldered together, and often covered over with a thin granulated layer
of the test, which conceals the sutures of the disc and converts the whole into a single
mass. In the genus Stenonia the apical disc is short and compact; it is likewise small
in Holaster and Cardiaeter, and large and elongated in Ecltinocorys.
The cordate forms have an anteal sulcus feebly shown in Holaster, but largely developed
in Cardiaster, whilst in the conoidal forms, as Ecltinocorys and Stenonia, it is absent. In
the genus Cardiaster there is a marginal fasciole, which passes under the periprocte.
The ECllINOCORID..E are an extinct family of the cretaceous period, and the species are
distributed throughout all the rocks of this formation from the Neocomian strata up to
the beds of uppermost White Chalk. One living form which connects this family with
the SPATANGID..E ought, perhaps, to be placed here, the genus Paleopneustes, Agassiz,
a singular Urchin which was dredged near Barbadoes by the Hassler expedition.
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The extinct genera are:
ECBINOCORYS, BrelJnius.
STENONIA, Desor,

HOLAS1'ER,. A!assiz.
CARDIASTER, Forbe«.

All the extinct genera are found in British rocks with the exception of 8tenonia,
which is collected only in the White Chalk of Italy, or 8caglia of the Vicentin, at
Monte di Magre. The living genus PA...EOPNEUS'fES, Agassie, has at present an
"incertum sedis" in this group.

GenU8-CARDIASTER, Forbe«, 1850.
SPATANGUS, Auctorum.
HOLASTER (pars), Agaaaiz.·
INFuLAsTER, Borehard«.

Test cordate, tumid, or depressed; lateral ambulacra having the upper part of their
avenues slightly dissimilar; all the ambulacra convergent on the vertex, the anterior
single ambulacrum lodged in a strongly marked anteal sulcus with angulated borders.
A fasciole passing beneath the vent and continued on the sides. Apical disc elongated,
and composed of four perforated genital and five perforated ocular plates. Tubercles
perforated, raised upon crenulated bosses, and surrounded by areolee.
CARDIASTER possesses all the characters of HOLASTER, from which it is distinguished
by the presence of a subanal fasciole, and a deeper anteal sulcus with more angulated
sides.

CARDIASTER BENsTEDI, Forbes, 1852. PI. LXVI, figs. 3 a, b, c; PI. LXXI, figs. 4 and 5.
CARDIASTER BENSTEDI, Eorbe«. Mem. of GeoI. Survey, decade iv, pI. ix, Dotes, 1852.
Morris. Catalogue Brit. Foss., 2nd edit., p. 73, 1854.

])iagnosia.-Test cordiform, broad, hemispherical, upper surface convex, rotund,
anteal sulcus shallow, lateral ambulacra narrow, poriferous zones narrow and unequal.
Dimenaio'na.-Length one inch and a half; breadth one inch and a half; height one
inch.
Description.-The anteal sulcus is strongly marked and wide below. The upper surface
is gently curved, convex, and rotund. The poriferous zones are all remarkably narrow,
and the posterior as broad as the antero-laterals. PI. LXVI, fig. 3 a, represents the upper
convex surface, showing the very narrow zones with the central apical disc and its four
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perforated ovarial plates. Fig. 3 b gives a lateral view, showing the increased elevation
at the anterior third, and fig. 3 c shows the position of the vent with its oval periprocte
in the posterio~ border. PI. LXXI, figs. 4 and 5 are figures of this Urchin from the
Lower Greensand of the Isle of Wight. This species was first described by Professor
Edward Forbes in the' Memoirs of the Geoiogical Survey,' decade iv, in his notes on
British species of Cardiasters appended to his description of pI. ix. It was collected
from the Lower Greensand of Maidstone, and presented to the Royal School of Mines
Museum by Messrs. E. H. Bunburyand Professor Morris. The specimens were too
imperfectly preserved to be described. The one that forms the subject of our figure in
PI. LXVI belongs to the collection 'of the British Museum, and I understand it was
collected from the same rock and locality.
The test is broad, cordate, and hemispherical, convex on the upper surface, and
inflated at the sides. The anteal sulcus is wide below and shallow in the upper part;
the ambulacrum smooth in the middle, with a row of tubercles on each side of the angles;
the pores are minute, remotely placed in oblique pairs; the antero-lateral ambulacra are
narrowly lanceolate; the poriferous zones contracted, and the pores are like fine slits set
wide apart; the postero-lateral pair are about the same width but shorter than the
anterior pair. The surface of all the plates is coveredwith a minute, close-set granulation,
and at the anterior border a few irregular rows of larger tubercles are developed. The
back is gently curved towards the upper angle of the vent, which occupies the middle of
the posterior border (PI. LXVI, fig. 3 b, c, and PI. LXXI, fig. 4 d).
The base is much distorted in most of the specimens, appears to have been flat and
had numerous rows of large tubercles set upon the central plastron, and the sides and
anterior portion.
The mouth-opening is situated near the anterior border; it is transversely oblong and
bilabiate (PI. LXXI, fig. 4 b), the peristome is, unfortunately, displaced in the 'specimens
that have come into my hands.
The apical disc is small, consisting of four pairs of perforated ovarials and five perforated ocular places (PI. LXXI, fig. 4 a; PI. LXVI, fig. 3 a).
The posterior border is small, narrow, and truncated (PI. LXXI, fig. 4 d j
PI. LXVI, fig. 3 c), and the vent opens in its upper portion.
AlJinitiesand dijferences.-This species, originally proposed by Professor Edward
Forbes for an Urchin from the Lower Greesand of Maidstone, which he considered to be
distinct from any other species, is characterised by the following diagnosis :-" O. late
cordatus, subhemispluericus, dorsa rotundato, seriebu« pororum omnibus anlJUstis sub.
equalibu«. The anterior sulcus is strongly marked and wide below. The back is gently
curved. The vent is medial in position as compared with its height. The poriferous
avenues are all remarkably narrow, and the hinder ones as broad as the antero-laterals.
The surface of the test is too imperfectly preserved to be described." Since the date of
this description several specimens have been found in the Lower Greeosand at Atherfield,
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Isle of Wight,in nodules from the Walpen and Ladder Sands and Clays. with
Gryphrea sinuata and Ammonites (Hoplites) Martini, d'Orbigny, and in the bed with
Gryphtea at Shanklin Point, where several other Urchins. as Clypeopygus 'Fittoni, Wright
and Echinospata!/u8 Beneoieri, Wright, have been found. 'I'he affinities of this species
are certainly with Oardiaster fossarius, the smaller forms of which it closely resembles in
many points of structure. The narrowness of the poriferous zones, common to both
forms, cannot afford a specific character;' therefore, until better examples are found for
comparison, I must regard the distinction between O. Benstedi and. O. fossariu« as
doubtful.
Locality and StratziJraphical Position.- In the Lower Greensand of Maidstone, and in
the Lower Greensand at Shanklin and Atherfield, Isle of Wight.

CARDIASTER LATlSSIMUS, Agassiz, 1840.

PI. LXVII, figs. 1, 2 a-It.

.o.gossiz. Catalogus 8y5t., p. 2, 1840.
..d.gasaiz et Desor. Cat. Raisonue, p. 133, 1847.
d'Orbigny. Prodrome. t, ii, p. 177, 1847.
iFOrbigny. Paleont, Franeaise, Ter. Cret., tom. vi,
p. 92, pI. 837 and 838, 1853.
CARDIASTER SUB ORBICULARIS, Forbe«. Mem. GeoI.Surv., decade iv, pI. ix, notes, 1852.
Morris. Cata!. Brit. Foss., p. 73, 1854.

HOLASTER LATIBlH:MUS,

IJiagnosis.-Test cordiform, broader than long, much depressed; anterior border
yery wide, deeply grooved by the anteal sulcus, sides expanded; posterior half contracted
and becoming rapidly narrow behind. upper surface slightly convex; anterior half more
rotund and elevated than the posterior half, which developes a ridge between the disc and
the posterior border, this region is narrow, elevated, and obliquely truncated, having the
vent high up near the dorsal surface. Ambulacral .pores narrow, poriferous slightly
unequal. Anteal sulcus deep, ambulacrum with very minute round pores. Base slightly
convex, depressed near the mouth, convex and elevated in the middle and posterior
region over the plastron.
'
Dimensione>« Large specimen, fig. 1. Antero-posterior diameter two inches and
l~ths; transverse diameter two inches and 180ths; height ~ Aths of an inch.
Small specimen. fig. 2. Antero-posterior diameter two inches and {oths; transverse
diameter two inches and 180ths; height anteriorly 180ths of an inch, posteriorly 190ths of
an inch.
.Description.-This beautiful Cardiaster is entered in our catalogues of British
Urchins as O. suborbicularis. It appears, however, to be identical with Holaster
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latissimus. Agassi», so well figured in the 'PaIeontologie Franeaise.' A careful
comparison of the two fine specimens before me, which formed the subjects of our plate,
with three specimens of O. orbicularis from the Etage Cenomanien de Oap-le-Heve, shows
that Oardiaster latissimus is more depressed and proportionately wider to its length than
the specimens of O. suborbicularis from Havre measured by me. Moreover, in the
latter the under surface is more convex, and the plastron ridged, and the posterior border
more elevated than in our English specimen. I have lately had the advantage Of
examining at Auxerre my friend Monsieur G. Cotteau's magnificent collection of recent
and fossil Echinodermata, and of comparing Oardiaster orbicularis and C. latissi'TltUB with
each other, and find that his type-specimens of the latter species are identical with the
. Echinide I have figured under that. name from the Upper Greensand of Dorsetshire.
The body is cordiform and much depressed, it is rounded before, and deeply grooved
by the anteal sulcus, the sides are widely expanded, and the posterior border is
contracted and acuminated. The upper surface is convex and a little more elevated at
the anterior than at the posterior third; a ridge rising along the middle line from the
disc backwards gives a marked character to the smaller specimen (figs. 2 b and c). The
pairs of ambulacra are unequal. The anterior pair are slightly curved outwards and
forwards, and the posterior are shorter and directed straight outwards and backwards
(figs. 1, 2 b),' The poriferous zones are narrow, and composed of small equal-sized
holes (fig. 2 e). The anterior single area is lodged in a deep sulcus, the zones are feebly
developed, and the holes very minute (fig. 2/). The surface of the plates, especially
those about the anterior border and the base, has a number of small tubercles developed
on their surface (figs. 2 a and 2 e). The tubercles are mammillated, with crenulated
bosses and perforated summits (fig. 2 g). The apical disc is small" and elongated, with
four perforated ovarial plates (fig. 2 h) and five small oculars.
The under surface (fig. 2 a) is flattened, a little convex in the region of the plastron,
and concave at the sides and around the anterior border. The mouth-opening is placed
in a depression near the junction of the anterior fourth with the middle fourths of the
base. The peristome is small and bilabiate (fig. 2 a). The arrangement of the tubercles
on the base is very well shown in this drawing. which gives a more correct notion of
their comparative size and distribution than any description can convey.
'l'he vent is situated high up in the posterior border (fig. 2 c), which is narrow and
truncated obliquely downwards and inwards (fig. 2 b), with a beak-like process
overhanging the upper angle of the vent, the periprocte of which has an oval form
(fig. 2 c).
Affinities and J)i.fferences.-I have already pointed out the affinities and differences
subsisting between this species and O. suborbicuiaris , there is no other congeneric
form in our Upper Greensand strata with which it can be confused; it is altogether a
very rare form in our area.
Localit§ and Stratigrapltical Position.-The large specimen was obtained from the

•

•

FROM THE UPPER GREENSAND.

297

Upper Greensand of Golden Cap. near Bridport, on the Dorsetshire coast. and the small
specimen from the Cowstones, Upper Greensand, at Black Ven, near Lyme Regis. Dorset.
and all the other British specimens on record were collected from the same beds on the
Dorset coast. It appears. however, to be a very rare form in that county.
In France it is found in the Oenomanien at Havre. and at Grand-Pre, Meuse, and
Ardennes, in the same etage.
The specimen in the Royal School of Mines, Jermyn Street. is from the Upper
Greensand- of the neighbourhood of Osmington, in Dorsetshire, where it was obtained by
Mr. E. H. Bunbury, who presented it to the Museum of that Institution.

CARDlASTER FOSSARIUS. Benett, 1831.

PI.. LXVIII. figs. 1 a-e.

SPATANGUS FOllSARIUS,
Benett; Catalogue of Upper Greensand Fossils. p. 7, 1831.
HOLASTER GREENOU8HIl, Agassiz and Desor. Cat. Raieonee, p. 133, 1847.
MICRAsTER FOSSARIUS, Morris. Catalogue of Brit. Foss., p. 54, 1843.
CARDlAST\JR
Forbes. Mem. Geol. Surv., decade iv, pl. ix, notes, 1852.
Forbes. Morris's Catalogue, 2 ed., p. 73, 18M.
D'Orbigny. Paleontologie Franeaise, Ter. Cretace, tome vi,
p. 124, pl, 820, 1855.

IJiafJnosis.-Test large, cordiform; length and width nearly equal, greatest diameter
at the anterior third; deeply grooved at the anterior border, with prominent marginal
carinas, much elevated anteriorly and contracted posteriorly; the highest point of the test
behind the ambulacral summit; posterior border truncated; base slightly convex, with
an elevated ridge on the plastron, periprocte in the upper part of the border having a
blunt carina extending from its upper part to the disc; test covered with very small
tubercles.
IJimensions.-Antero-posterior diameter, 2& inch; transverse diameter, 2& inch;
height, ll-o inch. This is the size of the large figured specimen. Sm~ller tests which I
have measured bear the same relation in their several diameters to each other as that
given for the type.
IJescription.-This is the fine Wiltshire Cardiaster long ago mentioned in Miss
Benett's • Catalogue of Wiltshire Fossils' as 8pata'fl!Jus fossarius. A specimen of this
species was sent by Mr. Greenough to the Paris Museum. which was entered in Agassiz
and Desor's • Catalogue Raisonne ' as Holaster GreenoufJltii. It has been long a leading
fossil Urchin in the Upper Greensand of Wilts, and appears to be special to that English
formation, as I have not found any specimen approaching this form from the Cenomanian
38
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Stage on the Continent. The test is largely cordiform, having the length and breadth of
nearly equal diameters; the anterior border is convex, with a deep anteal sulcus, having
sharply defined carinaI borders extending upwards towards the apical disc; the summit
of the ridges forming the sides of this sulcus attain the highest point in the test. The
posterior half of the shell tapers considerably towards the posterior border, which is
narrow, truncated, and depressed. The sides and border are slightly angular from the
way the broad plates forming the interambulacra areas are bent, and this angularity
imparts a very marked character to the tests of this Urchin. Figs. 1 a and c show these
angles fairly well.
The ambulacral areas are of unequal width; the anterior pair are the longest and
largest, and extend across the test; their poriferous zones are unequal, as the inner series
have the pores more nearly approximated than those of the outer series; the apertures
have the form of narrow slits, and the pairs of pores are placed close together in the
upper part of the zones, but become wider asunder as the discal distance increases, so
that at the middle of the side they are much wider apart, and on the lower part of the
ambitus quite remote from each other (figs. 1 a, c).
The posterior pair of ambulacra are much shorter and directed backwards; the pores
in their zones are likewise in the form of slits, and become in like manner wider asunder
as they descend the area. The ambulacra and poriferous zones are in no way depressed,
and occupy the surface of the test (figs. 1 c, d).
.
The inter-ambulacral areas are very wide, and built up of long plates, which are bent
transversely near their middle; this bending of the plates produces the angles in the test
already referred to; between the antero- and postero-lateral ambulacra the angles are
marked out by a series of knotty lines along the sides of the test, and a similar ridge
runs between the antero-Iateral ambulacra and the prominent sides of the anteal sulcus,
so that the angularity of the test is an interesting character of this species.
The upper surface is covered with very minute tubercles, which become a little
larger on the anterior border and are still larger on the sides of the anteal sulcus.
The apical disc is small, and well soldered into the plates of the test; there are four
perforated ovarials, and five ocular plates.
The under surface is convex and angular; the plastron forms a prominent ridge,
which divides the posterior half along the mesial line, and it becomes concave at the
anterior third where the mouth is situated (fig: 1 b); the basal plates are covered with
larger tubercles, which have a well-defined arrangement on the plastron and on the
lateral parts of the base (fig. 1 b).
'I'he mouth-opening is near the anterior border; it is a wide opening, transversely
oblong, with a well-defined peristome and rudimentary labial process.
The vent is oval, and situated in the upper part of the posterior border, which is
depressed (fig. 1 d); two ridges extend vertically along the sides of the border, and
increase the depth of the concavity in which the periprocte is placed, producing a beak•

FROM THE UPPER GREENSAND.

299

shaped projection at the superior part of the border where the two oarinee meet above
the vent as seen in profile in fig. 1 e.
A.ffinities· and IJijferences.-This species is well characterised by its large, deep,
anteal sulcus, angular upon the sides, where it is sharply defined by its two oarinee, and
prolonged from the peristome below to the apical disc above by these boundary ridges
arising from the folds of the test. These characters added to the height of the test
with its angular circumference easily distinguish it from Oat·diaster latissimus, and
the same group of characters readily mark it out as a very distinct form from Oardiaster
IJranulosus and o. bisulcatus.
Locality and 8tratiIJrapltical Position.-This species has been collected only from the
Upper Greensand of Wiltshire; it was formerly an abundant fossil in these beds; but has,
however, now become scarce; fine specimens with the test in good preservation are
seldom found. 'I'he large shells I have figured belonged to Mr. Cannington's collection,
and were collected many years ago. These grand specimens now belong to the British
Museum.
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PEREZII, 8ismonrla, 1843.
HOLABTER PEREZII,

PI. LXVIII, fig. 2 a, b, c.

SiBmonda.

Sugli Ech. Foss. di NizzR, p. 11, pl, i, figs. 1-3,

1843.
AgaBBi:: a~d Desor,

Catalogue Raisonne des :FJchinides,

p. 135, 1847.
A/bin Gras. Oursins Fossiles de I'Jsere, p. 62, 1848.
BISULCATUB, Alhin Gra«. Oursins Fossiles de l'Tsere, p. 62, pl, iv, figs. 7,
8, 1848.
PEREZII,
d'Orhigny. Prodrome, t, ii, p. 141, 1850.
d'Orhigny. Paleont. Franeaise Ter. Cret., p. 86, pI. dcccxiii,
figs. 1-7, 1853.
CARDIABTER BISULCATUS, Forhe8. Mem. Geol. Surv., decade iv, pI. ix, Notes on
Cardiasters, 1852.
Marri8. Catalogue of British Fossils~ 2nd ed., p. 73, 1854.
HOLASTER PEREZIJ,
De Loriol, Echinid. Helvetique Ter. Cret., p. 325, pI. xxvii,
figs. 6-8. 1873.

. IJiaIJ'noaia.-Test convex, enlarged before, contracted behind, elevated anteriorly to
the ambulacral summit, and gradually inclined from thence to the posterior border.
anteal sulcus short, deeply indenting the anterior border, antero-lateral ambulacral
narrowly lanceolate; pestero-lateral ambulacra short ,and wide; posterior border
accuminated and oblique, vent low. down in a small truncated area, periprocte oval.
Primary tubercles very small in proportion to the size of the test, a dorsal carina
extending from the vertex to the border; apical disc small, situate at the junction of the
anterior, with the middle third of the upper surface.
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IJimensions.-Antero-posterior diameter two inches and one tenth; transverse diameter
two inches; height one inch and one tenth.
Description.-In notes to alist of British Cardiasters appended to a description of
pI. ix, decade iv, of the' Memoirs of the Geological Survey of the United Kingdom,'
Professor Edward Forbes says, "in the Museum of Practical Geology thereis a Oardiaster
from the Greensand of Blackdown, remarkable for the small tubercles in proportion to '
its size and the great width of the hinder lateral poriferous avenues. It seems to be
identical with the Holaster oi8ulcatu8, described and figured by M. Albin Gras in his
, Oursins fossiles de l'Isere.' " I had a very careful drawing of this rare Urchin made
from the type specimen, and placed it (fig. 2 a, 0, r,) on the same plate with O. fossariua,
to show its near affinity with that form.
The test is cordate, about as long as it is wide; the anterior border is elevated
(fig. 2 0) and deeply indented (fig. 2 a) by the anteal SUlCUlI, which is well defined by the
angular folds bounding the depression on both sides (fig. 2 c) ; the central portion of
the ambulacrum is smooth and the pairs of pores minute and distinct from each other.
The antero-lateral ambulacral pairs (fig. 2 a) are short, narrowly lanceolate, and the
postero-lateral pair wider behind; the poriferous zones of all the avenues are narrow, and
their pores are small slit-like apertures. The ambulacral summit is near the anterior
border of the junction of the anterior with the middle third of the test. The apical
disc which occupies this point is small, compact, and formed of four perforated ovarial
and five minute ocular plates. The surface of the plates carry very small tubercles in
proportion to the size of the test, a well-marked character originally pointed out by
Forbes. A few larger tubercles occmpy the angles of the sulcus and anterior border, but
on the other portions of the, upper surface they are very uniformly diminutive. The
posterior border much accuminated above (fig. 2 a) and obliquely truncated inwards
below (fig. 2 b); the anal area is very limited, and the oval periprocte opens at the top
of the oblique truncature of the posterior border.
Affinities and dijferences.-Oardiaster Perezii resembles O. foesariue in many of its
essential characters; it differs,however, in some minor points in the anatomy of its test;
the posterior half is much more accuminated, the anal area much smaller, the upper
surface is likewise more inclined from the vertex of the border than in O. fossariue. The
tubercles are smaller on the upper surface, but larger, and more developed at the base.
The continental authorities as MM. d'Orbigny, Cotteau, and De Loriol, consider this
Urchin as a true Holaster. In deference to the opinion of my lamented colleague
Professor Edward Forbes I have left it in the genus in which he placed it.
Locality and StratifJrapltical Position.-This Urchin is very rare in England, and has
been collected only from the Upper Greensand at Blackdown with Echinospata.r;us Murcltisonianu«. In France it is found in the Gault at Ravis (Isere), and at Clar near Escragnolle.
In Switzerland, Perte-du-Rhone, Sainte-Croix (Vaud), Wannealp, Oberalp (Wreggithal),
Cheville, Bossetan (Valais), and in France, near Nice.
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FROM THE WHrrE CHALK.

CARDIASTER PYGM~US,

Forbes.

PI. LXIX, figs. 1 a-e.

CARDIASTER PYGMlEUS,

Ann. Nat. Hist, 2nd ser., vol. vi, p. 444, 1850.
Mem. GeoI. Surv., decade iv, pI. ix, notes, 1852.
Morris. CataI. of Brit. Foss., 2nd ed., p. 73, 1854.
Forbes.
Eorbee,

IJiaIJnosis.-Test very small, ovate, and cordate; anterior channel large ; ambulacral
areas wide, sparsely covered with microscopic tubercles; posterior border truncated
vertically; periprocte in the upper third; upper surface gently rounded, with an elevated
carina between the apical disc and the upper margin of the periprocte.
IJimensions.-A middle-sized specimen measured in the antero-posterior diameter
half an inch; in the transverse diameter five twelfths of an inch, and in height four
twelfths of an inch. It is found, however, that the proportions vary considerably.
.Descrption.-'rhis small Oardiaster is common in the Chalk at Dover, where many
good, specimens were collected several years ago by Major C. F. Cockburn, R.A., who
kindly supplied examples for this work. The outline of the test is ovate, gently rounded
on the upper surface (PI. LXIX, figs. 1 d, e), and provided with a subcarinated ridge,
which rises behind the apical disc (fig. 1 a), and extends backwards to the upper border
of the periprocte (fig. 1 d). The anteal sulcus is wide (figs. 1 a, e) and strongly
carinated, and the posterior border is sharply truncated (fig. 1 c); the oval periprocte
opens in the upper third (fig. 1 d); the sides of the test are moderately inflated (figs. 1 e
and 1 c), and the view from the base shows the ovate-cordate ambitus of this beautiful
little Urchin (fig. 1 b).
'l'he ambulacral areas are acutely lanceolate on the upper surface, the antero-lateral
curve a little backwards, and the postero-lateral pass direct to the disc; the poriferous
avenues are very narrow, and the pores in single pairs are set closely together.
The surface of the test appears to be perfectly smooth. When examined with a lens,
however, it is seen to be covered with minute granules, among which a number of
primary tubercles of small size are scattered (fig. 1 a, b, c).
The base is flat at the sides, and has a central elevated ridge, which extends from
the peristome to the posterior border (fig. 1 c, b); the mouth is transversely oblong,
and situated near the anterior border (fig. 1 b).
Affinities and IJijferences.-This Urchin when magnified two diameters, as it is in our
figures, has a striking resemblance to Holaster leoi«, but differs in having the anteal
sulcus deeper and wider, its sides more angular, and the posterior border broader and
more sharply truncated than in that species; the mouth is also nearer the anterior border.
Locality and 8tratiIJrapltical Position.-This small Urchin has hitherto been found
only in the Upper White Chalk at Dover, Kent, and was first briefly noted by the late
Prof. Edw. Forbes,F.R.S., in the r Ann. and Mag. of Nat. History,' 2nd series, December.

1850.
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CARDlASTER ANANCHYTIS,l

Leske. PI. LXIX, figs. 2 a-i, 8.

SPATANGUS ANANCHYTIS,

Leske,

Addit. ad Kleinii Echin., p. 243, pI. liii, figs. I, 2,

1778.
ECHINUS ANANCHYTIS,

Gmelin.

Sytema Naturre, p. 3199, No. 97, 1789.
Encycloped. Meth., Mollus. et Zooph., Atlas, pI. clvii,
figs. 7-10, 1791.
ANANCHYTES CORDATA,
Lamarck. Anim. sans vertebres, t, ill, p. 26, No. 8, 1816.
SPATANGUS GRANULOSUS, Goldfuss. Petref. Germanire, p. 148, pl, xlv, fig. 3, 1826.
Desmoulins. :f1Jtudes des Echinides, p. 410, 1835.
CORDIFORMIS, Woodward. GeoI. of Norfolk, p, 50, pI. v, fig. 6, 1833.
HOLASTER GRANULOSUS,
Agassiz. Prodrome, p. 16, 1836.
Agassiz ~ Desor, Cat. Rais. des :ffichinides, in Ann. des
Sc. Nat., 3rd. ser., voI. viii, p. 27, 1847.
1EQUALlS,
Portlock, GeoI. Rep. Londonderry, p. 355, pl. xvii, 1843.
CORDIFORMIS, Forbe«: Ann. Nat. Hist., 2nd ser., vol. vi, p. 443, 1850.
CARDIASTER GRANULOSUS, Eorbes, Mem. of the GeoI. Survey, decade iv, pI. ix, 1852.
ANANCHYTIS, d'Orbigny. Paleont, Franc. terr. Cretaces, t. vi, p. 131, pl,
826, 1853.
GRANULOSUS, Eorbe«. Morris Catal. of Brit. Foss., 2nd ed., p. 73, 1854.
ANANCHYTIS, Deeor, Synops. des Echin. Foss., p. 345, pI. xrxix, figs.
7-9, 1857.
Coquand. Bull. Soc. Geol, France, 2e ser., tom. xvi,
p. 1010, 1860.
'
Cotteau. ]jjchinides du Dep, de la Sarthe, p. 237, pl, li,
fig. 2-5, 1860.
GRANULOSUS, Schluter. Foss. Echinoderm. des nordlichen Deutsehlands
Verh. d. Nat. Vereinsder Rheinl. und WestphaI.,Jahrg.
xxvi, Folge ill, Band vi, P: 251, 1869.

IJia/lnoszs.-Test regularly cordate; upper surface in one variety depressed, in
another more elevated. Primary tubercles large and conspicuous on each side of the
anteal sulcus, which is wide and deep; posterior border narrow and obliquely truncated.
IJimensions.-This Urchin grows to a considerable size. The fine figured specimen
is two inches and seven tenths of an inch in length, two inches and four tenths of an inch
in breadth across the widest part of the ambitus, and one inch and four tenths of an inch
in height at the vertex. Other specimens have greater height in proportion to their
breadth, or greater length in proportion to their width, and others are higher and more
convex on the upper surface, or are flatter and more depressed throughout.
The French specimens collected in the Sarthe, according to Mons, Cotteau, vary
much in their proportional dimension. Far, major.-Antero-posterior diameter 43 milli1

Termed in error Cardiaster granulosus on the explanation of figs. 2 and 3, Plate LXIX.
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metres; transverse diameter 42 millimetres; 'height 26 millimetres. Pa«, minor.Antero-posterior diameter 27 millimetres; transverse diameter 25; height 15.
IJescription.-This elegant Urchin has a regularly cordate ambitus. It is deeply
channelled in front by the anteal sulcus, which has sloping walls, with angulated borders
above, and a deep granulated channel below. The greatest breadth of the test is
immediately behind the antero-lateral ambulacra , from this point it slopes gently
towards the posterior border, which is very narrow, and slightly truncated downwards
and inwards.
The upper surface is convex, very much rounded before, and declining gently behind.
The under surface is very much depressed near the mouth, aud slightly convex in the
single inter-ambulacrum, which has a sinuous ridge along the middle line, with nodular
elevations at each alternate angle. The vertex is nearly central. The anteal sulcus is
deeply hollowed out from the summit to the mouth, especially at the ambitus, and is
circumscribed laterally and superiorly by angulated carinas. The single ambulacrum is
lodged in the sulcus, and composed of verysmall round pores, separated by a granuliform
elevation, and situated in a small, smooth, lanceolate fossa, very narrow above and
expanded below. The pores are close together above, and widen as the plates become
larger. There are about twenty-eight plates visible in a full-grown specimen. The
antero-lateral ambulacra are subpetaloid in their upper part, and unsymmetrical, in
consequence of the pores of each pair being wider apart in the outer row than in the
inner, and, moreover, being united by a deeper groove. There are about twenty-four
pairs of pores in the subpetaloidal portion. 'I'hey are closely approximated, and those
that are below widen out; the outer series is likewise slightly arcuated. In the posterolateral ambulacra the two series are nearly similar, and there are about eighteen pairs of
pores in the subpetaloid portion. 'I'here are about nine plates in each series in the
dorsal portion of the lateral inter-ambulacral segments, and ten above the vent in the
posterior segment. The infra-anal portion of the latter is composed of two series of five
irregularly polygonal plates each. They are remarkable for presenting gibbosities at
regular intervals. In the inferior portions of each postero-lateral ambulacrum there are
seven plates in each series. These are polygonal, large, and elongated, and bear the
pairs of pores, which are minute and oblique, close to their inner angles. The pores of
the ambulacra around the mouth form an obscure star.
The surface of the plates is profusely covered with very fine granules, which observe
a very regular arrangement among them. 'I'wo sets of tubercles of unequal size cover
the plates at regular distances apart; the small tubercles, which are seated among the
granules of the upper surface (fig. 2 f), and the large tubercles, which are perforated and
crenulated, are seen on the upper surface around the apical disc, upon the middle of the
single inter-ambulacrum, and upon the borders of the anteal sulcus (fig. 2 e). In the infra-marginal region and along the central space on each side of the sinuous ridge (fig. 2 b),
they are large and conspicuous. Each of the large tubercles is elevated upon a boss
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with a crenulated summit, on which is' placed a perforated tubercle (fig. 2 l). Very
fine, close-set, homogeneous granules are prolonged horizontally between the pairs of
pores in the poriferous zones, and likewise fill up the anteal sulcus, which is completely
deprived of primary tubercles (fig. 2 e and d).
'l'he apical disc is narrow, solid, and elongated, and so closely covered with the small
granules that its elements are concealed. In many specimens it is composed of four
ovarial and five perforated ocular plates. The anterior ovarials are small, and the madreporiform tubercle is quite rudimentary. The postero-Iaterals are long, and separated
from the antero-laterals by two perforated oculars, so that the three anterior ambulacra
are rather widely separated from the two posterior ambulacra (fig. 2 d).
'I'he vent opens very low down in the narrow, posterior, triangular border. The
periprocte is widely oval, and surrounded by numerous small granules (fig. 2 d).
The marginal fasciole is more or less distinct in different specimens. It passes under
the periprocte, and runs out upon the sides towards the convex portion of the ambitus,
It is narrow, and free from intermingled tubercles (fig. 2 !J), and it is only well seen in
very good specimens.
The base is flat, and the mouth situated near the anterior border in a depression
formed by the deep grooving of the anteal sulcus, where it turns round the anterior
border (fig. 2 b, e). The peristome consists of a convex upper lip and a prominent under
lip. A few tubercles make a radiate ornamentation about the upper lip (fig. 2 b).
Affinities and ])ijferences.-Gardiaster anancltytis is well distinguished from its
congeners by its cordiform outline dilated before and subangular behind, by its deep
anteal sulcus deprived of tubercles, by the poriferous zones very unequal in the anteroand postero-lateral pairs, by the large tubercles which show themselves sparsely on the
upper surface, and by the low position of the periprocte.
History.-Leske (1778) first figured an imperfect specimen of this Urchin under the
name of 8patan!J1ts ananchytis, and Lamarck afterwards called it Ananclt!/tes cordata.
Goldfuss figured it under the name of 8pata17IJus IJranulosus, and 8. orbicularis. Mr.
Samuel Woodward, in his 'Geology of Norfolk,' figured it as 8patan!Jus cordiformi«,
and then succeeded the various changes of name which have been already noted in the
~ynonymy of the species. It is, however, to M. d'Orbigny's quick perception that we are
indebted for first identifying Leske's figure with the subject of this article.
Locality and 8tratigrapltical Position.-First identified as a British Urchin by
Mr. S. Woodward, who stated that it was rare in the Upper Chalk at Harford Bridge,
and common in the Medial Chalk at Swaffham and Thetford, Norfolk. General
Portlock has found and described it as Holaster aqualis in the Chalk of Londonderry.
Foreign Localities.-It has been collected in France, where it is rare, at Chateau-duLoir, Teiffe, Duneau, Villedieu, Sarthe , Tours, Indre-et-Loire , Lauquais, Dordogne;
Meudon, Seine: at Ciply, Belgium; Langelsheim, Brunswick; Haldem, Westphalia, in
North Germany: it is found in the Upper and Lower Senonian.
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Genua--INFuLAsTER, Haf/enow MSS., 1851.
CARDIABTER, Forhes. 1852.
INFULAB'rER, Desor (with diagnosis).
ZITTEL. 1879.

1858.

Test narrow, oblong, of an irregular ovato-cordate form. Anterior half very much
elevated, rising into a prominent vertex, situated nearly above the anterior border; the
anteal sulcus narrow, deep, and directed obliquely downwards and backwards, with two
prominent angular borders, which rise above the upper surface. Plates smooth, covered
with very small granules; a few primary tubercles near the vertex and at the sides, and in
the centre of the under surface; a sub-anal fasciole is seen only on some fine specimens.

lNruLAsTER EXCENTRICUS, Rose.

PI. LXX, fig. 1, a-le.

SPATANGUB EXCENTRICUB, Rose. Woodward's GeoI. of Norfolk, p.
1833.
CARDIABTER EXCENTRICUB, Forbe«. Ann. Nat. Hist., 2nd series, vol,
Forbee. Mem. of Geol. Surv., decade iv,
Morris. Catal. of Brit. Foss., 2nd ed., p.

27, pI. i, fig. 5,
vi, p. 443, 1850.
pI. x, 1852.
73, 1854.

J)iaf/nosis.-Test long, ovato-cordate , upper surface considerably elevated anteriorly
and declining much to the posterior border; anteal sulcus deep, narrow subvertical ;
vertex very excentric; posterior border obliquely truncated, forming a triangular space, in
which the periprocte occupies the upper angle.
IJimensions.-Antero-posterior diameter one inch and eight tenths of an inch;
transverse diameter one inch and four tenths of an inch; height one inch and three
tenths of an inch. These are the measurements of the large specimen figured in PI.
LXX, most kindly given to me by my friend the late Mr. Rose many years ago for this
work.
Descriptions.-This singular Urchin has long been one of the greatest rarities of the
Norfolk Chalk. When viewed in profile it presents the singular form seen in PI. LXX,
fig. 1 c; the high vertex nearly overhangs the anterior border, and the upper surface
slopes away at an angle of 30° towards the posterior border which is truncated obliquely
downwards and outwards, and imparts another odd feature to the test.
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'I'he dorsal surface is very high anteriorly (fig. 1 c), and the walls of the anteal sulcus
rise nearly perpendicularly to the highest part of the body (fig. 1 d, e) immediately in
front of the apical disc (fig. 1 a). From the point of its greatest elevation the upper
surface gradually declines nearly in a straight line (fig. 1 c, i), forming a long sub-carinated
ridge, which extends to the upper part of the posterior border (fig. 1 d), at about half the
height of the test at the vertex. On each side of the ridge the upper surface slopes
away rapidly (fig. 1 d), but the sides are rounded, and, in the antero-lateral regions,
tumid (fig. 1 e). The posterior border forms a triangular space (fig. 1 c, d, i); which is
obliquely truncated, and has the periprocte opening in its upper angle surrounded by a
circle of tubercles two rows deep (fig. 1 d).
The under surface is convex in the antero-posterior, and transverse diameters, so that
the under surface of the body is gently rounded in all directions; on the cheeks at the
base a few primary tubercles are observed (fig. 1 b), and on the plastron another grouping
of like tubercles is placed.
The single ambulacrum is lodged in the deep anteal sulcus, but the poriferous zones
are scarcely discernible in good specimens. The lower half of the depression is rounded
and covered with minute granules, among which no indications of pores can be seen with
a hand magnifier; in the upper third they are small, indistinct, and closely set together, and
are best seen where the uppermost portion of the area curves backward to meet the apical
disc (fig. I a, c). Here we see a few pairs of small round pores, arranged in a vertical series,
and the single ambulacrum articulating with the disc a little in advance of the antero-lateral
ambulacra; these are placed very far forward and extend over the most tumid part of the
sides of the test (fig. 1 c and z). The pores are very small (fig. 1 a). Forbes counted on
a large specimen thirty pairs of pores in these rows between the apex and the margin;
in my figured specimens only twenty can be identified. The avenues or poriferous zones
are at the surface of the test, and the pairs of pores of the outer rows are a little
wider than the inner one. The postero-lateral ambulacra are even less conspicuous
(fig. 1 c, d); they diverge greatly from the antero-laterals, and form together a very acute
angle. Their uppermost portion consisting of closely-set pores. On their posterior
portions the pairs of pores become very indistinct.
The apical disc is small, narrow, and elongated (fig. 1 k). There are four perforated
ovarial plates in the middle, and five very small perforated ocular plates at the summits
of the areas; all the parts of the disc are very solid and firmly joined into the other
elements of the test.
The mouth is situated near the anterior border (fig. 1 b) at the point where the
anteal sulcus terminates, it therefore lies in a depression. It is a small opening with a
round or transversely oblong peristome; the anterior lip is smooth, and the posterior
more developed.
The vent is situated in the upper third of the truncated posterior border (fig. 1 d).
'I'he periprocte is vertically oval and of large size (fig. 1 d); its upper half is surmounted
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by an arch of small tubercles. three tiers or more in depth, whilst the lower surface
of the border is closely covered with small granules, among which a few small tubercles
scattered here and there are seen.
The body-plates of the test are throughout covered with very fine close-set granules,
and amongst these several small tubercles are disposed, from six to nine on each plate; at
fig. I f, eight plates from the sides of the test have been carefully drawn and enlarged
three diameters; in order that this arrangement on their surface, which is clearly demonstrable in good specimens, may be shewn, for on these only can the structure be
discerned.
The plates on the margins of the anteal sulcus are thickly studded with large
primary tubercles (fig. I c, e), which are raised on bosses with crenulated summits, and
surmounted by perforated tubercles (fig. I fl). The areolee around the bosses are
encircled by granules; tubercles similar to these in form and structure are seen on the
cheeks of the shell, and a few are extended along the sides and on the central plates of
the rounded base (fig. I b).
Forbes described the fascicle as "distinctly marked, passing under the vent and
continued on each side, even over the cheeks." Some indications of this fasciolar track
were drawn by my artist, who noted his impression,in fig. I It; but I have seen nothing
that I would call a fasciole, such as we observe in Hemiasters, Micrasters, &c., in any of
the forms that have come under my examination.
Locality and 8tratigrapltical Position.-This remarkable Urchin, with which I know
nothing to compare, was first observed by myoid friend Mr. C. B. Rose, of Swaffham,
and communicated by him to Mr. Samuel Woodward, in whose' Geology of Norfolk' it
was first figured from specimens collected from the Upper and Medial Chalk of Norfolk,
Affinitiesand lJijferences.-Injulaster eecentricu«, Rose, very much resembles Infulaster
Hagenowi, Borchards, collected from the White Chalk of Staffin, in the Island of
'Wollin, Pomerania. A model in wax was communicated to Professor d'Orbigny by Herr
von Hagenow, in 1851, without any other indication of publication. A comparison of
specimens would alone enable the observer to decide on the affinities and differences of
the German as compared with the Norfolk form; seeing that one of the specimens given
me by Mr. Rose very much resembles Infulaster Haflenowi, Borchards.

INFULASTER ROSTRATUS,

Forbe«.

PI. LXX, figs. 2, a-f; 3 a.

lJiaflnosis,.-rrest much compressed on the sides;' anteal sulcus long, deep, and
narrow, its sides rising high into. a beak; dorsal surface curved and carinated; posterior
border obliquely truncated, bent in upper third; sub-anal fascicle, well defined, and
extended on the flanks.
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As I have been able to obtain only fragments of this Urchin, too imperfect for
description, I shall transcribe the account which my late esteemed colleague Professor
Edward Forbes, F.R.S., gave of it in the' Memoirs of the Geological Survey' decade iv,
p. 3, 1852.
" For some time," says Forbes, " I was under the impression that this extraordinary
and anomalous little Urchin, of which specimens were kindly communicated by Dr. Bowerbank, Mr. Wetherell, and Mr. Woodward, was the young of the Oardia,ter eecentricus,
different as its outline is. The series of specimensof various sizes of the latter shown me
by Mr. Rose convinces me that it is necessary to regard this beaked and NelEra-like form
of Oardiaster as distinct. All the examples are impressed with the same peculiarities.
The number submitted to me has been seven, including fragments; and in addition to
those lent for examination are two fine specimens, one of them nearly entire, found by
Mr. Cockburn, in the Chalk-with-Flints, at Bostal Heath, near Plumstead, and generously
presented by that gentlemen to the Museum of Practical Geology.
" 'I'he striking feature of this form is the rhomboidal profile which it exhibits in consequence of the obliquity of the anteal and posteal truncations, both inclining forwards at
considerable angles (fig. 2 a-e). The anteal ambulacral sulcus is very deep, long, and
narrow; it rises obliquely to a great height in consequence of the elevation of the apical
disk upon a sort of beak (fig. 2 e). The genital plates are assembled just below its summit,
which is notched by the turning over, as it were, of the anteal furrow. 'I'he details of
the lateral ambulacra, in consequence of their being completely plane and very obscure,
can with difficulty be distinguished; the rostrum bends forward slightly in its upper
part. The summit of the back is more or less sharply carinated, and declines rapidly with
a faint concave curve, until it terminates in the summit of the very oblique and rapidly
declining posterior truncation, in the uppermost part of which, at rather less than the
total height of the body, is the anus, placed at one end of a groove. The whole of the
dorsal surface of the test is covered with granules interspersed with scattered minute
tubercles, which become more numerous on the slightly tumid cheeks. 'I'he fasciole is
strongly and distinctly marked, and passes from beneath the anus over the cheeks.
The base is flattened, and except on the ambulacral spaces is strongly tuberculated.
The mouth is very small and far forward:'
lJimensio1ls.-The largest specimen measured in length at the base, eight twelfths of
an inch; in breadth, six twelfths of an inch; and in height, ten twelfths of an inch at
the anteal sulcus.
Locality and Stratigraphical Position. - In the Chalk-with-Flints of Kent and
Norfolk.
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Genus-HoLASTER, A!Jassiz, 1839.
Synonym-SPATANGUS, AlIct.

The test has an oval or cordiform figure, more or less convex at the upper surface,
and, in general, flat at the under surface.
The pairs of antero- and postero-lateral ambulacral areas are apetaloidal, superficial,
and lanceolate; they are widely apart below, and join each other above.
The poriferous zones are formed of elongated pores (always those in the external
rows), disposed by simple pairs, very much separated and regularly superposed on each
other, between the ambitus and apical disc. The ambulacrum, or single anterior
area, is always lodged in a shallow central sulcus; its pores are very minute and
resemble those of the lateral areas. The ambulacral summit is central or subcentral.
The apical disc is solid and elongated; its elements consist of four perforated ovarial
plates and five perforated oculars. The genital plates arc disposed in pairs, and the
anterior are separated from the posterior pair by a pair of ocular plates being interposed
between them.
The posterior border is narrow and more or less truncated, and the periprocte,
always marginal, opens in general in the upper part of this region. The mouth-opening
is situated near the anterior border in a slight depression, and the peristome is transversely oval and imperfectly bilabiate. There are no fascioles on any part of the test.
The shell is very thin, and the surface of the plates is uniformly covered with a very
fine granulation; tubercles, more or less developed, appear in irregular order among
them. Granules attaining their largest size, in the form of tubercles, appear upon the
plates of the inter-ambulacral areas, and on those of the basal region, and this is more
especially so in Holaster Trecensis, Leym. The ambulacral areas have, however, fewer
tubercles than the other areas. The Holasters appertain to the Cretaceous Rocks, and
form leading fossils in certain stages of the same; they are most abundant in the Upper
Greensand and Lower Chalk, one species only being special to the White Chalk.
There seems to have been an unnecessary amount of confusion in the synonymy of
some of the species, arising it would appear more from the copying of names than
from the inspection and comparison of the specimens themselves.
In the British Islands we find: Holaster laoi«; De Luc, in the Upper Greensand
and Lower Chalk; Holaster obliquus, Wright, in the Upper Greensand and Lower
Chalk; Holaster suborbicularis, Defrance, in the Chloritic Marl and Lower Chalk;
Holaster lann«, var. planus, Mant., in the Upper Greensand, Lower Chalk, and lower
portion of Upper Chalk; Holaster s2tb!Jlobosus, Leske, in the Chloritic Mad and Lower
Chalk; Holaster Treeeneis, Leym., in the Lower Chalk; Holasterpillula, Lamk., in the
Upper Chalk.
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HOLASTER LiEVIS,

JJe Luc.

PI. LXXII, fig. 1 a-f.

De hue. Cat. Collection, Berne Mus.
Lamarek. Animaux sans Vertebres, t. iii, p. 26, 1816.
Brongniart. Descr. GeoI. des Environs de Paris, pp. 97 et
399, pl, ix, fig. 12, 1822.
NODULOSUS,
Gold/uss. Petref. Germaniee, Band i, p. 149, pI. xlv, fig. 6,
1826.
Blainville. Manuel Actinologie, p. 204, 1834.
Desmouiin«, Etudes sur les Echinides, p. 410, 1837.
. Agassiz. Descr. des Echinid. Suisses, t, i, p.17, pl, iii, figs.
HOLASTER LlEVIS,
1-3, 1839.
TRANSVERSUS, Agaasiz. Ibid., t. i, p. 18, pl, iii, figs. 4-5, 1839.
SUBORBlCULARIs,Ag~aaiz. Ibid., 1. i, p. 21, pI. iii, figs. 11-13, 1839.
SANDOZ,
Agassiz. Ibid., t. i, p. 11, pI. ii, figs. 1-3, 1839.
LlEVIS,
Agassiz. Catal. Ectyp. foss. Mus. Neoe., p. 1, 1840.
l'ODULOSUS,
Agaaaiz. Ibid.
SUBORBICULARIS, Agaaaiz. Ibid.
Morria. CataI. of British Fossils, p. 54, 1843.
NODULOSUS,
Morria. Ibid., p. 54, 1843.
Morris. Ibid., p. 54, 1843.
PLANUS,
LlEVIS,
d'Orbigny. Paleont, Franc., Ter. Cret., t. vi,p. 83, pl, 812,
1853.
TRANSVERSUS, d'Orbigny. Ibid., p. 88, pl, 819, 1853.
CARINATUS,
d'Orbigny. Ibid., p. 104, pl. 818, 1853.
LlEVIS,
Reneeier. Mem. GeoI. sur la Perte-du-Rhene, p. 49, 1855.
Pietet, Traite de Paleontologie, 2nd ed., t, iv, p. 192,
pl, xciii, fig. 3, 1857.
CARINATUS,
Pietet, Ibid., t. iv, p. 192, 1857.
LlEVIS,
Desor, Synopsis, p. 339, 1858.
Lory. Descr. GeoI. du Dauphine, p. 339, 1860.
CARINATUB,
LOI"!I. Ibid., p. 350, 1860.
Cotteau. Echinides de la Sarthe, p. 195, pl, xxi, figs. 35, 1860.
Oottea«, Echinides Foss. de l'Yonne, t, ii, p. 249, pl. lxix,
figs. 6, 7, 1865.
Geinitz. Elbthalgebirge in Sachsen i, p. 84, pl, xx, fig. 5,
1871.
LlEVIS,
De Loriol. EchinoI. Helvetique Ter. Cret., p. 319, pI.
xxvii, figs. 1-5, 1873.

S:PATANGUS LlEVIS,
ANANCHYTIS CARINATA,
SFATANGUS LlEVIS,

JJiagnosis.-Test oval, cordiform, slightly grooved before, and narrowed a little
behind; largest diameter in the middle of the postero-lateral inter-ambulacra. Upper
surface in general depressed, sometimes elevated and convex. The middle of the single
•
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inter-ambulacrum (occasionally only) more or less elevated into a carina; under surface
flat; peristome near the anterior border. Periprocte oval, situated in the upper part of
a small truncated posterior border. Ambulacral summit subcentral, a little nearer the
anterior border.
Dimensions.-Antero-posterior diameter one inch and a half; transverse diameter
one inch and four tenths; height eight tenths of an inch. These are the dimensions
of the average number of adult specimens obtained from the Upper Greensand of
Wiltshire.
.Description.-The body of this Urchin has a very regular figure, of a cordate-ovate
shape, larger before and tapering behind, the largest transverse diameter being across
the middle of the postero-lateral inter-ambulacra, The anteal sulcus is very shallow,
and the anterior border only slightly depressed; the posterior border is narrow and
obliquely truncated a little downwards and inwards.
The upper surface is in general elevated and convex (PI. LXXII, fig. 1 b, c, d, e),
and some specimens have the posterior half of the test a little more ridged, and the
middle line forming a blunt carina, which has been erroneously considered a specific
character by several authors. (fig. 1 o, d).
The ambulacral areas are wide, apetaloid, and disjoined at the summit; the anterolateral pair are arched backwards and forwards in their upper thirds (fig. 1 b), and the
postero-lateralpairs slightlybent in the opposite direction (fig. I b). The single ambulacrum
(fig. Ib, e) is lodged in a wide, shallow anteal sulcus, the depression from which vanishes
in the upper half of its length (fig. 1 e), so that the convexity of the dorsal surface is
almost complete (fig. 1 b). The poriferous zones are narrow, the pores small, closely
set in pairs, placed near each other above, and wider apart as they descend the sides.
At the under surface the ambulacral areas are large and smooth, and quite superficial.
The pores in the single ambulacrum are extremely small, and seen only in very good
specImens.
The apical disc is narrow and elongated (fig. 1 b). The genital plates, four in
number; are arranged in pairs, and between the anterior and posterior pairs one pair of
the five ocular plates is interposed by aposition of the discal elements. The apices of the
ambulacral areas are disjoined, as seen in fig. 1 b.
The base is very flat (fig. 1 a), and the ambital border forms an acute angle. The
mouth-opening is lodged near the anterior border, in a depression of the test formed by
the arching round the angle of the anteal sulcus. The peristome has an oval figure,
slightly elongated transversely.
The vent opens at the posterior truncated border, always low down, near the base
(fig. 1 d). The anal area is a very small, slightly hollowed-out space, the periprocte is
oval in a vertical direction, and has a well-defined border.
The surface of all the plates is covered with an extremely fine abundant microscopic granulation, which is preserved in patches on different parts of good specimens;
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in those from the Upper Greensand it has entirely disappeared, whilst on some specimens from the Lower Grey Chalk and the Chloritic Marl, its true character may be
studied. Fig. 1 f shows an enlarged portion of a test, in which the granules existed
with several of the primary tubercles interspersed at irregular intervals in the midst of
the granulation. Many of the tubercles are raised on finely crenulated bosses, which
support small perforated tubercles, accurately drawn in fig. 1 f.
AfJinities and ])iJferences.-The general form of the test varies much in this species,
being more or less depressed or elevated in different examples; still the other characters,
which may be considered as specific, remain very permanent in all these variations. The
examples collected from the Grey Chalk near Folkestone, and from the Lower Chalk of
Sussex, are in general larger and better preserved than the small typical specimens
collected from the Upper Greensand at Chute Farm, Wilts. The Chalk specimens have
likewise retained many of the large primary tubercles surrounded by patches of the
granulated surface, and specimens collected from our Lower Chalk are absolutely
identical with a specimen I have from the Craie Chloritee of Cap-le-Heve, near Rouen.
After a careful comparison between the tests of Hol. laoi« and those of Hol.
carinatus, and good figures of Hol. transversus and Hol. marginatu8, I agree with my
learned friend, Monsieur De Loriol,' that they in reality are all so many varieties of Hol,
lcevis, grown under different physical conditions, which have changed only some of the
external characters of their original form, but left the essential and specific ones
untouched. De Loriol has examined likewise the original example of the true large Hol.
Sandoz, Agass., contained in the Museum of Zurich, with other examples of the collection
of Monsieur Du Bois de Montpereux, found by him in the Upper Greensand of Souaillon
(Neuchatel), and De Loriol affirms that Hol. Sandoe is only a very large and very fine
specimen of Hol, leoie. Mons. De Loriol unites also Hol. Trecensis, Leymerie, with
Hol. leoi«. In PI. LXXIV, fig. 2, I have given a very good figure of this species, and
in page 324 have entered fully into this subject when describing its affinities. Holaster
Icevis differs from Hol. planus, Mantell, in some particulars. In Hol. planus the test is
larger, more oblong and less cordate, and the ambulacral snmmit subcentral nearer the
anterior border; the upper surface is flat and declines very little towards the posterior
border, which is only slightly truncated to form an anal area, in the upper part of which
the vent opens. Hol. levie resembles likewise Hol, 8uborbicularis in some points of
structure, but differs so widely in others that I must refer to my article on that species,
and to that on Hol. subglobosus, for the affinities and differences existing between them.
Locality and 8tratifJraphical Position.-1'he small figured specimen I collected
from the Upper Greensand at Chute Farm, Wilts, where it is very common. The
tests are so much covered over with adhering sand particles that it is rare to obtain a
good specimen. I have collected this species likewise from the Grey Chalk near Folkestone, and from the Lower Chalk, near Lewes, Sussex.
1

'Echinologie Helvetiqne,' p. 324, 1813.
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novo sp., Wri!Jltt.
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PI. LXXVIII, fig. 1, a-e.

IJio!Jnosis.-Test
oblong, slightly cordate, greatest width across the anterior third,
,
gradually diminishing in size to the posterior border, which is narrow and obliquely
truncated; ambnlacral summit excentral near the junction of the anterior with the
middle third, upper surface convex and sloping downwards to the posterior margin;
anal opening in the upper part; periprocte elliptical; area narrow and inclined downwards
and inwards. Base rounded; mouth-opening near the anterior border; anteal sulcus
shallow and inclined downwards and inwards; peristome small, transversely oval,
unilabiate, and situated in a depression.
IJimensio1ls.-Antero-posterior diameter two inches; transverse diameter one inch
and three tenths; vent above the base seven tenths of an inch.
IJescription.-This rare Urchin has an oval outline; its greatest width is posterior to
the antero-Iateral ambulacral areas. From this part of the ambitus it tapers obliquely
inwards towards the narrow posterior border. The upper surface is convex and the
ventral summit, near the apical disc, is situated about the junction of the anterior
with the middle third, and to this point all the ambulacral areas converge; from
the disc to the posterior border the upper surface inclines obliquely downwards and
forms a long slope towards the anal area. The antero-lateral ambulacra are short,
straight, apetaloid, and lanceolate, and pass straight upwards from the ambitus to the
disc. The postero-lateral ambulacra are straight, lanceolate, and apetaloid; they are
much larger than the anterior pair from the excentral position of the summit. The
poriferous zones are narrow and superficial; the pores small, and placed in pairs; forty
pairs exist between the disc and the ambitus, and below that line they become invisible.
The apical disc is a small, narrow, oblong body, of which the elements are so
closely soldered together that the sutures are obliterated.
The mouth-opening is small, and situated at a short distance from the anterior
border in a depression formed by the incurving of the anteal sulcus. The peristome
is small and transversely oval, and is placed near the junction of the first with the second
fourth part of the total basal length of the shell.
The vent opens in the upper part of the posterior border; the anal area is very
narrow, and the oval periprocte is situated high up in this space, where the convex portion
of the long, obliquely-sloped back bends over the truncated portion of the posterior
border.
The surface of the plates is covered with a close-set miliary granulation, which is
beautifully preserved in a specimen from the Upper Greensand of Wiltshire. On the
larger plates a few small tubercles are developed without much order in their arrangement. Six to eight such tubercles are seen upon many of these plates.
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Affinities and IJiJlerences.-This species resembles, in many traits of structure,
Holaster lOJvis. It is readily distinguished from that species by the ambulacral summit

being much more excentral, which occasions a much longer slope between the apical
disc and the posterior border, and a greater obliquity of the upper surface of the test;
the antero-lateral ambulacra are shorter and straighter, and the postero-lateral pair
much longer. The anteal sulcus is likewise shallower, and the posterior border much
narrower. The rotundity and smoothness of the test, and the width and shallowness of
the anteal sulcus form a marked difference between it and Holaster 8uborbicularis, and
the same characters serve to separate it very distinctly from Holaster subglobosus.
Locality and 8tratigrapltical Position.-This Urchin appears to be rare. I have only
seen three specimens; two of these were collected from the Lower Chalk near Folkestone,
and the third was obtained from the Upper Greensand at Chute Farm, near Warminster,
Wilts. I have compared this Urchin with a large number of Holasters from the Chalk
of France and Switzerland, in the cabinet of my friend M. De Loriol; and it is
easily distinguished from all its congeners by the excentral position of the apical
summit, and the long sloping declension of the posterior two thirds of the upper surface.
The specific name eecentricus was at first suggested for this species, but as we have the
Infulaster eecentricue from the Cretaceous Rocks it was better to adopt obliquus as
indicative of the obliquity of the upper and posterior surfaces of the test, in order to avoid
any confusion regarding this new form, which I have now described and figured for the
first time.

HOLASTER SUBORBICULARIS,

Defrance.

PI. LXXIV, figs. 1 a-e.

SPATANGUS SUBORBICULARIS, Defrance. MS., 1821.
Brongniart. Descrip, geol, Paris, p. 85, pl. v, fig. 5,.
1822.
Blainville. Mem. d'Actinologie, p. 204, 1834.
HOLASTER
Agassiz. Prodrom. d'une Monogr., p. 16, 1836.
Desmoulins, :Eitudes sur Ies :Eich. Foss., p. 400, 1837.
Deskayes, in Lamarck, 2nd ed., An. sans Vert., t, iii,.
p. 334, 1843.
Sismonda. Mem. geoI..zooL Echin., p. 8, 1843.
d'Orhigny. Paleontol, Franc., Ter. Cretaces, t, vi, p. 93,.
pl, 814, figs. 6, 7; pI. 815, 1853.
CENOMANENSIS,
d'Orhigny. Ib., p. Ill, pl. 819, figs. ;-12, 1853.
~UBORBICULARIS, Desor, Synopsis des Echin. Foss., P: 340, 1858.
Cotteau. :Eichinides de la Sarthe, p. 198, pl, xxxiii,.
figs. 1-6, 1860.

IJiagnosis.-Test oblong, cordiform, rounded and deeply grooved before, contracted
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'and truncated vertically behind; superior surface elevated and convex on both sides, with
a well-marked carina extending from the apical disc to the posterior border; the inferior
surface much depressed before, and on each side of the mouth more or less elevated
along the region of the plastron, and presenting alternate protuberances and depressions
there, so that the greatest height of this species is about the posterior third of the test.
Ambulacral summit excentral anteriorly; vent large, situated high up in the anal area.
IJimensions.-Antero-posterior diameter one inch and a half; transverse diameter
one inch and three tenths of an inch; height nine tenths of an inch. I have several
moulds of this species collected from a siliceous rock in Dorsetshire, which measured
more than the figured specimen, obtained from the Chloritic Mar! near Chard,
and here drawn as our type because its shell is well preserved with many important details of its structure in sitU. I have two large specimens of this Urchin from
the Cap de la Heve. The largest measures two inches and six tenths in the anteroposterior diameter, two and a half inches in the transverse diameter; and one inch and
two tenths in height; the second specimen measures two inches and four tenths in
length, two inches and three tenths in breadth, and one inch and four tenths in height,
so that when we reduce these measurements for comparison with those of the figured
specimen, we find the proportions are nearly the same as relates to length, breadth, and
height throughout.
IJescrption.-This is a very neat, oblong, cordiform Urchin; the round anterior
border is deeply grooved by the anteal sulcus, the widest part of the body is behind the
anterior ambulacrum, and from that point backwards the ambitus contracts into the
posterior border, which is vertically truncated to form the anal area (fig. 1 e).
The antero-Iateral ambulacra curve gently up to the disc, and the postero-lateral pair
are nearly straight in their course (fig. 1 a). The poriferous zones consist of pairs of pores,
which are distant from each other below, and approximate above; in some of the larger
specimens the pores are oblong below and round above. The anteal sulcus is very deep,
extending from the mouth to the apical disc; it is bordered by elevations of the test,
which form two carinee on the sides of the sulcus (fig. 1 a, d). On these several large
tubercles are arranged. The single ambulacrum occupies the middle of the sulcus; its
avenues consist of very small pores, which are only visible with the aid of a lens. The
three anterior ambulacra converge around the front of the disc, at a considerable distance
from the posterior pair, which converge at the hinder part thereof (fig. 1 a).
The test is very thin, and the inter-ambulacral areas consist of very wide plates (fig. 1 c);
their surface in both areas is closely covered with a very fine microscopic granulation, in
the midst of which a number of small tubercles, nearly equal in size, are uniformly spaced
-out upon all the surface of the test. On the sides of the anteal sulcus, and on the cheeks
and plastron at the base the tubercles are much larger; they are all raised on bosses with
crenulated summits, and are perforated and surrounded by a smooth circular zone,
defined by an outer circle of granules (fig. 1 b, d).
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'I'he apical disc is narrow and elongated; its elements consist of four perforated
genital plates, on the right anterior of which the small madreporiform tubercle rests
between the anterior and posterior pair; two ocular plates are interposed; the single
ocular is seen at the summit of the single ambulacra, and the two posterior oculars at
the summits of the hinder pair; the elements of the disc are closely united together,
and the surface of the plates covered with fine granules.
The vent is large, and opens at the upper part of the anal area immediately below
the carina (fig. I e). The periprocte is elliptical, with a well-defined margin accuminated at both extremities, and having the lower part of the border hollowed out
(fig. I e).
The mouth is transversely oblong, placed near the anterior border in a depression
formed by the anteal sulcus. The peristome is transversely oblong (fig. I b), and is
rounded before, with a thickened projecting lip behind. Around the aperture are several
pairs of round ambulacral pores arranged in a stellate figure (fig. I b).
Affinitiea ana ])ifferencea.-This Urchin was long a puzzle to palreontologists, and we
are indebted to d'Orbigny for having removed the confusion that existed, and for
proving that Defrance's Urchin figured by Brongniart was the true type of the species.
The English specimens are small, and resemble the Urchin described as Holaster Oenomanensis, d'Orb., which, however, is only a small variety of Hol. 8uborbicularia. M.
Cotteau is disposed to unite this species to (lardiaster fossarius, Bennet, an opinion in
which I cannot concur, as I feel satisfied that, if my learned friend had before him good
type specimens of Oara.foaaariua, he would readily distinguish the differences between
that Urchin and Hoi. auborbicularia. Putting aside the question of the lateral fascicle,
which I have never seen in Cara.foaaariua, the other features of the test are sufficiently
distinct to show the differences which exist between them (see PI. LXVIII).
In Holaster fossariue the shell is shorter and broader than in Hol. auborbicularia.
The anteal sulcus is deeper, and retains its depth from the mouth to the disc, whereas
in Hol. euborbicularie the sulcus vanishes above the anterior border, and leaves the upper
surface smooth and undepressed, The carinas on each side of the sulcus are more
prominent and much sharper in Hol. fossarius than in Hol. auborbicularia, and the
avenues of pores in the antero-lateral ambulacra are wider apart and more petaloid;
whilst the base is flatter and the plastron less prominent in Holcfoseariu« than those
parts are in Hol, auborbicularia.
Locality ana 8tratigrapltical Poaition.-This Urchin abounds in the bed of Chalk
with green grains intervening between the Upper Greensand and Chalk-Marl. It is
found likewise plentifully in the Chalk-Marl itself, and more rarely in the Lower Chalk.
It has been collected in nearly all the English Counties in which these beds are found,
but has not been observed in Ireland.
The Foreign lJiatribution.-Villers-sur-Mer, Vaches-Noires (Calvados); Montagne
St.-Catherine pres Rouen; Fecamp (Seine-Inferieurej , Fourneaux, la Madelaine
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(Eure); Laubressel, Sainte-Parre pres Troyes (Aube); Fourrain, Seigneley, Yonne;
Sancerre (Cher) ; Cassis (Bouches-du-Rhonel , Vit pres Castellane (Basses-Alpes) ,
Bidart pres Biarritz (Basses-Pyreneesj , Palarea (Nice); Altmann (Appenzell); Quedlinburg, Prussia , North Germany, &c. In France it has been collected from the zone
of Acanthoceraa Rhotomagenae, Brong., and in strata with 8caphitea tequalia in Conde,
Sarthe, which is precisely the same zone from which our English specimens have been
collected.
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SPATANGUS PLANUS, Mantell. Geology of Sussex, p. 192, pI. xvii, figs. 9-21, 1822.
HOLASTER PLANUS, Agaaaiz. Prodrom. Mem. Soc. de Neuchatel, t. i, p. 183, 1835.
---------~
d'Orbigny. Paleontol, Franeaise, Ter. Cret., t. vi, pp. 116,821,
1853.
Desor, Synopsis des Echinides, p. 342, 1858.

lJiagnoaia.-Test cordate, widest across the middle third, gradually diminishing in

width to the posterior border, which is narrow and slightly truncated, anterior border
a little depressed by the anteal sulcus. Ambulacral summit subcentral, upper surface
convex, gently declining all round towards the ambitus; periprocte in the upper part of
the anal area. Under surface flat, plastron prominent, mouth-opening near the border
in a small depression, peristome transversely oval and bilabiate. Surface of the test
• smooth.
lJimenaions.-Antero-posterior diameter two inches; transverse diameter one inch
and eight tenths; periprocte above the base line seven tenths of an inch.
lJeacription.-This Urchin has a cordate outline, and is widest anteriorly, its greatest
transverse diameter being immediately behind the antero-lateral ambulacra; from this
point it tapers gently to the posterior border, which presents a narrow truncation.
The upper surface is convex, and the vertical summit with the apical disc is subcentral;
to this point all the ambulacral areas converge (PI. XXII, fig. 2 b). 'fhe antero-Iateral
pair are short, slightly bent, apetaloid, and lanceolate, they pass obliquelyup the sides of
the test. 'I'he poriferous zones are narrow and superficial, the pores small and placed in
pairs; there are forty pa.irs of holes in each of the avenues above the ambitus, which
are entirely invisible below; the postero-lateral pair are equally oblique and lanceolate,
and their avenues of pores the same. In the figured specimen there are thirty pairs in
each avenue. The single ambulacrum is lodged in a wide, shallow anteal sulcus which
only slightly depresses the anterior border and entirely disappears in the upper half of
its length (fig. 2 a, b, d).
41

318

HOLASTER

The apical disc is small, long, and narrow; and its elements are so closely welded
together that I have failed to detect thesutures which divide them (fig. 2 b).
The under surface is moderately flat 'about the cheeks and side border; it is elevated in the middle by the prominence of the plastron, and the path of the postero-lateral
areas along the base 'is shown by a wide, smooth surface on each side of the central
elevation (fig. 2 a).
The mouth-opening is small, situated a short distance from the border in a depression
formed by the incurving of the anteal sulcus. The peristome is transversely ova], and
placed about the junction of the first with the second fourth of the total basal length of
the test (fig. 2 a).
.
The posterior border is very narrow, the anal area small, and the vent opens in its
upper part; the oval periprocte is situated high up in this space, near the point where
the convex part of the back bends over towards the truncated portion of the posterior
border (fig. 2 e).
The surface of the plates is covered with a microscopic, close-set, miliary granulation,
beautifully preserved and shown in some of the specimens derived from the Grey
Chalk. On the larger plates a few small tubercles are arranged without much order,
from six to eight of these may be counted upon each of the plates (fig. 2 b).
Affinities and DiJlerences.-This species resembles some of the large forms of Hol,
leci«, from which it differs verylittle; the ambulacral summit is slight~y subcentral, which
makes the direction of the ambulacral areas nearly uniformly quinque-radiate on the
npper surface, as seen in fig. 2 b. The anteal sulcus is shallow, the posterior border
narrow, and the position of the periprocte in the anal area is much the same in Hol,
planus as in Hol. lavis. The rotundity and smoothness of the test, and the width and
shallowness of the anteal sulcus in Holaster planus form marked differences between it
and Hol. 8uborbicularis, with which it has sometimes been confounded, and the same
characters serve to establish the differences between Hol. planus and Hol. subfllobosu8.
Locality and 8tratigrapltical Position.-This species is said to characterise a wellmarked zone of the Lower Chalk at Lewes and Dover, and I have specimens collected
from the Medial Chalk at Swaffham, Norfolk, sent by myoId friend the late Mr. C.
B. Rose. It occurs alsoin the chalk with flints (in lower portion of the Upper Chalk)
near Lewes. The specimen (PI. LXXIX, fig. 1) from the Collection of the Rev. Thos.
Wiltshire, }i'.G.S., shows that the species was gregarious.
Many geologists express surprise that several species of Echinides are recorded by me
as having been found in the Grey Chalk, Lower Chalk, Chloritic Chalk, and Upper
Greensand. There can be no doubt about the fact of the presence of this species
therein; other forms also have often occurred to me when noting the distribution of
species in these beds. It may be suggested whether some artificial divisions, in the natural
groupings of the strata, have not been made on petrological rather than on paleeontological grounds. If this conjecture should turn out to be correct then the Lower
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Chalk and Upper Greensand may be bracketed together, and not separated by a hard.
and-fast line as at present.

HOLASTER SUBGLOBOSUS,

Leske, sp.

PI. LXXIII, figs. a-It.

Lu7ce. Add. ad Kleinii Disp. Echin., p. 240, pI. lir,
figs. 2, 3, 1778.
Linne. Gmelin's Systema Natura, p. 3198, 1789.
ECHINUS SUBGLOBOSUS,
Lamarc7c. EncyI. Method.,Zoopbytes., pI. 157, figs. 7,8,
1791.
SPAT.A1l"GUS SUBGLOBOSUS,
Lamarclc. Animaux sans Vertebres, t, iii, p. 33, 1816.
De81ongckamptl. EncycI. Metbod., Zoophytes, p, 689,
1824.
GOld.fu88. Petref, Germaniee p. 148, pI. xvii, fig. 4,
1826.
BlainfJille. Zoophytes, Diet. Se. Nat., t.lx, p. 185, 1830:
HEHISl'HERICUS,Pkillip8. GeoI. of Yorkshire, p. 91, pI. i, fig. 16, 1835.
HOLASTER SUBGLOBOSUS,
..4gauiz. Prodrome, Mem. Soc. Nat. de. Neuehatel, t. i,
p. 183, 1836.
SPATANGUS SUBGLOBOSUS,
DeBmoulin,. ]itudes sur les &binides, p. 398, 1837.
HOLASTER SUBGWBOSUS,
..4ga88iz. Descr. des Ecbin. foss. de la Suisse i, p. 13,
pI. ii, figtJ. 7-9, J839.
..4gaBnz. Ibid.. pI. ill, figs. 9-10, 1839.
ALTU8,
Romer. Petref, der norddeutschen Kreidegebirgee, p. 34,
SUBGLOBOSUS,
1840.
HOLASTER SUBROTUNDUS,
SiBmonila. Echin. Foss. del Cont. di Nizza, p. 5, 1843.
SUBGLOBOSUS,
MorriB. Catal. of British Fossils, p. 54, 1843.
..4gaB&iz IJ Df!80r. CataI. raisonne des ]ichinides, p. 133,
1847•
s. GraB. Oursins Fossiles de l'Isere,. p. 63, 1848.
Sorignet. Oursms de l'Eure, p. 6i, 1850.
• ForlJe8, in Dixon's Geol. of SU8geX, p. 341, pl. xxiv, fig. 2,
pl, nix, fig. 1, 1850.
Bronn. Letheea Geognost., p. 204, pI. xxxi, fig. 2 a, a,
1852.
ForIJe8. Mem. GeoI. Surv. Decade iv, pl. vii, 1852.
QuenBtedL Handbuch der Petref., p. 591, pl. I, fig. 14,
1852.
d'OrlJigny. Paleont, Frane., Ten. Cret., t, vi, p. 97, pl,
816, 1853.
Leymerie et Cotteau. Catal. des Echin. Foss. des PyreSl'ATANGUS SUBGLOBOSUS,

nees; Bull. Soc. Geol. de France, 2me serie, t, xiii,

p. 350. 1856.
StromlJeclc. Glieder. des Planers, in N.- W. Deutsehland ,
Zeitscbr. der Deutschen geoI. Gesellseh., voI. ix, p. 415,
1857.
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Cotteau et Triger. ~ch. foss. de la Sarthe, p. 202, pI.
xxxiii, figs. 7, 8, 1860.
Lory. Descr, du Dauphine, pp. 350, 367, 1860.
Du}ardin et Hupe. Suites a Bulfon, ~chinodermes,
p. 592, 1862.
StromfJeck. Die Kreide bei Liineburg j Zeitscb. deutsch.
Gessell., 1863.
Cotteau. Oatal, des Echin. de l'Aube, p. 39, 1865.
Ooster. Synopsis des Echin. Foss. des Alpes Suisses,
p. 96, 1865.
Beer. Die Urwelt der Schweiz, p. 205, 1865.
Cotteau. ~chin. Foss. de l'Yonne, t. ii, p. 244, pls, lxviii,
lxix, 1866.
Reneoier, Notice sur les Alpes vaud., p. 171, 1867.
Bucaille, Foss. Cenomaniens de Rouen, p. 6, 1867.
Jaccard, Descr, Geo!. du Jura vaud. et Neuchat., p. 120
1869.
Greppin. Descr. Geol. du Jura Vernois, p. 143, 1870.
De Loriol. Echinologie Helvetique, p. 330, pl, xxvi,
figs. 11-14, 1873.

lJiag1losis.-Test of a subglobular form, very nearly as broad and as high as it is
long. The upper surface regularly convex, sometimes a little elevated at the summit; a
well-marked carina rises on the middle of the single inter-ambulacrum; the under
surface more or less convex; the ambitus rounded and inflated; the ambulacral summit
slightly excentral in the anterior direction; posterior border narrow, obliquely truncated
downwards and inwards; vent in the upper part of the area.
lJime1lsio1ls.-From a number of specimens collected by the Geological Survey from
different localities, the following table of comparative dimensions of six specimens,
selected on account of their differences, was prepared by my colleague the late Professor
Edward Forbes, to illustrate the variation in the proportions of this species.
No.

Locality.

Stratum.

Length.

Breadth.

Height.

1

Dover

Chalk-Mar!

214~

2-h

}lJl.

2

Do.

Lower Chalk

2

2

1-f2"

Chloritic Mad

I T2
J t

IH

1T\

3

Chaldon

T2

4

Do.

Do.

III
12

2

Il2

5

Do.

Do.

1!2

l ..l 2

IT\-

6

Do.

Do.

1..12

1/2"

IT\-

P'arieties.--There

IS

a curious variety of this species, ill which the anteal sulcus is
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deeply impressed into an almost acute furrrow. Professor Forbes found this abnormal
form at the junction of the Chalk-Marl and Upper Greensand, near Abinger, in Surrey;
and there is a very fine and large specimen of it in the British Museum Collection.
J have a large specimen of this Urchin in my cabinet, collected from the Planer at
Rheten, which measures in length 2 160th inches, in breadth 2 160th inches, and in
height 2 inches•
.Description.-This well-known Urchin of the Lower Chalk has long been familiar to
collectors of Cretaceous fossils. It was very fairly figured by Leske in his 'Additamenta ad Klein.,' and has kept its place well in the list of synonyms ever since.
Lamarck, however, appears to have mistaken this fossil. as he refers to Leske's figure a
specimenfrom Grignon pres Versailles, where the formation is Tertiary; so either an error
in the species, or a mistake in naming the locality, has been committed.
The test is large, subcircular, or cordiform, almost as wide as it is long (fig. 1 a); the
body is dilated and slightly grooved anteriorly, subacuminated and obliquely truncated
posteriorly (fig. 1 b, c). The upper surface is convex and the ambitus uniformly inflated
{fig. e, d); the base is likewise convex, except near the anteal depression for the mouth
(fig. 1 b). The ambulacral summit is nearly central (fig. 1 a).
The antero-lateral ambulacra are lanceolate, apetaloid, and curve gently backwards
and inwards, forming a flat Gothic arch over the anterior surface of the test (fig. 1, a).
The postero-lateral pair are lanceolate, apetaloid, and straight (fig. 1, d). 'I'he
poriferous zones in the two pairs of areas are very much alike. The pores of each pair
are set well apart, and connected by a furrow, but below the middle and in the wider
plates they become smaller and closer. There are about forty pairs of holes in each
avenue of the anterior pair, and a lesser number in the avenues of the posterior pair
{fig. l,g, It).
The single ambulacrum has a special structure. It is lodged in the anteal sulcus,
which is wide and shallow. Its surface is concave and smooth, and it is linear-lanceolate.
The apices of the three anterior ambulacra converge at some distance from those of the
posterior pair (fig. 1, a), which meet near each other at the posterior portion of the apical
disc. The poriferous avenues of the single ambulacrum are very narrow, the pores quite
microscopic, and fewer in number than in the pairs (fig. 1, It).
The inter-ambulacral areas (fig. 1 a, c) are formed of large wide plates, which have
their surface covered with a close-set microscopic granulation; and arising in their midst
are a series of three or four irregular horizontal rows of primary tubercles. I have given
a most accurate drawing of this structure in fig. 1 g, which shows two inter-ambulacral
plates and a portion of an ambulacral area magnified three times; in fig. 1 It a portion
of the single ambulacrum magnified three times is shown; and in fig. 1 i is given a view
of three primary crenulated and perforated tubercles magnified, with the circles of
granules surrounding the areolas and filling in the intervening space with moderately
sized granules.
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The apical disc is much elongated (fig. 1 a, /); it is composed of four perforated
genital plates; the right anterior plate has its surface covered with the madreporiform
body, and is separated from the posterior pair by two of the perforated ocular plates,
which are interposed between the anterior pair, and produce the length and narrowness of
the disc; all the elements of the disc are closely soldered together, and densely covered
with microscopic granulations, a few solitary tubercles only are seen in their midst.
Where the anteal sulcus curves round the ambitus (fig. 1 e) a depression is formed
at the base (fig. 1 b), in which the mouth is situated; the peristome is a small, transversely oval, bilabiate aperture; the upper lip is thickened and higher than the lower,
and the buccal extremities of the poriferous avenues form an irregular stellate figure
around the peristome (fig. 1 b).
The posterior border of the test is truncated obliquely downwards and inwards
(fig. 1 c), and in some specimens slightly hollowed into a concave channel below
the vent, which occupies the upper part of the anal area (fig. 1 d), in a position about
half the height of the test. The periprocte is vertically of an elliptical figure (fig. 1 d),
and its upper angle forms the termination of the dorsal carina which extends backwards
from the disc to the border.
Affinitie8 and IJifferenee8.-'fhis Urchin is so well characterised by its specific
features that it is not easily mistaken for any other. Hol. cor-avium, Lamk., has been
ascertained by d'Orbigny's inspection of the type in the museum to be a siliceous mould
of Hol. subfJlobo8us; and Hol. nasute«, labelled by M. Agassiz in the museum, is only a
specimen of Hol. subfJlobo8u8 deformed by pressure.
Loealit!! and 8tratifJrapltieal P08ition.-This Urchin abounds in the bed of Chalk
with green grains intervening between the Upper Greensand and Ohalk-Marl. It is
found also plentifully in the Chalk-Mar! itself and more rarely in the Lower Chalk. I
have had many fine specimens from the Chloritic Mar! near Chard, and from the ChalkMarInear Lewes,in Sussex. The Chalk-Mad of Wiltshire and of Dorsetshire has yielded
many specimens. This species, says Forbes, has not been found in Ireland.
ForeifJn Loealities.-It is found at the Mountain Sainte-Catherine, near Rouen,
Fecamp, and Havre, at Saint-Parte and Laubresel, near Troyes, Aube; with
Acanthoeeras Iiotomajense, Brong., at Pourrain, and Seigneley, Yonne; Sancerre, Cher;
Cassis, Bouches-du-Rhone , Bidart, near Biarritz, Basses-Pyrenees , Villers-sur-Mer,
Calvados; 'I'rinite, near Nice. In Switzerland, in the' Etage Cenomanien,' Monsieur
De Loriol records it from Sainte-Croix, Vaud.; Cheville, Valais; Ried, near Bienne,
Beme , Summit of Sentis, Ebenalp, Sentis; Seealp, Appenzell, Yberg-Sil, Schwytz;
Lac Saint-Point, Jura. In Germany, Goldfuss records it from Quedlinburg, Prussia ,
Neuwallmoden and Langelsheim, Brunswick.

•
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HOLAsTER TRECENSIS, Le!J11lerie.

PI. LXXIV, fig. 2, a-e.

Leymerie. ~H~m. de la Soc. geol., p. 2, pl, ii, fig 1, 1842.
Aga88iz. Catal. raisonne, p. 134, 1847.
PILLULA var. MAXIMA, Aga88iz and Desor, Ibid., p. 135, ISi7.
TRECENSIS,
d'Orbigny. Prodrome 2, p. 269, No. 1161, 1847.
Pal. Frane. , Ter. CrMaces, vol. vi, P: 101,
pl. 847, 1853.

HOLASTER TRECENSIS,

e .

IJiaf/nosis.-Test oblong, cordiform; upper surface very much elevated, rounded, and
grooved before, tapering gently to a narrow truncation behind. Ambulacral summit
nearly central; under surface very flat; mouth near the border. Vent in a small
marginal anal area near the angle; upper surface covered with large tubercles, arranged
without much regularity upon both areas.
IJimensions.-Antero-posterior diameter two inches and four tenths; transverse
diameter two inches and four tenths; height one inch and five tenths.
IJescription.-The test is oval and cordiform, much inflated, and nearly as broad as
long; enlarged and sinuous before, accuminated behind. The upper surface is much
elevated and very convex, the outlines antero-posteriorly, as well as laterally, describing
regular curves (fig. 2 c, d). The ambulacral summit is nearly central (fig. 2 a), where
we find the apical disc, which is small, and shows four perforated genital plates. The
·central portions of the inter-ambulacra are rather prominent, which imparts an angular
~pearance to the ambitus (fig. 2 a). The base is very flat, with the exception of a
slight prominence in the middle of theplastron, where we observe seven alternate
elevations, with a connective zigzag ridge between (fig. 2 b). The anterior portion near
the anteal sulcus is slightly depressed (fig. 2 b), where we find the mouth-opening, which
is large, and transversely oval. The peristome is bilabiate; the anterior lip is depressed
and convex, and the posterior elevated and prominent. The vent occupies the posterior
border, and opens near the base; it is situated in a small triangular anal area, slightly
excavated out of the border (fig. 2 e). The periprocte is longitudinally oval, placed under
an angular projection in the median line, with two lateral ridges to divide the area from
the ambital circumference (fig. 2 e).
The ambulacral areas are very feebly defined in this Urchin; the anterior single area
is lodged in the sulcus; its poriferous zones are only slightly visible near the summit.
'The antero-lateral and postero-lateral pairs are narrowly lanceolate. The anterior pair
curve slightly forwards, and the posterior pair are straight (fig. 2 a). The poriferous zones
are formed of transverse oblong pores arranged in pairs, and the anterior is smaller than
the posterior row; they extend half-way over the upper surface and sides, and disappear
above the ambitus (fig. 2 c, d).
The tubercles are of two kinds; small tubercles, which are seen in the ambulacral
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areas and on other parts of the test, and large tubercles, developed upon the interambulacral plates without much order or regularity, and varying much in number in
different specimens. These tubercles are perforated at the summit, and raised upon
bosses with crennlated rims. The specimen I have figured shows this tubercular
structure to perfection, but the majority of specimens want the profusion of large
tubercles seen on the figured shell (PI. LXXIV, fig. 2). Besides the tubercles just
described, the surface of the plates is covered with microscopic granules which form
circles around the base of the tubercles and crowd the spaces between them with a closeset granulation. It is only in well-preserved specimens, however, that this structure
can be observed, and then only by the assistance of a lens.
Aj/initielJ and ])ifference8.-This fine Urchin was well figured by the late Prof.
Leymerie in 1842,1 and afterwards by d'Orbigny in 1853.2 I had been fortunate in
procuring a very fine example of this Holaster from the Grey Chalk of Folkestone, and I
desired my late friend Mr. Bone to make most accurate figures of it, which he has done,
and given five beautiful drawings of the same in Plate LXXIV, fig. 2 a-e.
At first sight one naturally concludes that Hol. Trecensis, Ley., is a well-defined form,
and fully entitled to specific rank, but a closer examination of the test, and a comparison
of it with other fossils considered to be Hol, carinaius, weaken our faith in this belief.
Characters at first sight thought to be specific appear to be evanescent. The size and
number of the tubercles on the upper surface of Hol. Trecensis, for instance, are not
constant, seeing that in some specimens they dwindle away, and in others almost disappear. Finally, the close identity of Hol. Trecensis with Hol. carinatus, from being a
doubt, becomes a certainty. Now arises the next question, in what does Hol. carinatu8'
differ from Hol. levie ? Failing to discover the specific differences which many eminent
paleeontologists have thought they saw in these different forms, wc have at length arrived
at the conclusion that my learned friend Mons. De Loriol came to, after a patient and
exhaustive study of Hol. ieoi«, namely, that these three forms-Hol. carinaius, Hol.
Treceneis, and Hol. lcevi8-are only varieties more or less defined of Hol. levi«, De Luc,
Locality artd Stratigraphical P08ition.-The fine specimen figured in PI. LXXIV,
fig. 2, was collected from the Grey Chalk, near Folkestone, and I have several other
large specimens from the Lower Chalk of Wiltshire and from the Medial Chalk,
Swaffham, Norfolk.
Foreign localitiee.s-:Prof. Leymerie found his type specimen at Saint-Parre, near
'I'royes, Aube; it has been collected likewise at Mont Saint-Catherine, Rouen, SeineInferieure, with Acanihoceras Rhotomagen8e; and from the Chloritic Chalk in the'
environs of Saint-Croix, Vaud, Switzerland.
1

2

'Mem. de la Soc. geol, de France,' p. 5, pI. ii, fig. 1, 1842.
"Paleontclogie Francaise, Ter. Oretaces,' tom. vi, pl, 847, 1853•
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FROM THE UPPER CHALK.

CARDIASTER PILLULA,

Lamarcb.

PI. LXXI, figs. 1-3.

Animaux Sans Verteb., tom. iii, p. 27.
No. 11, 1816.
Man tell. Geology of Sussex, pl. xvii, figs. 22, 23,
SPATANGUS PRUNELLA,
p. 193, 1822.
De81ongchamp8. Encycloped. Method., tom. ii, p. 64,
ANANCHYTES PILLULA,
1824.
Cutullo. Saggio de Zoo!., p. 226, pl, 2, fig. e, 1827.
NUCLEOLITES CORAVIUM,
Desmoulins. ~tudes sur les ~chinides, p. 406,
SPATANGUS PILLULA,
No. 50, 1837.
Boemer. Norddeutsch Kreide, pI. 6, fig. 18, p. 85,.
ANANCHYTES ANALIS,
1840.
HOLASTER PILLULA,
Aga88iz and Desor. Catal. raisonne, An. Se. Nat.,
tom. viii, p. 29, 1847.ANANCHYTEB (HOLASTER) PILULA, Forbes, Mem. Geol. Surv., decade iv, pI. viii, 1852.
CARDIASTER PILULA,
d'Orbigny. Paleoutol. Franqaise Terr. Cretaees,
tom. vi, p. 126, pl. 824, 1853.
ANANCRYTES PILLULA,

Lamarck.

1Jiag1losis.-Test oblong, lofty, always more or less elevated; sides tumid; anterior
border round and flattened; posterior accuminated and truncated; base flatly convex
with sharp angulated sides, mouth near the anterior border; vent elevated in the middle
of the posterior border; upper surface highly arched, with a carina passing from the disc
to the vent; apical disc narrow, elongated, and nearly central.
IJimertBions.-Height, ~ ~ of an inch; antero-posterior diameter, -to of an inch;
transverse diameter, 150 of an inch.
The proportional dimensions of this Urchin vary considerably, a fact which may
best be illustrated by the measurement of six specimens of different bulk, in inches and
parts of an inch, as shown in the following table:
TEST.

No.I.

...... ........................

No.2.

Of

Antero.posterior diameter.........

1

Lateral diameter.....................
Vent above margin

••••••••• 1 •• ·0.

No. 4.

No. 5.

No. 6.

- -- - - -- - - - - 0-A

Height

No. 3.

°l

°lo'

0!7J

°t
°io

0·y"7J

OH

0-A

°iu

0-r"ri

°l7J

0-r%

°ilr

0!7J

0-r\

0-r\

°T~

OH
OH
On
O/~

JJe8cription.-Test oblong, always more or less elevated, tumid above, inflated at
the sides and flattened at the base; the anterior border depressed, with the central
sulcus feebly developed and the posterior border accuminated and abruptly truncated.
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The anteal and antero-lateral ambulacra are short, lanceolate and nearly vertical;
the postero-lateral long, ascending obliquely forward, and conjointly forming an arch
which encloses the posterior truncated border with the circular vent about half wayup the
total height of the test (see Table). The plates of the ambulacra are large and broad,
each equal to as much or rather more than half the height of an interambulacral plate.
In a rather large example of this species there are seventeen dorsal plates in each vertical
row of the anteal ambulacrum, about fourteen and thirteen respectively in the rows of each
lateral ambulaorum, and seven in each vertical row of each lateral inter-ambulacrum
(PI. LXXI, fig. 1 c). These plates all bear minute scattered primary tubercles, with
myriads of interspersed granules (PI. LXXI, fig. 1 h).
The upper surface is convex, and more or less arched throughout; the highest point is
in the anterior third, from whence it gently declines towards the posterior border (figs. 1 c
and 3 a). The apical disc is closely wedged in between the other plates of the test, and
often distinguished with difficulty; it is situated about the centre of the test, rather
nearer the anterior border, and is narrow and extremely elongated (fig. 1 e); the ovarial
plates being placed in line behind each other, and four are perforated. The ocular
plates are very small, and can only be discerned by the aid of a magnifying lens. The
madreporiform body is very small and indistinct. In some flint casts the four ovarial
holes are seen, and the pairs of pores in the poriferous zones very well shown (fig. 2) ;
their courses are much better traced out in such moulds than in specimens with the test
preserved.
From the posterior side of the apical disc to the upper margin of the vent a carina
more or less acute is developed (fig. 1 a), this ends in a beak-shaped process which
overhangs the anal aperture.
The under surface is slightly convex, and a little angular along the median line,
without any concavity around the mouth, which occupies a position near the anterior
extremity, about one fourth of the length of the test from the margin which in the
region of the anteal ambulacrum is slightly sinuous (fig. 1 b). The oral aperture is
roundish or ovate, the fore lip is depressed, and the hinder lip turned and elevated, but
not overlapping.
The vent of an oval form occupies an elevated position in the posterior border (figs.
1 d and 3 a). This aperture was defended by a series of small plates, eight polygonal
calcareous pieces forming the outer, and ten smaller pieces the inner circle of the lid, so
that the periprocte was entirely closed with the exception of a small central aperture for
the passage of the rectum. I have given an accurate drawing of these anal ossicles in
situ for shutting up the periprocte in fig. 3 b.
This beautiful littleUrchin likewisepossesses a band of minute granules towards the side
margins of the ambitus, forming there 8 fasciole like a Oardiaster; for this reason
it is now removed from the genus Ananchl/fes, where it was placed, but in which no
fascioles exist, into the group which possesses this granular band along tne margin of the
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cheeks. In other respects its form and structure has many affinities with EcMnoco"!l8 on
the one side and Ho/aater on the other, between which it forms a connecting link.
Locality and 8trati!Jraplzical PoBition.-1t is found in the upper chalk of Kent,
Sussex, and other English counties.
In France it is collected from the upper chalk at Meudon, near Paris; Dens, Poigny,
Yonne; Beauvais, Oise; Saintes, Charente-Inferieure,
In North Germany it has been found at Peine, at Yseburg, near Hanover.
Hz"story.-This Urchin was first described by Lamarck as Llnanclt!Jte8 pz"llula, and afterwards by Deslongchamps under the same name. Desmoulins removed it into the genus
8patanfJu8, Roemer described and figured it asAnanch!Jtes analis: Agassiz andDesor removed
it into the genus Holaster, Forbes called it .A.nanclt!Jtes (Holaster) pillula, and described
and figured it in his Memoirs of the Geological Survey in much detail and with great
accuracy; and finally D'Orbigny, having ascertained the presence of the fasciole which
extends along the margin and under the posterior border, removed it into the genus
Oardiaster, among its marginal fasciolated congeners.

Genus-ECHINOCORYS, Bre!Jnius, 1732.
ANAlfCHYTES,

Lamarck, 1801.

Form of the test more or less oval; upper surface much elevated, helmet-shaped,
convex, conoidal, or rounded; under surface flat.
Ambulacral summit central, the poriferous zones occupy the middle of the ambulacral
plates; the single ambulacrum similar in structure to the antero- and postero-lateral
pairs. The pores round or elongated, alike identical in structure, disposed in single
pairs, set obliquely widely apart in the middle of the ambulacral plates, and forming two
rows in each area, which radiate from the summit and diverge towards the circumference.
Apical disc elongated, formed of four ovarial and five ocular plates. The two pairs
of ovarial plates are separated by a pair of oenlars.
Under surface very flat. Mouth-opening near the anterior border transversely oval;
peristome bilabiate, situated in a depression, and surrounded by a stelIate arrangement of
primary tubercles, which diverge from the circumference of the peristome.
Vent marginal or infra-marginal; periprocte small and oval in a vertical direction.
Surface of the plates covered with small primary tubercles; those at the base are
larger and more developed, some are raised upon bosses with crenulations, and all are
perforated at the summit.
The Echinocorys resemble the Holasters, but are distinguished from them in having
the single ambulacmm precisely similar to the others, and by the absence of the anteal
sulcus. The position of the periprocte is likewise entirely marginal or infra-marginal.
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This genus was well established by Breynius, in 1732, and illustrated with good
figures; it is to be regretted that Lamarck, in 1801, suppressed the name Ecltinocorl/8,
and proposed, without any reason for it, that of Ananchl/tes, now so well known to all
geologists; still, in justice to Breynius, I am under the necessity of restoring his name in
order to carry out the principle which has guided me in the nomenclature I have adopted
throughout this work.

ECHINOCORYS VUI.GARIS,

Brel/nius.

PI. LXXVII, figs. 1-11.

CAP-STONES,
oval form, Plot. Nat. Hist, of Oxfordshire, p. 92, tab. ii, 1677.
ECHIKOCORYS VULGARIS,
Breyniu8. Sehediasma de Eehinis., p. 58, pl. iii, fig, 2,
1732.
Leske. Apud Klein Dispos. Echinod., p. 175, pls, xv,
SCUTATUS,
A, B, 1778.
OVATUS,
Le8ke. Ibid., p. 178, pl, xliii, fig. 1, 1778.
MINOR,
Leske, Ibid., p. 183, pI. xvi, c, D; pl, xvii, fig. a, b,
1778.
Leske. Ibid, p. 180, pl. xvi, figs. A, B, 1778.
PUSTULOSUS,
Gmelin. Systema Natures, t, i, p.3184, 1789.
ECHINUS SCUTATUS,
Gmelin. Ibid., p. 3185.
ECHINOCORYTES OVATUS,
Gmelin. Ibid.
PUSTULOSUS,
Eneyel. Method. Mollusques et Zoophytes, t. i, p. 143,
ANANCHITES PUSTULOSA,
Atlas, t. ii, pl. 154, figs. 12-17, 1791.
Lamarck.
An. sans Vert., t, i, p. 348, 1801.
OVATUS,
Parkineon. Organic Remains, vol. iii, p. 21, pl. ii, fig. 4,
ECHINOCORYS SCUTATUS,
1812.
Lamarek. Animaux sans Vertebres, vol. iii, p. 25, No. 1,
ANANCHYTES OVATA,
1816.
STRIATA,
Lamerek. Ibid., No. 2.
GIBBA,
Lamarek. Ibid., No. 3.
PUSTULOSA,.
Lamarek. Ibid., No. 4.
SEMIGLOBUS,
Lamarek. Ibid.; No. 10.
ANANCHITRES OVATUS,
Defrance. Die. Se. Nat., vol. ii, Suppl., p. 40, 1816.
ANANCHITES CARISATUS,
Defranee. Ibid., p. 41.
ECHINITES SCUTATUS, major et minor, Sehlotkeim. Petrefaktenkunde, p. 309, 1820.
ANANCHYTES OVATA,
Brongniart (Cuvier). Geo!' Environs de Paris, p. 390,
pl, M, fig. i, A,B, D, 1822.
HEMISPH~RICA , Brongniart.
Ibid., fig. 8, A, B, c, 1822.
ECHINOCORYS SCUTATUS,
Mantell. Geology of Sussex, p.191, 1822.
ANANCHYTES OVATA,
Deslonpchamp«, Mollusques et Zoophytes, t. ii, p. 61,
1824.
STRIATA,
De8longehamp8. Ibid., p. 62, No. 2.
GIBBA,
De81ongehamp8. Ibid., p. 62, No. 3.
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Dealongcnampa. Ibid., No. 4.
Dealongcnampa. Ibid., p. 63, No. 5.
Goldfuaa. Petrefact. Germaniee, vol. i, p. 145, pI. xliv,
OVATUS,
fig. 1, 1826.
Goldfue«, Petrefact. Germaniee, vol. i, p. 145, pI. xliv,
CONOIDEUS,
fig. 2, 1826.
STRIATUS,
Goldfuaa. Ibid., fig. 3.
ECHINO.CORYS OVATUS,
Man tell. GeoI. Transaet., vol. iii, p. 205, 1829.
ANANCHYTES OVATUS,
Blainville. Zoophytes, Dict. Se. Nat., t.Ix, p. 187, 1830.
STRIATUS,
Blainvilte. Ibid.
Blainville. Ibid.
PUSTULOSUS,
Blainville. Ibid.
SEMIGLOBUS,
GIBBUS,
Blainville. Ibid.
GIBBA,
Agaaaiz. Monogr. Radiaires; Mem. Soc. des Sc. Nat.
de Neuchitel, vol. i, p. 183,1835.
HEMISPHlERICA, Agaaaiz. Ibid.
GIBBA,
Agaaaiz. Ibid.
. PUSTULOSA,
Agaaaiz. Ibid .
Grateloup. Act. Soc. Lin, Bord., t. viii., Mem. Oursins
STRIATA,
Foss., p. 60, 1836.
GIBBA,
Grateloup. Ibid., p. 61.
SEMIGLOBUS,
Grateloup. Ibid., p. 62.
HEMISPHlERICA, Grateloup. Ibid., p. 62.
Grateloup, Ibid., p. 62.
CONOIDEA,
Grateloup. Ibid., p. 63.
PUSTULOSA,
OVATA,
Dea Moulina. 11itudes sur les 11ichin., p. 369, No. 1,1837.
Dea Moulina. Ibid., p. 370, No. 2.
CONOIDEA,
Dea Moulina. Ibid., No. 3.
STRIATA,
DeaMoulina. Ibid., p. 372, No. 4.
GIB BA,
PUSTULuSA,
Dea Moulina. Ibid., No. 5.
HEMISPHlERICA, Dea MOtdina.
Ibid., p. 374, No. 6.
SEMIGLOBUS,
Dea Moulina. Ibid., No. 8.
OVATA,
Agaaaiz. 11ichin. delaSuisse,p.30,pI.iv,figs.4-6,1839.
STRIATA,
Agaaaiz. Catal. Syst. ~ctyp. Echin. Foss. Mus. Neoe.,
p. 2, 1840.
Agaaaiz. Ibid.
CRASSISSIMA,
Agaaaiz. Ibid.
CONICA,
OVATA,
Dujardin. In Lamarck, Anim. sans. Vert., 2 ed., t. iii,
p. 316,1840.
STRIATA,
Dujardin. Ibid., No. 2.
GIBBA,
Dujardin.
No. 3.
PUSTULOSA,
Dujardin. Ibid., No. 4.
SEMIGLOBUS,
Dujardin. Ibid., No. 10.
CONOIDEA,
Dujardin. Ibid., No. 13.
HEMISPHlERICA, DlIjardin. Ibid., No. 14.
OVATA,
Roomer, Norddeutschen Kreidegebirges, p. 35, 1840.
Geinitz. Charakteristik. Petref. Kreidegebirges, p. 91,
1842.'
ANANCHYTES PUSTULOSA,

SEMIGLOBUS,

rua.,
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ANANCHYTES PYRAMIDATUS,
OVATUS,

Portloek,
Morri~.

Rep. on Londonderry, p. 355,1843.

Catal. of Brit. Fossils, p. 48, 1843.

CO~OIDEUS,

Morris. Ibid.
HEMISPHlERICUS, Morris. Ibid.
OVATA,
Siemonda. Mem. Geo.-Zoologique, Mem. Accad. Torino,.
ser, ii, tom. vi, p. 353, 1844.
Agassiz
et Desor. Catal. raison. des Echinides; Ann.
OVATA,
Se. Nat.,3 sene, t. viii, p. 29,1847.
Agassiz et Deeor. Ibid., p. 30.
GIBBA,
AOfJ8siz et Desor, Ibid.
STRIATA.
A.gasaiz et Desor, Ibid.
GRAVESII,
L1.gasaiz et Deeor. Ibid.
SEMIGJ.OBUS,
A.gassiz et Deeor. Ibid.
CONICA-,
Alliin Gras. Oursins Foss. de l'Isere, p. 65, 1848.
d'Orbigny. Prod. de Pal. Strat., No. 1147, t. ii, p. 268.
OVATA,
1850.
d' Orhigny. Ibid., No. 1148.
GIBBA,
STRIATA,
d'Orhigny. Ibid., No. 1149.
d'Orhigny. Ibid., No. 1150.
GuVESII,
d'Orhigny. Ibid., No. 1152.
SE:MIGLOBUS,
CONICA,
d'Orhigny. Ibid., N. 1154.
Eorbee. In Dixon, GeoI. of Sussex, p. 341,1850.
OVATA,
Sorignet. Oursins de l'Eure, p. 71, No. 89, 1850.
GIBBA,
Sorignet. Ibid., No. 90.
EUDESII,
Sorignet. Ibid., No. 91.
STRIATA,
Sorignet. Ibid., No. 92.
GRAVESII,
Sorignet. Ibid., No. 93.
CONICA,
Sorignet. Ibid., No. 94.
SEMIGLOBUS,
Sorignet. Ibid., No. 95.
OVATA,
Leymerie. Mem. Soc. Geo!. France, 2 ser., t. iv, p. 201,
pl. xi, fig. 5, 1852.
Quenstedt. Handbuch Petrefak., p. 591, pI.i,fig.19, 1852.
Forbes. Mem. GeoI. Survey, Dec. iv, pI. vi, 1852.
OVATA,
Bronn. Lethrea Geognost. Kreidegebirge, p. 206, 1852.
ECHINOCORYS VULGARIS,
d'Orhigny. Pal. Francaise Ter. Cretace, t, vi, p. 62,
pIs. 805,806, 1853.
PAPILLOSUS,
d'Orhigny. Pro part., ibid., p. 69.
ANANCHYTES OVATUS,
Morris. Catal. of British Fossils, p. 71, 1854.
ECHINOCORYS VULGARIS,
Leymerie and Cotteau. Catal. des Echin. des Pyrenees,
Bull. Soc. Geol. France, t, xiii, p. 331, 1856.
ANANCHYTES OVATA,
Desor. Synops. des Echinides Foss., p, 330, 1857.
Hebert, Craie de Meudon, Bull. Soc. Geol. de France,
2 ser., t, xvi, p. 145, 1858.
Coquand. Bull. Soc. Geo1.France, 2 ser., t, xvi, p. 10 16,
1859.
GRAVESII,
Coquand. Ibid.
GIBBA.
Coquand. Ibid.
STRIATA,
Coquand. Ibid.
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ANANCHYTES CONICA,
ECHINOCORYS VULGARIS,

ANANCHYTES OVATUS,

ECHINOCORYS VULGARIS,

ANANCHITIS OVATA,

ANANCHITES CONICA,
ECHINOCORYS GIBBA,
VULGA.RIS,
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Coquand. Ibid.
Cotteau. Ecb. d'Espagne Bull. Soc. Geol. France, t. xvii,
p. 373, 1860.
Strombeclc. Uber die Kreide bei Luneburg, Zeitscbrift
der Deutscben Geol. Gesellscbaft,vol. xv, p. 134, 1863.
Cotteau. ]jjcbinides Foss. des Pyrenees, p. 45, 1863.
Cotteau. Catal. des ]jjcbio. Foss. de I'Aube, p. 41,1865.
Tate. Cretaceous Rocks of Ireland, Quart. Journ. Geol.
Soc., vol. xxi, p. 31, 1865.
Ooster, Synop. des F::cbinod. foss. des Alpes Suisses,
p. 91, 1865.
Heer, Die Urwelt der Scbweiz, p. 205, vign., fig. 117,
1865.
Favre. Rec. Geol. Savoie, t, iii, p. 494, 1867.
Scklonback. Griinsandes von Rothenfelde, p. 821, 1869.
De Loriol. ])cbinides Cretaces de la Suisse, p. 308,
1873.

])iagnosis.-Test large, rounded anteriorly, with a circular, ovate, or suborbicular
ambitus; upper surface much elevated with turned sides; under surface flat; mouth
sunk in a deep depression; vent small and infra-marginal. My late colleague, Professor
Edward Forbes, admitted the following varieties.

FORMA a.-cAlta, hemiapherica, ambitu ooato,
ANANCHYTES OVATA and CONOIDEA, cAuctorum.
FORMA {3.-cAlta, elo'Jlgata, 8uperne depressa, ambitu ooato,
ANANCHYTES STRIATA, Auct.? OVATA, pars.
FORMA "'I.-Alta, superne depressa, ambit» orbiculari.
ANANCHYTES GIBBA, Aga88iz.
FORMA 8.- 8u!J-!llobularis.
FORMA E.-:.Alta, conica.
ANANCHYTES CONICA, Agas8iz, ANANCHYTES PYRAMIDATA, PortlOCK.
lJimen8ions.-Height, 55 millimetres; transverse diameter, 62 millimetres; anteroposterior diameter 75 millimetres. Monsieur Cotteau has given the comparative dimen-

.sions of the three varieties which he admits of this species.
Par. GIBBA.-Height, 69 millimetres; transverse diameter, 68 millimetres; antero-

.
.posterior diameter, 86 millimetres.
Far, cONoIDEA.-Height, 77 millimetres; transverse' diameter, 68 millimetres.,
antero-posterior diameter, 79 millimetres.
Par. CONICA (young form).-Height, 37 millimetres; transverse diameter, 33 millimetres; antero-posterior diameter, 43 millimetres.
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lJescription.-This fine large Urchin, so very characteristic of the Upper Cretaceous
formation, is rounded before and slightly contracted behind the upper surface, is much
elevated, inflated, and more or less regularly convex. Sometimes elevated and conical,
always slightly carinated in the posterior region. The inferior surfaceis flat, more or less
rounded at the border, and deeply depressed around the mouth, presenting, in the median
plane, an elevation which corresponds to the single interambulacral area. The ambulacral
summit is nearly central. The ambulacra separated without being disjoined, are entirely
similar to one another, and visible from the summit to the mouth; the poriferous zones
are formed of round holes placed obliquely in pairs; the holes are perforated in the middle
of the ambulacral plates (fig. 1 f), a form of structure which is altogether different from
other congeneric groups. The pairs of pores are set closely together in the upper part
of the zones, more widely apart on the sides, and remote from each other about the
ambitus; near the peristome the pores again approximate, where they are surrounded
by a stellate arrangement of the tubercles around the oral aperture (fig. 1 b and e).
The ambulacral plates are small and narrow in the upper part, and become'large and
broad in the lower and middle portions of the areas, and they are all perforated near their
centres.
The tubercles developed on the upper surface of the plates of both areas are small
and nearly equal in size, and those found at the hase are large and prominent. In wellpreserved specimens they are seen to be scrobiculated, crenulated, and perforated; they
are small and irregularly placed on the. upper surface (fig. 1 a,f), larger and more
regularly arranged near the ambitus, and in the middle of the under surface they are much
larger and more closely set together, and raised on bosses with crenulated summits
(fig. 1 g, h). The intermediate granulation on the surface of the plates is quite microscopic, abundant, and homogeneous, forming regular circles around the tubercles and
.
filling up all the intermediate spaces with minute granules (fig. 1 f).
The apical disc (fig. 1 d) is elongated; it is formed of four large perforated ovarial
plates and five large oculars. Of the two anterior ovarials the right one is the largest,
and supports the madreporiform body. The two anterior oculars are larger than the
other three, and the orbits in all are marginal; all the discal elements are closely soldered
together and covered with a fine granulation. On flint moulds (fig. 11) the position of
the central portion of the apical disc is marked by a space included within an oblong
groove. This groove is caused by the impressions of the walls of a solid tube-like body
projecting from the inner surface of the apical disc into the cavity of the test and directed
backwards. This organ appears to have been the sand canal, and was connected with
the madreporiform body, as shown in fig. 11. On flint moulds the pores of the avenues
are strongly projecting (fig. 10), where we notice the basal position of the poriferous
zones.
The small mouth-opening is situated in a deep depression near the anterior border.
At the termination of the median elevation the peristome is transversely oval, with a
•
"
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slightly prominent underlip, and there radiates from its .eircumference a stellate disposition of large tubercles (fig. lb, e), which highly ornament the oral opening. The
small vent opens at the infra-marginal region near the termination of the posterior carina
and behind an elevation and thickening of the test, which may be described as the anal
area; the periprocte is oval in the longitudinal direction (fig. a, b).
4fJinitie8 and lJijferences.-rrhe abundance of this species in the Upper Chalk beds
causes many variations of form to be displayed which have been described and
figured by collectors as distinct species; I shall mention some of the most remarkable.
The upper surface is often inflated and gibbous, very regularly convex, angular, and a
little contracted towards the base; this is the Anancltyte8 !libba, Lamarck, the Ananclt!jteR
striatu« (var. sub!llobo8Us), GoldfussI' Petref. Germaniee,' pl, xliv, fig. 3). Sometimes this
variety has the body more elongated, the upper surface less gibbous and marked in the
posterior region, with the carina more developed, the base always angular at the circumference and slightly contracted; this is the EcltinocorY8 soutatu«, Leske, and Anancltyte8
striata, Lamarck. Sometimes the upper surface, whilst preserving a gibbous and convex
aspect, is elevated and conoidal; this is the Anancltyte8 aonoideus, Goldfuss (pI. xliv,
fig. 2), the variety "I of Professor Forbes. When the ambitus is considerably contracted,
and the upper surface inflated, the shell has a remarkable subspherical appearance; it
then forms the Anancltyte8 Grave8ii, Desor. This variety sometimes attains a large size,
then the upper surface loses its gibbous aspect and becomes altogether conical, it is then
the EcltinocorY8 pU8tulo8u8, Leske, and the Ananchyte8 eonica, Agassiz.
All these varieties, and several others which are mentioned in the works of different
authors, such as Ananclt!Jte8 carinatus, Defrance, A. p!Jramidatu8, Port., A. 8emi!llobus,
Lamk., 'A. crassissima, Agass., A. Eudesii, Sorignet, &c., appear to be modifications of
the same type, and merely varieties of the fine formed shell I have figured as Ecltinocor!J8
vlllgaris, Breynius.
On this subject Professor Forbes observes,' cc To this last view I feel compelled to
assent, for, however distinct the forms termed ooaia, gibba, striata, semiglobu8, conica, &c.,
may seem when selected and contrasted in the cabinet, everyone of them is linked with
the others by the most delicate shades of gradation. Neither in degree of elevation,
rotundity, flatness of base or curve of back, smoothness or roughness, can I find any
constant character. Scarcely two individuals out of more than a hundred examples now
before me exhibit the same proportions."
.
The Ecltinocor!Jtes ouatu«; Leske (PI. LXXVII, fig. 9), is a well-marked form found in
the Chalk of Meudon. When compared with the EcltinocorY8 vulgari8 (PI. LXXVII,
fig. 1 a, b, c), its general outline is seen to be more ovoid, elongated, and more sensibly
rostrated posteriorly ; its upper surface is thicker and more inflated anteriorly ; the ambitus
is rounder, less angular, and the under surface more depressed around the mouth-opening;
the ambulacra are larger as they approach the summit, and form a less acute angle; the
1
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vent is, in general,more infra-marginal, and the single inter-ambulacrum has well-marked
eminences. Now, all these points of difference, so well marked in some specimens, are
not constant, since they gradually disappear in some and vanish away entirely in others.
Locality and 8tratigrapltical Range.-The variety EchinocO'TJJ8 ovatu8, Leske, is a
characteristic fossil of the White Chalk, and found in abundance in the south-east of
England, especially in the Counties of Kent, Surrey, Sussex, and the Isle of Wight. It
occurs in both the middle and lower parts of the series. The varieties striata, Lamk.,
and 8ubglobulari8 prevail in the Lower Chalk, so that varieties in point of form may have
a certain value in stratigraphical distribution, such as is apparent in certain species of
Micra8ter.
In Ireland, General Portlock found the variety E. ovatu8 was characteristic of the
Lower Chalk beds, whilst in England its horizon is the Upper Chalk.
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ADDENDA.

MICRASTER COR-TESTUDINARIUM,

Goldfuss. PI. LXXVI, fig. I a--f, and fig. 2 a-e.
Petref. German., p, 156, pI. xlviii, fig. 5,
°1826.
Agassiz. Prod. Monog. des radiaires; Mem. Soc. des
Sc. Nat. de NeuchAtel, t, i, p. 184, 1835.
Boemer. Nord-deutschen Kreidgebirges, p. 33,1840.
Morris. CataI. of British Fossils, p. 54, 1843.
Hebert, Foss. de la Craie du Meudon Mem. Soc.
GeoI. de France, 2 ser., t. v, pI. xxix, fig. 18, 1855.
.Evans. Proc. GeoI. Assoc., vol. v, No. 4, pI. ii, 1877.

SPATANGUS COR.TESTUDINARIUM, GoldfU88.

MlCRASTER

])iagnosis.-Test cordiform, greatest width at the junction of the anterior with the

middle third of the ambitus, posterior two-thirds tapering to a very narrow posterior
border. Upper surface convex, more or less elevated, anterior half obliquely declining
towards the anteal, sulcus, posterior half often developing a prominent central ridge
extending from the disc to the periprocte , summit central; surface of the plates covered
with small tubercles. Under surface convex; plates covered with large tubercles; mouthopening at a distance from the border, near the junction of the first with the second
fourth of the antero-posterior diameter of the base. Peristome transversely oval, with a
thick, projecting lower lip.
.Dimensions.-Height one inch and a half; length two inches and one tenth; width
two inches and one tenth.
.DesC'fiption.-1t is difficult to unravel the synonymy of this species, seeing that it
has been confused by some with Micraster brevis, and by others with liJpiaater gibbus; so
that unless we had the specimens referred to for special examination and comparison, it
would be impossible to determine the species indicated in some published lists. I have
limited, therefore, my synonyms to the few examplesI happen to know.
Goldfuss figured, as the type of his species, a large globular variety, but did not at
the same time indicate that it was an exceptional example, and for this reason English
geologists were long doubtful whether our Chalk contained the German MiC'l'aater
cor-teatudinarium, Goldf. In consequence of considerable importance having lately been
attached to this species by Continental geologists in their classification of the Cretaceous.
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formation, and good examples of the common type-forms of the Urchin having been sent
from France and Belgium for comparison with English specimens, it soon became evident
that we had an abundance of the form in our Cretaceous strata, and that with us, as on
the Continent, the species characterised a well-marked zone in the Cretaceous formation.
I am indebted to Caleb Evans, Esq., F.G.S., for a series of good specimens from different
Sussex and Surrey railway-cuttings, to illustrate the stratigraphical distribution of this
species; and in order that I might figure the ordinary forms of the true German types
of Mic. cor-teatudinarium, I applied to my friend, Herr C. Struckmann, of Hanover, a
distinguished palreontologist, to send me good types of this Echinide to enable me to
give figures of it for reference; and I beg to thank my friend for four beautiful examples,
one of which I have figured in PI. LXXVI, fig. 1 a-f, for comparison with the British
forms obtained from sections on the Surrey and Sussex Railway, near Purley and Kenley,
villages between Croydon and Caterham, and likewise from Dover.
It is a very difficult matter to describe the points in which Micraater cor-anguinum
differs from Micraater cor-testudinarium, Micraater breviporus, and Micraster cor-boois,
inasmuch as these four forms blend into each other by intermediate shapes, which may
be obtained from a number of specimens of each group; and yet typical examples of the
four forms when placed alongside each other, seem sufficiently distinct to the eye of the
observer to justify the separation of the species.
In Micraater cor-testudinariem, the test, in general, is flattened on the upper surface,
and the ambitus from the anterior third backwards tapers much towards the posterior
border, so that the shell has an elongated pyriform shape not much inflated at the sides.
In some specimens with an elevated upper surface the test assumes a conoidal outline, as
seen in PI. LXXVI, fig. 1 b. In somea prominent ridge extends from the apical disc to
the periprocte (fig. 1 a and fig. 2 a), which is absent in others; in all, the anteal sulcus is
shallow and only slightly grooves the anterior border (fig. 1 a and fig. 2 a); the apical
disc is likewise nearly always central and lies in a depression at the summit (fig. 1 a,
fig. 2 a).
The pairs of petaloid ambulacra are of unequal length, the antero-lateral pair is one
third longer than the postero-lateral; they are not flexed, and extend straight and obliquely
outwards at an angle of 40° (fig. 1 a and fig. 2 a); the poriferous zones have "ery
small holes arranged in pairs, with a double row of granules extending vertically between
the two rows, and forming, in the petaloid portion of the area, a well-marked boundary to
the central suture, which is very much depressed. The non-petaloid portion of the area is
formed of rhomboidal plates which are articulated with the large interambulacral series
(fig. 1 d); the single ambulacrum filling the anteal sulcus is narrow, the pores are placed
closer together, and the plates are flatter, and have an imbricated appearance in many
specimens (fig. 1 a, fig. 2 a). The non-petaloid portion consists of longer rhomboidal
plates with the pores situated widely apart and visible down to the central sulcus
(fig. 1 d).
..
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The interambulacral areas are wide, and formed of large plates, eight, ten, or twelve in
each column, according to the age of the Urchin. They are largest at the base and diminish
in size on the sides and upper surface. The plates are covered with several (four to six)
irregular rows of tubercles, nearly uniform in size, and from 20 to 30 on each (fig; 1 d); the
surface of the plates is covered with a microscopic granulation, which forms circles around
the tubercles. At the base, the tubercles are much larger, especially about the cheeks
and anteal sulcus, and on the plastron they are closely clustered together; they are
encircled by smooth areolse, each surrounded by a ring of granules (fig. 1 f).
The subanal fasciole is very distinctly visible in all the specimens that have passed
through my hands.
The apical disc is a small body set in a central depression, and composed of four
perforated ovarial, and five perforated ocular plates, all closely welded together, the
right antero-lateral ovarial having a small madreporiform body on its surface (fig. 2 d).
The posterior border is narrow and truncated obliquely downwards and inwards.
The vent occupies the upper part of this region, and the oval periprocte opens beneath the
termination of the central ridge on the upper surface (fig. c).
The base is rounded laterally, and flattened in the longitudinal direction, the mouthopening is situated at some distance behind the sulcus, the peristorne is transversely oblong,
and the under lip forms a strong projecting process of the shell (fig. 1 c and fig. 2 b).
AfJinities and ])ijferences.-I have already pointed out (pp. 275, 279) the affinities
which this Urchin has with Micraster cor-anguinum on the one side, and with Micraster
breviporus and Micraster cor-booi« on the other, and have stated how difficult it is to detect
any characters of specific value by which it may be described as distinct from either. I
have long considered M. cor-testudinarium as a variety of M. cor-anguinum. The backward
position of the mouth-opening, the flatness of the upper surface, and more cordate shape of
the test, are not characters of specific value, although they may be useful in establishing
the fact that varieties lived under special conditions in the Cretaceous sea, and a separation of the varieties may, therefore, he of value for stratigraphical purposes.
8tratigrapltical Position.-Mr. Meyer regards Mo cor-testuditlarium as a characteristic
fossil of the Dover chalk, and M. cor-anguinum of the Charlton Chalk which belongs to a
much higher bed in the Cretaceous series ,' and this appears to correspond with the
horizons in which these forms are found in France and North Germany.
Herr Struckmann's specimens of Micraster cor-testudinarium, Goldf., were all obtained
from the Middle Pleener of Hanover, and very much resemble the English Urchins
collected from the cuttings of the Surrey and Sussex Railway,-so much so that, were
they not carefully marked, the English and German forms could not be distinguished from
each other. Two of the specimens were collected from the Middle Plamer of Weddingen
near Liebenburg, and the largest of these is figured in PI. LXXVI, fig. 1 a, b. The details
of the anatomy of the test are given in fig. 1 c, showing the backward position of the
1
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mouth-opening and the width of base, fig. 1 d shows three large interambulacral plates,
with numerous irregular rows of tubercles on each set in an abundant microscopic
granulation, with parts-of the petaloid and non-petaloid portions of the ambulacralarea
magnified to show the wide-set disposition of the pores in the poriferous zone in the
petaloidal, and their very different condition in the nonpetaloidal parts; fig. 1 e shows the
size and distribution of the smaller tubercles, and fig. 1 f the size and structure of the
larger tubercles, where each tubercle is seen encircled by a smooth areola, With a circle
of granules disposed around the margin thereof; fig. 2 d 1 exhibits the structure of the
apical. disc, and shows the four ovarial plates with very large holes, having the five
ocular plates arranged alternately with the ovarials, and the large madreporiform body
covering the central portion of the disc. A third specimen, which resembles very much
the one I have figured, was collected from Othfresau near Liebenburg. The fourth
specimen resembles the bre'liiporu8 variety, and was found at Langelsheim, near Gosler;
Hanover.
When we compare Herr Struckmann's specimens with the figures in Goldfuss's
"Petref, Germanize,' pJ. xlviii, fig. 5 a, b, we see that the type specimen was shorter,
broader, and more globular than the Hanoverian Urchins, and that the specimen, fig. 5 d,
of smaller size, very much resembles the English Urchins from Purley figured in
PI. LXXVI, fig. 2 a, of this work. The types figured by ~rof. Goldfuss were collected
from the Chalk of Westphalia, and other examples are recorded from the White Chalk of
Maestricht and Quedlinburg, and from the Hard or Lower Chalk of Ooesfield.
In Belgium, France, and Germany two zones of Chalk have been recognised by
. Continental geologists, characterised respectively by Mic'raster cor-anfluinum and M. corte8tudinarium, the former characteristic of our Charlton Chalk, and the latter of the
Dover Chalk, and these, it has been shown by Mr. Meyer, F.G.S., and Mr. Caleb Evans,
F.G.S.,2 who have paid special attention to this subject, exist in England.
In 1876 Dr. Charles Barrois published a very valuable memoir on "le Terrain
Cretace 8uperieur de I'Anflleterre et de l'Irlande," in which he described the Chalk of
the South Downs and the Hampshire Basin, and most other parts· of England and
Ireland, and has clearly shown that it is possible to correlate the zones of life in the
English Chalk with corresponding zones which he has already established in the Chalk of
France. Mr. Caleb Evans contributed to the Geologists' Association in 1877, a valuable
paper," with figures of species, "On the Forms of the Genus Jltz'craster common in the
Chalk of West Kent and East Surrey," in which he pointed out the distribution of the
species in these zones.
The classification which Dr. Barrois adopts is shown in the following Table, to which
I have added the English equivalents of the same as identified by Mr. Caleb Evans.
1 In the lettering of this plate the numerals 1 d have been twice repeated; that of the apical disc
should be 2 d.
2 • Proceedings of the Geologists' Association,' vol. v, No. 4, p. 149, i'sn.
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Dr. Barrois' General

Classification.

Zone a Be/emnitella.
"
MarsujJ.ites.

Gravesend Beds?

M. cor-a~[Juinu1Jt.

"
~,

.ZIf. cor-testudinarium.
"
Holasterplanu«.
"
Terebratulina [JJ'acilis.
"
Inoceramus labiatus.
"
Belemnites plenu8.
"
Holasier sub-[Jlo.bosus.
Zone a Pecten asper.
"
Ammonites injlatus.

MICRASTER BREVIS,

Desor.

Mr~ C. Evans' Classification in East Surrey and
West Kent.

.

,

Charlton and Croydon Beds.
Riddlesdown Beds.
Kenley Beds.
Whiteleaf Beds.
Upper Marden-Park Beds.,
Lower Marden-Park Beds.
Oxtead Beds.

PI. LXXV, figs. 2 d, 3 a-;9'

Sismonaa. Echin. foss. de Nizza, p. 29, tab. i, fig. 13, 1843.
Hebert. ]jjtud. sur les terr. Cretaces; Mem. Soc. Geol. de
France, 2e ser., tom. v, tab. xxix, fig. 19, 1854.
SPATANGUB ANANCHYTOIDES, Deemoul, Tab!. Synom., p. 406, 1837.
MICRASTERBREVIS,
Desor. Synopsis des :Echinides Foss., p. 364, 1858.
MICRASTER LATUS,
BREVIS

nia[Jnosis.-Test cordiform, very short, as broad as it is long; antero-lateral ambulacra
long and wide, postero-lateraI pair shorter ; poriferous zones wide, holes forming a pair
placed far apart. Test elevated; sometimes conoidal; anteaI sulcus very shallow; single
ambulacrum similar in structure to the anterior pair; posterior border narrow and very
obliquely truncated.
ne8cription.-This Urchin appears to belong to the" Craie a ltippuritea" and has
n:.any structural affinities with certain forms of M. cor-testudinarium; it is, however, a
much wider shell with a more elevated upper surface, and as far as external form goes
very different from that species; the summit is excentral, a little nearer the anterior
border. The ambulacral areas are built of narrow elongated plates, f}nd the pores
forming pair are placed wider apart than in any of the congeneric forms I have
.described.
My late friend, Monsieur Michelin, sent me several very good type shells from the
"Uraie hippurites" from Sougraigne, near les Bains de Rennes, and Soulage, Corbieres, Aude; it is found also at 'Iuco, near Daseneuve, cc Craie de Tercis au Perigord
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~tage Senonien."

Among the many varieties of Micrasters collected from the Chalk rocks
of the British Islands, I have seen no form that I can assign to Micraster brevis. I have
given a drawing of a good type form of this species for reference should any forms allied
to it be discovered in course of time; and have furnished numerous details for special
comparison. The wide ambulacra, with narrow elongated plates and wide-set pores in
the zones, the character of the tubercles in the plates (fig. 3 f and g). the structure of
the apical disc, with the uniform structural character of the five ambulacra, form an assemblage of points of structure which are very diagnostic of this species. My learned friend,
Monsieur Cotteau, considers this form to be a variety only of M. cor-testudinarium , in
reviewing the-different varieties of this species he remarks,' "in the south-west of France,
and in the basin of the Mediterranean, the variety which predominates is short and dilated
before, and wider than it is long. It is the M. brevis, Desor, which we can collect by
hundreds in the quarries of Villedieu and of Saint-Fraimbault, and in the Chalk of
Oorbieres at Sougraigne and at Soulage (Aude)."

CATOPYGUS PYRIFORMIS, Golrlfuss.

PI. LXXVIII, fig. 2 a, h, c.

NUCLEOLITES PYRIFORMIS,
CATYOPYGUS

GoldfU88. Petref. Germanire, p. 141, pI. 43, fig. 7, 1829.
Aga88iz and Desor. Catal, raison, R. 6, An Sciences Nat.,

TENUJPORUS,
PYRIFORMIS,

d'Orbigny.

tom. 7, ser. 3, p. 158, 1847.
Ibid., ibid., R. 7.
Prodrome Il, p. 271, lJ}tage 22, 1850.

])ia!J1losis.-Test ovate, posterior border produced and tapering, upper surface
depressed, posterior half most elevated and slightly carinated; ambitus inflated, posterior
border narrow, truncated, vent in the middle covered by the beak-shaped termination of
carina, base flat, plastron elevated, oral aperture central, surrounded by five prominent
lobes with petaloidal expansions proceeding therefrom; ambulacral areas narrow, equal
sized, poriferous zones with 10-12 pairs of pores set obliquely and well spaced out;
periprocte oblong, transverse, test thick, external surface covered withfine,close-set
granules lodged in depressed areolas excavated out of the test like the small concavities
around the top of a thimble, those on the bale larger than those of the upper surface.
.Dimensio1ls.-Antero-posterior diameter 190 of an inch; transverse diameter across
the widest part of ambitus /6 of an inch; height 150 of an inch.
])escriptio1l.-I am indebted to Mr. K 'I', Newton, F.G.S., Paleeontologist of the
Survey, for calling my attention to this very beautiful Urchin, obtained by Mr. J.
F. Walker, F.G.S., of York, and said to have been collected from the Upper Greensand
of Warminster. This specimen was presented by him to the Museum of the Royal
School of Mines, Jermyn Street, where it is now contained. :4.. careful examination of
1

'lJ}chinides du Depart. de la Sarthe,' p. 323, 1861.
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the matrix of this Urchin has, however, raised doubts in my mind as to the accuracy of
the stratum and locality. Mr. Walker it appears bought it from a dealer in Warminster,
who may have had it in exchange along with some foreign specimens. Oatopy//UIJ pyri.
formis is found in the Senonian of Maestricht, Ciply, and Sens, Yonne, and is a very
characteristic Urchin of this stage of the Cretaceous formations.

•
The following description and figures of a new species of Pseudodiadema have been
forwarded to me by my valued friend, the ~ev. Professor Thos. Wiltshire, F.G.S., as a
contribution to my Addenda.
PSEUDODIADEMA FRAGILE, Wiltshire.

PI. LXXX, figs. I-H.

•, Test somewhat small, thin, circular, depressed, almost flat on upper surface, slightly
convex on under. Poriferous zones narrow, straight, pores unigeminal on upper surface,
trigeminal on lower. Ambulacra narrow above, rather wider below, with two rows of
'small perforated tubercles from oral aperture to above ambitus. Interambulacral wide,
two rows of small primary: perforated tubercles in the middle extending the whole distance, and two rows of secondary perforated tubercles on lower side,ceasing after passing
the ambitus. .Miliary zone granular below, showing a few secondary tubercles above
and below the ambitus. Mouth-opening large, peristome circular, lobed. Discal
opening large, pentangular, Spines small, slender, straight; surface striated, strie
interrupted and diverging, and producing a roughened surface.
.Dimensions.-Height less than l inch, transverse diameter Il inches.
Description.-The test is thin, circular, almost flat on upper surface, slightly rounded
on under. In the specimen from which the drawings were made the upper and under
sides, prior to their fossilisation, had been subjected to considerable pressure, and brought
into closer contact than they were in the living stage. The distance between the upper
and the under sides therefore cannot be accurately determined; probably the figured
specimen was under half an inch in height.
The ambulacral areas are straight and narrow (about two-ninths the width of the
smbulacra at the upper side, and nearly one-half at the peristome), contracting in their
range upwards. Two rows of about nine perforated tubercles (one tubercle to each
plate) start from the under side, and cease soon after passing the ambitus. The tubercles
are small, placed in small areolee, with slightly projecting bosses and crenulated summits,
and are separated by an undulating series of granulations. The poriferous zones are
narrow and straight. The pores are oval and simple, and are arranged in single file
throughout the zones, save near the peristome, where they form into a few transverse
lines of sets of three potes.
The interambulacral areas are four times the width of the ambulacral at the equator,
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and are throughout much wider than the latter. On the under side they have four rows
of small perforated primary tubercles, crenulated, and slightly raised above a smooth
areola, whose margin is generally surrounded by granules. The two inner rows are best
developed, and extend from the peristome to the discal margin; the two exterior rows
are absent from the uppermost plates. The figured specimen (figs. 6, 11) seems to
have had ten tubercles in the inner rows. The miliary zone is narrow in the inframarginal region, is wider in the middle, and expands at the upper side; it is :fi1.led with
small irregularly placed granules, among which, on the upper side near the junction of
plates, are a few mamillated tubercles, one on each plate.
The spines (figs. 3, 8) are extremely fine, needle-shaped, rather longer than twice the
width of the plates of the ambitus; are solid, though occasionally longitudinal internal
cavities exist. The surface is sculptured with fine long lines, and is marked by alternate
angular contractions and expansions, so that the section lengthways is serrate, but
circular in the opposite direction. A representation of a similar spine will be found in
PI. XIV, fig. 2 e.
Locality and Stratigrapltical Position.-The very rare Urchin illustrated on PI.
LXXX, figs. 1-11 was obtained many years since by myself from the Upper Chalk at
Gravesend. When the fossil was first discovered it exhibited no more than the inner
surface of the plates of the upper side. Indications, however, were not wanting to show
that the fracture of the pieceof chalk containing the Pseudodiadema had split the test into
two halves, along the plane of the ambitus, and that the second piece of chalk which
bore the impression of these plates (and which fortunately had been saved) contained the
under plates of the Urchin. The two halves were afterwards mounted on plaster of
Paris, and carefully cleaned until the parts of the test previously concealed began to
appear. In the removal of the chalk evidence was given that several extremely fine
hair-like spines, with a striated and quasi-imbricated exterior, were in contact with or
close to the test, and were the spines of the Urchin. Such spines are occasionally met
with in the Upper Chalk, and solitary plates similar to those depicted in figs. 1, 5, are
found in the same geological horizon. It is very unusual for the plates and spines to be
associated together as in the present instance.
Affinities and J)ijferenees.-PseudodiademafrafJile has some resemblance to Pseudodiadema ornatum of the Lower Chalk, but can be distinguished by its smaller and
widely separated tubercles, the general smooth surface of its test, and its spines with their
series of short longitudinal striations, which by their divergence form a succession of
fringes. Tbe circumstance tbat the plates of this Urchin are generally found separated
from one another has suggested the specific name ofJragile."

At pages 1-14 I gave an account of the subdivisions of the Cretaceous beds of
England as they were recognised at that period when that' part of my Monograph was
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written, viz. in the year 1864. I append now, however, as a conclusion to my work,
the following remarks by A. J. Jukes-Brown, Esq., F.G.S., on a proposed new classification of the English Chalk.
English geologists have hitherto been accustomed to divide the Chalk into three
portions, which have long been known by the name of: (1) Chalk Mar! j (2) Lower
Chalk, without flints; (3) Upper Chalk, with flints. But recent researches have shown
that such an arrangement is not supported by either stratigraphical or palreontological
evidence, and that the divisions above named do not constitute natural rock-groups. It
is time, therefore, that a new nomenclature should be introduced, founded on a better
syetem of classification.
"D'Orbigny's divisions of Cenomanian, Turonian, and Senonian have long been
adopted on the Continent, and in 1875 they were applied to the English Chalk by Dr.
Ch. Barrois, who found that even the zonal subdivisions of the system were substantially
the same in both countries.' That system might be accepted in England.
The zones of the English Chalk in the Eastern and Southern Counties may be thus
stated on the authority of the respective authors whose names are appended.
'C

Cambridgeshire.
J ukes-Brown,

Norfolk.
Woodward.

~'lupper zones conCealed}
....
Upper Chalk
Upper Chalk
~ Zone of Micrasters
Chalk with flints
Chalk Rock
?
Zone of Hola8ter Planu81
.; Zone of Terebratulina Medial Chalk and Zone of Terebratulina
gracilis
::a
gracilis
part of the Lower
Zone of Cardiaeter pyg~ I Zone of R~y~ckonellaJ
Chalk
maJUS
Cuvaert
Belemnite Mar!
. Melbourn Rock
11

f"'" l
...:

z one of Hola8ter 8ubgloho8u8
Totternboe Stone

r

I

Fti

~

Zone of Rkynckonella
Martini
l Cambridge Greensand

Hunstanton Chalk
? Inoceramus bed
? Absent
Red Chalk in part

Dorset.
Barrois.

Kent.
Price.

Zone
Zone
Zone
Zone

a Belemnitelles,
a. Marsupites.
aMicraster.

1
1

a Holaster planus.
Zone a Terebratulina I
gracili8.
r
Zone a Inoceramus labia- I

)
Belemnite81
plenu8.
Zone of Hola8ter sub- Zone a Holaster subglobosU8
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" It will be seen from the above that the Lower Chalk, may be defined as including the
three minor divisions hitherto called Chloritic Marl, Chalk Marl, and Grey Chalk; the
Totternhoe Stone being only a local development of sandy stone between the two latter.
'The Lower Chalk will therefore correspond with the Cenomanian of D'Orbigny. It is
characterised by an abundance of Oephalopods, Ammonites, 'I'urrilites, Scaphites and
Nautili. The most characteristic species are Ammonites Mantelli, Am. varians, Am.
Rhotomal/ensis, Lima fJlobosa, Plicatula injlata, RhlJncltonella Martini, Holaste1' sub!/lobosus, H. ltevis and Diseoidea subucula.
1

Recherches sur le Terrain Cretace Superieur de l' Angleterre et de l'Irlande,

Lille, 1876.
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The Middle Chalk may be taken to include the greater part of that formerly known
as the Lower Chalk, and will answer to the French Turonian. Its fauna is very different
from that of the beds below, most of the Cenomanian species having died out during the
interval marked by the formation of the Melbourn Rock, while other new species were
introduced, the chief of these being .dmmonite« nodosoides, Am. peramplu8, Inoceramu«
mytiloitle8, Rhynchonella Cuvieri, Ecltinoconu8 8ubrotuntlu8, Cyplto8oma 8impletc, Oardiaster
P!l!lmaJU8, and Holasterplanu«.
" The Upper Chalk may be regarded as equivalent to the Senonian of the French.
It is characterised by the abundance of Micra8ter coran!luin?,/m, Cidaris sceptrifera, Terebratula carnea, Lima Hoperi, and in the higher zones by Marsupite8 omatus, Ecltinoconu8"
conicu8 and Belemnitella mucronata."
H

ApPENDIX I.

SUMMARYl OF THE :BRITISH CRETACEOUS EOHINOIDEA.

Order-ECHINOIDEA, Wrigltt (p, 19).
Body-shell (tesf) spheroidal, oval, cordate, or depressed, without arms, furnished with
a distinct mouth (oral opening), whose border (peristome) is sometimes simple, sometimes lobed, always placed either in the centre or forwards on the under side; when the
oral opening is not central its position marks the anterior region; armed with five calcareous sets of plates (jaws), or not armed (edentulous). Anal opening (vent, periprocte, discalopening) variously situated on the upper (dorsal) or under (basal) side in
the centre (central) or away from the centre (e3Jcentral), or in intermediate positions on
the marginal border (circumference, ambitus, equator). Body enclosed in a shell (tesf)
composed usually of twenty, sometimes of more than twenty (as in the family of the
Paleeosoic Periscltoecltinid(lJ), columns of calcareous plates, forming in either case ten
areas; plates either solidly connected or capable of movement. Five of the areas (ambulacral) narrow or wide, containing each two rows of apertures (porijerou8 zones) for the
passage (in the living state) of retractile suckers (ambulacral tubes). The other five areas
(interambulacral) more or less wide, destitute of sucker pores. Ambulacral pores disposed in single pairs (unigeminal), double (bigeminal), or triple oblique (trz'geminal).
Ambulacral pore-columns (areas) sometimes continuous from the peristome to the summit
(complete), sometimes confined to the upper surface of the test (interruptetl), or forming
re-entering curves (petaloid). Surface of test studded with tubercles (primary,8econdar!l,
and miliary), possessing spines of various forms and dimensions, solid or hollow, smooth,
striated, serrated. Spines articulated on the rounded upper part of a tubercle (mamelon)
which rises from a conical process (b08S). Base of tubercle surrounded by a round, oval,
smooth, excavated space (areola or 8crobicule>: Summit of test marked by an apical
(genital) disc, composed generally of five genital and five ocular plates, usually in contact
and central. Cutaneous surface of shell, especially near the mouth, bearing in the living
stage small, tripartite, pincer-like bodies (pedicellarite), placed on a short stalk, whose
~
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lower portion encloses 'a calcareous nucleus. Pedicellariee capable (in the living state) of
seizing small bodies and passing them from one to the other. Movement of the animal
effected by the motion of the spines and the ambulacral tubes;
The ECHINOIDEA (including the Perischoechinidse) range from the Silurian to the
existing period, and are represented in the British Cretaceous formation by ten families
(CIDARID..E, DIADEMAD..E, SALENIADlE, ECHINOTHURIDlE, ECHlNICONIDLE, ECHINONIDlE,
ECHINOBRISSIDlE, ECHINOLAMPIDlE, SpATANGID..E, and ECHINOCORIDlE), and give thirty
Cretaceous genera in one hundred and thirteen species, and are divisible into one
Palreozoic section, the P ALECHINOIDEA, with more than twenty rows of plates, and two
Mesozoic and Cainozoic sections, the ECHINOIDEA ENDOCYCLICA and the ECHINOIDEA
EXOCYCLICA, wfth twenty rows of plates.
Section.

A.-Echinoidea endocyclica,

Wrigltt (p. 29).

An.al openin./l within the /lenital plates, always opposite the mouth.

Jaws alwaY8

present.
The section includes SIX families: CIDARlDlE, HEMICIDARIDlE, DIADEMAD-2E,
ECHINID..E, SALENIADlE, and ECHINOTHURIDlE, ranging from the Trias to the existing
period. Four families (CIDARIDlE, DIADEMADlE, SALENIADlE, and ECHINOTHURIDlE) are
represented in the British Cretaceous strata, and give eleven genera: CIDARIS, PSEUDODIADEMA, PEDINOPSIS, ECHINOCYPHUS, GLYPHOCYPHUS, CYPHOSOMA, PELTASTES, GONIOPHORUS, SALENIA, COTTALDIA, and ECHINOTHURIA, consisting of fifty-nine species.
:PAMILY I.-CIDARIDAJ, Wri/lltt (p. 35).
Test thick, spheroidal, generally depressed at the upper and under surfaces. Ambulacral areas narrow, usually undulating, and destitute of primary tubercles. Interambulacral areas wide, carrying a few large primary perforated tubercles. Poriferous zones
narrow; pores generally unigeminal. Oral and anal openings large. Peristome destitute of notches. Apical disc large, composed of five large, equal-sized, angular genital
plates, and five ocular plates. Jaws large. Primary spines long, massive, and more or
less cylindrical. Family ranging from the Trias to the existing period, and represented
in the British Cretaceous strata by one genus, ClDARIS, with seventeen species (pp.
35-79).
Genus l.-CIDARIS, Klein (p. 35).

Test thick, more or less depressed. Ambulacralareas undulating. Primary tubercles
few, rarely more than six in a row. Miliary zones more or less wide. Pores of the
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poriferous zones unigeminal and contiguous. Range of genus, from the Trias to the,
existing period. Seventeen British Cretaceous species (pp. 36-79).

FAMILY II.-DIADEMADAJ, Wrigltt (p. 80).
Test in general moderately thick, subpentagonal, more or less depressed. Ambulacral
areas almost always straight, more or less wide, furnished with two or four rows of
tubercles often as large as those of the interambulacraL Interambulacral areas equal to,
or double as wide as, the ambulacral. Tubercles of the interambulacral areas crenulated
or non-crenulated, either primary, of equal size, in two to eight rows, generallyperforated,
or with two or four rows of secondary tubercles, much smaller in size, filling up the
interspaces of the area. Poriferous zones narrow and almost always straight; pores
unigeminal, bigeminal, or trigeminal. Oral and anal openings usually large. Peristome
strongly decagonal, generally deeply notched. Spines cylindrical, solid or tubular.
Those of the fossil not longer than the diameter of the shell; surface of the solid forms
covered with very fine minute longitudinal strise , and those of the tubular with oblique
annulations of fringe-like scales. Jaws large. Range of family, from the .Trias to the
existing. period. Family represented in the British Cretaceous strata by five genera;
PSEUDODIADEMA, PEDINOPSIS, ECHINOCYPHUS, GLYPHOCYPHUS, CYPHOSOMA, and by
twenty-three species (pp. 87-124, 341, 342).

Genus 2.-PSEUDODIADEMA, Desor (p. 86).
.Test moderately thick, generally not large. Ambulacral areas one third to one half
the width of the interambulacral. Ambulacral areas furnished with two rows of primary
tubercles. Interambulacral areas sometimes provided with two rows of primary tubercles,
sometimes with two rows of primary and two to four short rows of smaller secondary
tubercles, sometimes with four or six rows of nearly equal-sized primary tubercles at the
equator. Primary tubercles of both areas perforated, having sharply-crenulated summits.
Poriferous zones narrow and straight; pores of poriferous zonesunigeminal throughout, or
bigeminal in the upper part of the zones. Oral opening large. Peristome deeply notched.
Anal opening pentangular. Spines solid, cylindrical or needle-shaped, short, and covered
longitudinally with very minute microscopic lines. Range of genus, from the Lias to the
Upper Cretaceous beds. Twelve British Cretaceous species (pp. 87-113, 341, 342).

Genus 3.-PEDINOPSIS, Ootteau (p. 113).
Test thin, of moderate size, inflated, sometimes subconical. Ambulacral areas rather
wide, furnished with two complete and two incomplete rows of small perforated and
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crenulated tubercles. Interambulacral areas marked at ambitus by six to ten lines of perforated and crenulated tubercles, decreasing in number above and below until only two
lines remain. Poriferous zones wide and straight; the pores bigeminal throughout, and
forming at the upper surface and ambitus two distinct rows, becoming blended together
at the inframarginal region and remaining conspicuous at the base. Oral opening subcircular and lobed. Apical disc small. Spines unknown. The genus is only met with
in the Cretaceousstrata. One British Cretaceous species (pp. 114-116).

GenU8 4.-EcHINOCYPHUS, Ootteau (p, 116).
Test thin, small, circular, more or less inflated on the upper surface, concave at the
base. Ambulacral areas rather wide, furnished with one, rarely two, rows of primary
tubercles. Interambulacral areas with two rows of tubercles. Tubercles of both areas
of nearly the same size, alternate, crenulated, but not perforated. Interambulacral plates
of base sculptured, with more or less strongly marked sutural depressions, and exhibiting
on their surface a border of radiating miliary granules. Poriferous zones nearly straight,
narrow; pores unigeminal. Oral opening moderately large, subcircular, provided with
slight lobes. Anal opening of same size. Apical disc unknown. Spines unknown.
The genus is only met with in the Cretaceous strata. Two British Cretaceous species
(pp. 116-119).

GenU8 5.-GLYPHOCYPHUS, Haime (p. 120).
Test thin, small, circular, more or less inflated above,· concave below. Ambulacral
areas somewhat narrow, generally with two rows of alternate tubercles, sometimes with
only one row. Interambulacral areas with two rows of alternate tubercles. Tubercles of
both areas of nearly the same size, crenulated and perforated. Ambulacral and interambulacral plates marked by sutural depressions; surface around the tubercles covered
with fine, close-set, homogeneous granules. Poriferous zones straight, narrow; pores
unigeminal. Oral opening small, subcircular, divided into lobes by feeble incisions.
Anal opening not large, subpentagonal. Apical disc small, solidly united to the test,
forming an elongated oval ring. Spines unknown. The genus confined to the
Cretaceous strata. One British Cretaceous species (pp. 121-124).

GenU8 6.-CYPHOSOMA, A!lassiz (p, 128).
Test thick, moderate in size, circular or subpentagonal. Sides slightly inflated,
depressed, convex above, flattened below. Ambulacral areas furnished with two rows
of prominent crenulated and imperforate primary tubercles.· Interambulacral narrow

349

SUMMARY.

above, wide below, with two perfect and sometimes two imperfect rows of prominent
crenulated and imperforate primary tubercles; the two perfect rows close together at the
peristome and wide 'apart at the anal opening. Primary tubercles of the same size in
both areas. Poriferous zones well developed, straight on upper side, undulating at the
ambitus and base; poriferous plates unequal and irregular. Pores unigeminal, more
-or less bigeminal on upper surface and crowded together at the peristome. Oral opening
large, subcircular, incised and lobed. Anal opening large, pentagonal, the angles
extending into the middle portion of the interambulacra. Elements of anal disc feebly
united. Spines long, solid, of moderate thickness, cylindrical, aciculate, spatuliform or
spoon-shaped. T~~, genus confined to the Cretaceous strata. Seven British Cretaceous
species (pp. 129-)44.
i

'

. ~AMILY III.-SALENIADAJ. 7JTrigltt, (p. 144).
Test thin, small, spheroidal, hemispherical or depressed. Ambulacral areas wide or
narrow, straight or flexuous, furnished with two rows of secondary tubercles alternating
with each other on the margins of the area. Interambulacral areas wide, having two
rows of primary, crenulated tubercles perforate or imperforate. Poriferous zones narrow.
Pores unigeminal, except near the peristome where they faU into oblique rows of three.
Oral opening sometimes small, sometimes large, more or less decagonal, deeply or feebly
indented. Anal opening sometimes small. Apical disc large or small, pentagonal or
undulated, much developed, carrying a suranal plate in the middle of the disc, consisting
of one to eight separate elements. Periprocte excentric. Spines long, slender, straight,
curved, angular or flattened, ovoid or subglandiform. Family ranging from the J urassic
to the existing period, and represented in the British Cretaceous strata by foul' genera:
PELTASTES, GONIOPHORUS, SALENIA, COTTALDIA, in eighteen species (pp. 149-189).

Genus 7.-PELTASTES, .Agassiz (p. 149).
Test thin, small, circular, more or less inflated above, almost flat below. Ambulacral
'areas narrow, straight, or slightly flexuous, furnished with two rows of small, close-set,
alternating secondary imperforate tubercles. Interambulacra large, provided with two
rows of large crenulated, imperforate tubercles. Poriferous zones narrow. Pores
unigeminal, crowded near the peristome, Oral opening moderate in size.' Peristome
slightly incised, unequally lobed. Apical disc generally large and solid, projecting
above tbe surface, marked by impressions and striee, shield shaped, composed of large
plates more or less undulated at the border. The' right antero-lateral ovarial provided
with an oblong fissure always directed from right to 'left and corresponding to the
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oviductal pore and representing the madreporiform body. Periprocte excentric, elliptical,
its minor axis in a line with and near to one of the ambulacral areas. Spines slender,
striated. Range of genus, from the Lower Cretaceous to the existing period. Seven
British Cretaceous species (pp. 150-162).

GenU8 8.-GoNIOPHORUS, Agassiz (p. 165).
Test thin, circular, elevated above, flat below. Ambulacral areas narrow, slightly
undulating, with two rows of secondary alternate imperforate tubercles. Interambulacral
areas wide, marked by two rows of primary, alternate, crenulated tubercles. Poriferous
zones narrow. Pores simple unigeminal. Oral opening small. Peristome decagonal,
slightly incised, and equally lobed. Apical disc large, regularly pentagonal, smooth without
incised impressions, ornamented with prominent carinee independent of the form of the
ovarial plates. Periprocte excentric, rhomboidal, elliptical, with its minor axis in a line
with but distant from one of the ambulacral areas. Disc composed of five ovarial and
five ocular plates, and one suranal. Genus confined to Cretaceous strata. One British
species (pp. 166-169).

Genus 9.-SALENIA, Gray (p. 169).
Test thin, small, circular, elevated, sides inflated, more or less convex above, flat
beneath. Ambulacral areas narrow, gently flexuous, with two or four rows of equalsized secondary imperforate tubercles. Interambulacral areas wide, with two rows of
primary, crenulate, imperforate tubercles. Poriferous zones narrow, pores unigeminal,
crowded near the peristome. Oral opening large. Peristome feebly incised, unequally
lobed. Apical disc large, shield shaped with deeply undulated border. The ovarial
and suranal plates large and pentagonal, the oculars wide and cordate with punctured
or incised sutures. Surface of plates smooth, granulated, or striated. Periprocte subcircular, excentric, and variable in position in the different species, but on the right side of
a line passing through the axis of the body. Spines long and slender, aciculate or spatulate,
straight or bent. Range of genus, from the Lower Cretaceous strata to the existing
period. Nine British Cretaceous species (170-186).

Genus 10.-CoTTALDIA, Desor (p. 186).
Test extremely thin, small, circular, inflated, more or less depressed. Ambulacral
areas moderately. narrow, furnished with numerous small mamillated, imperforate,
uncrenulate tubercles, one row to each plate. Ambulacral areas moderately wide, with
numerous small equal-sized, imperforate, uncrenulate tubercles, one row to each plate.
Poriferous zones straight. Oral opening depressed, large, circular, slightly decagonal,
feebly notched. Apical disc solid, narrow, forming a prominent ring composed of five
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perforated, rhomboidal ovarial plates, and five cordate oculars, much granulated.
Periprocte small. Spines unknown. Range of genus, from the Upper Greensand to the
existing period. One British Cretaceous species (pp. 187-189).
FAMILY IV.-ECHINOTHURID.LE, Wjjv. T1tomson.
Test thin, circular, flexible, plates more or less overlapping, those of the ambulacral
areas imbricating from below upwards, those of the interambulacral from above downwards. Under and upper sides sometimes very different. Ambulacral and interambulacral areas carrying primary perforated tubercles, and scattered secondary tubercles
and granules. Poriferous zones with three pairs of pores. Oral and anal openingslarge.
Oral opening protected by scale-like plates. Jaws strong. Spines thin, hollow, with
projecting processes arranged in an imperfect spiral. Range of family, from the
Cretaceous to the existing period. One British Cretaceous genus (ECHINOTRURIA) and
-one speCies.

Genus 1L-EcHINOTHURIA, Woodward (p. 124).
Test circular; depressed, plates slightly overlapping. Ambulacral plates narrow, long,
imbricating from the anal aperture towards the oral aperture. Interambulacral plates
.arranged in the reverse order. Ambulacral plates containing two smaller plates, each
perforated by a pair of pores intercalated in a notch in the middle of the lower margin,
and perforated by a third pair of pores nearer the interambulacral areas. Primary
tubercles of the ambulacra perforated, few, and irregularly distributed. Alternate plates
of the interambulacral areas bearing one perforated primary tubercle. Oral openinglarge.
Spines small, slender, striated, fringed. ,One British Cretaceous species (pp. 125-127).

Section

B.-Echinoidea exocyclica, Wri!;ltt (p. 29).

Anal openinfJ outside the fJenital plates, never opposite tlte'mouth.
The section contains eight families: ECHINOCONIDlE, COLLYRITlDlE, ECHINONID..E,
ECHINOBRISSIDlE, ECHINOLAMPIDlE, CLYPEASTERIDlE, ECHINOCORIDlE, SPATANGIDlE,
and ranges from the Liassic to the existing period. Six families (ECHINOCONlDlE,
ECHINONlDlE, ECHINOBRISSlDlE, ECHINOLAMPlDlE, SPATANGIDlE, ECHINOCORlDlE), are
represented in the British Cretaceous strata by nineteen genera: DISCOIDEA, ECHINOCONUS, HOLECTIPUS, PYRINA, CATOPYGUS, CLYPEOPYGUS, ECHINOBRISSUS, TREMATOPYGUS, CARATOMUS, PYGURUB, HEMIASTER, EPIASTER, MICRASTER, ECRINOSPATAGUS,
ENALLAS'1'ER, CARDIASTER, INFULASTER, HOLASTER, ECHINOCORYS; and by fifty-four
species.
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FAMILY V.-ECHINOCONIDAJ, Wriflht (p. 198).
Test thin, circular, elongated or pentangular, elevated or depressed. Ambulacral
areas narrow. Interambulacral areas ·wide. Both areas covered with numerous small
perforated and crenulated tubercles. Poriferous zones simple, narrow, straight. Pores
unigeminal except near the peristome, where they are trigeminal. Oral opening on
nnder side central, circular, or pentagonal, notched into ten nearly equal lobes armed with
five jaws. Apical disc central on upper side, composed of five ovarial and five ocular
plates, madriporiform body very large, extending from the right antero-lateral ovarial
plate into the centre of the disc. Anal opening variable in position on upper, lower, or
marginal surface. Spines small, short, subulate. Range of family, from the Lower Oolites
to Upper Chalk. Three British Cretaceous genera: DlSCOIDEA, ECHINOCONUS and
HOLECTYPUS, with eleven species (pp. 198-234).

GenU8 12.-DISCOIDEA, Klein (p. 199).
Test thin, circular, hemispherical, elevated. Ambulacral areas straight, narrow.
Interambulacral wide, covered with numerous small, perforated, crenulated tubercles ..
On the inner side surface of the interambulacral plates near the poriferous zones are
thick, shelly processes projecting inwards and forming small septa. Poriferous zones
very narrow. Oral opening small, circular. Peristome decagonal, marked by slight
notches. Anal opening oval, always inferior, and placed between the peristome and
border, covered with small irregular granular plates. Apical disc solid, forming a slight
projection on the summit of the test, having four or five perforated and one imperforate
ovarial plates. Spines short and stout. Range of genus, from the Upper Greensand to
the White Chalk. Five British Cretaceous species (pp. 200-213).

GenU8 13.-EcHINOCONUS, Brel/niu8 (p, 21:3).
Test thin, round, oval or pentagonal, enlarged a little before and slightly contracted
behind. Upper surface more or less elevated, rounded or conoidal, under surface flat,
sometimes concave. Ambulacral areas lanceolate. Interambulacra wide. Tubercles
perforated and crenulated. Poriferous zones straight, narrow. Pores unigeminal
becoming trigeminal at the peristome. Oral opening central, small, circular. Peristome
subdecagonal, notched. Jaws present. Apical disc solid, placed at summit, having
four perforate and one imperforate ovarial plates. Ocular plates verysmall and interposed
between the angles of the ovarials, Spines small, acicular. Range of genus, from the
Upper Greensand to the Upper Chalk. Five British Cretaceoas species (pp. 213-231)~
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. Genua 14.-HoLECTYPUS, Desor (p. 231).
Test thin, circular or subcircular, more or less hemispherical, conical or subconical,
always tumid at the sides and flat or concave at the base. Ambulacral areas narrow,
straight, lanceolate, with six or eight rows of small, perforated and crenulated tubercles, of
which the marginal series only extend from the base' to the apex. Poriferous zonesnarrow,
pores unigeminal throughout.
Interambulacral areas wide, furnished with small
perforated and crenulated tubercles. Interambulacral plates not carrying on the inner
surface projecting plates. Oral opening circular, central. Peristome notched. Jaws
present. Apical disc central, vertical, composed of five ovarial and five ocular plates.
The right antero-Iateral much the larger and supporting a prominent madriporiform
body. In Oolitic species, anterior and posterior plates perforated, and single plate
imperforate; in Cretaceous species all the plates perforated. Anal opening large,
inframarginal rarely, marginal sometimes occupying the centre space between peristome
and border. Spines short, longitudinally striated. Range of genus, from the Inferior
Oolite to the Lower Chalk. One British Cretaceous species (pp. 233, 234).

:FAMII,y

VI.-ECHINONID.LE, Wri!lltt (p. 234).

Test thin, oval, or round, depressed. Ambulacral areas small, lanceolate. Interambulacral wide. Plates of both areas furnished with small, equal-sized imperforate
and noncrenulate tubercles. Oral opening subcentral, irregularly pentagonal. Jaws
absent. Apical disc nearly central, four ovarial plates perforated, one imperforate.
Anal opening oblong, pyriform, basal or marginal closed by plates. Range of family,
from the Cretaceous rocks to the existing period. One British Cretaceousgenus: PYRINA,
and three species (pp. 235-239).

Genua 15.-PYRINA, IJesmoulina (p. 235).
Test thin, oval or round, depressed or globular; under surface inflated and often
depressed around the mouth opening. Ambulacral areas moderately narrow, lanceolate.
Interambulacral areas wide. Both areas covered with small equal-sized and imperforate tubercles. Poriferous zones straight and narrow, pores in regular pairs. Oral
opening oval, oblique, subcentral. Peristome destitute of lobes. Apical disc small, subcentral, with four perforated genital plates. Anal opening oval and marginal, generally
nearer the upper than the under surface. Spines unknown. Three British Cretaceous
species (pp. 236-239).
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FAMILY VII.-ECHINOBRISSID.£, Wright (p. 240).

Test thin, circular, oblong, subpentagonal or clypeiform, covered with microscopic
perforate or imperforate tubercles surrounded by excavated areolee. Ambulacral areas
narrow. Poriferous zones more or less petaloid, pores set at different distances apart,
and united by connecting sutures. Interambulacral areas wide. Oral opening small,
nearly central, pentagonal. Peristome generally lobed. Jaws absent. Apical disc
small with four perforate and one imperforate genital plates; ocular plates very small.
Madriporiform body extending into the centre of the disc. Anal opening in a furrow
ill upper margin or under surface of the single interambulacrum. Range of the family,
from the Oolitic to the existing period. Five British Cretaceous genera: CATOPYGUS,
CLYPEOPYGUS, ECHINOBRISSUS, rrREMATOPYGUS, CARATOMUS, and eight species (pp.
241-256).

Genus 16.-CATOPYGUS, Agassiz (p. 240).
Test thin, oval or elongated, convex above, flat below, sides inflated, anal half much
higher than oral half. Ambulacral areas narrow, petaloid above, forming a straight band
on under side. Poriferous zones composed of an inner series of round pores, and an
external series of elongated pores arranged in conjugate pairs; tubercles very small,
numerous and scattered. Oral opening small, subcentral, pentagonal, with five prominent lobes. Apical disc small at the summit, prominent, with four perforated ovarial
plates, and five microscopic ocular, the madriporiform body projecting. Anal opening
small, round or oval, situated in the posterior border, at the summit of the vertical truncation of the posterior border. Spines unknown. Range of genus, from the Lower
Greensand to Upper Tertiary. Three British Cretaceous species (pp. 241-246, 340).

Genus 17.-CLYPEOPYGUS,

a' Orbign!f (p.

246).

Test thin, oblong, depressed, convex above, concave below, covered with numerous
small tubercles which are larger on the under side than the upper, and are placed in
areal depressions. Ambulacral areas narrow and subpetaloid on upper surface, narrow
below, and suddenly contracting near the peristome. Poriferous zones unequal in width
from summit to base. Interambulacral area wide. Oral opening excentral nearest the
anterior border. Peristome pentangular, surrounded by five rosettes of buccal pores, and
separated by five prominent lobes. Apical disc small, excentral, and composed of four
perforated and one imperforate genital plates, the right antero-lateral supporting the
madriporiform body, which extends into the middle of the disc and forms a prominence
there. A Lower Cretaceous genus. One British Cretaceous 'U?ecies (pp. 247, 248).
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Genua 18.-EcHlNOBRISSUS, llreynius (p, 248).
Test small, ovalor subcircular, rounded anteriorly, truncated posteriorly; base slightly
concave, upper surface convex; plates covered with microscopic granulations, and perforated tubercles in depressed areas. Ambulacral areas narrowly lanceolate. Oral
opening small, excentral, pentagonal, lodged in an excentral depression. Apical disc
small, ·quadrate and compact, composed of four perforated and one imperforate genital
plate; the right antero-lateral supports the madreporiform body. Anal opening oval,
in a grooveextending from the summit to the margin. Range, from the Inferior Oolite to
the existing period. Two British Cretaceous species (pp. 249-251).

Genus 19.-TREMATOPYGUS, d'OrbilJny (p. 252).
Test thin, ovate, contracted and rounded before, more or less enlarged behind, convex:
above, concave on under surface. Ambulacral areas subpetaloid above, narrow below.
Oral opening irregularly pentagonal, compressed obliquely from left to right, and from
above downwards. Apical disc quadrate, excentral, with four perforate ovarial plates,
and one imperforate plate. Madreporiform body covering the genital elements, and
forming a prominencein the centre of the disc. Oculars very small. Anal opening very
large, pyriform elongated above the margin and placed in a groove. One British
Cretaceous species (pp. 253, 254).

Genus 20.-CARATOMUS, Aga8siz (p. 254).
Test thin, small, ovoid or circular, rounded before, often rostrated behind; sides
inflated, convex above and below. Ambulacra petaloid on upper surface, straight below.
Poriferous zones with simple, equal, non-conjugate pores, disposed in pairs closely
approximated at the summit, apart in the middle, and approximated at the ambitus,
feebly indicated at base by lines converging around the peristome. Interambulacral
zones wide, covered with large tubercles. Oral opening nearly central, always obliquely
elongated. Apical disc nearly central, with four perforated ovarials and five oculars, the
madreporiform body extending into the middle of the disc. Anal opening inframarginal
and not visible from upper surface, transversely oblong or triangular, and sometimes
placed in a rostrated development of the single interambulacrum. Genus found in the
Cretaceous series of rocks. One British Cretaceous species (pp. 255-256).
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FAMILY VIII.-ECHINOLAMPIDAl, Wrillltt (p. 256).
Test thin, oval, oblong, elevated "or subdiscoidal, studded on upper and under surface
with small tubercles, often perforated on sunken areolee. Ambulacral areas large, petaloidal. Poriferous zones wide; pores distant, united by sutures, and extending nearly to
the margin. Oral opening small, subcentral. Peristome with five prominent lobes and
well-developed petaloid concavities. Jaws absent. Apical disc very small, excentral,
and composed of four perforated genital and one imperforate plate, with five oculars
wedged into the circumference of the disc. Range of family, from Lower Oolites to the
existing period. One British Cretaceous genus: PYGURUS, with one species(pp. 256-260).

Genus 21.-PYGURUS, d' Orbigny (p. 257).
Test large, discoidal or clypeoidal, rostrated posteriorly, furnished with small perforated tubercles on sunken areolee. Ambulacral areas strongly petaloidal. Poriferous
zones near the peristome crowded in triple oblique ranks. Oral opening pentagonal,
excentral. Peristome with five lobes and bays. Apical disc small. Anal opening oval
inframarginal, surrounded by a distinct area. Range of genus, from the Lower Oolites
to the Upper Greensand. One British Cretaceous species (pp. 258-260).

FAMILY IX.-SPATANGIDAl, d'Orblf;ny"(p. 260).
Test thin, oval or cordiform, covered with small perforated tubercles. Fasciole generally present. Ambulacral areas united at the summit. Anterior ambulacrum lodged in
a depression which extends to the anterior border. Oral aperture anterior, bilabiate.
Jaws absent. Apical disc with two or four genital pores, sometimes in proximity, sometimes apart. Ocular pores five, arranged pentagonally at the apices of the ambulacra.
Anal opening posterior and supramarginal, and closed by small plates. Spines hairlike.
Range of family, from the Cretaceous to the existing period. Five British Cretaceous
genera: HEMIASTER, EPIASTER, MICRASTER, ECHlNOSPATAGUS, and ENAI,LASTER, in
fifteen species (pp. 260-292).

Genus 22.-HEMIASTER, Desor (p. 261).
Test: thin, elevated, cordiform, ambulacral summit excentral and posterior. Fasciole
single, circumscribing the petaloid portions of the ambulacra. The pairs of ambulacra
petaloidal, unequal in length, and lodged in depressions, having large poriferous zones, with
"

"
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elongated pores placed close together. The single ambulacrum in a long shallow
anteal sulcus, with very narrow poriferous zones composed of small round pores disposed
apart in oblique, widely separate simple pairs. Oral opening bilabiate, very excentral
near the margin. Apical disc small, compact, with four perforated genital plates and
five very small oculars. Anal opening oval, high up on the posterior border. Genus
'Cretaceous. Three British Cretaceous species (pp. 262-264).

Genus 23.-EpIASTER, d' Orbign!J (p. 265).
Test thin, oblong, more or less elevated, often cordiform', with small crenulated
tubercles apart, furnished with interspaced granules. No fascioles. Antero- and
postero-lateral pairs of ambulacra petaloidal and lodged in depressions. Anterior pair
longer and more developed than posterior. Poriferous zones equal in each ambulacra,
composed of elongated pores, shorter in the internal than the external rows. Single
ambulacrum lodged in a well-defined furrow, composed of pores different from those of
the antero- and postero-lateral pairs. Oral opening near the anterior border and strongly
bilabiate, the inferior lip strong and prominent. Apical disc with four perforated
genital and five ocular plates. Anal opening round or oval, situated at the posterior
border. Genus confined to Cretaceous strata. Two British Cretaceous species
(pp. 265-270).

Genus 24.-MICRASTER, Agas8iz (p. 270).
Test thin, cordiform, more or less inflated. Tubercles perforated, crenulated, sparsely
distributed on upper surface, larger and closer below. Fasciole subanal, forming a ring
around the posterior extremity, embracing half of the upper and half of the lower part of
the border. Ambulacral pairs petaloidal, closed at their extremities, the anterior
exceeding the length of the posterior pair. Anterior ambulacrum in a wide, shallow
furrow, indenting the border of the test. Poriferous zones equal in each ambulacra ;
pores oval, joined by transverse depressions. Oral opening transverse, near the border,
bilabiate with prominent projecting lip. Apical disc small, central, solid, composed of
four perforated ovarial and five perforated ocular plates. Madreporiform body small,
located in the middle of the disc. Anal opening oval in the upper part of the border
under a ridge-like projection of the dorsal surface. Spines small, acicular. Genus found
in Cretaceous strata. Four British Cretaceous species (pp. 271-280, 335-340).

Genus 25.-EcHINOSPATAGUS, Bre!Jnius (p. 280).
Test thin, cordiform, granulated, more or less inflated above, flattened below.
.Fasciole absent. Tubercles of various sizes, crenulated, most numerous at the anterior
46
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border. The pairs of ambulacra petaloidal, unequal in length, large, lodged in a
depression. Poriferous zones of the anterior pair longer and wider than the posterior pair.
The single ambulacrum lodged in a wide, deep anteal furrow; its poriferous zones are
narrow and equal, and the holes are smaller and placed closer together than the pores iu
the pairs. Oral opening small, subpentagonal near anterior border. Apical disc compact, composed of four finely perforated ovarial plates, and five small oculars with madreporiform body extending into the centre of the disc. Anal opening oval, placed in the
upper part of the posterior border. Spines unknown. Genus found in the Cretaceous
strata. Four British Cretaceous species (pp. 281-287).

Genus 26.-EN ALLASTER, d' Orbign!J (p. 288).
'rest thin, cordiform, tubercles small, chiefly developed on sides and base. Ambulacral summit subcentral. Ambulacral pairs subpetaloid, unequal, and depressed. Poriferous zones in the anterior pair unequal. The posterior zones much larger and wider
than the anterior zones. Single ambulacrum wider than laterals, in a wide anteal
furrow with narrow poriferous zones, and pores arranged obliquely. Oral opening sub.
pentagonal near anterior border. Apical disc small, with four perforated ovarial and
five perforated ocular plates. Anal opening oval, at summit of truncated posterior
border. Genus found in the Lower-Cretaceous strata. 'I'wo British Cretaceous species
(pp. 288-292).
FAMILY X.-ECHINOCORIDAJ, Wright (p. 292).
Test thick or thin, oval, cordate or conoidal, furnished with irregular small perforated
tubercles. Sometimes a marginal fasciole. Ambulacral areas equal, narrowly lanceolate,
converging to the vertex. Poriferous zones narrow; pores disposed in pairs. at a
distance apart. Oral opening transversely oblong, often bilabiate near the anterior
border. Apical disc small or large, narrow and elongated, having four perforated and
one unperforated ovarial plate with five perforated oculars. Anal opening round.
marginal, or supra-marginal. Spines small. Range of family from the Lower
Cretaceous to the existing period. Four genera: CARDIASTER, lNFULASTER, HOLAsTER,
ECHINOCORYS, with sixteen species (pp. 293-334).

Genus 27.-CARDlASTER, Forbes (p. 293).
Test thin, cordiform, upper surface convex, anteal furrow well-marked with angulated
borders. Tubercles perforated, raised UPO!} crenulated bosses and surrounded by areolee,
A.fasciole passing beneath the anal opening and continued on the sides. Oral opening
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near the margin. Apical disc elongated. composed of four perforated genital and five
perforated ocular plates. Genus found in the Cretaceous strata. Seven British
Cretaceous species (pp. 293-304. 325-327).

Genus 28.-INFULASTER, HafJenow (p. 305).
Test thin, narrow, oblong. ovato-cordate. Anterior half very much elevated, rIsmg
into a prominent vertex. Anteal furrow narrow, deep, directed obliquely downwards and
backwards with angular borders. Plates covered with very small granules, and with a
few primary tubercles near vertex, and at sides and centre of under surface. Sur-anal
fasciole present. Oral opening transverse near furrow. Anal opening oval, high up on
truncated border. Genus found in the Cretaceous strata. Two British Cretaceous
species (pp. 305-308).

Genus 29.-HoLASTER, AfJassiz (p. 309).
Test thin, oval, cordiform, convex above, flat below, covered with granulations and a
few tubercles irregularly arranged. Pairs of antero- and postero-lateral ambulacral areas
lanceolate, widely apart above, joined below. Poriferous zones with elongated por~s in
single pairs. Single anterior ambulacrum lodged in a shallow central furrow with
minute pores. Ambulacral summit central or subcentral. No fasciole. Oral aperture
transversely oval and perfectly bilabiate, near anterior border in a slight depression.
Apical disc elongated with four perforated ovarial plates and five perforated oculars.
Genital plates disposed in pairs, the anterior being separated from the posterior by a
pair of ocular plates. Anal opening oval. low down near base. Range of genus, from
Middle Cretaceous to Middle Tertiary. Six British Cretaceous species (pp. 310-324)•

•
Genus 30.-EcHINOCORYS, Breynius (p. 327).
Test thin, more or less oval, elevated. helmet shaped. convex or conoidal above, flat
below. Ambulacral areas identical, radiating from summit. Pores round, in single
pairs, set obliquely apart in the middle of the ambulacral plates and forming two rows
in each area. Oral opening transversely oval, bilabiate near border. Apical disc
elongated, formed of four ovarial and five ocular plates. The two pairs of ovarial plates
separated by a pair of oculars. Anal opening small, oval in vertical direction, marginal
or infra-marginal. Genus found in Upper Cretaceous strata. One British Cretaceous
species (pp. 328-334).

APPENDIX IT.
RANGE IN GEOLOGICAL TIME OF THE BRITISH CRETACEOUS
ECHINOIDEA.
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ECHINOIDEA ENDOCYCLICA.
Family I. CIDARID..E,

"

"

"

Wr~qkt.

Genus 1. Cidaris ............................................. x ... x ... x
II. DUDEMAD..E, Wrigkt.
Genus 2. Pseudodiademe, Desor. ........................ x ... x x x
3. Pedinopsis, Ootteau ........................... ... ... .. , X
x ... x
" 4. Echinocyphus, Ootteau ........................
" 5. Glyphocyphus, Haime ........................
x
" 6. Cyphosoma, Agassiz ........................... x x
"
Ill. SALENIADlE,
Wr~qkt.
Genus 7. Peltastea, Agassiz .................... , ......... .. , ... x ... x
x
8. Goniophorus, Agassiz ...........................
" 9. Salenia, Gray .................................... x x x ... x
" 10. Cottaldia, Desor................................. ... ... .. , ... x
"
Wyv. Tnomson.
IV. ECHINOTHURIDlE,
Genus 11. Echinothuria, Woodward ..................... x

...

...

x x

...

x x x x

x

... x ... x x

ECHINOIDEA EXOCYCLICA..

V.

ECHINOCONID..E, Wrigkt.
Genus 12. Discoidea, Klein ............... .. .. .. ... .. . .. . ... x x x ... x ... x
13. Eehinoeonus, Breynius ........................ x x x x x
""
14. Holectypus, Deeor .............................. ... ... ... x
VI. ECHINONIDlE, Wrigkt.
"
x x x
Genus 15. Pyrina, Desmoulins ... .. . ... .. . .. . .. . ... .. . .. . .. .
VII. ECHINOBRISSIDlE, Wrigkt.
"
Genus 16. Catopygus, Agassiz :.......................... ... ... x x x ... ... '"
·17. Clypeopygus, .4.. d'Orbigny ..................
" 18. Behinobrissus, Breynius............... ... ... ...
x x x
" 19. Trematopygus, A. d'Orbigny .................. .. , ... .. , ... ." ... ... ' "
"" 20. Caratomus, Agassiz ........................... .. , ... ... ... x
ECHINOLAMPID..E,
Wrigkt.
VIII.
... ... ... x
"
Genus 21. Pygurus, d'Orbign.1J
IX. SPATANGID..E, d'Orbigny.
"
Genus 22. Hemiaster, Deeor. .. .... ... .. .... ... ... ... .. . .. . ... ... X ... ... .. . X
x
23. Epiester, d'Orbigny ........................... x
" 24. Micr&ster, Agassiz ............................. X X
" 25. Echinospatagus, Breynius............ ... .., ...
~ X ., .
"" 26. Enallaster, d'Orbigny ...... .. .. .. .. .. .. .. .. ... . . ... ... ... ... x ... ...
X. ECHINOCORID..E, Wrigkt.
"
x x ...
Genus 27. Cardiaster, Forbe« .............................. x x
x x
28. Infulaster, flon Hagenow
" 29. Holaater, Agassiz
x ... x x x ... x
" 30. Echinocorys, Breynius ......................:0. x

"

x
x

... x

........................... ...

...

...

.....................
..............................

"

... x

x

... x
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FAMILIES, GENERA, AND SPECIES OF THE BRIFISH
CRETACEOUS 'ECHINOIDEA.

Tke aynonymB are printed in Iialie«,

ARBACU., Gray; Bee Cottaldia.
"
(pars), Agassiz; Bee' Glyphocyphus.
"
granulosa, Agassiz; Bee Cottaldia Benettiee.
"
radiata, Roemer; Bee Glyphocyphus radiatus.:
ANANCBYTES, Lamarck; Bee ECHINOCORYS.
"
anali8, Roemer; ~ee Cardiaster pillula.
"
carinatu8, Defrance; Bee Echinocorys vulgaris.
"
conica, Agassiz; Bee Echinocorys vulgaris.
"
conoideuB, Goldfues , Bee Echinocorys vulgaris.
"
cordata, Lamarck; Bee Cardiaster ananchytes.
"
c,"asBi8sima, Agusiz; "Bee Echinocorys vulgaris.
"
Budesii, Sorignet; Be~ Echinocorys vulgaris.
"
gibha, Lamarck; Bee Echinocorys vulgaris.
"
Gra'DeBii, Agassiz and Desor. ; see Echinocorys vulgaris.
"
kemiBpkcerica, Brongniart; Bee Echinocorys vulgaris.
"
O'DatuB, Lamarck; Bee Echinocorye vulgaris.
"
pillula. Lamarck; Bee Cardiaster pillula•
.,.
pu8tul08a, Lamarck; Bee Echinocorys vulgaris.
"
pyramidatuB, Portlock; Bee Echinocorys vulgaris.
"
1'U8tica, Defrance; Bee Echinocorys vulgaris.
"
8emiglohuB, Lamarck; Bee Echinocorys vulgaris.
"
Btriatua, Goldfuss; see Echinocorys vulgaris.
CARATOMUS, Aga8aiz
"
rostratus, Aga88iz
CARDIASTER, ForheB
"
anancbytis, Le8lte
"
Benstedi, Forbe«
"
hiaulcatu8, Forbes; see Cardiaster Perezii.

• 240, 254, 355
• 255
293,358
• 302
• 293
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PAGE
CARDIASTER fossarius, Benett
"
granulosus, Forbes; Bee Cardiaster ananchytis.
"
latieaimus, Agaaaiz
"
Peresii, SiamonrIa
"
pillula, Lam.
"
pygmreus, Forbea
.,
auborbicularia. Forbes; see Cardiaster latissimus.
C-fSSIDULUslapis-cancri, Morris; see Echinobrissus Morrisii.
CATOPYGUS. Aga88iz
..
carinatus, Agassiz; see Catopygus eolumbarius.
..
castanea, Agassiz; see Echinoconus castanea.
"
columbarius, Lamarck
"
pyriformis, GolrIfuss
"
tenuiporua, Agassiz, see Catopygus pyriformis.
"
Vectensis. Wrigkt
CIDARIDlE, Wrigkt
CIDARIS. Klein •
"
ambigua, Desor; see Cidaris subvesiculosa.
"
Bowerbankii, Eorbes
..
Carteri, Forbes
"
clavigera, Konig •
"
clavigera, Reuse; see Cidaris serrifera.
..
eorollaris, Klein; see Cyphosoma corolIare.
"
coronalis, Gmelin; see Cyphosoma corollare.
"
cretosa, Morris; see Cidaris sceptrifera•
.,
"Mantell; see Cidaris subvesiculosa.
..
cucumerina, Parkinson ; see Cidaris sceptrifera.
"
Dixoni, Cotteau •
..
dissimis, Forbes
..
Faringdonensis, Wright
"

.,
"
"

"
"
"
"

"
"

"
"
"

"
"

"

gaultina, Forbes •
globiceps, Quenstedt; see Cidaris velifera.
granulo-striata, Desor; see Cidaris subvesiculosa.
Heberti, Desor; see Cidaris clavigera.
velifera.
"
hirudo, Sorignet
intermedia, Wiltshire
Koenigi, MantelI; see Cyphosoma Koenigi.
longispinosa, Sorignet; see Cidaris personata.
Merceyi, Cotteau.
Michelini, Sorignet; see Cidaris velifera.
ovata, Sorignet; see Cidaris subvesiculosa.
papillaia, var. Leske; see Cidaris elavigera,
papillata. MantelI; see Cidaris subvesiculosa.
perornata, Forbea .
piaifera, Agassiz; see Cidaris velifera.
pleracantha, Agaaaiz

297
• 295
299
• 325
• 301

240,354

241
340

245
30,35,346
81, 191,346
45,77

39
48,71

67,76
46
69
•

36

64
69

60

62,76

•

•

67
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propin9ua (pars), Desmoulins; see Cidaris clavigera.
"
punctillum, Sorignet; see Cidaris serrifera,
"
Roetn.eri, Cotteau; see Cidaris vesiculosa.
"
Sartkacencis, d'Orbigny; see Cidaris perornata,
"
saritilis, Morris; see Cyphosoma corollare,
"
sceptrifera, Mantell
"
serrifera, Forbes . ,
"
spinulosa, Gueranger , see Cidaris vesiculosa.
"
subvesiculosa, d'Orbigny
"
sulcata, Forbes; see Cidaris hirudo.
"
variolaris, D'Archiac; see Pseudodiadema variolare.
"
velifera, Bronn
"
vesiculosa, Goldfuss
"
tJesiculosa, Morris; see Cidaris subvesiculosa.
"
"
(pars), Reuss; see Cidaris sceptrifera.
OID.J.llITES, Lamark; see Cidaridee,
"
granulosus, Goldfuss; see Cyphosoma granulosum.
"
Q1'natus, Goldfuss; see Pseudodiadema ornatum.
"
variolaris, Brongniart; see Pseudodiadema variolare.
"Goldfuss; see Cyphosoma Koenigi.
"
CLYPEASTER, Lamarek
"
oviformis, Lamarck; see Pygurus lampas,
CLYPEOPYGUS, a:Orbigny •
"
Fittoni, Wrigltt
CONULUS, Klein
"
albogalerus, Klein; see Echinoconus conicus.
"
bulla, Klein; see Echinoconus abbreviatus.
"
globulus, Klein ; see Echinoconus abbreviatus.
"
HaU'kinsii, Mantell; see Discoidea cylindrica.
"
nodus, Klein; see Echinoconus abbreviatus.
"
eubrotundu», Mantell; see Echinoconus subrotundus.
CIDAIUS

Desor
Benettiee, Konig
granulosa, Desor; see CottaldiaBenetfiee.

COTTALDIA,

"
"

Agassiz
corollare, Klein
dijftcile, Agassiz; see Echinocyphus difficins.
granulosum, Goldfuss
Koenigi, Mantell
magnificum, Agassiz
magniflcllm, Graves; see Cyphosoma Koenigi.
mespilia, Woodward; see Echinocyphus mespilia.
Middletoni, Woodward; see Cyphosoma magnificum.
Milleri (pars), Agassiz and Desor; see Cyphosoma Koenigi.
Milleri (pars), Agassiz and Desor; see Cyphosoma granulosum.
ornatissimum, Agassiz and Desor; see Cyphosoma Koenigi,
perjectum (pars), Cotteau and Triger; see Cyphosoma radiatum.

CYPHOSOMA,

"
"
"
"
"
"
"
"
"
"
"
"

54
51
57

37
39

•

191

240, 246, 354
• 247
191, 213

83, 85, 186 350
87
82, 83, 85, 128, 348
134
129
131
137

364

INDEX TO THE BRITISH SPECIES
PAGE

CYPHOSOMA, radiatum, Sorignet
"
..
"
"
"
"

142

radiatum, Agassiz and Desor; see Glyphocyphus radiatus.
8implerr, Forbes; Bee Cyphosoma radiatum.
spatuliferum, Forhe8
suleatum; Agassiz and Desor; see Cyphomoma magnificum.
variolare, Forbes; see Cyphosoma Krenigi.
Wetherelli, If'orhe8

DIADEMA, Gray •

'.

"

Benettiee, Forbes; see Pseudodiadema Benettiee,

"
"
"
"

Bonei, Forbes; see Pseudodiadema Michelini.
Brongniarti, d'Orbigny; see Pseudodiadema Brongniarti.
Oarteri, Woodward; see Pseudodiadema ornatum.
corona, Gras.; see Pseudodiadema rotulare.
Desori, Forbes; see Pseudodiadema Rhodani.
dubium, Sharpe; see Pseudodiadema rotulare.
granulosum, Agassiz; see Cyphosoma granulosum.

"
"
"

"
"Morris; see Cyphosa Koeuigi,
"
Koenigi (pars), De8moulina; see Cyphosoma Koenigi.
"
Luc(11, Agassiz; Bee Pseudodiadema Rhodani.
"
Maccoyi, Forbes; see Eehinocyphus diffieilis.
"
Macke8oni, Forbes , see Pseudodiadema Malbosi.
"
Mackiei, Woodward; see Pseudodiadema Malbosi.
"
maerosioma, Agassiz; see Pseudodiadema rotulare.
"
Malbosi, Agassiz and Desor; see Pseudodiadema Malbosi.
"
Michelini, Agassiz; see Pseudodiadema Michelini.
"
ornatum (pars), Agassiz; see Pseudodiadema ornatum.
"
,,(pars), Agassiz; see Pseudodiadema rotulare.
"
pustulat?tm, Forbes; Bee Pseudodiadema Rhodani.
"
Rhodani, Agassiz; see Pseudodiadema Bhodani.
"
Roissyi, Agassiz and Desor ; see Pseudodiadema variolare.
"
rotatum, Forbes; see Echinoeyphus difficilis.
"
rotulare, Agassiz; see Pseudodiadema rotulare.
"
"M'Coy; see Eehinoeyphus diffieilis.
"
subnudum, Agassiz and Desor; see Pseudodiadema variolare.
"
tumidum, Woodward; see Pseudodiadema ornatum.
"
variolare, Agassiz; see Pseudodiadema variolare.
DIADEMADlE
Diademopsis, De80r
Diplocidaris, Deeor
DIPLOPODIA, M'Ooy
"
Malbosi, Desor; see Pseudodiadema Malbosi.
"
Roissyi, Desor, see Pseudodiadema variolare.
"
8ubnuda, Desor ; see Pseudodiadema variolare.
"
»ariolaris, Desor ; see Pseudodiadema variolare.
DISCOIDEA, Klein
"
albogalera, AgRSSiz; see Echinoeonus eonieus.

141

139
• 81, 82, 83,84

30, 80, 82, 83, 84, 347
83,84

36
87

199,352

365

OF CRETACEOUS ECHINOIDEA.

PAGB
DISCOIDEA
"
"
"
"
"
"

canaliculata, Agassiz; see Discoidea cylindrica.
cylindrica, Lamarclc
Dixoni, Forbe8 •
Favrina, De80r •
minima, Aga88iz
rotularis, Agassiz; see Dlseoidea subuculus.
subueulus, Klein

ECHINANTHUS, Breyniu8
ECHINID..E, Wright
ECHINITES, Leske
"
8cutatu8, Schlotheim ; see Echinocorys vulgaris.
"
eordatu« vu1gam, Llhwyd; Bee Micraster eor-anguinum.
"
orbiculatua, Lister; see Cyphosoma corollare.
"
pyriformi8, Parkinson; see Catopygus eolumbarius.
"
8u6ucu1u8, Leske; see Discoidea subueulus.
"
vulgari8 (pars), Leske, see Echinoconus abbreviatus.
ECHINOBRISSID..E, Wrig1l.t •
ECHINOBRIBBUB, BreyniuB .
"
lacunosus, GoldjuBB
"
Morrisii, Eorbee
ECHINOCONIU..E, Wrigkt
ECHINOCONUB, Breyniu8
"
abbreviatus, De80r
"
anguloBu8, d'Orbigny; see Echinoconus conicus.
"
castanea, Brongniart
"
conicns, BreyniuB
"
globulus, De80r
"
gl06u1u8, d'Orbigny , see Echinoconus abbreviatus.
"
ltevi8, d'Orbigny; see Pyrina leevis.
"
pyramidali8, d'Orbigny; see Echinoconua eonieus.
..
subrotundus, Mantell .
"
8ubpyramidali8, d'Orbigny; see Echinoconus conicus,
"
vere conicu8, Breynius; see Echinoconus conieus.
ECHINOCORID..E, Wright
ECHINOCORYS, Breyniu8
..
minor, Leske j see Echinocorys vulgaris.
"
OfJatua, Leske; see Echinocorys vulgaris.
"
papillosus, Leeke , see Echinocorys vulgaris.
"
pU8tulo8U8, Leske; Bee Echinocorys vulgaris.
"
scutatu«, Leske j see Echinocorys vulgaris.
"
vulgaris, BreyniuB
ECHINOCYPHUB, Cotteau
"
difficilis, Aga8Bie
"
mespilia, Woodward •
"
rotatu« (pars), Cotteau; see Echinocyphus difflcills,
ECHINOIDEA ENDOCYCLICA and EXOCYCLICA

204
212
210
208
200
191, 195,257
31
191, 213

32,240,354
192, 196, 240, 248, 355
249
250
31, 198,352
191, 194,213,352
226
215
221
230

219

33,292,358
191, 194, 293,327, 359

• 328
83, 85, 116,348
117
119
29, 30, 189, 346, 351
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EOHINOLAMPAB, Gray
"
lampas, De la Becke; see Pygurus lampas.
]1oHINoLAMPIDE, Wrigkt •
ECHINONEUS alaogaleru8, De Blainville , see Echinoconus conicus,
"
rotularis, Blainville; see Discoidea subucnlus.
EOHINONIDE, Wrigkt
EOHINOPSIS, Aga88iz
"
contesta, Agassiz; see GIyphocyphus radiatus,
"
depresea, Agassiz ; see GIyphocyphus radiatae,
"
latipora, Agassiz; see Glyphocyphus radiatus.
"
pU8illa, Roemer; see Glyphocyphus radiatus.
EOHINOSPATAGUS, Brefniu«.
"
Collignii, Si8monda.
"
cordiformi« (pars) Mantell; see Hemiastes Morrisii,
"
"Breynius; see Micraster cor-anguinum.
"
Murchisonianus, Mantell
"
Quenstedtii, Wrigllt
"
Renevieri, Wrigkt
ECHINOTHURIA, Woodward
"
floris, Woodward
ECHINUS, Linneus
"
albogalel'u8, Gmelin; see Echinoconus conicus,
"
areolatus, Konig; see Salenia petalifera.
"
Benettiee, Kdnig ; see Cottaldia Benettise.
"
cor-anguinum, Gmelin; see Micraster cor-anguinum,
"
corollaris, Desmoulins; see Cyphosoma corollare.
"
granulo8us, Dujardin; see Cyphosoma granulosum.
"
granulo8u8, Munster; see Cottaldia Benettire.
"
Koenigi, Fleming; see Cyphosoma Koenigi.
"
Milleri, Desmarest; see Oyphosoma Koenigi.
,,(pars), Desmoulins; see Cyphosoma granulosum.
"
"
petaliferu8, Desmarest; see Salenia petalifera,
"
pU8tulo8u8, Gmelin; Bee Echynocorys vulgaris.
"
radiatus, Hoeninghaus; see GIyphocypbus radiatus.
"
Ba:catili8, Parkinson , see Cyphosoma eorollare.
"
8cutatu8, Gmelin; see Echinocorys vulgaris.
"
suagluaosu8, Linne ; Bee Holaster subglobosus.
ENALLASTER, d'Oraigny
"
Fittoni, Forae8
"
Greenovii, Forbes
EPIASTER, d'Orbigny
"
De-Loriolii, Wrigkt
"
gibbus, Lamarck
GALERITES, Lamarck
"
abbreviata, Desor; see Eehinoeonas abbreviatas.
"
alaogaleru8, Agassiz; see Echinoconus conicua,

PAGE.
191, 257
32, 256, 356·

32, 234, 353.
82,83,84

192, 196, 261,280,357
• 283

281
286.

285
124, 351
125
191

261, 288,358.
288
290
261, 2·65, 357
265
267
191. 213-
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"
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"
"
"
"

angulosa, Desor; see Echinoconus couicus.
canaliculatus, Goldfuss; see Discoidea cylindrica.
castanea, Agassiz; see Echinoconus castanea.
cylindricus, Lamarck; see Discoidea cylindrica.
glohulus, Desor; Bee Echinoconus globulus,
Hawkin8ii, Desmoulins; see Discoidea cylindrica.
kemi8pkl£l'icU8, Grateloup; see Discoidea subuculus.
lf2vi8, Agassiz; see Pyrena Isevis.
"
Leskei, Desor; Bee Echinoconus subrotundus.
"
pyramidali8 (pars), Desmoulins; see Echinoconus abbreviatus.
"
"Brongniart; see Echinoconus conicus.
"
Rotkomagensis, Agassiz; see Echinoconus castanea.
"
rotularis, Lamarck; see Discoidea subuculus,
"
8ubrotunda, Agassiz; see Echinoconus subrotundus.
"
8ulJtruncata, d'Orbigny; see Echinoconus subrotundus.
"
truneatus, Defrance; see Echinoconus abbreviatus.
"
vulgari8 (pars), Lamarck; see Echinoconus abbreviatus.
'GLYPHOCYPHUS, Haime
"
dijficili8, Desor ; see Echinocyphus difflcilis.
"
pulckellus, d' Archiac and J ules Haime; see Glyphocyphus radiatus.
"
radiatus, Hoeningkaus
GLYPTICUS, Aga8sie
"
Koninckii, Forbes; see Glyphocyphus radiatus,
GONIOPHORUS, Aga88iz
"
apiculatus, Agassiz; see Goniophorus Iunnlatus.
"
favoeu», Agassiz; see Goniophorus lunulatus.
"
lunulatus
'GONIOPYGUS, Aga8sie
HEMIABTER, Desor,
"
asterias, Eorbee
"
Bailyi, Forhe8
"
hucardium, Woodward; Bee Epiaster De-Loriolii,
"
inl£qualis, Forbes; see Echinospatagus Murchisonianus.
"
Morrisii, Eorbe«
"
Murclti8onil£, Forbes; see Echinospatagus Murchisonianus.
"
Murchisonianus, De Loriol; see Echinospatagus Murchisonianus.
"
prunella (pars), Desor ;8ee Hemiaster Morrisii,
"
punctatu8, d'Orbigny; see Hemiaster Morrisii.
HEMICIDARID.iE, Wright
HEMIDIADEM-A., Agassiz; see Glyphocyphus.
HEMIPNEUSTES, Fittoni, Forbes; see Enallaster Fittoni.
"
Greenovii, Forbes; see Enallaster Greenovii.
HOLASTER, Aga8siz
"
aequali«; Portlock; see Cardiaster ananchytes.
"
altu8, Agassiz; see Holaster subglobosua.
"
argillaceu8 (pars), Morris; eee Hemiaster Bailyi.

83, 84, 120, 348

121
83,86
146, 148, 165, 350

166
83,85

261,356

264
264

262

30,80

293, 309, 359
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HOLASTER bisulcatu«, A. Gras; see Cardiaster Perezii.
..
carinatus, d'Orbigny; see Holaster leevis,
"
eenomaneneis, d'Orbigny; see Holaster suborbicularis.
"
granulosus, Agassiz; see Cardiaster ananchytes.
..
Greenoughii, Agassiz and Desor; s~e Cardiaster fossarius.
"
latissimu." Agassiz; see Cardiaster latisaimus.
"
leevis, De Luc
"
"var. planus, Mantell
"
nodulosus, Morris; see Holaster leevis.
"
obliquus, Wright
..
Perezii, Sismonda; see Cardiaster Perezii.
"
pillula, Agassiz; see Cardiaster pillula.
..
"var. maxima, Agassiz and Desor; see Holaster trecensis.
"
planus, Morris; see Holaster lsevis.
"
sandoz, Agassiz; see Holaster leevis,
"
subglobosus, Leske
"
suborbicularis, DeJrance •
"
subrotundus, Sismunda; see Holaster subglobosus.
"
transversus, Agassiz; see Holaster leevis.
"
Trecensis, Leymerie
HOLECTYPUS, Desor
"
distriatus, Wright
HYPOBALENIA, Wrightii, Desor; see Peltastes Wrightii.
"
Lardyi, Desor; see Peltastes Lardyi.
"
stellulaia, Desor; see Peltastes stellulatue.

310
317
313

319
314

323
199,231,353
233

INFULASTER, llagenow
"
excentricus, Rose
"
rostratua, Eorbee

293, 305, 359
30S.

MICRASTER, Agassiz
"
breviporus, Agassiz
"
brevis, Desor
"
Brongniarti, Behert
"
cor-anguinum, Klein
"
cor-anguinum (pars), Forbes; see Epiaster gibbus.

261,270, 357
278
339
276
271

"
"
,t

"
"
"
"
"
"
"

eor-bovis, Forbes
cordatus, Agassiz; see Epiaster gibbus.
cor-testudinarium, Goldfuss
fossarius, Morris; see Cardiaster fossarius.
gibbus, Agassiz; see Epiaster gibbus.
"Desor; see Epiaster gibbus.
lacunosu" Morris; see Epiaster De-Loriolii,
latus, Sismonda; see Micraster brevis.
laxoporus, d' Orbigny
Leskei, d'Orbigny; see Micraster breviporus.
Murcltisoni, Morris; see Echinospatagus.

307

2;6
275, 334, 335

279'
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NUCLEOLITBS,
11,

"
..
"
..
"
11

"

Lamarck
castanea, Brongniart; see Ecbinoconus eastanea,
carinatus, Goldfuss; se« Catopygus eolumbarius,
columbaria, Lamarck i see Catopygus columbarius,
coravi'llm, Cutullo; see Cardiaster pillula,
lacunosus, Goldfuss; eee Echinobrisaus lacunosus.
Morriaii, Forbea, see Eehiucbriseus Morrisii.
ovulum, Lamarck; see Pyrina ovulum.
pyriformis, Goldfuss; see Catopygus pyriformis.

Cotteau
Wiesti, Wright
PELTASTES, Aga8liz
"
Bunburyi, Forbes
"
clatbratus, Agassiz
"
Courtaudina, Pictet; see Peltnstes stellulatus,
"
Lardyi, Desor •
"
pentagonifera, A. Gras; see Peltaetes stellulatus.
"
punctata, Agassiz: see Peltastes stellulatus.
"
stellulatua, Agassiz
"
umbrella, Agaasiz
"
Wiltsbirei, Wright
"
Wrightii, Desor
PHYM080MA., Haime; see Cypbosoma.
"
corollare, Desor; see Cypbosoma corollare.
"
granulosum, Desor; see Cypbosoma granulosum.
"
Heherti, Desor; see Cyphosoma radiatum,
"
Koenigii, Desor; see Cypbosoma Koenigi.
"
aa:eatile, Dujardin and Hupe i see Cypbosoma corollare.
"
aulcatum, Desor; see Cypbosoma magnificum.
PSEUDODIADEMA, Desor
"
Benettire, Forbea .
..
Brongniarti, rAgaasiz
"
Fittoni, Wright
"
fragile, Wiltshire •
"
Luea , see Pseudodiadema Rhodani.
"
macr08toma, Agassiz; see Pseudodiadema rotulare,
"
Malbosi, Agaaaiz and Desor
"
Micbelini, Agassiz •
"
Normanire, Cotteav.
"
ornatum, Gold/UBa
"
Periqueti, Dujardin et Hupe; see Pseudodiadema rotulare.
"
Picteti, Cotteau; see Pseudodiadema rotulare.
"
rotulare, Agaaaiz
"
Rbodani, Agas8iz •
"
atriatulum, Cotteau and Triger; see Pseudodiadema variolare.
"
triseriale, Desor j see Pseudodiadema rotulare.

PEDINOPBIS,

..

192,248

83, 84, 113, 347
114
146, 148, 149, 349
159

156
154

152
158

161
150

82, 83, 84, 86, 347
101

III
90

341

91
99
105

103

87
96
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variolare, Brongniart
..
Wiltshirei, Wright.
PYGURUS, d'O/'bigny
..
lampas, De la Beeehe
"
oviformis, d' Orbigny; see Pygurus lampas,
..
trilobus, Agassiz; see Pygurus lampas.
PYRINA, De8mOuli718
..
leevis, Ago88iz
"
Prattii, Forbes; see Pyrina Desmoulinsii.
"
eastanea, Desmoulins ; see Echinoconus castanea.
..
Desmoulinsii, d' Archiac
"
ovulum, Lamarclc .
..
Pratti, Forbes; see Pyrina Desmoulinsii.
PSEUDODIADEMA

Gray .
acupicta, Desor ; see Peltastes Lardyi.
areola ta, Agassiz; see Peltaetes stellulatua,
Austeni, Eorbes .
Buuburyi, Forbes , see Peltastes Bunburyi.
clathrata, Agassiz; see Peltastes clathratus.
Clarkii, Forbe«
Desori, Wright •
geometrica, Aga88iz
gibba, Aga88iz
granulosa, Eorbe«
heliophora, Sorignet; see Salenia granulosa.
..
incrustata, Cotteau; see Salenia granulosa.
"
Loriolii, Wright •
..
lunulata, Morris; see Goniophorus lunulatus.
..
magnifica, Wright
"
ornata, Aga88iz; see Peltastes clathratus.
"
personate, Agassiz and Desor; see Salenia petalifera.
"
petalifera, Desmarest
..
Portlockii, Forbes j see Salenia geometrica.
"
punctata, Forbes; see Peltastes Wrightii.
"
scutigera, Cotteau; see Salenia geometrica.
Forbes; see Salenia granulosa.
..
"
"
stellulata (pars), Agassiz; see Peltastes stellulatus,
"
..
(pars), Agassiz; see Peltastes clathratus.
"
umbrella, Agassiz; see Peltaetes elathratus,
SALENIADiE, Wright
SCUTELLA, Lamarck
..
depressa, Woodward; see Diacoidea cylindrica.
..
hemispherica, Woodward; see Discoidea cylindrica.
SpATANGIDiE, d' Orbigny
SPATANGUS, Klein
..
ananchytis, Leske , see Cardiaster ananchytis.

SALEKIA,

..
..
"
"
"
..
"
"
"
"
"

107
94
257, 356
258

235,353
238

236
237

146, 148, 169, 350

176

177
173
182
174
179

172
184

170

31, 144, 349
192

33,260,356
192
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SPA-TANGUS

"
"
"

"
"
"
"
"
"
"
"
"
"
"
"

"
"

ananckytoide8, Desmoul.; see Micraster brevis.
compl'1natus, Mantell; see Hemiaster Morrisii.
cor.anguinum, Klein; see Micrllster cor-anguinnm,
cor-anguinum, Woodward; see Epiaster gibbus.
cor.marinum, Parkinson; see Micraster cor-anguinum,
. cor-testudinarium, Goldfuss; 8ee Micraster cor-testudinarium.
eseentrieus, Rose; see Infulaster excentricus.
f088ariu8, Bennett; see Cardiaster foasarins.
gibhu8, Lamarck ; see Epiaster gibbus.
kemi8phericu8, Phillips; see Holaster aubglobosus.
ltBVi8, De Luc; see Holaster Ieevis,
Murchi8onianus, Mantell; see Bchinospatagns Murchisonianus.
nodulo8U8, Goldfuss; see Holaster leevis,
pillula, Mantell; see Cardiaster pillula,
planu8, Mantell; see Holaster leevis, var, planus.
prunella, Mantell; see Cardiaster pillula.
punctatus, Lamarck; see Micraster cor-anguinum,
subglobo8US, Leske; see Holaster subglobosus,
suborbicularis, Defr. ; see Holaster suhorbicularis.

TEMNOPLEURA (pars), Sorignet; see Glypbocyphus.
TEMNOPLEURUS,

"

Aga88iz
pulchellu8, Sorignet; see Glyphocyphus radiatus,

d'Orbigny .
Faringdonensis, Wright
TETRAGRAMMA Brongniarti, Agassiz; see Pseudodiadema Brongniarti.
"
subnudum, Sorignet; see Pseudodiadema variolare.
"
variolare, Bronn; see Pseudodiadema variolare.
TOX.lSTER Brunneri, Merian; see Echinospatagus Collignii.
"
Collignii, Sismonda; see Echinospatagus Collignii.

TRUU.TOPYGUS,

"

l'lUJI'TED HY 1. E. ADLAllD, BA.1lTllOLOXEW CLOSE.
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PLATE I.
Cidaris from the Gault and Grey Chalk.
CIDARIS CARTERI,

Forbes, 1854.

From the Grey Chalk.
FIG.

1 a. Upper surface, showing the disc, natural size.

Esq.

From the collection of James Carter,

P.39.

b. Lateral view of the same, showing the height of the test and the prominence of the

discal elements.
c. A single inter-ambulacral plate, with a portion of the ambulacral area and poriferous

zones, magnified.
d. Apical disc, with the ovarial and ocular plates, magnified.

e. Portion of a spine, magnified.
f.

A small ambulacral spine, magnified.

CIDARIS GAULTINA,

Forbes, 1854 ..

From the Gault.

2 a. Test and spines, in situ.

British Museum.P. 36.

b. Inter-ambulacral plate, magnified two and a half times.

c. One large primary spine, natural size.
d. A portion of ditto, near the base,magnified twice.

e. Stellate terminal portion of a primary spine, magnified.

3 a. A primary spine, natural size.
b. The same, magnified twice.
4 a. A primary spine, with expanded stem.

lJ. The same, magnified twice.
c. A view of the terminal portion.
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PLATE n.

•

Cidaris from lhe Upper Greensand and Grey Challe.
CIDARIS BOWERBANKII,

Forbee, 1850.

From the Gre!! Challe.
FIG.
1 a. Test and spines, in 8itu, natural size, belonging to Dr. Bowerbank, F.R.S.
b. An inter-ambulaeral spine, magnified three times.
c. The head, milled ring, and neck, highly magnified.'
d. A small ambulacral spine, highly magnified.

CIDARIS VEI,IJ<'ERA,

•
P. 45.

Bronn, 1857.

From the Upper Greensand.
A lateral view of the test, natural size, in the collection of W. Cunnington, Esq., F.G.S. P. 37.
Basal portion of the same, magnified twice.
.
c. Dorsal portion of the same, magnified twice.
d. Lateral view of .the same, magnified twice.
e. Inter-ambulacral plate, a portion of the ambulacra and poriferous zones, magnified five times:
f· A lateral view of a primary tubercle withits circle of areolar granules, magnified.

2 a.

b.

3 a.
b.

One of the inter-ambulacral spines, natural size.
The same spine, magnified twice.

ClDARIS VELIFERA, a portion of the test and spines, in eitu, natural. size.
in the cabinet of Mr. W. Cunningtou.
b. The head of a spine, with its milled ring, highly magnified.

4 a.

CIDARIS VESICULOSA,

This unique specimen is

Goldfuss, 1826.

From the Upper Greensand and Grey. Challe.
Upper surface of the test, natural size. This specimen from the Upper Greensand is in the possession
ofW. Cunnington, Esq., F.G.S. P.41.
h. Basal portion of the same test, natural size.
c. Lateral view of the same test, natural size.
d. An inter-ambulacral plate, with ambulacra and poriferons zones, magnified three times.

5 a.

CIDARIS FARRINGDONENSIS,

Wrif/Itt, 1864.

From the Eotoer Greensand.
6,7.

Single inter-ambulacral plates from the Sponge-Gravel, near Farringdon, magnified two diameters.
Museum of Royal School of Mines.

8a,b,c. Different inter-ambulacral spinea of this species.
c, a. Basal portion of one magnified three times.

Museum of Royal School of Mines.
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PLATE Ill.

Oidarie from the Red and Grey Chalk.
CIDARis :VESICULO~A, Goldfuss, 1826.

From the Grey Chalk.
. FIG.

I a. Under surface of a large test, Grey Chalk, Dover, natural size.

British Museum.

P.41.
b. 'I'he under surface of the same test, natural size.

c. A lateral view of the same test, natural size.

d. One inter-ambulacral prate. with a portion of the ambulacra and poriferous zones,
magnified three times.
.
e. A primary tubercl.e, magnified.

3 a. Test of CIDARIS VESICULOSA (P), from' the Red Chalk, under surface, natural size.
In the collection of C. B. Rose, Esq., F.G.S.
b. Upper surface of the same test, natural size.

4.

Inter-ambulaeral spine from the Red Chalk.

In the collection of C. B. Rose, Esq. .

F.G.S.
5 a.

Ditto

ditto

ditto.

b. Portion of the same, magnified three times.

ClDARIS DISSIMILIS, Forbes, 1854.

Prom the Lower Chalk.

2 a. Upper surface of the test, natural size. In the collection of Rev. T. Wiltshire, F.G.S.
P.46.
b. Under surface of the same test, natural size.

c. Lateral view of the same test, natural size.

d. Inter-ambulacral plate, ambulacra, and poriferous zones, magnified three times.

e. A single tubercle, magnified.

f.

Portion of an inter-ambulacral spine, magnified.

g. An ambulacral spine, greatlymagnified,
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PLATE III a.

CIDARIS DISSIMIIJIS,

Forbes, 1854.

From the Gre§ Chalk.
FIG.

1 a. Upper surface of the test, with spmes attached, natural size, from the late Mr.
Taylor's collection, now in the British Museum, p. 46.
b. Portion of an inter-ambulacral spme of this 'species, magnified several diameters.

British Museum.

2 a. Test and spines, upper surface, natural size, belonging to the Rev. T. Wiltshire, F.G.S.
b. Test and spines, under surface, natural size,

ditto,

ditto,

e. Penultimate inter-ambulacral plate from the upper part of the column, showing the

obsolete tubercle and areola.
d. Inter-ambulacral spine, natural size.
e. Portion of the stem, neck, and head, of the same spine, magnified several times.

f. Portion of another smaller spine, magnified.
g. Ambulacral spines, natural size and magnified.

3 & 4. Inter-ambulacral spines, natural size, Rev. T. Wiltshire's cabinet.
5.

A small test and spine, natural size,

ditto.

ditto,
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PLNfE IV.
CJDARIS CLAVIGERA,

Konig, 1822.

From the White Chalk.
FIG.

1 a.

Two tests, with spines, in one block of chalk, natural SIze.

From the late Mr.

Taylor's collection, now in the cabinet of Dr. Bowerbank, F.R.S.
b. Inter-ambulacral .plate, ambulacra, and

poriferous zones, magnified

P. 48.
three

diameters.
c.

2.

A large tubercle, and circle of areolar granules, magnified.
The apical disc, with the ovarial, ocular, and anal plates in situ, magnified two
diameters.

B a.

A large inter-ambulacral spine of a typical form, natural size.

b.

The same, magnified two diameters.

c.

A portion of the neck of the same, magnified three diameters.

4 a. . A large spine of an abnormal form, natural size.

b.

A large spine of an abnormal form, magnified two and a half diameters.

c.

A portion of the neck of the same, magnified three diameters.

5-20. Different forms of inter-ambulacral spines, from a series in the collection of
Dr. Bowerbank, F.R.S.
21.

'I'he neck, milled ring, head, and acetabulum of the specimen figured at 3 a,
magnified four diameters. .

22.

A small ambulacral spine, highly magnified.
.9

2:3.

Another ambulacral spine, highly magnified.
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PLA'l'E V.
CIDARIS CLAVIGERA,

Konig, 1822.

From the White Chalk.
FIG.

1.

Test, with dental organs and spines, natural SIze.
now in the British Museum. P.48.

From Mr. Taylor's collection,

2 a. Lateral view of a fine test, natural size. British .Museum.
b. The under surface of the same, natural size.

3.

The apical disc, showing the ovarial, ocular, anal plates, and madreporiform body,
magnified two and a half diameters. British Museum.

4.

A portion of the peristomal membrane and oral plates, with part of the dental
organs, magnified two and a half diameters. British Museum.

5 a. An abnormal inter-ambulacral spine, natural size. British Museum.
b. The same, magnified, to show the position and form of the canals passing through
the stem.

6.

An abnormal spine, with summit excavated, natural size. This specimen belongs
to the Rev. T. Wiltshire.

7-14. Varieties of large inter-ambulacral spines, belonging to the British Museum,
natural size. British Museum.
15.

A remarkable abnormal form, with an enlarged neck and conical stem and apex,
natural size. British Museum.

CIDARIS SCEPTRIFERA,

Mantell, 1822.

From the White Chalk.
16.

Upper surface of a fine test, natural size, with the apical disc in aitu.
specimen belongs to Dr. Bowerbank's collection. P.54. .

17 a. Under surface of the same, natural size.
b. Lateral view of the same.
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PLATE VI.

CIDARIS SCEPTRIFERA,

JtIantell, 1822.

From the White Chalk.
FIG.

1 a.

Upper surface of the test, natural size. This magnificent specimen belongs to the
British Museum.

P. 54.

b.

Under surface of the same, natural size.

c.

Lateral view of the same, natural size.

d.

Inter-ambulacral plate, ambulacra, and poriferous zones, magnified three dia-

•

meters.
e.

The uppermost plate of an inter-ambulacral column, showing the curious rudimentary tubercles, and areola thereon, magnified two diameters.

f.

The uppermost plate of the adjoining column, magnified two diameters.

g.

A portion of the apical disc, consisting of one ovarial, two ocular plates, and three
anal plates;' magnified two diameters.

The entire disc is seen in situ, in

fig. 1 a.
It.

2.

Three anal plates, magnified two diameters.
Test with spines, natural size. This specimen belongs to the Museum of the
Royal School of Mines.

3 a.

Spine, type form, natural size.

b.

The upper part of the stem, magnified three diameters.

c.

The stellate form of the terminal extremity, magnified three diameters.

4 a.
b.

Spine, type form, natural size.
The head, neck, and milled ring of the same, magnified three diameters.

5 a, b.. Another spine, natural size.
6.

A variety. Specimens 3,4, 5, and 6, belong to the British Museum.
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PLATE VII.

CIDARIS SCEPTRIFERA,

Mantell, 1822.

Jilrom the White Ohalk..

1 a. Test, dental organs, and spines"in situ, natural size. From the late Mr. Taylor's
collection, now in the Museum of the Royal School of Mines.

P. 54.

b. Dental apparatus and teeth, magnified two diameters.

c. Ambulacral spine, greatly magnified.

2.

Spine of O. sceptrifera, variety.

From the cabinet of the Rev. T. Wiltshire, F.G.S.

CIDARIS PERORNATA,

Forbes, 1850.

From the White Ohalk.
3 a. Lateral view of the test, natural size. In the British Mjrseum. P. 62.
b. Under surface of the same, natural size.
c. Interambulacral plate, ambulacra, and poriferous zones, magnified three diameters.
d. Lateral view of a primary tubercle, magnified.

4 a. Inter-ambulacrai spine, natural size.

Museum of the Royal School of Mines.

b. Stem, neck, head, and milled ring, magnified three diameters.
c. A portion of the stem, magnified six diameters, to show the spmy ridges and the

longitudinal lines in the valleys.
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PLATE VII a.
CIDARIS SCEPTRUERA,

FIG.

•

Mantell, 1822.

From the 1f7tite Challe.

I a. Test and spines, C. sceptrifera, var.jilo8a, from the White Chalk of Gravesend, natural
size,presented to the British Museum by the Rev. Norman Glass, F.G.S. P.54.
b. Inter-ambulacral plate, ambulacra, and poriferous zones, magnified thtee diameters.
c. A thickened variety of spine, magnified two diameters.

. 3.

Spine of C. sceptrifera, var. filosa, belonging to the Rev. 'rhos. Wiltshire, F.G.S.

CIDARIS PERORNATA,

Porbes, 1850.

From the 1f7tite Challe.
2 a. 'Under surface of a large C.

perornata, restored from the Rev. Thos. Wiltshire's

specimen, now in his cabinet.

•

P. 62.

.b. Lateral view of the same.
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PLATE VIII.
CIDARIS MERCEYJ,

Cotteau.

From the White Chalk.
FIG.

I a. Under surface of the test, natural size. In the possession of Dr. Bowerbank, F.R.S.

P.60.
b. Lateral view of the same, natural size.
c. Inter-ambulacral plate, ambulacra, and poriferous zones, magnified three diameters,
d. A lateral view of the same plate, magnified three diameters.

e. A penultimate plate, from the upper part of one of the inter-ambulacral columns,'

showing the small rudimentary tubercle and areolas, magnified three diameters. . ' -

f.

A small inter-ambulacral plate, near the peristome, magnified three diameters.

g. A portion of an ambulacral area, and poriferous zones, magnified five diameters.

2 a. Inter-ambulacral spine, natural size.
b. A portion of the stem, magnified two and a half diameters.

c. The head, neck, and part of the stem, magnified two and ~ half diameters.

3.

A small inter-ambulacral spine, natural size.
','

CIDARIS SUBVESICULOSA,

d' Orbign!l'

From the White Chalk.

4 a. Upper part of the test, and apical disc with one spine, in situ, natural size. From . .

the collection of Dr. Bowerbank, F.R.S.

P. 57.

6. A plan of the apical disc, showing the parts that are absent in theprecedipg' "
._,::'s;·:~t

figure.
o.

Lateral view of a smaller test.

6.

An ambulacral spine, highly magnified.

«,

Dr. Bowerbank's collection.
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PLATE IX.
CIDARIS HIRUDO,

8orignet, IB50.

From the White Chalk.

Fig. 1 a. Test and spines natural size in the Collection of Henry Willett, Esq., F.G.S.
(P. 64.)
1 b. Lateral view of the same test, natural size.
1 c. Small spine from the ambulacral tubercles, magnified three diameters.

" .'

Fig. 2 a. Upper surface of a test, natural size, belonging to the British Museum.
2 b. Interambulacral plate, ambulacral area and poriferous zones of the same, mag-

nified three diameters.

2 c. Apical disc and anal plates of the same, natural size.
2 d. One ovarial and two ocular plates of the same, magnified twice.
"

Fig. 3.

Under surface of another test, natural size, belonging to the British Museum.

Fig. 4 a. Primary spine, natural size, belonging to the British Museum.
..

4 b. Lower portion of the same, magnified three diameters.
4 c. Upper portion showing its stellate termination, magnified three diameters.
Fig. 5.

Primary spine, magnified three times, in the collection of Rev. T. Wiltshire,
F.G.S.
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PLA'rE X.

CIDARIS HIRUDO,

Soriguet, 1S50.

From the White Chalk.

Fig. 1 a. 'rest the natural size, with spInes attached,

'I'ennant, .F.G.S.

III

the collection of Professor

(P. 64.)

1 b. Primary spine of the same, magnified twice.

Fig, 2.

Lateral view of another specimen belonging to the British Museum.

Fig. 3 a. Upper surface of a small specimen belonging to the British Museum.

3 b. Under surface of a small specimen belonging to the British Museum.
3 c. Lateral view of a small specimen belonging to the British Museum.
3 d. Interambulacral plate, ambulacral area zones of the same, magnified three
times.
Fig. 4.

Primary spine magnified twice, in the cabinet of the Rev. 'I', Wiltshire, F.G.S.

Fig. 5.

Primary spine magnified twice, in the cabinet of the Rev. T. Wiltshire, F.G.S.

Fig. 6.

Primary spine magnified twice, in the cabinet of the Rev. T. Wiltshire, F.G.S.
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PLATE XI.
CIDARIS SERRIPERA, Forbes, 1850.

•

From the White Chalk.
FIG.

1 b. Test and spines, natural size. Collection of Henry Willett, Esq., F.G.S.

P. 51.

'b. Under surface of the same test, natural size.

c. Lateral view of the same, natural size.

d. Inter-ambulacral plate, ambulacra, and poriferous zones, magnified three diameters.
e. Inter-ambulacral spine, natural size.
/- Stem, neck, and head of the same, magnified three diameters.
!J. Portion of the stem, highly magnified, to show the serrated spines and intervening

sulci.

In the cabinet of Dr. Wright.

h. Ambulacral spine, highly magnified.

2.

Portion of a spine of C. serrifera, magnified. Collection of Professor Tennant, F.G.S.

3 a. Spines of Cidaris.

British Museum.

6. One of the spines, magnified two diameters.
4.

CIDARIS

DIXONI,

Ootteas, 1862. Inter-ambulacral spine, natural size. From the,

Grey Chalk of Dover.

Collection of Henry Willett, Esq., F.G.S.

a. A section of another specimen, to show the cavity in the stem.
5.

CIDARIS PLERACANTHA, Aga8siz.

6.

Spines of Cidaris, natural size, and magnified twice.

Spine, natural size. British Museum.
British Museum.
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PLATE XII.

From the White Challe.

Fig. 1 a. 'rest and spines of Cidaris intermedia, Wiltsh., natural size. Collection of
Rev. Thomas Wiltshire, F.G.S. (P. 69).
b. Spine belonging to the tubercle, the third from the peristome, magnified.
Fig. 2. Spine of Cidaris hirudo (?), magnified.
Fig. 4. Unusual form of spine, probably belonging to C. sceptrifera, magnified. Collection of Rev, Thomas Wiltshire, F.G.S.

Prom the Lower Chal!.·.

Fig. 3 a. Spine of Cidm'is dissimilis, Forb., natural size. Collection of Rev. Thomas
Wiltshire, F.G.S. (P. 46 )
b. Head and spine of same magnified.
:Fig.5. Spine of Cidaris pleracantka, Agass., natural SIze. Collection of J. R.
Capron, Esq., F.G.S. (P.67.)

F1'Om the Upper Greeensand.

Fig. 6.

Spine of C. Dieoni, natural size.
F.G.S. (P. 67.)

Collection of Rev. Thomas Wiltshire,

• From the Red Chalk.

Figs. 7,8,9. Spines of Oidari«, natural size, from Hunstanton. Cabinet of Rev.
Thomas Wiltshire, F.G.S. (p. 79.)
:Fig. 10 a. Spines of CidariB, natural size, from Speeton. (P. 79.)
The same, magnified.
Fig. b.
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PLATE XIII.
}i'rom the White Ohalle.
CIDARIS CLAVIGERA, Kon~r;,

Fig. 1 a.
b.
Fig. 2.
Fig. 3 a.
b.
e.
Fig. 4 a.
b.
Fig. 5 a.
b.

1822.

Test and spines, natural size. (P. 71.)
Spine of same, magnified.
Spine of same, natural size.
'rest and spines, natural size. (P. 71.)
Spine of same, natural size.
Spine of same, magnified.
Test and spines, natural size. (P. 71.)
Spine of same, magnified.
Spine of O. clavi/lera, of elongate form, natural size.
The same, magnified.

(P. 71.)

From the Lower Challe.

Fig. 6 a. Plates of Cidaris dissimiles, FOl'b. (P.46.)
b. One of the plates, magnified. All the above are from the Cabinet of the Rev.
'I'homas Wiltshire, F.G.S.
Fig. 7 a. Spine of Cidari« pleracanika ? natural size. Collection of J. R. Capron, Esq.,
F.G.S.
b. The same, magnified. (P. 67.)
Figs. 8, 9, 10. Spines of Cidarie Boioerbankii, Forb. Collection of Rev. T. Wiltshire,
F.G.S. (P. 77.)
Do.
do.
Do.
J. R. Capron, Esq., F.G.S.
Fig. 11.
Thomas
Wiltshire, F.G.S.
Do.
natural
size.
Cabinet
of
Rev.
Fig. 13 a.
b. Head and neck of same, magnified.
Fig. 14. Spine of same, natural size. Cabinet of Rev. Thomas Wiltshire, F.G.S.
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PLATE XIV.
From the Chloritic jJfarl.

Fig. I a. PEDlNOPSIS WIESTII, WrifJltt, uppel' surface of the test, natural size.
collection of Mr. Wiest.
1 b."

"

under surface, natural size.

1 c."

"

lateral view, natural size.

In the

1 d. Ambulacral area, poriferous zones, and interambulacra, magnified four diameters.
I e. Base of an ambulacral area, showing the disposition of the

P0l'eS,

X four times.

Fig. 2 a. Fistulous spine of a Diadema from the White Chalk, X six times. British
Museum .

2 b.

Do.

2 c.
2 d, e.

.'.

do.

do.

X six times.

Do.

do.

do.

X six times.

Do.

do.

do.

.X six times.

From the Lower Greensand.
Fig. 3 a. PSJ£UDODIADEMA RO'l'ULARE, Aga88iz, base magnified one half. In the Cabinet
of Dr. Wright, F.R.S.B. (P. tl7.)

3 b.
:3 c.

,

-

"

lateral view

do. do.

segment of the base, do. four times.
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PLATE XV.

From tlte Lower Greensand.
Fig. 1 a. PSEUDODIADEMA FITTONII, Wright, test natural size, cabinet of Dr. Wright,

F.R.S.E.

(P. 90.)

1 b. Upper surface magnified one half.
1 c. Under surface

do.

do.

1 d. Lateral view

do.

do.

1 e. Ambulacra, poriferous zones, and interambulacra, magnified four times.
1

f

Portion of an ambulacra, magnified four times.

1 g. One tubercle 'and pores, magnified six times.

From the Upper Greensand.
Fig. 2 a. PSEUDODIADEMA BENET'rIJE, Forbes, magnified one half, British Museum, and
cabinet of Dr. Wright, F.R.S.E. (P.I01.)
2 b. Upper surface of the same test

do.

do.

2 c. Lateral view of

do.

do.

do.

2 d. Ambulacra, zones, and interambulacra, magnified four times.

2 e. Ambulacra seen in profile

do.

do.

2 f. Inter-ambulaeral plate and tubercle, magnified six times .
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PLATE XVI.

From the Gault.
Fig. 1 a. PSEUDODlADEMA WILTSHIRII, Wrigltt, natural size, belonging to the Rev. T.
Wiltshire, F.G.S. (P. 94.)
1 b. Lateral view of the same test, magnified one half.

1 c. Ambulacra, zones, and interambulacra, magnified four times.
1 d, e. Primary tubercle, magnified six times.

11
Fig. 2.
Fig. 3.

Portion of a spine, magnified six times.
Spine magnified.
Do., natural size.

From the Grey Chalk.
Fig. 4 a. PSEUDODIADEMA ORNATUM, Goldfu88, sp., upper surface, magnified one half,
belonging to the British Museum. (P.I03.)

4 b. Under surface of the same, magnified one half.

4 c. Lateral view of the same,

do.

do.

4 d. Ambulacral area, interamhulacral area, and pores, magnified four times.

4 e. Miliary zone and upper portion of an ambulacrum,

do.

•

do.
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PLATE XVIL
Frolll tile CIwJl Mad.

PSEUDODIADEllA

Fig. 1

Q.

vABlOLARB, Bro_/llliart, sp.

Test, the natural size, with spines. British Museum. (P. 107.)

1 6. Spine, greatly magnified.

Fig. 2. Test, magnified one half. In the cabinet of Dr. Wricaht, F.R.S.E.
Fig. SQ. Lateral view, magnified one half.
Do.
S 6. Base view,
do.
Do.
S c. Upper surface,
YJg. 4.

do.

Do.

Ambulacral area, and zones and inter-ambulacral plates, magnified six times.
Dr. Wright's cabinet.

Fig. 5 Q. Upper portion of the ambnlacra and poriferous zone, showing the bigeminal
pores, magnified six times.

5 6. Infra-marginal portion of the ambulacral area, showing the triple oblique pails
of holes at the base of the area, magnified six times.
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PLATE XVIII.
From the Grey ['halX'.

Fig. I a. PSEUDODlADEMA vARIOLARE, Brongniart. Upper surface of a large test, in
the cabinet of the Rev. T. Wiltshire, F.G.S. Restored, natural size. (P. 107.)
1 b. Under surface of the same,

do.

Do,

I c. Ambulacral plate, magnified six diameters.

From the Ckioritic J.lIarl.

Fig. 2.

PSEUDODIADEMA VARIOLARE, Bronfniart. A very perfect speCImen from
Chard, in the cabinet ofDr. Wright, F.R.S.E. Magnified one half diameter.

Fig.

PSEUDODJADEMA RHODANI, AfJassiz. Upper surface, magnified one half.
the cabinet of Dr. Wright, r'.R.S.E. (P. 96.)

;3 a.

H b. Under surface of the same.

Do.

Do.

3 e. Lateral view of

Do.

Do.

do.

3 d. Ambulacra, inter-ambulacra, and pores, magnified four times.
:3 e. Four inter-ambulac~al plates, magnified four times.

In

;0

b
o

~

.
S'-

~
c-

!;;
V'
~

.j>

(>

rI:

Vl

c-

P-

",.f':

,,'
t·
t"· '

(1

"

("

t"
<.

'0")

"""

Gl

o

":""" r

l'
N
(J1
(ll

'~li~ ~S:~'p~e: ~" 1)~ ::. c;,"~:~!,J ~~.

Vl

~

-z
~

g.

~o-

§'

- ,-

't'K~'
" o.;, ~.rt6i."'f!;
' (- "0/:'0
}difi( . ' <':, .
•. • ~

r:-!' Co }

~
. • ,~;;;
~." (') """r;,;;{') 0«'-...l~'
.~ S; r,>(} o.~.{'"6".0
"_::-~.,o,,~~
~.,J' _ ("I

(>~ (' ~ n :',~_('_-: ::r.; . . r.

,;'\ '/"1

II. ~",
. . ;../, ~.(l;~.t. '!tp, ~fJ:) ..~~; (1')'''<;:

0-'
,

', "':(> :
. . <; .-<:,
. ~ ~., •

P" C' '", fit!

•. -" " ~'

. . Cl: ;

Pt~

..,.,

,.....

>~;l't p
(l' F ,',' " r;.,' ~i
~. ~ .. "" r" ",' F e -r. «
f" '

... -;

-.,'"

'I' re ....
""

'<od

- .1

I

I-cJ
f--'

~.

v'"

<

'-'

'-'
,-,

PLATE XIX.
From the Grey Chalk.
Fig. 1 a. PSEUDODIApEMA ORNATUM, Goldfuss.
Dr. Wright, F.R.S.E. (P. 103.)

'rest, natural size, in the cabinet of

1 b. Same test restored and magnified half a diameter, showing the base.

1 c. Lateral view of

do.

do.,

do.

1 d. Portion of the ambulacra, inter-ambulacra, and zones, magnified four times.
1 e. Inter-ambulacra, plate, and tubercle, magnified six times.

•

From the Upper Greensand.
Fig. 2 a. PSEUDODIADEMA MICHELINI, AIJa,8siz.
Upper surface, magnified one half.
In the cabinet of Dr. Wright, F.R.S.E. (P. 99.)
2 b. Under surface of the same test,

do.

Do.

2 c. Lateral view of

do.

Do.

do.,

2 d. Portion of ambulacra, inter-ambulacra, and pores, magnified four times.

2 e.

Do.

magnified four times.

2 f. Base of the ambulacra,

do.

•
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PLATE XX.

From the Lower Greensand.

Fig. I a. PSEUDODIADEMA MALBOSI, Aga88iz.

Upper surface of the test, natural size.
From the Collection of the Rev. T. Wiltshire, Ji'.G.S. (P. 91.)

I b. Upper surface of the same specimen.
I c. Lateral view of

do.

1 d. Inter-arnbulacral plates, arnbulacral area, and poriferous zones, magnified four
times.
1 e. Basal portion of an ambnlacral area, magnified four times.

If Portion of a primary spine, magnified five times.

From the Grey Challe.
Fig. 2 a. PSEUDODIADEMA BRONGNIARTI, Aga88iz. Fragment of a large test, upper surface, natural size, in the cabinet of Rev. T. Wiltshire, F.G.S. (P. 111.)

2 b. Under surface of the same,

do.

2 c. Base of the amhulacral area, magnified four times .
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PLA TE X.XI.

From the ChlO1'itic jIarl.
Fig. 1 a. PSEUDODIADEMA ORNATUM, Goldfu88. Upper surface, magnified one half, in the
cabinet of Dr. Wright, F.R.S.E. (P. 103.)
1 b. Lateral view of the same test, magnified one half.
1 c. Portion of the ambulacra, inter-ambulacra and pores, magnified four times.
1 d.

Do.

do.

and spine, magnified four times.

From the Grey Chalk.
:Fig. 2 a. Another specimen, with spines, in the cabinet of the Rev. 'I'. Wiltshire, F.G.S.
2 b. Portion of the ambulacra, inter-ambulacra and zones, magnified four times.
.Fig. 3 a. PSEUDODIADEMA NORMANI.£, Cotteau. Upper surface of the test, natural size,
in the cabinet of the Rev. T. Wiltshire, F.G.S. (P. 105.)
3 b. Lateral view of the same, natural size.
3 c. Ambulacral and inter-ambulacral plates, magnified four times.
3 d. Ambulacral area, magnified three times.
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PLATE XXI A.
From the (key Ohalle.
Fig. 1 a. PSEUDODIADEMA ORNATUM, Golrlfu88, from the cabinet of the Rev. T. Wiltshire,
F.G.S. Upper surface, natural size. (P. 103.)
1 b. Under surface, natural size.
Fig. 2 a. PSEUDODIADEMA BRONGNIARTI, Af/a88iz. British Museum,natural size. (P. l l L)
2 b.

"

"

Upper surface, magnified onehalfdiameter

2 c.

"

"

Under surface,

do.

do.

2 d.

"

"

Lateral view,

do.

do.

2 e.

"

"

Ambulacral area,poriferous zones,andone
halfof an inter-ambulacral area, magnified six times.

"

"
."

2f

Fig. 3.
Fig. 4.

"
"

"

Primary tubercle, magnified.
Spines, natural size.
Portion, magnified six times.
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PLATE XXI B.

From the RerI Ohalle.
Fig. 1 a. PSEUDODIADEMA BRONGNIARTI, A!Jassiz.
F.G.S. (P.

m:

1 b. Lateral view of the same.
Fig. 2.

Cabinet of the Rev. T. Wiltshire,

Both natural size.

Another specimen, belonging to C. B. Rose, Esq., F.G.S.

From tlte Grey Challe.
Fig. 3 a. PSEUDODIADEMA BRONGNIARTI, A!Jassiz.
F.G.S.

Cabinet of the Rev. T. Wiltshire,

3 b. The test restored from this fine large specimen.

Upper surface.

3 c.

Do.

do.

do.

Under surface.

3 d.

Do.

do.

do.

Lateral view.

3 e. Portion of the ambulacra, inter-ambulacra and pores, magnified four times.
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PLATE XXII.

Echinocyphus from the Grey Chalk.
Fig. 1 a. ECHINOCYPHUS DH'FlCILIS, AfJassiz.

Test, natural SIze.

British M useum.

(P. 116.)
1 b. Ambulacral and inter-ambulacral plates) magnifiedfour diameters, do.

•

Fig. 2 a. ECHINOCYPHUS DIFFIClLIS.
2 b.
2 c.
2d.

"

"
"

"
"
"

Do.

Upper surface, magnifiedthree diameters. The Rev.
T. Wiltshire, F.G.S.
Under surface,
do.
do.
Do.
Lateral view,
do.
do.
Do.
Ambulacral and inter-ambulacral plates, magnified
six times.

Fig. 3 a. ECHINOCYPHUS MESPILIA, Woodward, sp. Test, natural size. (P. 119.)
British Museum.
3 b.
Upper surface, magnified three diameters.
"
"
3 e.
Under surface, do.
do.
"
"
3 d.
Lateral view,
do.
do.
"
"
3 e.
Ambulacral and inter-amhulaeral plates,
"
"
magnified eight diameters.
Fig. 4.

ECHINOCTPHUS DlFFICILIS.

Apical disc, magnified four times.

Fig. 5 a. CYPHOSOMA KONIGI, Mantell. Young test, natural SIze. British Museum.
(P. 131.)
5 b.
Do.
Under surface, do.
"
5 c.
Lateral view, do.
Do.
"
"
5 d.
Upper third of ambulacrum, magnified four
"
"
times.
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PLATE XXIII.
Prom the Upper White Chalk.
Fig. 1 a.
1 b.
1 c.
1 d.
I e.

If
1 g.
.Fig. 2 a.
'2 b.
2 c.

2 d.
Fig. 3.

CYPHOSOMA KONIGI,

"
"
"

"

"

"

"
"

"

Mantell.

"

"

"

CYPHOSOl\lA GRANULOSUM,

"

"

"

"

"

"

CYPHOSOMA KONIGI,

Upper surface, natural size. (P. 131.)
Under surface, natural size. British Museum.'
Lateral view,
do.
Upper part of ambulacral area, magnified three
times.
Portion of the areas and pores, magnified three
times.
Boss and mammillon, highly magnified.
Inferior portion of an ambulacrum, magnified
three times .

GOl4ftt88.

Mantell.

Upper surface, natural size. (P. 129.)
Under surface, natural size. British
Museum.
Lateral view, showing the depression
of the upper surface.
Portion of the areas and pores, magnified
four times.

Elevated variety.

•

British Museum.
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PLATE XXIV.
From the Upper White Chalk.

Fig. 1 a.
1 11.
1 c.
1 d.
Fig. 2.

3 a.
3 11.
4.
6.

7.

CYPHOSOMA KO~IGI,

"

"

"

"

"

"
"

"

"
"

"
"

"

"

"

"

"

"

Man tell.

A fine specimen, with the spines ~n sitU,
natural size. British Museum. (P. 131.)

Ramiforrn spine, natural size.
do.,

do., magnified three times.

Bent spine, magnified twice.
Test, with spines.
Natural size.

Rev. T. Wiltshire, F.G.S.

Bent spine
}
do., magnified six times British Museum.
Spatulate, do.
Inter-ambulacral plate, magnified six times.
Elevated variety.

British Museum.

•

1. XXN

l.a-.

1 d.

4.b.

x

6.
A., . '

l. e.

X.G.

~~ . ,

I

I

3

7.

Lb.

{
1<3

2.

J b.
X.G.

C,R Boue del cl Ill},.

4.0,.

I)
I

J.CL.

•

PLATE XXV.

ClJphosomas from tlte Upper White Chalk.
Fig. 1 a.

CYPHOSOMA MAGNIFICUM,

A$assiz. Natural size. Rev. T. Wiltshire. (P. 137.)

1 b."

"

Upper surface, magnified twice. Do.

1 c."

"

Under surface,

do.

Do.

1 d."

"

Lateral view,

do.

Do.

·Fig. 2 a.
2 b.
2 t,..

}'ig. 3 a.

3 b.

Upper part of areas, magnified four diameters.·

"
"

"
"

Base of ambulacrum,

"

"

do.

Tubercle, magnified six diameters.

"

CYPHOSOMA KONIGl,

. do.

Mantell.

Mould in flint.
Do.

Upper surface.
Under

•

do.

(P. 131.)

P l . XXv.
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L e; .

3 .0.
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PLATE XXVI.

C!/pl1080mas from the Upper Wltite Chalk.
Fig. 1 a, b, c. CYPBOSOMA KtiNIGI.
2.

"
"
".

"

3 a, b.

"
"

4, 5, 6.

Spoon-shaped spines, magnified. The Rev. T.
Wiltshire, l!'.G.S.
Club-shaped spine,

do.

Do.

Awl-shaped spine, magnifiedsix times. Do.
Conical and spoon-shaped, do.

Do.

Fig. 7 a. (jYPHOSOMA COROLLARE, Klein. Test, natural size. British Museum. (P. 134.)
7 b.
7 c.

8 a.
S b.

9.
10.

"

"

"

"
"

"
"
"
"

"
"

"

Upper third of an ambulacrum, magnified six
times.
Inter-ambulacral plates,

do.

do.

Upper surfaceofanother test, magnifiedtwice, do.
Lateral view of

do.,

do.,

do.

Under surface of

do.,

do.,

do.

Ambulacral area, magnified
Rev. 'I', Wiltshire, F.G.S.

•

SIX

times.
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PLATE XXVII.
From the Upper White Chalk.
Fig. 1 a.

1 b.

CYPHOSOMA WETHERELLI,

Forbes.

'rest, natural size. M useum of the Royal
School of Mines. (P. 139.)

'I'he upper surface of do., magnified twice.

"

"

"

"

"

"

"

"

"

"

Lateral view of a single tubercle, magnified.

19.

"

"

Upper portion of an ambulacrum, magnified
six times.

1 h.

,.

1 c.
1 d.
1 e.
If

"

The under surface of do.,

do.

The lateral view of do.,

do.

Areal plates and zones, magnified six times.

Inferior portion of

•

do.,

do.

Pl.7~

l. a

l. g.

1.£.

l. b.
<,

l. cl

X 2

1>1 & KHallbart, Im 1;
C R Bone, del et Iith.

•

PLATE XXVIII.
Prom the Upper White Ohalk.

Fig. ] a. CYPHOSOMA SPATUJ.IFERUM, Forbes.

Test, natural SIze.

British Museum.

(P. 141.)

1 b.
1 c.
1 d.
1 e.

If
1 g.
1 It.

"

"

"

"

"
"
"
"

"

,.

"
"

"
"

Upper surface of do., magnified twice.
Under surface of do.,

do.

do.

Lateral view of do.,

do.

do.

Inter-ambulacral plates, do. six times.
Ambulacrum entire,
do.
do.
Inter-ambulacral plates, do.
do.
Lower portion of an ambuJacrum, magnified six times.

•

PJ A.'\JIlT.

1 cl.
Y. 2

•

PLATE XXIX.

From the Upper and Lower Ohalk.
Fig. 1 a.

CYPHOSOMA SPATULIFERUM,

var.

The Rev. T. Wiltshire, F.G.S.

(P. 141.)

1 b.

"

"

1 c.

"

"Lateral view of do.,

1 d.

"

" A r e a l plates and zones, do. six times.

2 a.

2 b.

2 c.

3 a.
3 b.

CYPHOSOMA SIMPLEX,

"

"

"

"

"

"

"

"

Upper surface of do., magnified twice.

Forbes.

do.

Royal School of Mines.

do.
(P. 143.)

Upper surface of test, magnified two and a
half times.
Upper portion of ambulacra, do. six times.
Another test, magnified three times.
Radiated areolee, magnified eight times, Museum
of the Royal School of Mines.
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PLA'fE XXIX

A.

From the Chloritic Marl.
Fig. 1 a.
1 b.

PEDINOPSIS WIES'l'I,

Wright.

Test, natural size, upper. From the Collection of
W. Wiest. (P.114.)
Under surface of

do., natural size.

Lateral view of

do.,

"

"

"

"

"

"

Upper third of an ambulacrum, magnified six
times.

1 e."

"

Inter-ambulaerum plates)

1 c.

1 d.

do.,

do.

do.,

do.,

do.

Areal plates and zones,

do.,

do.

1 f.""
1 f/."
2.

"

PEDINOPSIS MERIDANENSIS,

do.

Do.
Cotteau.

Copied from PI. li25, fig. 2, of the
, Paleontologie Franeaise,' for comparison with P. Wiesti•

•
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PLATE XXIX

•,

•

•

B•

From the Upper and Lower Ohallc..

Fig. 1 a.

GLYFHOCYPHUS RADIATUS,

1 b.

"

"

"

"

"

"

"

"

"

"

"

"
"

1 e.

l·'ig. 2 a.
2 b.
2 e.

2 d.
2 e.

Fig. 3 a.
3 b.

Fig. 4 a.
4 b.
4 c.

4 d.
5 a.
5b

"

Hmninghau8, sp. Test, upper surface, magnified
twice. (P.121.)

Lateral view, magnified twice.
Areal plates and zones, do. ten times.
Under surface,

"

"

"

"

"

"
"

"

"

"

"

"

Areal plates and zones (do.

do.)

Inter-ambulacrum

(do.

do.)

do.

Ambulacrum

(do.

do.)

do.

do.

Portion of test, natural size, in the British
Museum. (P. 125).
Poriferous zones, magnified four times, do.
Do.

do.,

Portion of spine,
Do.

do.,

Areal plates,

do.

do.

do.

six times.

do.

do.

do.

four times.

Ovarial plates, natural size.
Jaws, forming "the Lantern of Aristotle,"
natural size.

•

t

twice.

Apical disc (from M. Cotteau's figure), magnified.

ECHINOTHURIA FLORIS, Woodward.

"
"

do.

Pl X.:IX B
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PLATE XXX.
From the Neocomian or Lower Greensand.

Fig. 1 a.

b.
c.
d.

e.

f.
Fig. 2.

PELTASTES WRIGHTII,

Desor.

Test, natural size. British Museum. (P.150.)
Upper surface, showing disc magnified twice.

"

"

"

"

"

"

"

"

"

"

Inter-ambulacral tubercle, magnified four times.

"

"

Abnormal disc, suranal absent, do.

Under surface, mouth opening and peristome,
magnified twice.
Lateral view of the same, magnified twice.
Upper portion of an inter-ambulacral and ambulacral area, magnified four times..

•

twice.

l,R Bone d. 1
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•

PLATE XXXI.
From the Neocomianor Loioer Greensand.
Fig. 1 a.
1 b.

Fig. 2.
Fig. 3 a.

3 b.
Fig. 4 a.
4 b.
4 c.
4 d.

PELTAS'1'ES

STELI.ULA'l'US,

"

"

"

"

"

"

"

"

PELTAS'I'ES LARDYI,

"

"

"

"

"

A/lossiz.

Test, natural size. British Museum.
(P. 152.)
Lateral view of do., magnified two diameters.
Under surface, showing mouth opening
and peristome, magnified two diameters.
Upper surface, showing apical disc, magnified two diameters.
Upper portion of ambulacra and interambulacra, magnified six diameters.

Desor.

Test, natural size. British Museum. (P. 154.)
Upper surface, showing apical disc magnified two
diameters.
Lateral view of apical disc, magnified two diameters.
Upper portion of ambulacra, and inter-ambulacra,
magnified four times.
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PLATE XXXII.
From the Upper Greensand.
Fig. 1 a. PELTASTES CLA'l'HRATUS, A!Jassiz.
1 b.
1 c.
1 d.

1 e.

If.
l<'ig. 2.
:Fig. 3.
Fig. 4.

Test, natural size. British Museum. (P.156.)

"

"

Upper surface, showing the disc in sitit,
magnified two diameters.

"

"

Under surface, showing mouth opening and
peristome, magnified two diameters.

"

"

Ambulacra and inter-ambulacra, with poriferous zones, magnified six diameters.

"

"

Single plate and portion of ambulacra with poriferous zones, magnified eight diameters.

"

"

Mouth opening, magnified four diameters.

"

"

Apical disc detached, magnified four diameters.

"

"

Lateral view of another test, magnified two
diameters.

"

"

Apical disc detached, magnified two diameters.
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PLATE XXXIII.

From lite Upper Greeneand.
Fig. 1 a.
1 b.
1 c.
1 d.
1 e.

If
Fig. 2a.
2 b.

:Fig. 3.

Fig. 4 a.

4 b.

SALENIA PE'fALIFERA,

"

"

"

"

"
"

"

"

"

"

"

"

"

"

"

"

"

"

"

Desmarest.

'rest, natural size. British Museum.
Upper surface, showing disc in situ, magnified two diameters.
Lateral view of the same test, magnified two
diameters.
Ambulacra, inter-ambulacra, and poriferous
zones, magnified four diameters.
Apical disc detached, magnified four diameters.
Single primary tubercle profile, magnified
four diameters.
Under surface, showing mouth opening and
peristome, magnified two diameters.
Ambulacra and poriferous zones, magnified
six diameters.
Inferior portion of inter-ambulacra, magnified six diameters.
Upper surface of another fine test, Mr.
Cunnington, F.G.S.
Under surface,
do.,
do.
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PLATE XXXIV.
From the Upper Greensand.

Fig. 1 a.

PELTASTES UMBRELLA,

Agassiz. Test, magnified two diameters. British Museum.

1 b.
1 c.
1 d.
Fig. 2.

"

"

Fig. 3.
Fig. 4
4
4
4
4

a.
b.

c.
d.
e.

SALENIA GIBBA,

"
"

"

"
"

Agassiz.

(P. 158.)
Lateral view of the same, magnified two diameters.
Inter-ambulacra, ambulacra, and poriferous zones,
magnified six diameters.
Apical disc detached, magnified four diameters.
Under surface of another test, magnified two
diameters. Mr. Cunnington, F.G.S.
Apical disc of another test, magnified four diameters.
'rest magnified, two diameters. British Museum.
Under surface of do., do.,
do.
Lateral view of do.,
do.,
do.
Apical disc detached, four diameters, do.
Ambulacra, inter-ambulacra, and poriferous
zones, magnified six diameters .
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PLATE XXXV.
From the Upper Greensand,
Fig. la. SAJ,ENIA LORIOLII, Wriflht, novo sp.

I b.
I c.

Id.

"

"

"

"

"

"

Fig. 2 a. SALENIA DESORI,
2 b.
2 c.
2 d.
2 e.

2f.

"

"

"
"
"

"

"

"

"
"

Upper surface, magnified three diameters:
British Museum.
Under surface, magnified three diameters.
Lateral view,

do.

do.

Ambulacra, inter-ambulacra, magnified
six diameters.

Wright, nov. sp.

Upper surface, magnified three diameters.
Under surface,

do.

do.

Lateral view,

do.

do.

Apical disc,

do.

six do.

Ambulacra, inter-ambulacra, do.
Single plate and ambulacra, eight do.
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PLATE XXXVI.
From the Upper Greensand.

Fig. 1 a.
1 b.
1 c.
1 d.

Fig. 2 a.
2 b.
') c.

AfJassiz.

GONIOPHORUS LUNULATUS,

"

"

"
"
"

"

"

"

"

"

'rest, natural SIze.
Mr. Cunnington,
F.G.S. (P.163.)
Upper surface, showing disc magnified
two diameters.
Under surface, showing mouth and peristome magnified two diameters.
Lateral view, inter-ambulacra, magnified
two diameters.
Inter-ambulacra, entire, magnified SIX
diameters. Royal School of Mines.
Ambulacra, entire, magnified SIX diameters.
Do.
do.
Single plate of ambulaera, magnified six
diameters.

From tlte Gault.

Fig. 3 a.

3 b.

GONIOPHORUS LUNULATUS,

"

"

Agassiz. Test, with spines, in sitU, magnified two
diameters. Rev. T. Wiltshire, F.G.S.
Ambulacra and inter-ambulacra, magnified six diameters.
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PLATE XXXVII.
From the Lower Grey Chalk.
Fig. 1 a. SALENIA Aus'I'ENJ, Forbes.
1 b.
"
"

1 c.

"

.,

1 d.
1 e.
1 f,
1 g.
1 h.

1 z.
Fig. 2.

"

"
"

"
"

"

Test, natural size. British Museum.
Under surface, showing peristome magnified two
diameters.
Upper surface, showing disc magnified two diameters.
Lateral view, showing periprocte magnified two
diameters.
Inter-ambulacra, entire, magnified four diameters.
Ambulacra,
do.;
do.
do.
Single plate of ambulacra, do.
six do.
Single tubercle in profile, do.
do.
Apical disc detached,
do.
four do.
Test, natural size,
School of Mines.

•

do.

do.,

Royal
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PLATE XXXVIII.
From tlte Lower Grey,Chalk.

Fig. 1 a. SALENIA CLARKII, Porbee.
1 b.
"
"
1 c.
"
"
1 d.
"
"

1 e.

If.
1 g.
] h.

"

"

"

"

"

"

Test, natural size. British Museum.
Upper surface.showing disc magnified two diameters.
Under do.,
do. peristome do.
do.
Lateral view. showing ambulacral areas and poriferous zones, magnified two diameters.
Apical disc detached, magnified four diameters.
Inter-ambulacra entire, do.
do.
Ambulacra entire,
do.
do.
SIX do.
One plate and ambulacra, do.

"
"
Fig. 2 a. SALENIA, with spines in situ, natural size, Royal School of Mines.
2 b.
"
do.
club-shaped, magnified three times.
2 c.
"
do.
spatulate
do.
do.
2 d.
six do.
" Base of spine showing lines, &c., do.

Figs. 3, 4.

"

Bent spines, magnified three times.

•

/ {{/

PI. XXXVJJl

I G

16

Id

le

I'l>

x 6

x3

Ab

"

CR, Bone. del

.~ I , U.

' ,

.

,

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

PLATE XXXIX.

From the Lower Chalk.
Fig. 1.

SALENIA CLARKII, Forbes.

:Fig. 2 a. SAIJENIA BUNBURYI, Forbes.

2 b.
2 c.
2 d.

2 e.
2f
2 g.
2 h.
2 i.

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

Apical disc detached, magnified four diameters.
The Rev. T. Wiltshire, F.G.S.
Test, natural size.

Royal School of Mines.

Upper surface, showing disc, magnified two diameters.
Under surface, showing peristome, do.

do.

Lateral view, showing sides and periproete, magnified two diameters.
Apical disc detached, magnified four diameters.
do.

do.

do.

do.

Single plate and ambulacra,do.

six do.

do.

do.

Inter-ambulacra entire,
Ambulacra
Single tubercle

do.,
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PLA'rE XL.
From the Red

Fig. 1 a. PELTASTES Wn.TSHIREI,

b.
c.
d.

e.

f·
g.
It.

Fig. 2.

"

"

"

"

"

"

"

"

"
"

"

"

"

"
"
"

Wr~fJht.

cuu.

Test, natural size. Cabinet of the Rev. T.
Wiltshire, F.G.S. (P. 161.)
Upper surface, magnified two diameters.
Under surface,

do.

do.

Lateral view,

do.

do.

Inter-ambulacral area, magnified four times.
Ambulacral area,

do.

do.

Apical disc,

do.

do.

Single plate and portion of ambulacra,magnified six times.
Mould magnified two diameters.
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PLATE XLI.

From the Red Chalk.
Fig. 1 a. PELTASTES STELLULATUS, Agassiz.

b.

"

c.
e.

I
g.

Upper surface, magnified two diameters.

"
"

Lateral view,

do.

"

Apical disc,

do.

"

"

Inter-ambulacra, do.

do.

"

"

Ambulacra,

do.

"

"

"
"

d.

Test, natural size. Rev. T. Wiltshire,
F.G.S. (P. 153.)
do.
four times.

do.

Single plate and portion of ambulaera,
magnified six times.

From the Lower White Chalk.
Fig. 2 a. SALENIA GRANULOSA, Forbee.

b.
c.

d.
e.

f.
Fig. 3.

"
"
"

"
"

"

"
"
"

"

"

"

Upper surface, magnified two diameters.
British Museum. (P. 179.)

The

Under surface, magnified two diameters.
Lateral view,

do.

do.

Inter-ambulacral area, magnified four times.
Ambulacral

do.

do.

do.

Single plate and portion of ambulacra, magnified
six times.
Apical disc, magnified four diameters.
Rev. T. Wiltshire, F.G.S.
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PLATE XLII.
Tests with Spines attached.

Fig. 1.

SALENIA CLARKII, Forbes, with bent spines attached and in situ.
Wiltshire, F.G.S. (P. 177).

2 a.
b.

c.

.
..
.

3.

.
.

4.

..

5 a.

.

b.

.

d.

c.

.

CLARKII, Forbes.

.
.
.
PETALIFERA? ])esm.

.
CLARKII, Forbee.

.
.

Rev. T.

Test, with bent spmes. Rev. T. Wiltshire,
F.G.S.
Spine bent near the middle, magnified three
times.
Base, showing lines and milled ring, magnified
six times.
Section of a spine, magnified six times.
Test, with spines, natural size. British Museum.
(P. 170).
Do.
do.
F.G.S.

do.

Rev. T. Wiltshire,

Do.

do.

Royal School of

do.
Mines.

Portion of spine, magnified six times.
Do.

do.

•

do.
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PLA1'E XLIII.
From the Lower White

llg. 1 a. SALENIA GRANUWSA, Forbes.

b.
c.
d.

e.

f.
fl·

h.

"
"

"

"

"

"
"

"
"

"
"

"

"

"

ouu.

Test, natural size. Dr. Bowerbank's Collection,
now in the British Museum. (P.179.)
Upper surface, magnified two diameters.
Under surface,

do.

do.

Lateral view,

do.

do.

Apical disc,

do.

four diameters.

Inter-ambulacral area, magnified four times.
Ambulacral area,

do.

Single plate and portion of ambulacra, magnified
six times.

From the Upper Wltite Ohalle.

Fig. 2 a. SAJ,ENIA GEOMETRICA, AfJassiz. 'rest, natural size. British Museum. (P.182.)

b.
c.
d.

e.

f.
g.
3 a.

b.

Upper surface, magnified two diameters.

"

"

"
"
"
"
"

"

"

Single plate and portion of ambulacra, magnified
six times.

"

"

Mould, in silex, a lateral view, natural size.
British Museum.

"

Under surface of the same mould, natural
Size.

Lateral view, magnified two diameters.
Apical disc,

"
"

do.

four

do.

Inter-ambulacral area, magnified four diameters.
Ambulacral area,

do.

•

do.

do.
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PLATE XLIV.

.From tlte Upper White Chalk.
Fig. 1 a.

bp
c.
d.

e.

f.
g.

h.
z.
le.

i.

SALENIA MAGNIFICA,

"
"
"
"

"

Wrigltt.

Test. natural size. British Museum. (P.184.)
Upper surface of test, magnified two diameters.
Under surface,

do.

do.

Lateral view,

do.

do.

Apical disc,

do.

four do.

Inter-ambulacral area,

do.

do.

Ambulacral

do.

do.

"

"
"
"
"
"
"

"

"

Single plate and portion of ambulaera, magnified
six diameters.

"

"

Lateral view of a primary tubercle, magnified.
six times.

"

"

Oblong mouth-opening and peristome, magnified four times.

"

"

do.

Portion of the base of ambulacral and interambulacral areas, magnified six times.
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PLATE XLV.
COTTAJ.DIA BENETTI~,

KOnifJ, 1825.

From the Upper Greenaand.

Fig. 1 a, 2 a"S.. Lateral views of tests, natural size. My collection, (P. 187.)
b. Upper surface of test, showing the apical disc, magnified two diameters. My collection.
c. Under surface of same, showing the base and peristome, do. do.
d. Lateral view of do.
do. the lobe-like character of the areas, do.
e. Portion of the inter-ambulacral and ambulacral areas and poriferous
zones, showing the linear arrangement of the tubercles on the
plates, magnified ten times.
f. Portion of the inter-ambulacral plates and tubercles at the base,
magnified ten times.
g. Apical disc complete, do. magnified six times,

DISCOIDEA SUBUCULUS,

Klein, 1734..

From the Upper Greensand and Grey Ohalk.

Fig. 4 a. Lateral view of test, the natural size. My collection. (P. 200.)
b. Upper surface of same, magnified two diameters.
c. Under do.
do.
do.
do.
d. Lateral do.
do.
do.
do.
e. Apical disc, magnified twelve times.
;: Upper portion of inter-ambulacral areas, do.
g. Plates of inter-ambulacra, ambulacra, and poriferous zones, magnified eleven
times.
k. Do.
do.
do.
do.
at base, do.
do.
Fig. 5.
Large test from the Grey Chalk.
6.
Small test, conical variety, do.
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PLATE XLVI.
DISCOIDEA CYLINDRICA,

Lamarck, 1816.

From the Lower Ohalk.

Fig. 1 a. Upper surface of a large test, natural size. My collection. (P. 204.)
b. Under
do.
do.
do.
c. Lateral view of another test, from the Chloritic Chalk, natural size.
d. Inter-ambulacral and ambulacral plates, with poriferous zones, and showing
distribution of the tubercles, magnified four times.
Fig. 2 a. A small test from the Lower Grey Chalk, showing a lobed variety of the same
species, lateral view, natural size. My collection.
b. Under surface of the same, do.
c. Apical disc, magnified six times.
d. Primary tubercles, showing detailed structure, highly magnified.
e. Upper portion of the inter-ambulacra, ambulacra, and poriferous zones, magnified
six diameters.
/. A portion of the basal ambulacral plates and poriferous zones, magnified six
times.
L A portion of the basal inter-ambulacral .do,
do.
do.
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PLATE XLVII.
DISCOIDEA CYLINDRICA,

Lamarek, 1816.

Fig. 1 a. Large test, lateral view, natural size. My collection. (P. 204.)
b. Base of the same,
do.
2 a. Mould showing marginal incisions on the border of the iuter-ambulaora.
b. Mould showing the extension of the same at-the base.
3. Test wanting anterior single ambulacrum.

DISCOIDEA MINIMA,

Agassiz, 1840.

Fig. 4 a. Upper surf~ce of a test, natural size. (P. 208.)
b. Under surface
do.
do.
c. Lateral view
do.
do.
d. Base of
do.
magnified.
e. Apical disc, greatly magnified.
f. Portion of the inter-ambulacrum, ambulacrum, and poriferous zones, highly
magnified.
g. Upper portion of the same parts, highly magnified.
It. The anal plates, highly magnified.
These figures are copied from M. Cotteau's beautiful plate 1012, figs. 1-7, in the
"Paleontologie Franeaise,' tom. vii.
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PLATE XLVIII.
DISCOIDEA F.A.VRINA,

Desor, 1842.

Prom tlte Upper Greensand.
Upper surface of a test, natural size. British Museum. (P. 210.)
do,
Base of
do.
do.
Lateral view of
do.
do.
do.
Apical disc, magnified.
Inter-ambulacra, ambulacra; and poriferous sones, magnified four times.
f. Portion of the basal plates of the same parts,
do.
do.
g. Inter-ambulacral plates,
do.
do.

Fig. I a.
b.
c.
d.
e.

DISCOIDEA DIXONI,

Forbee,

1850~

From th.e Upper Wltite Chalk.
Fig. 2 a.
b.
c.
d.
3 a.
b.

Upper surface, magnified two' diameters. My collection. (P. 212.)
Lateral view,
do.
do.
Apical disc, highly magnified.
Inter-ambulacra, ambulacra, and poriferous zones, magnified six times.
Base of another test, magnified two diameters.
Inter-ambulacra, ambulacra, and poriferous zones, magnified eight times .
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PLATE XLIX.
ECHINOCONUS GLOBULUS,

Desor, 1842.

From the Upper Chalk.
Fig. 1 a.
b.
c.
d.
e.

Upper surface of a test, natural size. British Museum. (P. 230.)
Under do.
do.
do.
do.
Lateral view
do.
do.
do.
Posterior view
do.
do.
do.
Inter-ambulacra, ambulacra, and zones, magnified six diameters.
f. Apical disc, magnified.
g. Tubercles of base.

ECHINOCONUS CONICUS,

Breyniua, 1732.

Fig. 2 a. Posterior view of a test, natural size. My collection. (P.221.)
b. Base of the same showing the relative dimensions of vent and peristome.
3. Lateral view of another test.
4.
Do.
do.
5. Poriferous zones around the periostome, showing the arrangement of triple
oblique pairs of pores in that region, magnified four times.
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PLA'l'E L.
ECHINOCONUS CONICUS,

Breynius, 1732.

•t

From the Upper Cltalk.
Fig. 1 a. Upper surface of test, natural size. My collection. (P. 221.)
b. Under do.
do.
do.
c. Apical disc, magnified four diameters.
d. Inter-ambulacra, ambulacra, and poriferous zones, magnified four diameters.
e.
Do.
do.
do.
near the base, do.
f Primary tubercles and surrounding granules, highly magnified.
2. Lateral viewof a highly conical test.
3. Primary spine, natural size, and highly magnified.
4.
Do
do.
do.
do.
The Rev. Thos. Wiltshire,
F.G.S.
do.
5. Peristome with jaws and teeth in sitU
6. The jaws and teeth magnified
do.
7. Small tubercular spines of the dorso-lateral plates, greatly magnified.
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PLATE LI.
ECHlNOCONUS GLOBULUS, ])e801',

1842.

1

••

From tlte Uppe,. Challe.
Fig. 11 a. Base of the test, natural size. The Rev. T. Wiltshire, F.G.S.
do.
do.
b. Posterior view
do.
do.
do.
c. Lateral do.
do.

ECHINOCONUS CASTANEA,

(P.230.)

Bron!Jniart, 1842.

From the Lower Chalk.
Fig. 2 a. Upper surface of a large test, natural size. My collection. (P. 215.)
b. Under do.
do.
do.
c. Lateral view
do.
do.
d. Posterior do., showing the position of the marginal vent.
e. Inter-ambulacral and ambulacral plates, and poriferous zone, magnified four
diameters.
/.
Do.
from basal region.
fJ. Apical disc.
3. A small test of the same species, natural size.

•
,

,

P

Ll

3

MS

CR Bone -1etlitJ-

Fl.mhal

l1l1p

PLATE LI!.
ECHINOCONUS SUBROTUNDUS,

Mantell, 1822.

From the Lower Challe.
}1~.

I a. Base of test, natural size. Rev. T. Wiltshire, F.G.S. (P. 219.)
c. Lateral view,
do.
b. Posterior do.
do.
d. Inter-ambulaera, ambulacra, and poriferous zones, magnified four times.
e. Apical disc,
do.
j. Portion of the basal plates,
do.

ECHINOCONUS ABBREVIATUS,

From the Upper Challe

Desor, 1842.

of Norfolle.

Fig. 2 a. Upper surface of the test, natural size. My collection. (P. 226.)
b. Base
do.
do.
c. Lateral view
do.
do.
d. Posterior do., with recurved vent.
e. Inter-ambulaera, ambulacra, and zones, magnified four diameters.
f. Portion of the basal plates,
do.
do.
g. Primary tubercle, magnified.
h.
Do.
do.
i. Apical disc
do.
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PLATE LIlI.
ECHINOCONUS ABBREVIATUS,

Desor.

From the Upper Challe.
Fig. 1. Large test, lateral view, natural size.

My collection.

(P. 226.)

ECHINOCONUS sUBRoTuNDus,~antel~

From the Lower Challe.
Fig. 2 a. Upper surface, natural size. My collection. (P. 219.)
6. Under do.
do.
c. Lateral view
do.
d. Posterior do.
do.
e. Ambulacral and inter-ambulacral plates and poriferous zones, magnified four
diameters.
f, Apical disc, highly magnified.
3.
Inter-ambulacral basal plates, magnified six diameters.
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PLA1.'E LIV.
PrRINA LlEVTS,

Aga88iz.

Prom the Upper Greensand.
Fig. 1 a. Test, upper surface, natural size. My collection.
b. Do.
do.
magnified two diameters.
c. Do. under surface
do.
do.
d. Do. lateral view
do.
do.
e. Do. posterior view
do.
do.

PYRINA DESMOULINSII,

(P. 238.)

n'Archiac.

Prom the Chloritic Marl.
Fig. 2 a. Upper surface, natural size My collection. (P. 236.)
b. Under do.
do.
c. Lateral view
do.
d. Posterior do.
do.
e. Ambulacral and inter-ambulacral plates and poriferous zones, magnified four
diameters.
f. Apical disc, highly magnified.
g, h, i. Various forms of basal tubercles, highly magnified.

PYRINA OVULUM,

Lamarck,

Prom the Upper Greensand.
Fig. 3 a. Test, upper surface, natural size. Royal School of Mines. (P. 237.)
b. Do.
do.
magnified three diameters.
c, Do. under surface
do.
do.
d. Do. lateral view
do.
do.
e. Do. posterior do.
do.
do.
f. Apical disc, highly magnified.
g. Plates, tubercles, and granules, highly magnified.
h. Do.
do.
do.
do.
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PLATE LV.
CATOPYGUS VECTENSIS, Wright, novo Sp.
Lower Greensana.
:Fig. 1 a. Test, natural size, upper surface. Rev. T. Wiltshire, F.G.S., and my collection.
(P. 245.)
b. Do. magnified two diameters.
C. Do. lateral view, magnified two diameters.
d. Do. posterior do.
do.
do.

CATOPYGUS COLUMBARIUS, Lamarck,
From the Upper Greensand.
Fig. 2 a. Test, upper surface, natural size. My collection. (P. 241.)
b. Do.
00.
magnified two diameters.
c. Do. under surface
do.
do.
d. Do. lateral view
do.
do.
e. Do. posterior do.
do.
do.
f, Apical disc, largely magnified.
g. Ambulacral and inter-ambulacral plates, with poriferous zones, magnified
diameters.
It. Mouth, oral lobes, and peristomal rosette around the opening, magnified
diameters.
Z. Tubercles from the base highly magnified.
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PLATE LVI.
CLYPEOP1GUS FITTONI, Wright, novo sp.
From the Lower Grcensand.

Fig. 1 a. Length of the test, natural size. Rev. T. Wiltshire, and my collection.
(P. 247.)
b. Upper surface, magnified two diameters.
c. Under do.
do.
do.
d. Lateral view
do.
do.
e. Posterior do.
do.
do.
/. Ambulacral plates and poriferous zones, magnified six times.
2 a. Test of another specimen, natural size.
do.
do.
3 a. Length of
b. Upper surface, magnified two diameters.
c. Under do.
do.
do.
d. Posterior do.
do.
do.
e. Lateral do.
do.
do.
/. Ambulacral plates and zones, magnified.
g. Basal tubercles of this form are found near the peristome.
Fig. 4. Another test, natural size.
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PLATE LVII.
TREMA1'OPYGUS :FARINGDONENSIS,

lYri!lltt.

From tlte Lower Greensarul.
Fig. I a. Test, upper surface, natural size. My collection. (P.253.)
b. Do.
do.
magnified one and a half times.
c. Do.
do.
do.
do.
a. Do. lateral view
do. one half.
e. Do. posterior do.
do.
do.
f. Apical disc, magnified.
- g. Ambulacral and inter-ambulacral plates and poriferous zones, magnified
times.
It. Basal tubercles, showing structural details.

CARATOMUS ROSTRATUS,

Aga8siz.

From tlte Upper Greensand.
Fig. 2 a. Vertical line, showing natural size. (P. 255.)
b, Upper surface, magnified six diameters.
c. Under
do.
do.
do.
a. Posterior do.
do.
do.
e. Lateral view
do.
do.
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PLATE LVIII.
PYGURUS LAMPAs,

De la Recite.

. From tlte Upper Greenaana.
Fig. 1 a. Test, upper surface, natural size. British Museum. (P. 258.)
b. Do.
do.
magnified one and a half times.
c. Do. under surface
do.
do.
d. Do. lateral view
- do.
do.
e. Do. posterior do.
do.
do.
I- Do; anterior view of the front of the test, magnified one and a half times.
fJ. Ambulacral and iuter-ambulaeral plates, with poriferous zones, magnified six
times.
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PLATE LIX.
EPIASTER DE LORIOLII, W'l'il/ltt.
J!lrom tlte Upper G'l'eensana.
Fig. 1 a. Test, upper surface, natural size. My collection. (P. 265.)
b. Do. under
do.
do.
c. Do. lateral view
do.
a. Do. posterior do.
do.
e. Do. anterior do.
do.
f. Ambulacral and inter-ambulacral plates, with poriferous zones, magnified three
times.
1/. Apical disc, magnified three times.
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PLATE LX.
ECHINOSPATAGUS MURCHISONIANUS,

.1.l.fantell.

From the Upper Gree1l8and.
Fig. 1 a. Test, upper surface, natural size. British Museum.
b. Do. under do.
do.
c. Do. lateral view
do.
d. Do. posterior do.
do.
e. Apical disc, magnified.
f. Plates with tubercles, the fasciole an artist's mistake.
!/; Skeleton structure of the ambulacra and poriferous zones and apical disc.
It. Structure of the anteal ambulacrum.
.
i. Tubercles, boss, and encircling granules, magnified.

HEMIASTER BAILY!,

Forbe«.

Prom tlte Gault.
Fig. 2. Test, natural size.

Royal School of Mines.

HEMIASTER ASTERIAS,

(P. 264.)

Forbe«:

Prom tlte Gault.
Fig. 3. Test, natural size.

Royal School of Mines. (P. 264.)
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PLATE LXI.
HEMIABTER MORRISIJ,

Forbes.

Prom the Grey Chalk.

Fig. 1 a. Test, upper surface, natural size. My collection. (P. 262
b. Do. under do.
do.
c. Do. lateral view
do.
Do. posterior do.
do.
e. Do. anterior do.
do.
I- Apical disc, magnified.
g. Portion of the dorsal plates, showing the peripetal fasciole, magnified.
It. Ambulacral and inter-ambulacral plates, magnified three times.
~. ~bercles and granules on the upper surface, magnified.
k. Tubercles and granules on the under surface
do.
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PLATE LXII.
MICRASTER COR-ANGUINUM,

Klei».

Prom the Upper Oltalle..
Fig. 1 a. Test, upper surface, natural size. My collection.
b. Do. under do.
do.
c. Do. lateral view
do.
d. Do. posterior do.
do.
e. Do. anterior do.
do.
f. Ambulacral and inter-ambulacral plates, magnified three times.
fJ. Apical disc, highly magnified.
It. Lateral ambulacra, magnified four diameters.
i, Anterior single ambulacrum, magnified four diameters.
le. Structure of the sub-anal fasciole, magnified.
I. Structure of tubercles, bosses, and granules, magnified.
Fig. 3. Portion of a spine adherent to the test
do.
Fig. 4.
Do.
do.
do.
do.
Fig. 5. Spine found on the test
do.
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PLATE LXII A.
MICBASTER

COR-BOVIS,

Forbe«.

From the Upper White Ohallc.
Fig. 1. Base of large test, natural size. British Museum. (P. 276.)
do.
2 a. Upper surface
b. Lateral view do.
do.
c. Anterior border, anteal sulcus, and mouth opening.
d. Posterior border, with vent and periprocte.

MICRASTER BREVIPORUS,

A!Jassiz.

From the Upper White Ohallc.
Fig. 3 a. Upper surface, natural size. My collection.
b. Under
do.
do.
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PLATE LXIII.
EpIASTER GIBBUS,

Lamarcle.

From tlte Upper JYltite Cltalle.
Fig. 1 a. Upper surface, natural size. My collection. (P. 267.)
b. Under
do.
do.
c. Lateral do.
do.
d. Posterior do.
do.
e. Anterior do.
do.
f. Apical disc, magnified four diameters.
fJ. Ambulacral and inter-ambulacral plates, magnified three times.
It. Structure of the poriferous zones, magnified.
i, Primary tubercles on upper surface do.
le.
Do.
do. from basal do. do.
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PLATE LXIV.
ECHINOSPATAGUS MURCHISONIANUS,

Mantell.

Jilrom tlte Upper Greenaa'lld.
Fig. 1.

Test, upper surface, natural size.

My collection.

ENALLASTER GREENOVII,

(P. 281.)

Forbea.

From the Upper Gfeenaand.
Fig. 2 a. Upper surface, natural size. Royal School of Mines.
b. Under
do.
do.
c. Posterior do.
do.
d. Anterior do.
do.
e. Lateral do.
do.
f. Apical disc and structure of ambulacra, magnified.
3 a. Smaller test, lateral view.
b. Plates, with tubercles from upper surface, magnified.
c. Tubercles from under surface,
do.
do.
d.
Do.
do.

ECHINOSP ATAGUS COLLEGNII,

(P. 290.)

Siamonda.

From the Upper Oreensand:
Fig. 4.

Test, upper surface, natural size.

My Collection.
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PLATE LXV.
ENALLASTER FITTONI,

Forie«.

From the Lower Greensand.
Fig. 1 a. Upper surface, natural size. Royal School of Mines. (P. 288.)
b. Under do.
do.
c. Lateral do.
do.
e. Anterior do.
do.
/- Portion of dorsal plates and tubercles, magnified three times.
Fig. 2 a. Upper surface of test, natural size. My collection.
b. Apical disc and single ambulacrum, magnified.
c. Anterior petaloid ambulacrum, showing poriferous zones.

HOLECTYPUS BISTRIATUS,

Wri!Jltt.

From Cltloritic Mart of Chard.
Fig. 3 a. Test, upper surface, natural size. My collection. (P. 233.)
b. Lateral view,
do.
c. Structure of an ambulacrum, showing the bistriated marginal arrangement.
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PLATE LXVI.
GONIOPYGUS DELPHINENSIS,

Albin Gras.

I,

From tlte Farringdon Sponge Bed, Lower Greenaand.

Fig. 1 a. Upper surface, natural size.
b. Under
do.
do.
c. Lateral do.
do.
d. Interambulacrum, magnified
e. Ambulacrum,
do.
f. Apical disc,
do.
g. Ambulacral plates,
do.

My cabinet.

four times.
do.
three times.
six times.

CARDIASTER BENSTEDI,

Forbea.

From tlte Lower Greenaand.

Fig. 3 a. Upper surface, natural size.
b. Lateral view,
do.
c. Posterior view,
do.

.

British Museum.

•

(P. 293.)
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PLATE LXVII.
CARDIASTER LATISSIMUS,

AI/Qa8ie.

From the Upper G1'ee1laa1UJ.
Fig. 1. Upper surface, natural size. My Cabinet. (P. 295.)
2 a. Under surface, natural size. Rev. T.- Wiltshire's, F.G.S., Collection.
b. Lateral view
do.
c. Posterior border do.
with periprocte and vent.
d. Anterior do.
do.
with anteal sulcus.
e. Dorsal plates and primary tubercles with granules, magnified three times.
Ambulacral pores, magnified three times.
1/. Primary tubercles from the base. Magnified.
n. Apical disc, magnified.
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PLATE LXVIII.
CARDIASTER FOSSARIUS,

Benett.

From tlte Upper Greensand:

Fig. 1 a. Upper surface,natural size. Cunnington collection. British Museum. (P. 297.)
b. Under surface
do.
c. Lateral view
do.
d. Posterior do.
do.
e. Anterior border,
do.

CARDIASTER PEREzlI,8ismonda.

From tlte Upper Greeneand.
Fig. 2 a. Upper surface, natural size. Jermyn Street Museum. (P. 299.)
b. Lateral view
do.
c. Anterior border
do. with anteal sulcus.
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PLATE LXIX.
CARDlASTER PYGMlEUS,

Forbes.

Prom the Upper Challe.
Fig. 1 a. Upper surface, magnified twice. Museum Royal School of Mines.
b. Under
do.
do.
c. Lateral view
do.
d. Posterior border and periprocte, magnified twice.
e. Anterior border and anteal sulcus
do.

CARDlASTER GRANULOSUS,

Goldfuss.

Prom the Upper Challe.
Upper surface, natural size. My Collection. (P. 802:)
Under
do.
do.
Lateral view
do.
Posterior border and periprocte.
Anterior do. and anteal sulcus.
f. Plates with tubercles from upper surface, magnified.
fJ. Marginal plates with tubercles and marginal fasciole.
h. 'l'ubercles from the dorsum, highly magnified.
do.'
s.
Do.
do.
base

Fig. 2 a.
b.
c.
d.
e.

Fig. 3. Flint mould of Cardiaster fJranulo8us.
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PLATE LXX.
INFULASTER EXCENTRICUS,

Rose.

From the White Ohalle of Norfolle.

Fig. 1 a. Upper surface, natural size. My collection. (P. 305.)
b. Under do.
do.
do.
c. Lateral view
do.
d. Posterior border and periprocte.
e. Anterior do. "and anteal sulcus.
f. Surface sculpture of interambulacral plates, magnified three times.
g. Primary tubercles and encircling granules, highly magnified.
h. Part of the cheek, with a portion of the fasciole do.
i. Details of test and apical disc as shown in a flint mould, natural size.
k. The apical disc, highly magnified.

INFULASTER ROSTRATUS,

Forbee.

From the Wltite Ohalle near Plumstead.

Fig. 2 a. Lateral view, natural size. Museum, School of Mines. (P. 307.)
b., c., d., e. Different views of a specimen from Chalk near Plumstead.
f. Part of the cheek and fasciole. Museum, School of Mines.
Figs. 3 a. Outline, partly restored, of a large specimen from Norfolk Chalk, in
·the late Mr. Rose's Collection.
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PLATE LXXI.
CARDlASTER PILI,ULA,

Lama'fck.

From the White Ohalk,

Fig, I a. Upper surface, natural size. Museum, School of Mines. (P. 325.)
Under do.
do.
Lateral view, magnified two diameters.
Posterior border and periprocte, natural size.
Anterior do and anteal sulcus.
f. Part of the cheek with fasciole, magnified.
g. The elongated apical disc
do.
h. Interambulacral plates, showing surface sculpture, highly magnified.
Fig. 2. Flint mould showing the poriferons zones.
Fig. 3 a. Flint mould of another specimen, showing position of the vent.
b. Anal plates for closing the periprocte.
b.
c.
d.
e.

CARDlASTER BENSTEDl,

Forbe«.

From the Lower Greensanil.

Fig. 4 a. Upper surface, natural size. My collection. (P. 293.)
b. Under do.
do.
c. Lateral view
do.
d. Posterior border and periprocte, natural size.
e. Anterior do. and anteal sulcus do.
Fig. 5. Large specimen showing poriferous zone.
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PLATE LXXn.
HOLASTER L~VIS,

])e Luc.

From the Upper Greensana.

Fig. 1 a. Under surface, natural size. My collection.
b. Upper do.
do.
c. Lateral view
do.
a. Posterior border and periprocte.
e. Anterior do. and anteal sulcus.
f. Primary tubercles and granules, magnified.

HOLASTER L"EVIS

oar,

PLANUS,

(P. 310.)

Mantell.

From the Lower Ohalle.

Fig. 2 a. Under surface, natural size. My collection.
b. Upper do.
do.
c. Lateral view
do.
a. Anterior border and anteal sulcus.
e. Posterior do. and periprocte.
f. Poriferous zones, magnified.
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PLATE LXXIII.
HOLASTER SUBGLOBOSUS,

Leske.

From the Lower Ohalle.
Fig. 1 a.
b.
c.
d.
e.
f.
g.

Upper surface, natural size. My collection. (P. 319.)
Under do.
do.
Lateral view
do.
Posterior border and periprocte.
Anterior do. and anteal sulcus.
Apical disc, highly magnified.
Ambulacral and interambulacral plates, and poriferous zones, magnified three
diameters, showing the regular surface sculpture.
h. Ambulacral area and poriferous zones, magnified three times.
i, Primary tubercles, with the scrobicular circles of granules highly magnified.
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PLArrE LXXIV.
HOLASTER SUBORBICULARIS,

Defrance.

From tlte Oltloritic J.lfarl.

Fig. 1 a. Upper surface, natural size.
b. Under surface
do.
c. Lateral view
do.
d. Anterior do.
do.
e. Posterior d{¥
do.

HOLASTER TRECENSIS,

My collection.

(P. 314.)

Le!lmerie.

From tlte Lower and Grey OltalJc.

Fig. 2 a. Upper surface, natural size. My collection. (P. 323.)
b. Under do.
do.
c. Lateral view
do.
d. Anterior do.
do.
e. Posterior border showing the position of the periprocte.
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PLATE LXXV.
ECHINOSPATAGUS RENEVIERI,

Writ;!d.

Prom the Lower Greensand, Shanklin Isle of Wight.

Fig. 1 a. Upper surface, natural size. Monsieur De Loriol's collection.
b. Under do.
do.
c. Lateral view
do.
d. Primary tubercles, under surface.
e.
Do.
upper do.

ECHINOSPATAGUS QUENSTEDTII,

(P. 285.}

Wright.

From the Upper Greensand, Wiltshire.

Fig. 2 a. Upper surface, natural size. My collect.ion. .(P. 286.)
.
b. Under do.
do.
c. Lateral view
do.

MlCRASTER BREVIS,

.Desor.·

From the Chalk of Corbieres and Craie

a Hippurites.

Fig. 3 a.
b.
c.
e.
/-

Upper surface, natural size. My collection.
Under do.
do.
Lateral view
do.
Apical disc, and terminations of the ambulacra much enlarged.
Primary tubercles from the un del' surface, enlarged to show the deep al'~olre
and circles of granules.
g. Ambulacral area, poriferous zones, and interambulacral plates, enlarged three
diameters, to show the structure of the surface sculpture of the test.
Fig. 2 d. Nou-petaloid portion of the ambulacra.
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PLATE LXXVI.
The German type-form from Weddingen, near Hanover.
Fig. I a. MICRASTER COR-TESTUDINARIUM, Goltlfu88.

I b.
I c.
I d.

I e.
I

f.

Upper surface, natural size. My
collection. (p. 335).
Lateral view,
do.
Under surface,
do.
Ambulacral area, poriferous zones,
and interambulacral plates,
magnified.
Primary tubercles in granulat.ed
surface, magnified.
Primary tubercles, under side,
magnified.

English specimen type-form from Purley, Surrey.
2 a. MICRASTER COR-TESTUDINARlUM, Goltlfu88.
2 b.
2 c.
2 d.l

2 e.

I

Written

id

Upper surface, natural size. My
collection.
Under surface,
do.
Petaloidal ambulacra and pon_
ferous zones, magnified.
Apical disc, showing the circle
of ovarial and ocular plates,
with the summits of the
ambulacra magnified.
Primary tubercles on upper surface, with granules on plates,
magnified.
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PLATE LXXVII.
Fig. 1 a. ECHINOCORYS VULGARIS, Breyniue.

Posterior border, showing marginal vent.
rrhe type-form. My collection. (P.

328).
I b.
I e.

I d.

1 e.

If.

1 g.

1 h.

2.
3.
4.

5.
6.

7.
8.
9.
10.
11.

Under surface, showing mouth and vent.
The type-form.
Lateral view, showing ambulacra and
interambnlacra with poriferous zones.
The type-form.
Apical disc, showing ovarial and ocular
plates in situ.
Peristome, showing ambulacra and large
tubercles radiating therefrom.
Ambulacral and interambulacral plates,
near the summit (upper figure), and
ambulacral and interambulacral plates,
from the sides of test (under figure).
Tubercles and granules of the upper
surface.
'I'ubercles and granules from the lower
surface.
PYRAMIDATUS, Portlock, Type-specimen outline. School of
Mines Museum.
Unsymmetrical form of this variety.
ovxrns, auctorum. Elongated and depressed form. My collection.
GIBBUS, Agassiz. . My collection.
PYRAMlDA'I'US. Tumid unsymmetrical variety. My collection.
do.
STRIATUS, auctorum, A very elevated example.
PYRAMIDATUS. Tumid and unsymmetrical example. do.
do.
OVATUS, Leske. French example, common.
VULGARIS. Flint mould, under surface, showing lines of
poriferous zones. My collection.
Flint mould, upper surface, showing impressions of
the apical disc, the position of the ovarial and
ocular apertures, and furrow indicating the position of the base of the sand canal.
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PLATE LXXVIII.
Fig. 1 a. HOLASTER OBLIQUUS, Wrigltt.

Under surface, natural SIze. My collection.
(P. 313.)
1 b.
Upper surface, natural size, showing the
excentral position of the apical disc.
I c.
Lateral view, showing the obliquity of the test.
1 d.
Posterior border, showing the central position
of the vent.
1 e.
Anterior border, showing the anteal sulcus and
tubercles and posterior border.
2 a. CATOPYGUS PYRIFORMIS, GoldfU88. Upper surface and thimble-like depressions magnified three times. Museum,
School of Mines. (P.340.)
2 b.
Posterior border, with anal area and
periprocte magnified. do. do.
2 c.
Under surface, showing mouth with lobes
and petaloidal oral leaves. do. do.
3 a. ECHINOBRISSUS LACUNOSUS, Goldfu88. Upper surface magnified four diameters. My collection. (P. 249,
250.)
3 b.
Under surface magnified, showing
petaloidaI oral expansions.
The figured specimen was obtained from the." Craie Chloritee de la Sarthe."
4 a. ECHINOBRISSUS MORRISII, Forbe«. Upper surface, highly magnified. My
collection. (P. 250.)
4 b.
Under surface, highly magnified.
The figured specimen was collected from the Chloritic Mad, Chardstock.
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PLATE LXXIX.
Fig. 1 a b. HOUSTER L£ns, oar. PLANUS, JYIantell.

2 a.

2 b.
3 a.

3 b.

4 a.

a

b.

Flint, with moulds of this species,
showing its gregarious character
and stratigraphical position in
the Chalk with flints, Lewes.
Natural size. Collection of the
Rev. Prof. T. Wiltshire, F.G.S.
(P. 317.)
SUBGLOBOSUS, Leske. Posterior border, natural size, showing a
small variety of test from the Red Chalk
of Speeton, inflated at the ambitus, and
truncated posteriorly. Natural size.
Collection of the Rev. Prof. 'I', Wiltshire. (P. 319.)
Upper surface.
CARDIASTER FOSSORIUS, Benett. Posterior surface, natural size, showing the
narrow posterior border; anal area and high
position of the vent, an extremely sharp
angular variety. Cherty cast, from Lyme
Regis. Collection of the Rev. Prof. 'I',
Wiltshire. (P. 297.)
Upper surface of the same test, natural size,
showing the deep anteal sulcus with angulated borders and central position of apical
disc.
HOLASTER OBLIQUUS, Wright. Posterior border. Natural size. Red Chalk
of Hunstanton. Collection of the Rev.
Prof. '1'. Wiltshire. (P. 313.)
Upper surface, showing test covered with
small tubercles •

•

J'U

I"

PI LX

I

t

I

.• :

,,
I

01

PLATE LXXX.
Fig. 1. PSEUDODIADEMA FRAGILE, Wiltsltire.
2.
3.
4.
5.
6.

7.
8.
9.
10.

Exterior surface of an interamhulacral
plate, magnified eight diameters.
Under surface of test, somewhat crushed
and broken, natural size.
Spine, natural size.
Portion of surface of spine, magnified
sixteen diameters.
Interior surface of a plate, magnified
four diameters.
Under surface plates of ambulacral and
interambulacral areas, magnified four
diameters.
Upper surface of test, natural size.
Spine, magnified eight diameters.
Section of interambulacral plate (Fig. 1),
passing through the primary tubercle.
Transverse section of spine (Fig. 3),
magnified twenty diameters.

'l'he specimens figured are from the collection of the Rev. Prof. 'I'hos. Wiltshire, F.G.S .
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