Danmarks Geologiske Undersogelse.
II. R=kke. Nr. 77.

Cretaceous Asleroidea
and Ophiuroidea

with Special Reference to the Species Found
in Denmark
by

H. Wienberg Rasmussen
With 18 plates

Dansk sammendrag:
Kridttidens sgstjerner og slangestjerner
med seerlig hensyntagen til de
i Danmark fundne arter

I Kommission hos

C. A. Reitzels Forlag
Axel Sandal
Kobenhavn 1950

Pris: 9 Kr.



Danmarks Geologiske Undersogelse.
II. Rekke. Nr. 77.

Crelaceous Asleroidea
and Ophiuroidea

wilh Special Reference to the Species Found
in Denmark
by

H. Wienberg Rasmussen

With 18 plates

Dansk sammendrag:
Kridttidens sostjerner og slangestjerner
med seerlig hensyntagen til de

i Danmark fundne arter

I Kommission hos
C. A. Reitzels Forlag
Axel Sandal
Koebenhavn 1950



Contents.

ACKNOWICHZEINEIIE o5 o 5 51015 < 5 505 6 5 8955 % 5,35 & 5.6 Sio59 5 5 Wi 5 5 S 5 ¥ 500 5 5 BIRA 6 B O TS 0F 5 e s
ADSIREE. = 5 5 ness & s s s s 16 W o8 55005 BN § 8 SRS S8 & § 500 5 § 0T 5 S8 & Wavw 5o b3 gana o g
ASTETOTACH. 4 5 s 6 505 & % ol § 3 0008 55 5ol 58 WIGHS § 4 B0Es 7 U6 6 5 B 6 & 5 SAGUS § § 1903 & & GUI 4 5 (OO 1 5 BUGS 8 ¥ &
Anatomny and GHIBEEIY - « o« civ o 5 5ui o 5 mvers 5 5 bk 5 5 B £ 5 3w 558 5V 6§ 7S § U0 B8 SR8 B 4
BUISTOTTOAL s o 5 6 me 58 Srmo 6 5 womi & 6 5 W & 5o 515 3 009 5 B 9 (oi 6 & i v w6 R E 6 B W B B N & N B § R0 8
NIBTETIB S o o 5 oo 7 5 7 558 5 8 30w B 3 ol oK 0 Y 5 ST .8 S0l 6 » A5 FR AN 2 X AOVRLR 4 oD R 8 R B B STR S 8
Pl eontOlOE Fissas s o e s o om 5 s B j 3 S b A A A Es M EE M AR RSt pudEs s s g mwEn
OPdEr VELVATA: sss siinaabiasamia s mbdnshaim s SNas G wisvE S I8 SR AS B Vs Me s mnad
Famiily Goniasteridas ; s wm s pmosoammiznsotomssppmais Muyiamss o0 somass
Gerins MeETTIUSTEY & s o nms 5 6 o 6 5 § 56000 8 5 S0 & 5 60 § 6 § S0o 6 5 S0 5 B 966 65 4 10 9 8 359 9 8
Metopaster cf. thoracifer (Geinitz). . .......ccviiiiireimiinnnronians
Metopaster poulsenii Br: NAGISEIN: ¢ 5« s aoswmis s o mis b e s mis gy wiv 66w 5 8 obi 8 5 05
Metopaster tODIATS: SPEREEY » « « i« « o nvs & 5 s 5 o e 48 8050 5 5 5wt o 5 058 0 5w 15 5 %0
Metopaster levis: (Br, Nielsen) . o cissmcenwisnmesions i tmis smny s simgsss
Metopaster undulatus SPenCer: ...« cw s sww o siwosi v swess s isansesn
Metopaster angulatius Br, NICISEI . . . « 5w u wvo s o5 w00 o0s 2 0 iomi 0 0081 5 6 s &5 0
Metopaster kagstrupensis Br. Nielsen .................c00iiiiniinnn..
Metopaster spencerii Br. Nielsen. .. .. ....cciuvuineionecrmasonssinaesn
Metopaster elevatus Br. NIBISOIY ¢ i s o wim sz e o 5o mime o 5 500 6 5 505 5 € wirs 5 50 5 8
Metopaster planius (BE. NIGISEI wio s = iorm - 4 im0 o0 wirs 4 5 20 o 0 ikl 5 8 2 559 ¥ 3 oin 48 8
Metopaster carinatus (Br. Nielsen). .. ......... ... .. ...
Metopaster maculatiys (Br, NICISEN): « suvvcu s iviwasmmasnesssmnss vmesn
MetopASIEr: S s aurs oo 2w 5 b 5w & 5 BorE & o BIS & £ 480 5 8 B8 5 6 BOva § 9 € o ogs) b B okl 55 2

Grentis 'COFAMIABIET. i o 5 s wis 56 3% 55 b WS 5 5 98 § 5 550 § € 600 55 510 5§ 78 7 5 %608 § 9508 95 5
Ceramaster dividuus (W. Rasmussen). .. .....c.oovveinininiinneeen ..
Ceramaster granullatus (W. RasmusSen) . .. .. .evevvosensonsinoesasss
Ceramaster cf. granulatus (W. RasmusSsSen). . ...ave e omeecmnsanecsnness

Genus ReelIVaster ; . auwsspms s s oo s s dim s s 30 s 4 ik v 4 90 8 5 98 5 5 5800 § @@ 88§
Reépiprvaster radiatits ((SPOHEEE) o s« b a.0w b s 5 G marn s 55008 b b 64 Sk 35 605 s
Repurvaster blackierel Th. BPueim s & s w o & dibslsl « 8 i 6 5 v 64 Siops 8 95l 65
Recurvaster mammillatus (Gabb) . .......... ... ..o ..
Reécurvaster communis Br, NIQISeI. .. oo o« cwiv s v s v e o 500 o s asia s 605 < 56

GreTuS TeICHASIE s, 5 5w 5 5 & 5 0008 5 5 GUSAE ¥ G § § @A 515 WHRLE ¥ B ¥ 8508 0 5108 B8
Teichaster: TATORUS SPORBRE.. « + 5 vt o 2 2en @ By » it 5 5678 3 00 § bk 4 4 55555
Teichaster anehylus Br;, NISIEEI .o 50 4§ s 2 g s v 5ovsrs 5 0 § s 5 #5069 %
Teichastet TRtTlotTilS SDETCEE o woorms. o 51 2 5wk 3 Rt b s o Syenm 9 S0l 5 &isibas v o

Genis Pyeinasteliome oo i s 60w 5 vorsls o 5 sobi & 248 § 470 014 Delad Sides L6 €1 bt 43
PyCINASTEr GrasSus SPOICEI: w ¢ ovas 5575 25 0 @ 95 5 5 3 Bjsd s 7 56 6§ @i o 5089 5
Pyciniaster danicus Br. NECISEIL, ;s s s « 555 o & dtn € § wistsr 85w s o wieis 3 wile < o
Pycinaster cornutus W BASIOUSSEIL ; ¢ cisis 55 ¢ o 55008 8 sl s 5 81600 5 b 3w 5% 8ome’s
Pycinaster aff. cornutus W. Rasmussen. ... .........coveviinnenennn.
Pyeinaster? rosenkrantzii (Br. Nielsen). .. ...cosvuwuwssomosasmesonessos

eSO OISR 2. 5 mona <158 2 500 75 B S F R A S oS P B S A% B B B8
Chonaafaster acules BPBIGEY, « oo e o2 v pon e 5 owibod o v s i s ¢ obis s ok ey &
Chomataster preecursor SPENCET . . .. .. ccuereentsrssvosesassnessssssns
Chonritaster Spencent T SPla s « 595 ¢ <wore s Sk 3 S agh  2ss o £ B3¢ € 4B 4 28 542
Chonmataster WlEHE D SD s« s i o5 616s & S wimes 49 s 6155 b §i606 5 500 559
Chomataster marginatus (SIAdem), . «. v v cmn s sww s o smoessmms s osoeysms

Genus OPRTTASIEE s o 5 5w 55 550 5 smsi s 50 6 3 5059 5 &l e & 6150508 5 1 & &6 b 35585 27875
OphEastor TOATHNE SPERCELL.. 5 w0 055w 055w 50300 AP F5 5 8,508 51 35058 D Fededel 2555

Fanaily StanranderaSteridas oo suw i swans ¢ paes 8 2405 5 S0k § 9565 § 435000 §heas 8§85 4 51
GETTS STATTHRIBIASIET .o o w5 5 e i 05508 Ko 55w 06 5 FH000e 5 B awe b R0 § 50k 08 5
Stauranderaster gibbosus SPencer. . ... .cuwwvuisc vt assmaseesos s vt
Stauranderaster pyramidalis Spencer............coiiiiiiiiiiiieian
Stauranderaster mixtus Br. Nielsen..........cccviiiiiiiiirererrnrenns



Stauranderaster miliaris Br. Nielsen........... ... ... it iiinn. 88

Stauranderaster ispeculum Br. NielSen: - cr ;o5 mw s s o ss smms s wm s s wme s s s 89

(1570 Ces il . 11 Lo T - SO~ 89
Family Astropechinidae: . i.crvveamsssunissmussmonssunsssosssesssissysiss 89
GeItiS ASTRODECEBIN. 3 4 & e o 4 5o o i 02t 218 i 29 o v 31 99 8 st 5 2 om0 8 Bl B G GBH OB BT 89
Astropecten ornatus (SPENCeT) . . vvvvecnvsvorsuenrevssnomersosasnns 90
Astropecten postornatus (W. Rasmussen) .. ...........ouiiuininnan.n. 91
Astropecten punctatus (Br. Nielsen)......... ... i, 92
Astropecten? PySMEBUS (SDENGETY: ¢ v s s v s s 5w S 685 6 6 30 £ 5 055§ 5 W68 5 55 s 92

ORAEE ISTHNVIGEA 5 w1 v o 055 weowms o= wnel 0 st o 5o womscs 5.3 wan] €56 Akl 152 3030 & 9 4 S 5 10 e S 8 g 93
Family Spherasteriie os ¢ s e e smm s s oms ¢ whom 55 Roe 5 3 e 55 690 8 bvE 8 950 6 5 5 95 4 93
Gents) VAIBTEARIBIE « &5« e wonsii 5 msoscs s 0 o 08 ah o .60 s 1om s o mvesns 9 oo 0 1y & it & 93
Valetiaster ocellafng (Forberlic we o ymm s s ame s s pre o 5w w s wisa s s s a5 s s 94

Valettaster granulatios BE. DNICISEN oo s s s oo s sa s 89id i 5 5w 5T 5mie 558 B s 94

Order BoTCIBaIALE ¢ 270w ¢ & s & 5rvs b svase ¢ & @on & wros b s S v enm o wwoss & e s Wi {0 sz o 95
Pamily ASIEIARC ..o « saiwss smis-e 3es & wahe B8 9o 8 50085 § 2000 £5 GOE L U0 Hos 16 we 8 95

GG ABLBTIAR oo 1 « svaer « omiie o wriore o Wit & o (83850 & BEmINED, 8 ASERE 1 & SRR LS S8 8 3 AEE (8 8 95 95
ASteTIas? SPucores s sain v 5w o 5§ EHE DIEES SN T § O 5 AR S 0§ O e 95

D RO OO R a3 1 055035 1 . s o e Y s oo oA o o e s b U B S8 96
Angtomny and ONOZEIIY. « «u s wiws v sws 5 55w ¢ siee v 55w 8 51 5750 $1955 &% 650§ RN ® W 8 96
HISEGEICAL : wvomions o sinim srvdiiie s 5 53508 280607 5ol § SURBeH & S BHIAE 3 AR E DA SAUEE §HHE & SNGET S/MEE 98
MATEEIAL S & oo o3 6 KRR PR 6 SR E Bos S § 00 5 e 2o TSt mamaisn . et o, o 0 s AR AT 101
PAIaCOMEOLOBY. ; o s s oo w1 siaiiies w55 5 5956 5 S AEH S S HEEFE RS S PNGRE ZHS 5 5T SREEE e EE 102
AT DDIIINES: 4.+« 05« 3o s 158108 v Fowatis 08 IR 805 5 AT . SEPG 0L 0, S5m0 1195 . S 303 102
Eamily Ophiolepidae . i i s wsm s o s s nes » 55055 wabes D9 Sarn s Temns Vs 175 a8 102

Genus OphiomuSIUML. . . ... 0ttt it it et en e nananenens 102
Ophiomusinm. danieum: Br, NIelSen. .o i ¢ gump saew pums s o s s opamsms 102
Ophiomusium granulosum (ROEMEE): : « 5.z v v s vmss6 b 65 05 558565 95 05 105
Ophiomusium subeylindricum (Hagenow) . . ... .. 108
OpHIGIBUSIUTTL SD: ¢ 5055 558 06 S0 95 55850 5 S RTF HIHE L5 5566 453 B VST 79 58 110

GEDUS OPRTULZ .. « v v tociv s cme e mivs eosie osoiee o am s oas o s s se i s oemes e en 110

Ophiura Sertatd BOBINOT ¢4 54 4 oo e 6 wm 5 v as S0 50 508 905 % 5 606 85 8 o 5 8 516 5 59550 111

Ophiura? hagenowi I SP. .« v ovvvtoennaetmennoenoneneeeeasoensesean 114

Ophitra? SUbSIEEATE: M STVw sor 5o s o o om0 9 8 05 0 a0 % S S 2550 60 e 28 116

Family ATDHIIIGEE:: 755 65 1 as wennos 28 6 bt 5o m £t s od 2068 397550 DELEH 86 118

Genus AMPhiura. . . ... iiiiii ittt i i et e e e e 118
Amphiura? senonensis (Valetel. ...« i v vavss Guss 5 85 95 555 8 56 58 8 75500 5 118

Pamilly OphiacanthiGaie . oo s co cummes s o o wmis o vowiis s wsmme s osims iein se wioie s0sn e 120

Genns OphIaeaDtha. o0 < o s b vE e o @ e 5355 8 56 M6 S 9HE S £ 508 3FE S RaE $338 120
OPBIACKTITIAT §i..c. 0000050 v misn om0 s w0 o 3L o i e 120

OrdeT BUTyalaie s s 15 @ § 555 505000 5 A0k 60 ¥ S0 a5 6050 5 95805 ¥ 005 556 e b aiseeis i e 5 s 121
By AT O RO T B o505 i i 5 25 o e R, i s e B e 121

NN ASIBTONNR : 2o 5805 5 iy, 50050 8 Wi (B9 § WG e me 60 5 00 e 915 121
ASTETONTRY OTDAIE D Bin oo i wiwnn s 5i0asis 5 S5 & 5041805 5SS 63 WERS RS 13ABBIGE 121

ASTETOTEYRD SPv oo ivriwns wns v wipiovs) ) i o bt . 16l ¥ AN 0 56 SR 6 5508 30 1 122
STESHEPEDUNC «a 1 o isvion & 50058 5 5 516 5 D68 SEHA » SORET HEE T CRWE S 955 13558 1 VRl T LA LHE 123
DV anSlc BATNMOBHARAL 2ia i 5 50505 & oorst o wiomat orsicssiieatin s, o5 divtrs 1 aosios o1 4 om0 Scosins 2 ctries 4 meno i o 127
BIbHOSTADRT : v s ¢ vuiw v 9w s waosts £ 5500 5 9505 5 55600 § 90058 5 5606 & 95505 5 A0 4 BHH ¥ H BRI & F UGS § 5 130
Index to fossil species and genera . .. ......c.ueerevnemranrmeeenassonecnnnessmans 133

PUE0S « o wamnt vt AT T T F Y B T T L B B SRR B By g e e s e e S A 135



Acknowledgement.

It is my pleasant duty to thank the Director of the Mineralogical and
Geological Museum of the University of Copenhagen, Professor, Dr.
A. NoEe-Nygaarp, for the excellent working conditions, for the interest
which he has taken in my work and for permission to use material
from the Museum’s collection.

I also thank the Director of the Geological Survey of Denmark, Dr.
H. Opuwm, for the favourable working conditions I had while I was con-
nected with the Survey, for permission to use its collections and to
publish the results of the investigation in the publications of the Geologi-
cal Survey of Denmark.

I wish to thank Mr. L. Batrstow of the British Museum, Mr. R. V.
MerLviLLe of the Geological Survey and Museum, London, Dr. A. G.
Bricuron of the Sedgwick Museum, Cambridge and Mr. I, JENSENIUS
MapseN of the Zoological Museum of the University of Copenhagen
for permission to include in the investigation material belonging to
these institutes.

It is a special pleasure for me to thank Dr. Tun. MorTENSEN, Professor
A. RoseENkraNTZ, and Mr. C. W. WricHT for the great material assistance
they have given me by discussion of the subject matter, and for the
willingness with which they have placed their knowledge and their col-
lections at my disposal.

Mr. Cur. HaLkieRr has executed the photographic work, and some of
the illustrations are from the pen of Mr. J. Birker-Syita. Mr. P. H.
Baapscaarp has undertaken the translation. To these also, I give my
thanks for the careful manner in which they have aided me.

H. WIENBERG RASMUSSEN.

Mineralogical and Geological Museum
of the Universily, Copenhagen.



Abstract.

Knowledge of the Cretaceous asteroids and ophiuroids is extended on
the basis of an abundant new fossil material. It is shown that several
previously described species are identical. Those asteroids referred to
the gencera Ravniaster and Mitraster are nearly all young individuals of
Metopaster. Description of ophiuroids on the basis of the relative fre-
quency of single skeletal parts has shown itself to be an unfortunate
method. The Danish, and a few foreign Cretaceous asteroids and
ophiuroids are revised on the basis of the new observations. Six new
species, five of which are found in Denmark, are described.

The following ontogenetic series have been found:

Ravniaster simplex — Mitraster hunteri var. leevis (in part) — Meto-
paster poulsenii — Melopaster stevensensis.

Ravniaster virgineus — Melopaster tumidus.

Ravniaster leevis — Metopaster lewevis (= Milraster hunteri var. lcevis in
part).

Mitraster compactus — Melopaster parkinsoni.

»Mitraster rugatus« — Metopaster cingulatus — Metopaster uncatus.

Mitraster rugatus — Metopaster hunteri (= Milraster huntert).

The genera Ravniaster and Mitraster are identical with Metopaster, and
Lophidiaster with Astropecten. Recurvaster stevensensis and R. echinatus
are identical with R. radiatus (= Metopaster tumidus var. radiatus).
Pycinaster lamberti is identical with P. crassus, Chomataster briinnichi
with C. acules, Ophiura fitchii with Ophiomusium subcylindricum, Ophi-
ura parvisentis with 0. serrata, and, possibly, Ophiomusium stephensoni
with O. danica.

The following species are new to science: Recurvaster blackmorei,
Chomataster spenceri, Chomataster wrighti, Ophiura? hagenowi, Ophi-
ura? substriata and Asleronyx? ornatus.






Asteroidea.

Asteroids are free-living, star-shaped, generally five-armed echin-
oderms, whose arms grade evenly into the disc. On the under surface
of the arm is found an open groove, the ambulacral groove, into which
the tube feet protrude.

Anatomy and Onotogeny of the Asteroids.

Asteroids possess a skeleton composed of caleareous ossicles. Such
an ossicle is laid down as a very small needle which gradually grows
and branches, producing a plate which is seen under the microscope to
consist of a fine network. Each element of the skeleton constitutes an
individual unit from the beginning. Only exceptionally can a skeletal
element be produced by the fusion of several others.

The actual skeleton can be made up of several thousand ossicles.
Above the ambulacral groove are found the ambulacral ossicles.
These ossicles are arranged in two series and the series touch one an-
other over the ambulacral groove. They meet the adambulacral os-
sicles below, and these form a complete series along each side of the
ambulacral groove. There are just as many ambulacral as adambulacral
ossicles, and in the majority of asteroids they alternate. The peristome
is formed of specially developed innermost ambulacral and adam-
bulacral ossicles, together with interradial ossicles. In a five-armed
starfish the peristome is composed of ten adambulacral ossicles (ad,;),
twenty ambulacral ossicles (the fused a;+a,) and five inter-radial os-
sicles.

An unpaired terminal ossicle is found at the actual apex of the
arm. The margin of the body is formed of a series of superomarginal
and a series of inferomarginal ossicles. In some forms (Spinulosa,
Forcipulata) these ossicles are reduced, while in others (Paxillosa,
Valvata) they are well developed, and form a distinct margin. In the
latter, the supero- and inferomarginals normally touch one another,
and are generally opposite, more rarely alternate. There are just as
many supero- as inferomarginals. The recent genera Pentagonaster and
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Tosia together with the Cretaceous genus Melopaster are, however, ex-
ceptional. In these the ultimate superomarginal is large and in contact
with several inferomarginals.

By the length of a marginal is usually understood its extension in
the direction of the margin. The height is the extension at right angles
to the contact surface between supero- and inferomarginals, and the
breadth is the direction at right angles to the other two dimensions.
This terminology is in agreement with the use of corresponding terms
for the margin and the arm as a whole, and is stressed here because it
can be tempting to employ the terims otherwise when only single os-
sicles are concerned, as a few palaeontologists have actually done. The
direction of the arm is correspondingly the length direction of the am-

bulacral ossicles.

Jerminal! ossicle

Ossicular = 3 - | bt
e N

Breadth

Abactinal ossiwcle

— Superomarginal
Inlerormarginal

Actinal ossrcle
Adambulacral ossicle (ad)
Ambulacral ossicle (a)
First ambulacral ossicle (a,+a,)
Interradial ossicle

Oral ossicle (ady)

Figure 1. Figure 2.
Recurvaster radiatus. Reconstructed arm Recurvaster radiatus. Ossicles from one
and median superomarginal of Individual individual. White Chalk, Stevns CIiff. x 1.

14. x 1.

On the actinal surface of the dise, apart from the ossicles already
mentioned, are found small superficial ossicles, actinal ossicles,
which cover the remainder of the actinal surface.

The abactinal surface is similarly covered by small superficial os-
sicles, the abactinal ossicles. There are eleven primary abactinal
ossicles which are established before the remainder, and these may
differ by being larger. In the centre lies the centrale, and a primary
ossicle occurs in ecach radius and inter-radius. Secondary ossicles arc
often developed in the adult, both within and without the primary os-
sicles. These primary and secondary ossicles often form distinet radial
series,
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The madreporite occurs either as a specially developed inter-
radial primary actinal ossicle, or as an independent ossicle distal to
this.

In some species the abactinal ossicles form a close mosaic, while in
others there are small areas of skin, papulae, among the ossicles.
Supplementary ossicles, which unite the abactinal ossicles into a net-
work, occur. The abactinal ossicles can be flat, polvgonal plates, or
they can have the form of tall columns with hair-like spines on the
upper surface giving them a brush-like appearance. These are called
paxillae.

External appendages in the form of pedicellariae and spines
(often in the form of setae) are attached to the asteroid skeleton. Pedicel-
lariae are only seen in fossil forms when they are attached in pits in the
surface of an ossicle.

Most asteroids have a complete metamorphosis, and possess a cili-
ated, pelagic larval stage without definite skeleton. The first ossicles are
laid down during metamorphosis, and a small starfish possessing the
first two pairs of ambulacral ossicles, some or all of the primary actinal
ossicles together with the terminal ossicles, is produced. Ambulacral,
adambulacral and marginal ossicles are thereafter laid down at the tip
of the arm proximal to the terminal ossicle, so that the youngest ossicles
are always next the terminal. At the same time as new ossicles are for-
med, the previously formed ones increase in size and their appearance
can be somewhat changed. The height of the ossicle often increases in
proportion of the breadth, which is best expressed as an increase of the
ossicular angle (text fig. 1.). The ossicles of the margin and ambulacral
system are often numbered in accordance with their age sequence. In
the adult individual of those species of asteroids which only possess a
small number of marginals in the arm, this number seems to be con-
stant or nearly constant. This is so in the genera Metopaster and possi-
bly Recurvaster from Cretaccous deposits.

That change in appearance which occurs in the course of the growth
of an asteroid from a small individual with only a few ossicles to the
fully grown starfish is often very marked, and it has happened in
several cases that zoologists have established several different species
belonging to different genera on the basis of individuals which have
later been shown to be only growth stages of one species (I. LIEBERKIND,
1935).

The size of an individual is given by the distance from the centre of
the disc to the apex of an arm (R), and to the margin between two arms
(r); i.e. by the lengths of the radius and inter-radius.
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Historical.

Occurrences of asteroids in Cretaceous deposits are not uncommon,
but the material is difficult to work with as most often only dissociated
ossicles, which only give a very uncertain impression of the animal’s
appearance, are found. The literature concerning these organisms is
consequently rather slight.

That work which has had the greatest importance for our knowledge
of the Cretaceous asteroids is SLADEN & SPENCER’s great monograph,
which was published during the years 1891—1908.

In 1913 Spenxcer published an investigation of the evolution of the
Cretaceous asteroids. In this are included brief descriptions of new
forms, among which are a number from the Senonian and Danian of
Denmark and Sweden. The material is arranged in series within which
parallel evolution appears to have taken place. An increase in marginal
height, and a change in ornamentation of the marginals from setae
through rugosity to a smooth surface is found. This scheme of the evolu-
tion seems, however, only to reflect the coarsest features of its course,
and there are several divergences.

A series of works on Cretaccous asteroids inspired by SrLaben &

SpeNcER’S monograph, and SrPeENCER’s investigation of asteroid evolu-
tion, appeared in the following years. Especial attention must here be
drawn to VALETTE’S works of 1902, 1915 and 1925, the last of which
also includes Tertiary forms. A monograph of the Mesozoic Asteroids
from the Paris Basin by MEeRrciEr appeared in 1935. C. W. & . V.
WricHT, in England, have continued the study of Cretaceous asteroids;
in 1940 they published their investigation of a series of new finds. A
number of faunal lists, which have relied upon the English monographs,
have appeared in Denmark (Ravn 1918, RoseNkranTz 1920, JESSEN
& Opum 1923, Opum 1926 and K. BRUn~NicH NIeLsEN 1917, 1919, 1926
and 1937). Finally in 1943 came the posthumus publication of K. BRu~-
nicH NIELSEN'S monograph of the Asteroids in the Senonian and Da-
nian of Denmark. In 1945 the author published his investigation of
some Danian asteroids.

Only a few investigations of the fossil representatives of the present
animal group have been published in extra-European countries, and
there is only reason here to mention two works. In 1876 Gass, described
an asteroid from the Vincentown limesand in New Jersey, and this
particular form seems also to be represented in the Danish Danian.
Lorror published an investigation of Senonian asteroids from Egypt
in 1909. In this he mentions a species which Br. NIELSEN compares
with the genus “Ravniaster”, but which ForTeau (1914) has used as
the basis of a separate genus, Spenceria.
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Material.

The compact asteroid skeleton is particularly well suited for preserva-
tion in rocks, just as is the case with the remains of other echinoderms.
Since the classification is based upon skeletal features, it would be
reasonable to attach considerable value to these fossils. There are,
however, several factors which make work with them difficult. The
marked change in appearance which can occur during the growth of an
individual has been described in the previous section; this feature
seems not to have been taken sufficiently into consideration in the treat-
ment of fossil material. Another condition which makes the study more
difficult is that the skeletal parts are not firmly connected together.
Asteroid skeletons with the ossicles in their natural positions have thus
only been found at a few favourable localities, and only very few oc-
currences of this character are known from the Danish Cretaceous
deposits. In the Danish White Chalk (Senonian), on the other hand,
there are a number of instances where the skeletal parts of a single
individual have been found together, but where the ossicles have been
more or less displaced. By comparison with related forms, and patient
“jig-saw puzzling” it is possible to reconstruct the original appearance
of the animal from such material (text figs. 1—2).

K. BrunnicH NIELSEN mentions in his monograph eleven occur-
rences from the White Chalk, and two from the Danian where several
ossicles from a single individual were found together. By examination
of the collections of the Mineralogical Museum, and the Geological
Survey of Denmark, the presence of the remains of fifteen more indi-
viduals has been determined. In his collection of new material the author
has been particularly interested in obtaining such associated remains.
He has therefore concentrated his collecting on a single locality where
such fossil occurrences seem to be most common, this is the northerly
part of Stevns Cliff, north of Kulsti Rende, where the associated remains
of about forty additional individuals have now been found. Associated
remains of ten individuals have also been found on Moén Cliff. These
specimens have been found because the individuals have been exposed
in the profile either by weathering, or by cliff fall. A number of ossicles
have also been lost for the same reasons, but all the same, the material
has given considerable new information concerning the Danish asteroid
fauna. Single asteroid ossicles are of much more frequent occurrence,
and in many cases they are very characteristic. It is, however, gener-
ally only possible certainly to determine them if one is acquainted
with the appearance and variation of the species from specimens from
the same zone.
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Numerous occurrences of single asteroid ossicles are known from
the Danian. Knowledge of the Danian asteriod fauna is nevertheless
scanty, because we have only the associated'remains of six individuals.

It is worth stressing that the specimens include individuals of all
ages, and that the actual size of the individual is without taxonomic
importance. In some cases one finds a fossil species only represented
by large, fully-grown individuals. Voier writes (1929 p. 121), “Die
fiir die Erkliarungder Feursteinbander von Deecke und Kldhn vertretene
Hypothese eines jedesmaligen Absterbens der Fauna kann schon aus
dem Grunde nicht zutreffen, da z. B. halberwachsene Echinocoryten
und Gryphaeen auf Rigen kaum vorkommen. Ein Massensterben mis-
ste seinen Ausdruck in der Fauna durch Exemplare aller Altersstadien
finden”. It is, however, by no means all animals that die of old age.
W. K. SPENCER also writes (1913, p. 114), “The ossicles from Maestricht
include numerous terminal superomarginalia, and these show clearly

These variations may to some extent correspond to the age at which
individual Asteroids perished...”. -

One find from the White Chalk of Stevns Cliff, north of Kulsti Rende
deserves particular mention. Apart from the finds of individuals and
single ossicles which have been made here, one mass of ossicles has
been found representing several species, and individuals. An investiga-
tion of these ossicles gave the following data:

Metopaster poulsenii (young stage)................ 89 ossicles
Metopaster leevis (at least three individuals) ... .. .. 178 —
Metopaster undulafus. . . . cooovnsnisvosssiessnsss 40  —
Recurvaster radiatus (distal ossicles of small indivi-

QAR pame 5.0 2 20 @me oo v s w0 o ik & w 90 5060 D8 L —
Recurvaster and Metopaster, various ossicles . ... .. .. 235 —
Chomalaster wrighll.:cssss i seamasvepsnsvns vesas 232 —
Astropecten’® PUGIIEBUS « wx v v v s mw s oo wmmmn s & 600 7 —
Indeterminable, mostly damaged, ossicles.......... 110 —

Total . - . . 962 ossicles

A similar occurrence is mentioned by WricnT (1940. p. 233). They
describe their find as <. .. alarge number of ossicles of ten species of
asteroids, forming, almost certainly, a pellet of indigestible parts
ejected by a starfish-eating fish or other animal.” It is obvious that the
particular starfish-eating animal at Stevns has not chosen its food at
random, bul has exclusively taken small individuals. None of the large
ossicles from adults of Melopaster or Recurvaster, which are otherwise
common at the locality, was present in this pellet.



A similar, but smaller assemblage of ossicles has been found in the
Danian of Jutland. (p. 75).

Palaeontology.

As the classification of the Asteroidea is based mainly on skeletal
characters, and as these can easily be observed in fossil specimens, it
is possible to arrange fossil asteroids in genera and species according
to the principles which are applied to recent forms. The insufficiency
of the material constitutes, however, an important difficulty. In the
case of several species only a single individual, or a few ossicles are
all that is known. Representatives of only a few recentl genera are known
from the Cretaceous. It is, however, possible that by the investigation
of new material, and by comparison with recent species one will be
able to refer some of the fossil species to genera which are known
from the present day.

That ten species should be represented among the eleven individuals
which Br. NieLsEN mentions from the Danish White Chalk, eight being
from Stevns Cliff, is both striking, and suspicious. If one examines
the marine bottom fauna of a restricted area at the present day one
always finds that there are a few species which dominate as far as num-
bers are concerned ; these species beingrepresented by many individuals.
If one looks through the results of the Challenger Expedition (SLADEN
1889) one will see that there the asteroid fauna only reaches ten species
at a single station, while at the majority of stations from one to six
species were found.

The 78 Senonian individuals now known from Denmark comprise
12 species, the two dominating species being represented by 28 and
17 individuals. The new finds indicate that several of the “species”
formerly deseribed from Denmark are merely individuals of varying
size, and ornament within a single species. Thus the revision of the
species gives the fauna a more natural character.
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Order Valvata Perrier.

IFamily Goniasteridae Forses.

Genus Metopaster SLapen 1893.
Synonym: Milraster SLADEN 1893.

Ravniaster Br. NIELSEN 1943.

Diagnosis.—Asteroids whose body is pentagonal, limited by straight
or slightly concave sides. Margin formed by a small number of large
supero- and inferomarginals which are provided with a depressed
border covered by a number of rows of delicate, closely placed setae,
Within the border the ossicle is smooth or provided with scattered
setae. In adults the ultimate superomarginal is the largest of all the
ossicles; it contacts several inferomarginals of distally decreasing size.
The abactinal surface is covered by large more or less rounded ossicles
whose surface is smooth, or provided with granules or delicate setae.
The adambulacral ossicles are provided with from four to eight marv-
ginal spines. Tall bivalved pedicellariae are often present on the margi-
nals.

Genotype.—Melopaster parkinsoni (ForBES). Senonian.

Historical.—The genus Melopaster was established by SrLapeN in
1893 for Cretaceous asteroids close to the recent genera Pentagonaster
and Tosia. He writes, concerning the relation of the genus to Penlagonaster
(including Tosia), page 31, “Metopaster differs from Pentagonaster by
the large ultimate paired supero-marginal plates, by the comparatively
small number of supero-marginal plates, which are also fewer in number
than the infero-marginal series, and by the character of the ornamenta-
tion of the marginal plates of both series”.

An examination of the genotypes, of Pentagonasler as well as Tosia,
shows, however, that these genera agree very closely with Metopaster,
particularly in those characters which Stapen stated should separate
them. That Svapex found differences must be because the genus
Pentagonaster formerly had a wider definition than now, including
genera such as Ceramaster and Plinthaster.

Affinity with Pentagonaster and Tosia.—These two genera
were established by Gray in 1840, and include a few species from
Australia and New Zealand. The genotypes are P. pulchellus GRray,
and 7. australis Gray. These two genera are very close to one another,
and should perhaps be regarded as a single genus (Fisuer 1911, p.
166; LivINgsTONE 1932, p. 375).

The outline in Pentagonaster and Tosia is pentagonal with straight
or slightly concave sides, less commonly with strongly concave sides
and projecting arms. Likewise in Metopaster the sides are straight or
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slightly concave, but in a few cases (M. spencerii) the sides are strongly
concave, and the arms projecting.

The margin in Penlagonaster and Tosia may be composed of as
many as eight superomarginals in each side of an arm. In most species
there are three or four superomarginals. The number is normally
constant for the species. To each of the median superomarginals there
is an inferomarginal of about the same size, but somewhat less swollen.
There are several inferomarginals of distally diminishing size cor-
responding to the ultimate superomarginal. In Melopaster there are
found from two to four superomarginals in each half arm. In this case
also, the ultimate superomarginal is larger than the others, and corres-
ponds to several inferomarginals. In P. pulchellus and several species of
Metopaster the ultimate superomarginal of adults can attain an extremely
large size. The most proximal of those inferomarginals which corre-
spond to the ultimate superomarginal is often of the same size as the
median inferomarginals, but in P. pulchellus and M. carinatus it is of
about the same size as the corresponding superomarginal, and distal
to it there are only one or two quite small inferomarginals. Secondary
ossicles can sometimes occur between some of the marginals in these
two species. In a few cases in these three genera there can be an extra
superomarginal in one side of an arm, while at the same time the
ultimate superomarginal is smaller than usual, as though the extra
marginal has arisen by the division of a normal ultimate superomarginal.

The ornament of the marginals in Pentagonaster and Tosia is
composed of a single row of closely placed setae which encirele the
otherwise smooth ossicle. In Metopaster there is a border of several
rows of closely placed setae, and the central area is covered by scat-
tered setae attached in small pits. There can also be a slight granula-
tion of the surface. In a single species (M. uncatus) there is only a granu-
lation, and one species (M. leevis) has quite smooth ossicles.

The abactinal surface in Pentagonaster, Tosia, and Meto-
paster is covered with large, more or less rounded ossicles with a
slightly stellate base. There surface isin Pentagonaster and Tosia smooth
or with only an extremely fine granulation, and is encircled by a single
row of delicate setae. In most species of Metopaster the whole exposed
surface of the abactinal plates is covered by a granulation, and there
are small setae attached in pits. A single species (M. lwvis) has quite
smooth abactinal ossicles.

The actinal surface is covered by oblique polygonal ossicles
which in P. pulchellus have a border possessing a single row of closely
placed setae, while in Tosia they are wholly or partly covered by
closely placed setae, the amount varying within the species. In Meto-
paster the whole surface is covered by closely placed setae.
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The adambulacral ossicles bear a row of spines on the margin,
and a parallel row on the actinal surface, together with smaller spines
or setae on the abradial portion of the actinal surface. In Pentagonaster
and Tosia there are only two spines on the margin, while there are from
four to eight in Metopaster.

Pedicellariae, of a tall bivalved type, are commonly found at-
tached in shallow furrows on the actinal ossicles of Pentagonaster, and
on the marginals and a few other ossicles of Metopaster, whereas they
seem to be wanting in the typical representatives of the genus Tosia.

Fig. 3. Lateral view of arm. x 1.
a. Pentagonaster pulchellus. b. Tosia australis.

Fig. 4. Impressions of pedicellariae. x 5.
a-b. Pentagonaster pulchellus (after Mortensen)
c-d. Metopaster tumidus. e-g. M. poulsenii.
h. M. undulatus. i. M. kagstrupensis. 1 ON j
j. M. spencerii k. M. elevatus. = S % b1

Figure 3. Figure 4.

Affinity with Ceramaster.—The recent genus Ceramaster differs
from Melopasler in not possessing large ultimate superomarginals cor-
responding to several inferomarginals. Abactinal, actinal, and adam-
bulacral ossicles agree with Metopaster both in appearance and orna-
ment, and the same is true for the pedicellariae. The ornamentation
of the marginals also corresponds in some cases to that in Metopaster.

Conclusion.—Metopaster seems thus to be quite close to the genera
named, and it is doubtless their ancestral form. It seems to be distingu-
ished from Pentagonaster and Tosia by the greater number of spines on
the adambulacral ossicles, and by having several rows of closely placed
setaec on the depressed border of the marginals and on the abactinal
ossicles. It seems to be distinguished from Ceramaster by the large ulti-
mate superomarginal. But it is, however, possible that new discoveries
will make it necessary to unite some of these genera.

Youngindividuals of Metopaster.—The two mostobvious char-
acters in Melopaster are the ornamentation, and the arm structure
with the special development of the ultimate superomarginal. The latter
characteristic is, however, only present in adult individuals. Young
individuals of species of Pentagonaster and Tosia are not mentioned
in the zoological literature. From our knowledge of asteroid ontogeny
we know, however, that the very voung Metopaster, just after metamor-
phosis, has only had a single ossicle, the terminal ossicle, in each arm.
During growth the marginals are formed proximal to the terminal os-



19
sicle, and numbered in order of appearance. Small asteroids with only
very few arm ossicles, and an ornamentation as in Melopaster have,
however, been described as a genus, Ravniaster.

The formation of inferomarginals at the apex of the arm in Melopaster
continues for a while after the full complement of superomarginals is
formed, so that several small inferomarginals meet the ultimate supero-
marginal. This is the case in all those asteroids belonging to the genera
Mitraster, Metopaster, Tosia and Pentagonaster. It is general that in the
literature the number of inferomarginals corresponding to the ultimate
superomarginal is stated. Examination of the fossil material confirms,
however, that the number of inferomarginals bears a close relation to
the size of the individual, and therefore undoubtedly also to its growth-
stage. As long as the ultimate superomarginal has not reached the same
size as the preceding superomarginals the animal will have a rounded
outline like Mitraster. After growth has ceased the individual will have
the ultimate superomarginal as the largest ossicle, and we have the
typical adult Metopaster or Pentagonaster.

Fossil Material.—The new collection of asteroids which has been
made from the Danish White Chalk shows with certainty that such an
ontogeny as described above really has taken place. Those forms from
the Danish White Chalk described as Ravniaster and Metopaster are
connected by a complete series of transition forms: from small Ravni-
aster-like individuals through Mitraster-like forms to the adult Meto-
paster. The tumidity of the superomarginals increases during growth,
as also does the height of the margin in relation to its breadth.

This ontogeny is best illustrated by the Senonian species Melopaster
poulsenii and Metopaster levis, but material has also been found which
appears to represent the Ravniaster-stage of Metopaster tumidus and
M. kagstrupensts. Individuals at the Ravniaster-stage have been found
in the Cretaceous material from England and Denmark, and further-
more single ossicles in Sweden and France.

The genus Mitraster.—The ontogeny sketched above, and the
investigation of the growth of Melopaster poulsenii, described in detail
later, make it desirable more closely to consider the genera Mitraster
and Ravniaster, and the species referred to them.

The genus Mitraster was established by SLapeN 1893 and is described
thus (p. 57):

“Body depressed and cycloid, or cyelo-pentagonoid in contour. Mar-
ginal plates with co-ordinated granulose elevations and punctations,
and a surrounding narrow depressed border with very minute puncta-
tions for the articulation of setae. Supero-marginal plates few in number
and all subequal in size, forming a broad uniform border to the disk.
Abactinal area covered with polygonal plates, some of which may have
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stellate or substellate bases, and upon the tabulae are borne small, more
or less co-ordinated granules. Infero-marginal plates more numerous
than the supero-marginal series, and decreasing in size as they appro-
ach the extremity; the surface marked with punctations, which may
be co-ordinated in a similar manner to that of those on the supero-
marginal series, and may be associated with granulose elevations. Ac-
tinal intermediate plates small, polygonal, covered with uniform, crow-
ded, shallow punctations, upon which granules were originally borne.
Armature of the adambulacral plates arranged in longitudinal lines,
which may be slightly oblique. Small entrenched pedicellariae may be
present occasionally on the actinal intermediate plates™.

It is clear from this description, and it is also stressed by SLADEN,
that Mitraster agrees with Metopaster in nearly all its characters. This
applies also to the ornamentation of the marginals with the depressed
margin bearing small closely placed setae and with scattered setae on
the central part, and also to the small number of marginals, and the char-
acteristic feature thatthe ultimate superomarginal corresponds to several
inferomarginals. The differences between the two genera are confined to:
1. In Metopaster the ultimate superomarginal is larger than the remain-
ing marginals, while in Mitraster the size is about the same. 2. In Melo-
paster the body is limited by straight or slightly concave sides, while
Mitraster is more rounded with slightly convex sides. 3. The marginals
in Mitraster may bear a granulation as well as spine-pits with setae.

From our knowledge of ontogeny in Metopaster we know, however,
that: 1. The ultimate superomarginal is largest only in fully grown indi-
dividuals; in slightly younger individuals it is of about the same size
as the other superomarginals. 2. The want of a large, and protruding
ultimate superomarginal will give the not fully grown individual a more
rounded appearance. 3. In Melopaster poulseniiit is seen that the margin-
als of young individuals of Metopaster may bear a granulation, as well as
spine-pits.

Since the differences between these two genera thus agree exactly
with the differences between a fully-grown and not quite fully-grown
Metopaster, it is to be assumed that those asteroids described as species
of Mitraster are really the young of species of Metopaster.

The following species have been classed in the genus Mitraster:

Mitraster hunteri (FORBES)
Mitraster hunteri lcevis BR. NIELSEN
Mitraster compactus (FORBES)
Mitraster rugatus (FORBES)

An investigation of the specimens referred to these species has given
the following result:
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1. Mitraster hunteri levis Br. NIELsEN. Well preserved individuals
of this form have been found during the collecting of new material. As
will be seen later it has shown itself to be a typical representative of the
genus Metopaster, and not Mitraster.

2. Mitraster compactus (Forpes). In the diagnosis of this species
SPENCER states (1905, p. 67) that the outline is slightly rounded penta-
gonal, but corrects this on the following page, where he writes, “The
supero-marginal plates appear to have been straight and the inferior
series but slightly cveloidal. This, together with the large comparative
size of the ultimate paired plate, would bring the species very near to
the genus Metopaster. ForsEs remarked upon the fact that it appeared
to be intermediate between Goniaster (Metopaster, SLADEN) uncatus and
Goniaster (Mitraster, SLADEN) rugatus. 1 have therefore considerable
doubt as to the validity of the separation of these two genera.”

The body is straight-sided. There are four superomarginals in each
side of the arm, the last being not quite as large as those preceding. The
marginals have a depressed border within which they are smooth, or
provided with a few spine-pits. This species is quite close to the genus
Metopaster ; its appearance and the number of marginals make it likely
that it represents voung individuals of Metopaster parkinsoni (FORBES).

3. Mitraster hunteri (ForBEs). According to Stapex (1893, p. 59)
the body has a rounded pentagonal outline. An examination of the
material shows that the sides have been straight or very slightly convex.
There have been three superomarginals in each side of the arm, the
ultimate superomarginal generally being of the same size as the others.
The superomarginals are highest near the outer side of the ossicle, but
there is here no such marked abactinal swelling as in Melopaster uncatus.
The ornament of the marginals is composed of a depressed border and
scattered spine-pits, together with a generally rather strong granulation
on the abactinal part of the superomarginals.

Mitraster hunteri does not give the impression of being a young stage
of an other species, and there are no species of Melopaster to which one
reasonably can refer it. However, it does not seem to differ from Meto-
paster, and it would therefore not be reasonable to refer it to any genus
other than Metopaster.

Some individuals with a distinctly narrower margin, and only two
superomarginals on each side of the arm should, as Stapen stated, be
considered as a distinct species or variety (Stapex 1893, p. 62, pl. 9,
fig. 3.).

4. Mitraster rugatus (Forses). The body has straight sides. There
are three superomarginals in each side of the arm. The last of these is
somewhat smaller than the others, and has a triangular outline, just as
is the case in not fully-grown individuals. The abactinal and lateral sur-
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faces are at right angles to one another, and are connected by a short
curve. The ornament of the marginals is composed of a depressed
border, and within this a strong granulation, and sometimes scattered
spine-pits. SLADEN writes of this species (1893, p. 66), “Although at
first sight the differences between Mitraster Hunteri and Milraster rug-
atus appear well marked, I am not perfectly satisfied as to the species
being altogether independent.” After an investigation of the material, I
find it likely that at least some of the individuals called Mitraster rugatus
are young individuals of Metopaster hunteri. Other individuals whose
superomarginals possess no spine-pits, and have a distinct abactinal
swelling on the outer part of the ossicle are, in palaeontological collec-
tions, referred to Mitraster rugatus. These individuals are strongly
reminiscent of Metopaster uncatus, and Melopaster cingulalus. SLADEN
(1893, p. 55) writes of M. cingulatus, “*Melopaster cingulatus is readily
distinguished from Melopaster uncatus by its very short broad supero-
marginal plates, by their more limited and more conical tumidity, by
their greater height as seen in the margin, as well as by their different
ornamentation. The ultimate plates are triangular, and do not present
the peculiar form characteristic of Metopaster uncatus. In many respects
Metopaster cinqulatus appears to hold an intermediate position between
Mitraster rugatus and Metopaster uncatus.” After an investigation of
these forms there can be no doubt that a number of the individuals re-
ferred to Mitraster rugatus, together with Metopaster cingulatus, are
young growth-stages of Metopaster uncatus.

Conclusion. The result of the investigation of Mitraster is thus that
Mitraster rugatus and Mitraster compactus may be supposed to be young
individuals of species of Metopaster. The following series showing the
ontogeny can be drawn up:

Mitraster rugatus — Metopaster hunteri
“Mitraster rugatus” — Melopaster cingulatus — Metopaster uncatus
Mitraster compactus — Melopaster parkinsoni

M. hunteri leevis is a typical Melopaster. M. hunteri is an independent
species, which, however, does not differ from the genus Mefopaster in
such a way that it would be justified to maintain the genus Mitraster.
It should therefore be called Melopaster hunteri, and in agreement with
this, the name Mitraster is raised as a synonym for Metopaster.

The genus Ravniaster.—The genus Ravniaster was established by
Br. NieLseN in 1943 for small asteroids having very few marginals
with an ornamentation as in Melopaster, and generally with equal
numbers of supero- and inferomarginals. As alrecady shown, it may
be expected that asteroids with these characters really are young
individuals of species of Metopaster. Br. NieLSEN described three
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species of Ravniaster from the Senonian, and three from the Danian.

The Senonian species of Ravniaster. The abundant asteroid
material from the White Chalk of Stevns CIliff, north of Kulsti Rende,
shows that there is steady and continuous change in the size and
appearance of the individuals. They range from very small forms which
are like Ravniaster virgineus, through Ravniaster simplex, Mitraster-like
individuals and Metopaster poulsenii to Metopaster stevensensis.

It does not scem possible to distinguish the smallest of the individuals
from Ravniaster virgineus. But as that species has been established on
the basis of a specimen from the White Chalk of Moén, where Meto-
paster poulsenii is not found, but where, on the other hand, the very
similar Metopaster tumidus occurs, there is reason to believe that the
individual described as Ravniaster virgineus is a young Metopaster lu-
midus. The individual deseribed as Ravniaster simplex is without doubt
a yvoung cxample of that species which is here included under the
name Melopaster poulsenii Br. NIELSEN.

There is also a perfectly uniform development from Ravniaster levis
to a Metopaster with smooth marginals, Melopaster leevis, of which BRr.
NIELSEN has described a marginal under the name Mitraster hunteri
var. leevis.

The very youngest asteroid growth stages, where only one or two
supero- and inferomarginals are present in each side of the arm, have
not vet been found in the Danish White Chalk. They are, however,
known from the Danian in Denmark (Br. NiELsexN, 1943, pl. 3, fig. 9.),
and from the Senonian in England (pl. 3, fig. 9—10).

The Danian species of Ravniaster. BR. NIELsEN chose the Danian
species Ravniaster planus as the genotype for Ravniasler. The material
described of this species includes a very small individual, and marginals
of a Metopaster-like type. The small individual (R = 2 mm)is the smal-
lest fossil individual known; it has only one supero- and one infero-
marginal on each side of the arm, and there can be no doubt that it is
a very voung individual of a starfish probably a Metopaster. It is, how-
ever, not possible to make a species determination of such an indi-
vidual, as this would require reference material representing all age-
groups, and, furthermore, species characters are often only slightly
developed in very young asteroids. This individual is thus of doubtful
affinity, and therefore very unsuitable as a type. As Br. NIELSEN has
not put forward any type for Ravniaster planus the author has chosen a
pair of connected ossicles figured by Br. NIELsEN as the type. The os-
sicles described as Ravniaster planus are all ultimate superomarginals
cach of which meets two inferomarginals. They agree with Metopaster,
both in the structure of the tip of the arm and in the ornamentation,
which is made up of a depressed border and scattered spine-pits. Ac-
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cording to Br. NIELSEN, Ravniaster should differ from Melopaster in two
important characters, namely, 1. There are only one or two supero-
marginals in each side of the arm, and 2. The ultimate superomarginal
corresponds to only one (or two) inferomarginal. Concerning the first
of these characters, it is of importance that several species of Metopa-
ster, with only two superomarginals in each side of the arm, are found,
and we know nothing of the number of ossicles in Ravniaster planus.
Concerning the other character, it is important that only in very young
individuals are there normally equal numbers of supero- and infero-
marginals, while in the genotype, Ravniaster planus, there are two,
and perhaps sometimes three inferomarginals corresponding to the
ultimate superomarginal.

Several other species, apart from Ravniaster planus have been des-
cribed from the Danian, they are: Ravniaster carinatus, R. maculatus
and R. granulatus. R. carinatus and R. maculatus have a structure very
similar to that of R. planus. However, in most individuals of R. carinatus
there is one large inferomarginal corresponding to the ultimate supero-
marginal. R. granulatus is a divergent form, and presumably belongs
to the genus Ceramaster.

Conclusion. The result of the investigation of Ravniaster is that the
genotype, Ravniaster planus, is a species with the same arm-structure
and ornament of the marginals as Melopaster, but with an unknown
number of marginals. Ravniaster carinatus and R. maculatus are species
of similar appearance. These species are therefore referred to the genus
Metopaster. All the individuals of Ravniaster described from the White
Chalk, together with one from the Danian, referred to Ravniaster
planus, are voung individuals of species of Mefopaster.

Occurrence.—Metopaster is represented by a large number of
species in the Cretaceous, and a single Tertiary marginal has also been
referred to the genus. It is so close to some recent genera that it is likely
that further investigation will either show that it is represented at the
present time, or that it is identical with recent genera.

Metopaster ef. thoracifer (GeiNiTz).

Plate 3, fig 18. Text fig. 5.
1918 Metopaster parkinsoni (Forses), Ravn, p. 18.

Material.—A badly preserved starfish individual, and an isolated
marginal from the Turonian Arnager-limestone in Denmark were de-
termined by SpreENCER as Metopaster parkinsoni, and mentioned by
RavN in 1918.

The individual is very worn and damaged by having been rolled
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on the beach. The author has later found an other individual at the
same locality; this is similarly badly preserved, and it is partly in-rolled.
It is, however, possible on both individuals to measure both the length,
and curvature of the sides, and the length, breadth and height of the
marginals, so thatitis possible to reconstruct
the original appearance of the animal.
On the other hand, the ultimate superomar-
ginals and a number of the other marginals
in both individuals are so damaged that their
surface can not be observed. The single
marginal found in the Arnager limestone is,
however, a well preserved ultimate supero-
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marginal, and it can thus supplement our
Figure 5. knowledge of the form.
Metopaster cf. thoracifer. X 1. ¢o11action of the Mineralogical Museum.

Description.—The outline is pentagonal, with only slightly con-
cave sides. In individual no. 1 R:r as ¢. 24:19 mm., and in individual
no. 2 as ¢. 18:14 mm. There are only two superomarginals in each side
of the arm. The first (or median) superomarginal has about the same
length as breadth; it is not very tall. The surface is even and slightly
tumid. The second, or ultimate superomarginal is markedly longer, but
of the same height. The distal half of this ossicle has met the correspondirg
ossicle of the other side of the arm in the mid-line. The ossicle has
furthermore been in contact with three or four inferomarginals, as well
as the small unpaired terminal. Inferomarginal no. 1 is of the sam-~
size, or slightly larger than the corresponding superomarginal. Ossicle
no. 2 is of the same size, and has been in contact with a long facet on
the underside of the ultimate superomarginal. Ossicles no. 3, 4 and 5
are small and oblique, they have contacted small facets on the distal
part of the ultimate superomarginal. The outer surface of the marginals
is provided with a narrow depressed border which has borne delicate,
closely-placed setae. The central area is provided with scattered, well-
separated, round spine-pits. The margin of the superomarginalsis strongly
depressed. In the well preserved ultimate superomarginal, the junction
between the abactinal, and lateral parts of the ossicle is rounded in the
proximal part of the arm, but sharper towards the distal apex, where
it forms a slight protuberance.

Affinity with species of Metopaster.—The present form differs
from M. parkinsoni in having only two superomarginals instead of
four in each side of the arm. It also differs from M. parkinsoni in that
superomarginal no. 1 has about the same breadth as length, in the
strongly depressed border, and in the tendency to form a protuberance
on the ultimate superomarginal. Only two species of Metopaster with
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only two superomarginals in each side of the arm are known, they are
M. thoracifer, and an undescribed species which has been referred by
SLapeN (1893, p. 62) to Melopaster hunteri on the basis of the char-
acteristic form, and granulation of the ossicle, and by Wricnt (1940,
p. 237) to M. quadratus because of the shape and abactinal swelling of
the superomarginals. The present form is strongly reminiscent of M.
thoracifer, not only in the number and height of the ossicles, but also
in the strongly depressed border of the superomarginals; the length, and
tendency of the ultimate superomarginal to form a protuberance to-
gether with the size of inferomarginal no. 2. The reason for my not feel-
ing fully justified in referring it to this species is that typically developed
powerful protuberances, such as are found on the greater part of the
ultimate superomarginals of this species, are wanting. It is, however, ap-
parent from the descriptions, and from the collections in the Sedgwick
Museum, that this character can be wanting. The species Stellaster
plauensis, described by Geinirz (1871) is interpreted by LeEnNer (1937,
p- 173) as such individuals of M. thoracifer without horns; this does
not, however, seem to agree with the shape of the marginals.

Occurrence.—Metopaster thoracifer is previously known from Ce-
nomanian to Lower Turonian. The present occurrence is from the Up-
per Turonian. Arnager, Denmark.

Metopaster poulsenii Br. NIELSEN.
Plate 1 and 2. Plate 3, fig. 1-8. Text fig. 4 e-g.
1943 Metopaster poulsenii Br. NieLsen, p. 27, pl. 1, fig. 2-9.
1943 Metopaster stevensensis BR. NieLseN, p. 30, pl. 1, fig. 10.
pars 1943 Milraster hunteri SPENCER var. levis BR. NIELSEN, p. 38.

1943 Ravniaster simplex Br. NieLsen, p. 46, pl. 3, fig. 1-2.

Diagnosis.—A Melopaster with three superomarginals in each side
of the arm; these ossicles are strongly tumid.The ornamentation is
that typical of the genus, but a weak granulation often occurs, particul-
arly in younger individuals. The median supero- and inferomarginals
are all of about the same height. _

Type.—The holotype is the individual described by K. Brinnich
NIeELsEN, 1943 pp. 27—28, pl. 1, fig. 2-—8. It originates from the Upper
Senonian White Chalk of Stevns Cliff, north of Kulsti. Collection of the
Mineralogical Museum.

Deseription.—The body is pentagonal with straight, or almost
straight sides. The margin is formed of large, powerful marginals. In
the adult there are three superomarginals in each side of the arm. The



number of inferomarginals is greater, as several (up to six) inferomar-
ginals of distally decreasing size correspond to the ultimate supero-
marginal. The superomarginals have a swelling of the central abactinal
arca. The marginals have a depressed border with small, closely-
placed setae, and within the border scattered, somewhat larger setae
attached in pits in the surface. The superomarginals—particularly in
their abactinal part—can also bear a granulation; this is most often
the case in young individuals. In the adult Melopaster poulsenii the
length, breadth and height of the median superomarginals are about
the same; the ossicle no. 2 is, however, often slightly shorter, and
slightly oblique. The median inferomarginals have about the same
dimensions. The inferomarginals are slightly oblique, and their size
decreases evenly towards the tip of the arm. Br. NIELSEN states as a
species characteristic of Melopaster poulsenii that the ultimate supero-
marginal is smaller than the other superomarginals. As has been men-
tioned above, however, this will be the case with every starfish at a cer-
tain stage of growth. These phenomena will be further illustrated dur-
ing the examination of the separate individuals. The superomarginals
have a large surface directed towards the body cavity, and abactinally
to this a surface which has been in contact with the ossicles of the ab-
actinal surface. This latter surface has no great height, being much
lower than in the very similar ossicles of Recurvaster radiatus. The
terminal ossicle is very small; it is almost pyramidal with a furrow on
the actinal surface in continuation of the ambulacral groove. It has
borne two oblique facets which have been in contact with the two ultim-
ate superomarginals, and it has not possessed spines or setac.

The abactinal surface has been covered by low, prismatic, generally
hexagonal ossicles. The free abactinal surface bears a strong granula-
tion, and in some cases also spine-pits. The sides of the ossicle are con-
cave, and the corners of the base are slightly drawn out. The primary
abactinal ossicles are very large.

The actinal surface is covered by low, oblique, polygonal ossicles,
whose free surface bears large well separated spine-pits.

The adambulacral ossicles have borne a row of five or six spines on
the edge, and three rows on the surface.

The ambulacral ossicles are large and slightly curved. The impres-
sions of pedicellariae are seen on the marginals of a number of indi-
viduals. They are composed of small circular depressions from which
two or three short furrows originate, each ending in a new circular de-
pression.

Affinity with other species.—Metopaster poulsenii, with its mark-
edly tumid marginals is reminiscent of M. tumidus from the Senonian,
and M. kagstrupensis from the Danian.
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It seems to differ from M. tumidus in having only three superomar-
ginals in each side of the arm; in that the margin in M. tumidus is
relatively higher, and narrower, and in that the ossicular angle is
larger.

WricHt (1940, p. 236, pl. 13, fig. 13, pl. 16, fig. 6) mention a recon-
structed individual of a Metopaster, which they interpret as an early
form of M. tumidus. The individual is reconstructed with three supero-
marginals on each side of the arm, and it is very similar to M. poulsenil,
but atthe present it is not possible to say anything concerning this simil-
arity, or the correctness of the reconstruction.

M. kagstrupensis has the same number of marginals as M. poulsenii
and the difference between the two species is extremely slight. It seems,
however, to be possible to separate them, since in M. kagstrupensis
the ossicular angle is larger, the marginals shorter and the inferomar-
ginals distinctly higher than the superomarginals. Furthermore,the lateral
surface of the ultimate superomarginals is as a rule slightly concave in
M. kagstrupensis, and the arm tip therefore slightly projecting.

Material.—In order to illustrate the ontogeny of the species, and
its variation, a number of the specimens which may be referred to this
species are now mentioned in greater detail. The individuals are ar-
ranged according to their size (R).

All the specimens are in the collection of the Mineralogical Museum.

1. Remains of a very small individual in White Chalk, with a number
of the ossicles in their natural relative positions. R:1 as ¢. 8:6 mm.
Ossicular angle ¢.20°. A very small wedge-shaped third supero-
marginal is found apart from two supero- and inferomarginals
on each side of the arm. There has perhaps also been a newly
formed third inferomarginal present. The first two marginals cor-
respond exactly in appearance with the individual described as
Ravniaster virgineus. This comes, however, from a locality where
Metopaster poulsenii is unknown, but where, on the other hand,
the very similar M. tumidus occurs, and it is therefore reasonable
to assume that the individual described as R. virgineus is a young
M. tumidus. The marginals have the usual narrow depressed
border. The superomarginals bear a granulation; the inferomar-
ginals are smooth. The surface of the abactinal ossicles has a
distinct granulation.

Pl. 1, fig. 1. PL. 2, fig. 3a. PI. 3, fig. 1a, 3a, 4a, 5a and 7. Upper
Senonian. Stevns Clff, north of Kulsti Rende.

2. Associated ossicles of an individual described by Br. NIELSEN as
Ravniaster simplex. R:r as ¢. 9:7 mm. Ossicular angle c¢. 20°. This
individual is somewhat larger than the previous, and the margin
is broader. Only the first and second marginals are preserved, and



the individual thereby gets a robust and rounded appearance.
That there has also been a third supero- and inferomarginal in
rach side of the arm is shown by the large distal facet on supero-
marginal no. 2. Ornamentation is as in the preceding individual.
Br. NieLsEN states that there is no distinetion between the border
and the central area, but a closer examination shows, however,
that a small depressed border can be seen, although it is only
distinet at a few places on the small ossicles.

Pl. 1, fig. 2. PL. 2, fig. 3b.

Upper Senonian, Stevns Cliff, Eskelund.
Remains of a slightly larger individual than the preceding. Four
marginals forming the tip of the arm were found in their natural
relative positions, while the remaining ossicles were dislocated.
R:rasc. 10-5:8 mm. Ossicular angle ¢. 20°. The first two supero-
marginals are of practically the same shape as in the preceding
individual, but in this case the small third superomarginal is also
preserved. Just as in the preceding individuals, there have been
just as many superomarginals as inferomarginals, and the indi-
vidual has similarly been a typical “Ravniaster”. The marginals
have a distinct depressed border. The superomarginals bear a
strong granulation on the abactinal part of the outer surface, but
there are, furthermore, scattered spine-pits on both the supero-
and inferomarginals.

Pl. 1, fig. 3. Pl. 2, fig. 3c¢. PL. 3, fig. 8.

Upper Senonian. Stevns Cliff, north of Kulsti Rende.
A few associated marginals from an individual of the same size
and appearance as the preceding. Upper Senonian. Stevns Cliff,
Eskelund.
Remains of an individual. R:r as ¢. 15:12 mm. Ossicular angle
¢. 277, This individual does not at first sight differ from the pre-
vious. It is slightly larger, and the spine-pits are more prominent.
Only a slight granulation can be discerned on the abactinal part
of the superomarginals, but otherwise the shape and appearance
of the individual ossicles is verynearly the same. The third, or
ultimate superomarginal is slightly smaller than the others.
There is, however, one distinctive feature: the ultimate supero-
marginal meets not one, but two inferomarginals, and therefore
has two facets on its actinal surface. It must therefore be con-
sidered as a Metopaster, orrather, as a “Mitraster”,since individuals
of Metopaster-type, but with small ultimate superomarginals, and
often bearing a granulation on the superomarginals, are some-
times referred to this particular genus. A revision of the collec-
tion left by Dr. Br. NIELSEN shows that it was median supero-
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marginals of the type found in this, and preceding individuals,
which, together with smooth ultimate superomarginals, formed the
basis for the variety Mitraster hunteri var. levis, which will be
referred to in the following.

Pl. 1, fig. 4. PL. 2, fig. 3d.

Upper Senonian, Stevns Cliff, north of Kulsti Rende.
Two superomarginals found together in the White Chalk. R:r as
c. 20:16 mm. Ossicular angle ¢. 22°. The ultimate superomarginal
is of about the saime size as the median marginals; it has contacted
three inferomarginals. Spine-pits are dominant, but there is also
a well developed granulation on the abactinal part of the outer
surface.

Pl. 1, fig. 5.

Upper Senonian. Stevns Cliff, north of Kulsti Rende.
Remains of an individual deseribed by Br. NiELSEN (1943, pl. 1,
fig. 9.) as Melopaster poulsenii, R:r as 26:20 mm. Ossicular
angle ¢. 25°. The ultimate superomarginal is similar in size to the
median marginals; it has contacted four inferomarginals. The
ornamentation consists of spine-pits; there is no apparent granula-
tion. There are a few abactinal ossicles present; they have a
strongly granulated surface, without spine-pits. The actinal os-
sicles possess large spine-pits.

Pl. 1, fig. 6. Pl. 2, fig. 3e.

Upper Senonian. Stevns Cliff, north of the lighthouse.
Remains of an individual slightly larger than the previous. R:r as
c. 27:22 mm. Ossicular angle c¢. 28°. The ultimate superomarginal
is similar in size to the median marginals; it has contacted four
inferomarginals. Apart from spine-pits, there are granules present
on the abactinal part of the superomarginals. The abactinal os-
sicles are strongly granulated, and some of them are also provided
with distinet spine-pits. The actinal ossicles possess spine-pits.

PL. 1, fig. 7. Pl. 2, fig. 3f. Pl. 3, fig. 1b, 2a, 3b, 4b, 5b.

Upper Senonian. Stevns Cliff, north of Kulsti Rende.
Remains of an individual of the same size as the previous. Os-
sicular angle c. 32°. Spine-pits are dominant, but there is also a
granulation of the abactinal part of the superomarginals. The
ultimate superomarginal has corresponded to four smaller in-
feromarginals. Upper Senonian. Stevns Cliff, north of Kulsti
Rende.
Remains of an individual. R:r as ¢. 35:27 mm. Ossicular angle
c. 35°. On this individual the ornamentation of the marginals con-
sists exclusively of spine-pits, there being no granulation. The
ultimate superomarginals of two arms show a divergence in shape.
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In the tip of one arm the ultimate superomarginal is distinctly
smaller on the one side than on the other. In another arm tip the
ultimate superomarginal is divided into a larger, proximal, and
a smaller, distal ossicle, which together correspond to the ultimate
superomarginal on the opposite side of the arm. Such abnormali-
tics, which Spenxcer called a “breaking-down™ of the ultimate
superomarginal, are a not uncommon variation in species of the
genera Melopasler, Tosia and Pentagonaster.

The individual has been reconstructed (Pl 1, fig. 8) with equal
numbers of ossicles on each side of the arm, and it is not quite
regularly pentagonal. It is not unlikely that that armside which has
a very short ultimate superomarginal has had an extra supero-
marginal. The abactinal ossicles are provided with spine-pits, and
a strong granulation; the actinal ossicles bear spine-pits.

Pl. 1, fig. 8. Pl. 2, fig. 3g. Pl. 3, fig. 1e¢, 3¢, 5c.

Upper Senonian. Stevns Cliff, north of Kulsti Rende.

Holotype. Remains of an individual described by Br. NieLsEN
(1943, pl. 1, fig. 2—8) as Melopaster poulsenii. R:r as c¢. 35:29 mm.
Ossicular angle ¢. 37°. The ultimate superomarginal is very short,
and the size of the animal (R) is thus small as compared with the
size of the marginals, which are heigher than in the following
individual. Just as in the previous individual, one arm shows a
divergence, in that the ultimate superomarginals of the two sides
of the arm are not equally large. The ultimate superomarginals
have contacted four inferomarginals. The ornament consists of
spine-pits. The abactinal ossicles have a strong granulation and a
few spine-pits; the actinal ossicles have spine-pits in the surface.

Pl. 1, fig. 9. PIL. 2, fig. 3h.

Upper Senonian. Stevns Cliff, north of Kulsti Rende.
Connected remains of an individual, with the ossicles in their
natural relative positions in the White Chalk. R:r as ¢. 40:33 mm.
Ossicular angle ¢. 40°. The superomarginals are all of about the
same size, but the ultimate superomarginal is, however, the largest.
It has been in contact with five inferomarginals. The ornamenta-
tion consists of a distinet granulation on the abactinal part of the
superomarginals, as well as the general presence of spine-pits.
The abactinal ossicles bear both spine-pits and a strong granula-
tion; the actinal ossicles bear only spine-pits.

Pl. 2, fig. 1, 3i. PL. 3, fig. 1d, 2b, 3d, 4e¢, 5d, 6.

Upper Senonian. Stevns Cliff, north of Kulsti Rende.
Connected remains of an individual. R:r as ¢. 55:45 mm. Os-
sicular angle ¢. 50°. The ultimate superomarginal in this individual
is the largest of the marginals. It has a marked abactinal swelling,
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just like the other superomarginals, and has been in contact with
six inferomarginals. The shape does not differ importantly from
the corresponding ossicle in the previous individual, bul corres-
ponds at the same time exactly with that single ultimate supero-
marginal which Br. NieLsEN described as Metopaster stevensensis.
The ornamentation is composed of spine-pits.

Pl. 2, fig. 2, 3j.

Upper Senonian, Stevns Cliff, north of Kulsti Rende.

Growth in M. poulsenii.—The above account of the mostimport-
ant, and best preserved individuals referred to M. poulsenii shows that
when these individuals are arranged according to size they form
a perfectly continuous series. Both the height of the margin, and
the ossicular angle increase during growth. The superomarginals
of the smallest individuals possess a dominant granular ornament, but
during growth spine-pits gradually become dominant. All transitions,
from a powerful granulation of the abactinal surface of the supero-
marginals, through forms where the granulation can only be seen on a
few of the ossicles when the lighting is favourable, to individuals where
no granulation can be detected, are found among individuals of inter-
mediate size.

The smallest individuals found of this species, have two normal, and
a small, wedge-shaped third superomarginal in each side of the arm.
The size of marginal no. 3 increases during growth, so that it becomes
the largest of all. Although there are no more than three superomarginals
on each side of the arm, the formation of small inferomarginals prox-
imal to the terminal ossicle continues. When the third superomarginal
approaches the median marginals in size, it corresponds to two infero-
marginals (pl. 1, fig. 4). During the course of growth the number is
increased so that in the largest individual found (pl. 2, fig. 2.) there are
six inferomarginals corresponding to an ultimate superomarginal.

Those stages which M. poulsenii thus passes through during growth
have previously been deseribed as independent species, namely, Ravni-
aster simplex, Mitraster hunteri var. levis (pars), Metopaster poulsenii
and Metopaster stevensensis. The youngest stages of this species, with
only one or two upper and lower marginals in ecach side of the arm,
have so far not been found.

Occurrence.—Upper Senonian, Upper Maastrichtian, Stevns Cliff,
Denmark.



Metopaster tumidus SPENCER.
Plate 4, fig. 1-5. Text fig. 4c-d.
1913 Metopaster lumidus SpenNceRr, p. 113, pl. 10, fig. 8, 15.

Pl. 14, fig. 1, 2. PL 15, fig. 1, 2, 4, 6, 7.
non pl. 15. fig. 3, 5.

1925 Metopaster tumidus, UmBGROVE, p. 207, fig. 1-27.
1935 Metopaster tumidus, MERCIER, . 30, pl. 1, fig. 17 a-f.

? 1940 Metopaster tumidus, WricHT, p. 233, pl. 13, fig. 13. Pl 16,
fig. 6. Text fig. 6.

1943 Metopaster tumidus, Br. NIELSEN, p. 26, pl. 1, fig. 1 a-d.
Text fig. 17.

1943 Ravniaster virgineus Br. NIELSEN, p. 49, pl. 3, fig. 3.
Text fig. 29.

Diagnosis.—A Metopaster with four abactinally swollen supero-
marginals on each side of the arm.

Type.—As the holotype SPENCER chose the ultimate superomarginal
which he figured (1913) pl. 15, fig. 1, from the Upper Senonian of
Riigen in Germany. The lower proximal corner of this ossicle is want-
ing, and the ossicle has therefore a somewhat more robust and rounded
appearance in SPENCER’s figure than it had originally. Collection of the
British Museum (N.H.).

Description.—The body has straight or necarly straight sides. Br.
NieLseN (1943, p. 27) distinguishes between a variety where the apical
angle of the arm is about 90°, and an other where the angle is “some-
what less than 90°”. The available material does not justify such a
distinction. The margin is formed of tall, powerful ossicles. In a re-
construction, SPENCER has used four ossicles in each side of an arm.
How far this number has been known with certainty, or is only chosen
by analogy with the closely related M. parkinsoni (ForgEs), is not ap-
parent, as the only individual which SpENnceER has known is not further
mentioned. Those individuals which have been found in Denmark
show, however, that there have lived Metopasters in that part of the
Danish White Chalk which is of the same age as the White Chalk of
Riigen, which, both in regard to the number of ossicles, and other
characters, agree with SpPENCER’S reconstruction of M. tumidus. The
ossicular angle is large, and the margin relatively narrow. The median
supero- and inferomarginals are of about the same height. The margi-
nals are provided with a marked abactinal swelling, which includes
only a part of the length of the ossicle. The ultimate superomarginal
has contacted as many as six smaller inferomarginals. The tip of the
arm (the terminal ossicle) is to be found at about the same level as the
abactinal surface of the animal. The ornamentation consists of a nar-

3
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row depressed margin with very delicate, closely placed spine-pits,
together with scattered spine-pits within the border, those on the
swelling being as a rule a little larger than the remainder.

Br. NIELSEN, 1943, p. 26, writes, “The terminal supero-marginal of
SPENCER, figured on plate 15, fig. 1, the profile of plate 10, fig. 15 and
the reconstructed individual plate 14, figs. 1—2 together give the impres-
sion of a well defined and well founded species, whereas the remaining
plates, which SPENCER refers to Metopaster tumidus, should be referred
to some other hitherto undescribed species”.

An examination of the ossicles figured by SpeENcEr shows, however,
that while pl. 15, fig. 3 and 5, have belonged to Recurvaster radiatus, all
the other ossicles have belonged to Metopaster. From the account of
ontogeny in Metopaster given above, there is reason to believe that the
ossicles shown on pl. 15, fig. 4 and 6, are from a slightly younger indi-
vidual of Metopaster tumidus, which, together with M. undulatus is the
only species of Metopaster known from Riigen.

SPENCER’S reconstruction, pl. 14, fig. 1 and 2, and pl. 10, fig. 15,
give a good picture of the appearance of the species, and the tall, re-
lativelynarrow margin with large ossicular angle. It must be stated, how-
ever, that superomarginal and inferomarginal no. 2, in the left arm of
the reconstruction shown in fig. 2, are ossicles of Recurvaster radiatus.
This is shown by the obliquity of the superomarginal, its lesser swelling,
and larger facets towards the body cavity; together with the low, broad,
compact form of the inferomarginal. SPENCER’s figure, pl. 10, fig. 8,
shows an ultimate superomarginal with two swellings. This appearance
is also seen in the ossicles of this species figured by UmMmBcrOVE (1925),
but here there are in several cases also developed small powerful pro-
tuberances.

JaN MERCIER (1935, p. 30) mentions Metopaster tumidus from the
zone of Micraster cor-testudinarium (Coniacien) in France. M. tumidus
is, however, nowhere else found in such old deposits, and it is not ap-
parent from MERCIER’S figures whether it really is this species which is
presented.

WrieHT (1940, p. 236) mention a reconstruction of a Melopaster
which they consider to be an early form of M. tumidus. The ossicles
seem to belong to a rather young Melopaster individual. Whether there
really have been three ossicles in each side of the arm is not quite cer-
tain. As M. tumidus has four superomarginals in each side of the arm,
and is presumably descended from M. parkinsoni, which has the same
number of ossicles, it is not likely that an early form of M. tumidus
should have had three superomarginals in each side of the arm.

Affinity with other species.—>Melopaster tumidus is distinguished
from M. parkinsoni by its marked abactinal swelling; from M. poulsenii
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by the number of superomarginals in each side of the arm, by the tall,
narrow margin, and large ossicular angle. It is furthermore distinguis-
hed from M. kagstrupensis by the number of superomarginals, and
presumably also by the fact that supero- and inferomarginals are of
about the same height.

Material.—Br. NieLsenx (1943, p. 26, pl. 1, fig. 1) mentions an
ultimate superomarginal from Moén. During the revision of the mat-
erial from the Mineralogical Museum associated remains of one indi-
vidual from Mén, and two from Aalborg have been found. Furthermore,
the remains of an adult and two young individuals from Mén have later
been found, together with a large number of single marginals represent-
ing all growth-stages.

All the specimens mentioned are in the collection of the Mineralogical
Museum.

1. Some marginals of Metopaster, found in the collection of the
Mineralogical Museum, have been shown on closer examination
to correspond so closely that there can be no doubt that they
originate from a single individual. When they are arranged they
form the tip of an arm, with adjacent parts of the sides. R:r as
c. 63:47 mm. Ossicular angle c¢. 50°. The appearance of the
ultimate superomarginal is identical in all details with the ossicle
figured by Br. N1ELSEN, and this seems to have belonged to the same
individual. The inferomarginals bear scattered spine-pits. On the
superomarginals are found very few scattered spine-pits, and a
number of somewhat larger spine-pits, which cover the swollen
portion. The apical angle of the arm has been ¢. 90°. The impres-
sions of bivalve pedicellariae are seen on several ossicles.

Pl 4, fig. 2.

Upper Senonian. Mon Cliff.

A collection of asteroid ossicles from Frederiksminde near Aal-

Do

borg was shown by closer examination to be made up of ossicles
from two individuals, no. 2 and no. 3. Particularly those ossicles
belonging to individual no. 2 showed quite clearly, by small ir-
regularities of the articulation surface, how the ossicles had been
connected. R:r as ¢. 58:41 mm. Ossicular angle ¢. 50°. There
have clearly been four superomarginals in each side of the arm.
The sides of the body have been slightly concave, and the apical
angle ofthe armis 80 °—90°. The margin has been tall. The ultimate
superomarginals are short, and of somewhat varying size. The tip of
the arm (the terminal ossicle) has been almost on a level with the
abactinal surface of the disc. The ornamentation consists of the
scattered spine-pits characteristic of the species; these being lar-
ger, and more closely placed on the abactinal swelling. The os-
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sicles are very similar to some of the ossicles which are in-
cluded in SPENCER’S reconstruction pl. 14, fig. 1. The impressions
of bivalve pedicellariae are seen on several of the ossicles. Pl. 4,
fig. 3. Upper Senonian. Frederiksminde near Aalborg.
The ossicles lay, together with those of the previously mentioned
individual, in a jar in the collection of the Mineralogical Museum.
They are from a slightly smaller individual. R:r as ¢. 55:40 mm.
Ossicular angle ¢. 45°. The margin is not quite as narrow, or the
ossicular angle as large as in the previous individual. There is the
same ornamentation, with scattered spine-pits which are larger,
and more closely placed on the swollen areas of the superomargi-
nals. There are impressions of pedicellariaec on a number of the
ossicles.

Pl. 4, fig. 4.

Upper Senonian. Frederiksminde near Aalborg.
A large number of connected ossicles of a young Melopaster, found
in the White Chalk of Moén. An investigation of the marginals
shows with certainty that there have been four superomarginals
in each side of the arm. R:r as ¢. 33:25 mm. Ossicular angle c.
30°. The sides of the body are slightly concave. The margin is
evenly rounded, but, however, equally as tall, and with equally
as large an ossicular angle as ossicles of the same size of M.
poulsenii. Only one ultimate superomarginal is preserved; this has
corresponded to two inferomarginals and there is a rather large
terminal facet. This development can, however, very well be a
characteristic of the individual. A single ultimate superomarginal
found on Mon shows the same structure, the others have, however,
been in contact with several inferomarginals and a very small
terminal ossicle. Ornamentation consists of a depressed border
and very few scattered spine-pits. The abactinal surface has been
covered by rather tall, polygonal ossicles, possessing spine-pits
and a granulation of the surface. The actinal surface has been co-
vered by flat, oblique, polygonal ossicles bearing spine-pits. Am-
bulacral, adambulacral and oral ossicles are also present among
the remains of this individual. The adambulacral ossicles have
3—4 spines on the margin, and on the actinal surface a short fur-
row, as well as the impressions of about four spines. It will be
natural to regard the present individual as a young example of
M. tumidus, since this species, and M. undulatus, are the only
species of this genus which are known from the White Chalk of
Mon ; this is also confirmed by the single ossicles found.

Pl. 4, fig. 5.

Upper Senonian. Mén Cliff.
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5. Two connected marginals from an individual of about the same
size as the preceding, and with the same small number of spine-
pits, found at Dronningestolen, Mon.

6. A number of ossicles of an adult, in flint, found at Dronninge-
stolen, Mén. They correspond to the other specimen and give no
information concerning the number of marginals. The abactinal
ossicles possess spine-pits and bear a granulation. The adam-
bulacral ossicles have four or five marginal spines and four ac-
tinal rows, each of three spines in shallow furrows in the surface.

7. Four connected ossicles of a small individual, from Mon. De-
scribed by Br. NieLseN as Ravniaster virgineus. As previously
mentioned, those asteroids from the Danish White Chalk desecribed
as Ravniaster seem to be young individuals of species of Meto-
pasler. Ravniasler virgineus is exactly similar to the previously
mentioned individual no. 1 of Melopasler poulsenii. As M. poul-
senii is not known from Mén, it is likely that Ravniaster virgineus
is a young individual of the very similar M. tumidus.

Pl. 4, fig. 1.
Upper Senonian. Mon Clifl.

8. There is material of Metopaster tumidus from Riigen in the collec-
tion of the Mineralogical Museum; it has been collected and de-
termined by Spexcer. The ossicles concerned agree well in ap-
pearance both with SpeENcer’s holotype, and with the Danish
material.

9. Br. NieLsen (1943, p. 27, text fig. 17) mentions an ultimate

superomarginal of an individual from Bastad in Sweden. This

ossicle is, however, divergent in its slight height, and low ossicular
angle, and is perhaps a M. poulsenii.

Occurrence.—Upper Senonian, Lower Maastrichtian, in Denmark.
Mucronata zone in England, Germany, France, Belgium and Holland.

Metopaster leevis (Br. NIELSEN).
Plate 3, fig. 11-14.
pars 1943 Mitrasier hunteri Forprs var. levis BrR. NIELSEN, p. 38.

1943 Ravniasler levis Br. NieLsen, p. 47, pl. 3, lig. 4.

Diagnosis.—A Metopaster with three superomarginals in cach side
of the arm. The marginals have been completely smooth.

Type.—As there is no type-specimen of Milraster hunleri lcevis, the
young individual described as Ravniaster levis, from the Upper Seno-
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nian of Stevns Cliff, is the holotype for the present species. Collection
of the Mineralogical Museum.

Historical.—BRr. NIeLsenx (1943, p. 38) mentions some median
superomarginals which, in their shape and ornamentation, are like os-
sicles of “Mitraster” hunteri. It has been shown (p. 30) that these os-
sicles have belonged to young individuals of Melopaster poulsenii. Br.
NIELSEN, however, placed them together with a pair of smooth ultimate
superomarginals of Metopaster-type from the same locality, and establis-
hed on this basis a new variety of ForsEes’s species. This variety should
thus have median marginals with spine-pits and granules, while the
ultimate superomarginal should be completely smooth. It is unlikely
that such a combination was correct, and new specimens show that a
completely smooth species of Metopaster lived in the White Chalk
Sea of Stevns. The smooth ultimate superomarginals mentioned by
Br. NIELSEN are in the collection of the Mineralogical Museum, and
they can with certainty be referred to the smooth species now discovered.
The connected remains of two adults of this species have been found in
the White Chalk of Stevns. Furthermore, the remains of several indi-
viduals, representing different growth stages, are included in the collect-
ion of ossicles interpreted on p. 14 as a pellet of indigestible matter.
A very young individual of this species must have had the character
of a smooth Ravniaster. Br. N1ELSEN has described just such a one
under the name Ravniaster lcevis.

Description.—Metopaster lceevis is, even in adult specimens, only a
rather small species. The largest individual so far found has R:r as
26:20 mm., and there are no single ossicles available which indicate
that it could attain a markedly greater size. The body has not, as Br.
NieLseEN assumed on the basis of an ultimate superomarginal, and as
is given as a generic character for Mitraster, been evenly rounded, but
has been limited by straight or slightly concave sides. There have been
three superomarginals in each side of the arm. The length and height
of the marginals is less than the breadth (small ossicular angle). The
inferomarginals have about the same height as the superomarginals.
The marginals are provided with a very narrow depressed border
which, particularly in adults, can only be seen with difficulty, or is even
wanting. They are otherwise quite smooth, there being no spine-pits
present.

The abactinal surface has been covered by rather tall, smooth,
prismatic ossicles; the primary abactinal ossicles being distinctly larger
than the remainder.

The actinal surface has been covered by low, oblique, polygonal
ossicles, whose surface has been provided with spine-pits.

The adambulacral ossicles have had four or five spines on the edge
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and parallel to this on the actinal surface there is a furrow and two
rows of three spine-pits each.

Neither ambulacral or oral ossicles, nor impressions of pedicellariae
have been observed.

Affinity with other species.—This species is clearly to be se-
parated from all hitherto known species by its ornamentation, but it

agrees otherwise in all characters with the genus Metopaster ; especially

in the outline, and the structure of the margin.

Material.—Apart from single marginals the associated remains of

three individuals have been found in the Upper Senonian.

All the specimens are in the collection of the Mineralogical Museum.

1.

The connected remains of a small individual described by Br.
NIELSEN as Ravniaster leevis are the holotype for the present species.
R:ras c. 5.0:3.5 mm. There are only two supero- and inferomar-
ginals present in each side of the arm, but it is, however, likely
that there has been a small, dise-shaped third marginal. A narrow
depressed border is visible on the inferomarginals.

Pl. 3, fig. 11.

Upper Senonian. Stevns Cliff, Eskelund.
Among the ossicles mentioned on p. 14, from a pellet ejected by
a starfish-eating animal, are the remains of at least three indivi-
duals of Metopaster lewvis. A part of one individual has been re-
constructed from some of these ossicles. R:r as ¢. 15:11 mm. Os-
sicular angle c¢. 20°. There have been three superomarginals in
each side of an arm. The ultimate superomarginal has been in
contact with two smaller inferomarginals, so that there have been
four inferomarginals on each side of the arm.

Pl 3, fig. 12.

Upper Senonian. Stevns Cliff, north of Kulsti Rende.

Remains of an individual. The shape and appearance of the mar-
ginals made it easy to unite them so that they form three sides of
the animal. R:r as ¢. 19:14 mm. Ossicular angle ¢. 25°. The sides
are slightly concave. The tips of the arms are slightly curved up-
wards. The margin is lowest (5.5 mm.) in the middle of the side,
and highest (6.5 mm.) at the ultimate superomarginal. Three
inferomarginals have corresponded to the ultimate superomargi-
nal. The terminal ossicle has been quite small.

Pl. 8, fig. 13.

Upper Senonian. Stevns Cliff, north of Kulsti Rende.
Remains of a slightly larger individual. R:r as ¢. 26:20 mm. Os-
sicular angle ¢. 30°. The margin has a height of ¢. 8 mm. in the
middle of the side, and 9 mm. in the distal part, which is only
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slightly swollen. There are three superomarginals, the ultimate
superomarginal corresponding to three inferomarginals. The term-
inal ossicle is small.

Pl. 3, fig. 14.
Upper Senonian. Stevns Clifl, north of Kulsti Rende.

Occurrence.—Upper Senonian, Upper Maastrichtian. Stevns Cliff,

Denmark.

Metopaster undulatus SPENCER.
Plate 3, fig. 15-16. Text fig. 4 h.

1913 Metopaster undulatus SreENCER, p. 118, pl. 10, fig. 19, 20,
pl. 15, fig. 20-24.

? 1935 Metopaster undulatus, MERCIER, p. 29, pl. 1, fig. 15.

? 1940 Metopaster undulatus, WricHaT, p. 238, pl. 14, fig. 5, 6.
1943 Metopaster undulatus, Br. NIELSEN, p. 31.
1943 Metopaster granulatus Br. NI1eLseN, p. 32, pl. 1, fig. 12.

Diagnosis.—A Melopaster whose superomarginals have an undu-
lating surface. The ultimate superomarginal has a short, broad and
rounded appearance. The ornamentation consists of an often depressed
border, which passes more or less evenly over into the central
area, which is covered by scattered, rounded spine-pits of varying size.
A granulation can also occur on the abactinal part of the superomargi-
nals.

Type.—The ossicle from the Upper Senonian of Rigen, figured by
SpENCER, 1913, pl. 15, fig. 20, is the holotype for this species. Collec-
tion of the British Museum (N. H.).

Description.—This species is known only from finds of very in-
complete individuals and single marginals. It is therefore impossible to
say anything concerning the exact outline of the animal, or the number
of marginals. On the basis of the frequency of median marginals and
ultimate superomarginals, SPENCER comes to the conclusion that there
have only been two marginals on each side of the arm. He states, how-
ever, that an individual with three is to be found in BryponNE’s collec-
tion. This particular individual proved, however, to be a small, very
badly preserved Metopaster, whose affinity with the present species is
not quite certain. Wricnr (1940, p. 238, pl. 14, fig. 5, 6) mention an
individual from the middle Mucronata Zone in England. This individ-
ual is interpreted as an early form of M. undulatus. It has three supero-
marginals on each side of the arm, but since it is, as suggested, not a
typical M. undulatus, it gives no sure clue as to the number of marginals
there has been in the species. The profile of the superomarginals shows
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two protruding portions, an abactinal and a lateral, and between these
an embayment. The inferomarginals slope more evenly. The median
marginals, particularly those of the superior series, are quite short. The
ultimate superomarginal has a compact, rounded appearance, which
gives the whole animal a rounded outline.

The ornamentation is peculiar in that the spine-pits are of very vary-
ing size, the largest being found on the lateral protruding portion. When
a depressed border is present, it often passes evenly over into the cen-
tral area. A granulation of the abactinal swelling is frequently found.
SPENCER (1913, pp. 119 and 168) distinguishes between a younger,
normal, form, and an older, rugose variety. As the relationship of the
older specimen from Dorset is doubtful, and the rugose form has now
been found in the uppermost White Chalk of Stevns, such a distinction
is hardly justified. Spencer states that at Trimingham the normal form
is the most common, however, all the ossicles from this locality preserved
in the Sedgwick Muscum bear granules, even though there are in some
cases only a few, or even only single granules present on each ossicle.

The impression of a pedicellaria is seen on a single marginal from
Aalborg. It has the form of a depression from which two short, slender
furrows stretch out in opposite directions.

MEercrer (1935, p. 29) records this species from the Micraster cor-
testudinarium Zone in France. It is, however, impossible to decide from
MERrciER’s desceription and figure whether it really is this species which
is concerned.

Br. NieLsen (1943, p. 31) mentions this species from the White
Chalk of Denmark. He furtherimore establishes (p. 32, pl. 1, fig. 12) a
new species, Metopaster granulatus, on the basis of typical ossicles of
M. undulatus. The similarity between the two species is obvious, and
is also stressed by Br. Niersen, who at the same time states that M.
granulatus differs in that, “the anterior angle of the (ultimate supero-
marginal) plate is very large, larger than in M. undulatus. It measures
about 100°, so that the margin of the animal is rather drawn in at the
place where the extremity of the arm was.” It is, however, hardly possi-
ble to talk of an anterior angle, as the ultimate superomarginal has a
very rounded outline. That there is no possibility of separating the two
species on this character is best seen by comparing the outline of the
type specimen for M. granulatus (pl. 3, fig. 16, in the present work)
with the corresponding outline in SPENCER’s reconstruction of M. undu-
latus. Since Br. NierLsen himself stresses the identity of the other
characters, there is no reason here to repeat them.

Affinity with other species.—Metopaster undulatus is charact-
eristic, both in its ornamentation, and its marginal profile, and is easily
recognizable from other known species. SPENCER (1913, p. 106) thinks
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that M. undulatus is descended from M. decipiens, a small form whose
margin has extended at the cost of the central area. There is, however,
an even transition between the margin and the central area in this
species, and the profile of the ossicles also separates the two species.
The wvariety triminghamensis established by WricnT (1940, p. 238)
differs both in ornamentation and in the length and curvature of the
ultimate superomarginals.

Material.—SPENCER states (p. 169) that M. undulatus is rare in the
Senonian and Upper Danian of Denmark. No specimen of this species
from the Danian has, however, been found during examination of the
Danish collections. A number of marginals of this species are available
from White Chalk localities around Aalborg. Those ossicles upon which
Br. NIELSEN based his description of M. granulatus are from Rordal
near Aalborg. The ossicles used in this reconstruction possibly originate
from a single individual. The ultimate superomarginal has corresponded
to three inferomarginals. There is one further old find of presumably
associated ossicles from the same locality: the associated ossicles of a
very small individual from Blegkilde, near Aalborg. This individual
does not differ from the remainder in other than size. It bears a very
powerful granulation on the abactinal part of the superomarginals. The
ultimate superomarginal has corresponded to two inferomarginals. Two
supero- and two inferomarginals of a rather large individual have been
found on Stevns Cliff, north of Kulsti. Finally, single ossicles of this
species have been found in the White Chalk of Stevns Cliff, M6n CIiff,
Eerslev and Aalborg.

The specimens mentioned are in the collection of the Mineralogical
Museum.

Occurrence.—Upper Senonian, England, Germany and Denmark.

Metopaster angulatus Br. NIELSEN.
Plate 3, fig. 17.
? 1940 Metopaster undulatus var. triminghamensis WricaT, p. 238, pl. 14, fig. II.E
1943 Metopaster angulatus Br. NieLsen, p. 30, pl. 1, fig. 11.

Diagnosis.—A Metopaster whose ultimate superomarginal is rather
low, long and curved, so that the proximal and distal parts form an
angle with each other.

Type.—The marginal described by Br. NIELseEN from the Upper
Senonian White Chalk near Enegaarde, Praesto, is the holotype. Col-
lection of the Mineralogical Museum.

Description.—Metopaster angulatus is established on the basis of
a single ultimate superomarginal. This differs from all other known
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Danish species by its long, slender and curved form. In spite of its
small size, it gives the impression of having belonged to an adult, and
it has corresponded to four inferomarginals. The exposed surface is
evenly arched, and the ossicular angle small. The proximal part of the
ossicle shows a tendency towards the undulating surface which char-
acterizes M. undulatus. The ornamentation consists of a depressed border
with rather few scattered spine-pits.

Affinity with other species.—Wricnr (1940, p. 238, pl. 14, fig.
11) deseribed a form, Metopaster undulatus var. triminghamensis, from
the upper Mucronata bed near Trimingham, England. This species is
similarly described from single ultimate superomarginals. It does not
seem possible certainly to distinguish these two species on the basis of
the available material.

Material.—Only a few ultimate superomarginals of M. angulatus
are known from Enegaarde, Denmark.

Collection of the Mineralogical Museum.

Occurrence.—Upper Senonian, Maastrichtian.? England, Denmark.

Metopaster kagstrupensis Br. NIELSEN.
Plate 5, fig. 1-4. Text fig. 4 i.
pars 1913 Metopaster mammillatus (GABB), SPENCER, p. 115.
1943 Metopaster kagstrupensis BrR. NIELSEN, p. 33, pl. 1,
fig. 13, 14, 15.
1945 Metopaster kagstrupensis, W. RASMUSSEN, p. 418.

Diagnosis.—A Metopaster with three superomarginals in each side
of the arm; they are strongly tumid. Ornamentation is that common for
the genus. The ossicular angle is large. The median inferomarginals
are taller than the superomarginals. The tip of the arm (the terminal
ossicle) is generally situated at about the level of the animal’s abactinal
surface.

Type.—The individual from the Lower Danian of Stevns CIiff figured
by Br. NieLsen (1943, pl. 1, fig. 13.) is chosen as the type. Collection
of the Mineralogical Museum.

Description.—The sides of the body are straight or nearly straight;
the marginals large, and powerful. There are three superomarginals
in each side of the arm. The inferomarginals are—at least in the avail-
able individuals—taller than the superomarginals. This is, however,
naturally not the case with the small distal inferomarginals which meet
the ultimate superomarginal. Just as in M. tumidus the ossicular angle
is rather large. The marginals are tumid, and the superomar-
ginals have a swelling of the central, abactinal area.
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The ornament of the marginals is that typical of the genus, with scat-
tered spine-pits within a depressed border. The ultimate superomar-
ginal has, as seen from the abactinal side, the triangular outline usual
in species of the genus Metopaster. It has met several smaller infero-
marginals which, in contrast to the superomarginals, are of distally
decreasing size. The actual tip of the arm (the terminal ossicle) has
been situated rather high up on the ultimate superomarginal. Br.
NIieLseN (1913, p. 34) states that there have been four inferomarginals
corresponding to the ultimate superomarginal. This is also true for the
large ossicles figured by Br. NierLsen. Even larger ultimate supero-
marginals of this species, showing as many as six facets corresponding
to inferomarginals, are, however, found. One may presume that in
yvounger individuals of the species the number of facets has been smal-
ler, and that the very small individuals have been “Ravniaster”-like,
with just as many supero- as inferomarginals. Br. N1ELSEN (1943, p.
34, pl. 1, fig. 15) mentions two ultimate superomarginals of different
size, one having corresponded to three, and the other to two infero-
marginals. He takes this difference as an example of the difference in
size and number of the marginals which one sometimes can meet
within a single Metopaster individual. From that knowledge of the
ontogeny which has been gained from the investigation of Metopaster
poulsenii, there can be no doubt that these differences are directly
related to the growth-stage of the individual. One divergent ossicle, an
example of that irregularity which Spencer has called “the breaking-
down of ultimate superomarginalia”, has been found. This ossicle has
contacted three inferomarginals, and has two facets showing that it has
met two superomarginals of the opposite side of the arm. Small ultimate
superomarginals belonging to a “Ravniaster”-like stage of Melopaster
have been found at localities where M. kagstrupensis is common. That
part of the superomarginal directed towards the ossicles of the abactinal
surface is quite narrow as in other Melopaster species, showing that
the abactinal surface has been covered by rather low prismatic ossicles.

The remaining parts of the skeleton of this species, and impressions
of pedicellariae are not known with certainty.

Affinity with other species.—BRr. NieLseN (1943, p. 34) stresses
the great similarity between M. poulsenii, and M. kagstrupensis. He states
that they differ from one another in the shape of the ultimate supero-
marginal. Reference is presumably hereby made to the small size which,
according to Br. NIeLsEN, characterizes the ultimate superomarginal
of M. poulsenii. Since it has been shown above that this small size is
only an expression of the age of the individual, and there can thus be
no difference between the species in this respect, the obvious thing to
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to be distinguished from M. poulsenii in that the inferomarginals are
taller than the superomarginals, the ossicular angle is larger, the mar-
ginals shorter, and the ultimate superomarginalless rounded, the arm
tip in M. kagstrupensis having as a rule been slightly projecting. It
differs from M. tumidus partly in the relation between the heights of
the supero- and inferomarginals, and partly in the number of marginals.
It differs from M. elevatus in that the margin is lower, the ultimate
superomarginal is longer, and the tip of the arm is placed higher in
relation to the ultimate superomarginal. The greater breadth of the
margin, and the fact that the ultimate superomarginal is more compact
and without a distal sweiling distinguishes the present species from M.
spencerii.

Material.—Two individuals of this species have been found, apart
from a large number of single marginals. The first individual is chosen
as the type. R:r as ¢. 35:28 mi. This individual shows the number of
marginals, and also the relation between the heights of the supero- and
inferomarginals, this being as 8:10 mm. It was found in the Lower
Danian of Stevns Cliff. The other individual was found in a flint er-
ratic in Denmark, but is presumed also to come from the Danian. This
specimen also shows the great height of the inferomarginals; the
heights of the supero- and inferomarginals in this case are 9 and 12 mm.
The ultimate superomarginal has contacted five inferomarginals. A few
abactinal ossicles are seen; they have a strongly granulated surface.
The actinal surface is covered by oblique, polygonal ossicles, whose
surface bears spine-pits. The adambulacral ossicles are short and
broad; they are provided with about six spine-pits on the edge, and
several rows of less distinet spine-pits on the actinal surface. The impres-
sions of pedicellariae are seen on a few ol the marginal and actinal

ossicles. PL. 5, fig. 1—3 shows three marginals from individuals of dif-
ferent size. The first is from an individual of “Ravniaster”-type, as it
has corresponded to only one inferomarginal. The second has been in
contact with two inferomarginals, and the last is from an individual
whose ultimate superomarginal has been in contact with four infero-
marginals, apart from the terminal ossicle.

The specimens figured are in the collection of the Mineralogical
Museum.

Occurrence.—Lower Danian. Denmark.
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Metopaster spencerii Br. NIELSEN.
Plate 5, fig. 5-8. Text fig. 4 j.
pars 1913 Mefopaster mammillatus (GaBB), SPENCER, p. 115, pl. 15, fig. 11.

1943 Metopaster spencerii BR. N1eLsEN, p. 35, pl. 1, fig. 16, 17,
pl. 2, fig, 1.

Diagnosis.—A Metopaster whose sides are concave, and whose mar-
ginals have a breadth which is less than both the length, and the height.
The narrow ultimate superomarginal attains its greatest height in a
powerful swelling near the distal end. The ornamentation consists of
scattered spine-pits.

Type.—The ossicle from the Lower Danian of Stevns Cliff figured
by Br. NieLsEN, pl. 1, fig. 16, and used by him in his description of
this species, is chosen as the type. Collection of the Mineralogical
Museum.

Description.—This species was established and described on the
basis of single ossicles, and it is still only known in this form. It is
therefore impossible to give the outline or the number of marginals.
The angle between the outer side of the ultimate superomarginal, and
the mesial facet is 15°—25° The angle between the two sides of the
arm has thus been 30°—50° at the ultimate superomarginal. This
shows that M. spencerii must have had more concave sides, and nar-
rower, more projecting arms than any other known species of Meto-
paster. At the same localities where the ultimate superomarginals of
this species occur, are also found narrow median superomarginals of
a completely corresponding type. Br. NIELSEN regards these as belong-
ing to the species, and there can be no doubt as to his correctness. From
the shape of the ossicles it is seen that the margin has been narrow,
and the ossicular angle large. The breadth of the median superomar-
ginals is less than both the length, and the height; the outer side of these
ossicles continues in a powerful, but clearly limited abactinal swelling.
A peculiar character of the median superomarginals is their concavity
where they meet the other superomarginals, and the abactinal ossicles.
The impression is given of a furrow stretching over the end-facets and
the abactinal part of the inner facet. The powerful swelling of the distal
end of the ultimate superomarginal varies very much in appearance;
as is also to be seen from the figures. This swelling reaches always to
the mid-line of the arm, and therefore governs the shape of the mesial
facet. BrR. NIELSEN (1943,p. 35) states that four inferomarginals have
corresponded to the ultimate superomarginal. In the largest specimen
so far found six inferomarginals, apart from the small terminal ossicle,
have corresponded to the superomarginal. There have been threc in
the smallest specimen found. The superomarginals in pl. 5, fig. 5—8
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have corresponded to 3,4, 5 and 6 inferomarginals respectively. The
ornamentation consists of scattered spine-pits, which are slightly larger
on the swelling than over the rest of the surface. A depressed border is
only visible on some of the ossicles.

The other skeletal parts of this species are unknown.

The impressions of pedicellariaec are seen on some marginals; there
is a depression from which two grooves extend in opposite directions,
ending in smaller depressions.

Affinity with other species.—The present species is clearly dis-
tinguished from all other known species by the narrow margin, the
outline, and the swelling on the distal part of the ultimate supero-
marginal. There are generally one or more marked swellings in M.
thoracifer from the Cenomanian and Lower Turonian. These are, how-
ever, laterally placed on the much broader marginal, and therefore do
not influence the mesial facet. The same applies to Melopaster parkin-
soni calcar SpeENCER which occurs in the Swedish Senonian.

Material.—As mentioned, only single ossicles of this species have
been found. The median as well as the ultimate superomarginals are
rasily recognizable. It is on the other hand more difficult with certainty
to refer inferomarginals to this species.

The ossicles figured are in the collection of the Mineralogical Museum.

Occurrence.—Lower Danian. Denmark.

Metopaster elevatus Br. NIELSEN.
Plate 5, fig. 9-10. Text fig. 4 k.
pars 1913 Metopaster memmiillcius (GAEB), SPENCER, p. 115, pl. 10, fig. 9.
1943 Melopaster elevatus Br. NIELSEN, p. 36, pl. 2, fig. 2.

Diagnosis.—A Melopaster whose ultimate superomarginal is very
short and tall, with a strong abactinal swelling. The tip of the arm (the
terminal ossicle) is only slightly clevated above the lower edge of the
superomarginals. The ornamentation is composed of a depressed bor-
der, and within this scattered spine-pits, which are largest on the abac-
tinal swelling.

Type.—The holotype is the ultimate superomarginal from the Upper
Danian of Herfélge, figured by Br. NieLseN, pl. 2, fig. 2. Collection of
the Mineralogical Museum.

Description.—Only a few occurrences of single ultimate supero-
marginals are known with certainty. The angle between the outer side,
and the mesial facet is ¢. 50°, corresponding to an angle of ¢. 100° for
the arm apex. This shows that the sides of the body have been straight
or nearly straight. Furthermore, the shape of the proximal facet shows



that the margin has been rather tall, and evenly rounded. The ossicle
is itself short and tall. A powerful swelling includes the whole abactinel
surface. The largest ultimate superomarginal so far found has corres-
ponded to four inferomarginals; the smallest shows three downwardly
directed facets, and has therefore met three inferomarginals, apart
from the small terminal ossicle. The tip of the arm has been only slightly
upturned. The amount of upturn is greatest in the large ossicle menti-
oned above; here the apex has been situated on a level with the middle
of the superomarginals. In the remaining specimens the apex is only
very slightly elevated, or not at all. As a result of this shape the mesial
facet of the ultimate superomarginal is oval in outline with its ends at
the top of the ossicle above, and at the arm-tip below. The ornamenta-
tion is composed of a depressed border, and within this scattered spine-
pits, which are largest on the abactinal swelling. The impression of a
pedicellaria of Metopaster-type is seen on a single ossicle.

Affinity with other species.—Metopaster elevatus is mainly re-
miniscent of M. kagstrupensis, but differs from this and other species by
its tall, short ultimate superomarginals, and the only slightly upraised
tip of the arm. It differs also in the ornamentation, which is distinctly
coarser on the abactinal swelling of the ultimate superomarginal than
on the remainder of the ossicle.

Material.—Only fifteen ultimate superomarginals of this species are
known.

Collection of the Mineralogical Museum.

Occurrence.—Middle Danian in Denmark.

Metopaster planus (Br. NIELSEN).
Plate 5, fig. 11.

1943 Ravniaster planus Br. Ni1eLseN, p. 51, pl. 3, fig. 10-13.
Text fig. 21, 22. ? pl. 3, fig. 9.

pars 1945 Ravniaster planus, W. Rasmussen, p. 421, pl. 9. fig. 7.
non pl. 9, fig. 8.

Diagnosis.—A Metopaster whose marginals bear a depressed bor-
der, and within this scattered spine-pits which are particularly num-
erous along the often rather sharp boundary between the abactinal and
lateral parts of the outer surface of the ultimate superomarginal. The
ultimate superomarginal has met an almost equally large inferomar-
ginal, and distal to this, one or two small inferomarginals.

Type.—The fragment of an individual from the Lower Danian of
Korporalskroen, figured by Br. NieLsen 1943, pl. 3, fig. 10, is chosen
as type. Collection of the Mineralogical Museum.

Historical.— M. planus is established on the basis of a number of
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marginals found in the Danish Danian. These ossicles are all ultimate
superomarginals, or corresponding inferomarginals. A number of me-
dian marginals are also found in the Danian deposits, but it has not
been possible to make a certain reconstruction by using them. When
Br. NIELsEN found a very young asteroid (R = 2 mum) in the Danian,
with one supero- and one inferomarginal in each side of the arm, he
concluded that there had existed a species which (when fully grown)
only had a single supero- and inferomarginal in cach side of the arm.

Desecription.—Judging by the size of the marginals, M. planus seems
to be a small species. The number of marginals in each side of the arm
is unknown. The ultimate superomarginal is most often nearly trian-
gular, with about the same length as breadth, while the height is distinctly
less. It has met the corresponding ossicle from the other side of the arm
over most of its length, having been in contact with the small abactinal
ossicles only in a small proximal part. The ossicle is only slightly
tumid. In the proximal part of the arm the abactinal and lateral sur-
faces pass evenly into one another; in the distal part they meet in a
more or less sharp edge. The proximal end-surface is almost as tall as
the ossicle as a whole, rather narrow and arched with the concavity
directed towards the body cavity. The ultimate superomarginal has
been in contact with one inferomarginal of nearly equal size. Distal to
this is found one, or, in a very few instances, two or none inferomar-
ginals. The large inferomarginal has a triangular outline; its proximal
articulation surface is narrow, and curved similarly to that of the supe-
romarginal. The inferior series of marginals bear the impressions of
the adambulacral ossicles. That part directed towards the body cavity
has the character of a furrow along the length of the ossicle. The distal
articulation surface is very small, and triangular; it has met the very
small distal inferomarginal. The exposed surface is more evenly arched
than in the superomarginal.

The ornamentation of the marginals is composed of a narrow de-
pressed border, and scattered spine-pits, which on the ultimate su-
peromarginal are most common on the lateral part of the surface, and
particularly along the junction between the lateral and abactinal parts.
Pedicellarian impressions have not been observed.

Affinity with other species.—This, and especially the following
species are reminiscent of the recent Pentagonaster pulchellus in the
large inferomarginal corresponding to the ultimate superomarginal, but
they differ from this markedly, both in shape, and ornamentation.

The author stated in 1944 that it was not possible to distinguish be-
tween the present species, and “Ravniaster” carinatus on the basis of
the type of the forimer, and the description of the latter. A later investiga-
tion of the holotype of R. carinatus has, however, shown that this agrees

4
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very badly with the description. This question will therefore have to
be referred to again (see below).

Material.—Single ossicles of this species have been found at the
majority of Danian localities in Denmark. The fragment chosen as
type, and an inferomarginal with a few attached adambulacral ossicles
are all that is known of connected remains. Those ossicles which are
included in the reconstruction figured by Br. NIELSEN, 1943, pl. 3,
fig. 13 agree well with the type individual. Supero- and inferomarginals
are, however, exchanged in some places. The correctness of the re-
construction without median marginals is extremely doubtful. The os-
sicle figured by Br. NieLsen, pl. 3, fig. 12, is not a superomarginal,
but an inferomarginal. Whether the very small individual figured by
Br. NiesLEN has belonged to this species cannot be determined. The
inferomarginal figured by the author, 1945, pl. 9, fig. 8, has presum-
ably belonged to an other species (see p. 55).

The ossicles figured are in the collection of the Mineralogical Museum.

Occurrence.—Danian. Denmark.

Metopaster earinatus (Br. NIELSEN).
Plate 5, fig. 12-13.
1943 Ravniasler carinatus Br. NI1ELSEN, p. 52, pl. 4, fig. 34.
pars 1945 Ravniaster planus, W. RASMUSSEN, p. 421.

Diagnosis.—A Metopaster whose ultimate superomarginal is long,
and more or less curved. Only the distal half meets the corresponding
ossicle from the other side of the arm in the mid-line. The surface is
evenly curved. There is a narrow depressed border, and within this
spine-pits which are evenly distributed over the whole surface. The os-
sicle has contacted an equally large inferomarginal.

Type.—The marginal from the Upper Danian of Herf6lge figured by
Br. NierLsen, 1943, pl. 4, fig. 34, is the holotype. Collection of the
Mineralogical Museum.

Historical.—This species was described by Br. NiELSEN in 1943.
Only one ossicle is figured. The author showed in 1945 that this species
could not be distinguished from. M. planus on the basis of the descrip-
tion. The holotype has been found later, however, and it shows itself
to be very different from the description. It represents a type of ossicle
which has only been found in abundance at a single locality, Herfélge.
In spite of the difficulty of working with species only known from single
ossicles, it seems to be possible to keep the species separate. Their dif-
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ferent frequencies at the different Danian localities make it likely that
M. carinatus is an independent species.

Description.— M. carinatus is a small species with marginals of
the same size as M. planus. The number of marginals in each side of
the arm is unknown. The ultimate superomarginal is long, and slightly
curved in agreement with the sides of the body having been concave.
Only in the distal half has the ossicle met the corresponding ossicle
from the opposite side of the arm. The free surface is evenly curved
without any suggestion of a ridge. The ornamentation consists of a
narrow depressed border, and spine-pits which are uniformly distribu-
ted over the whole surface. The proximal articulation facet, which
has been in contact with the median superomarginals, is rather small,
low and broad. This surface is peculiar in about half of the ossicles;
being divided into two or three smaller facets. This peculiar appearance
will be understood by comparison with the recent Pentagonaster pul-
chellus, where secondary ossicles are often interposed between the mar-
ginals—especially proximally to the ultimate superomarginal, and the
corresponding inferomarginal. These ossicles are therefore sometimes
in contact with several ossicles at their proximal end, and thus obtain
an appearance which agrees exactly with that which we find in M.
carinatus. In the great majority of cases the ultimate superomarginal
has been in contact with a single, equally large inferomarginal. In only
a few cases is there found a very small distal inferomarginal. M. cari-
natus is thus also reminiscent of P. pulchellus in this feature. The infero-
marginal is consequently triangular in outline, and ends in a terminal
point. It has been in contact with the adambulacral plates over the
greater part of its length. The free surface is evenly curved, provided
with a narrow depressed border, and numerous, uniformly distributed
spine-pits.

Affinity with other species.—Metopaster carinatus differs from
M. planus in the even curvature of the ultimate superomarginal, with-
out any suggestion of a ridge; in the distribution of the spine-pits, and
the long, slightly curved form of the ossicles. As mentioned above, it
is reminiscent of P. pulchellus in often having only a single inferomar-
ginal corresponding to the ultimate superomarginal, and in that the
small surface directed towards the median superomarginals is often
subdivided into several facets.

Material.—Only single marginals from the Upper Danian are known.
They are common in material from Herf6lge, but are, however, also
found at other localities.

Collection of the Mineralogical Museum.

Occurrence.—Upper Danian, Denmark.



Metopaster maculatus (Br. NIELSEN).
Plate 5, fig. 14-15.
1943 Ravniaster maculatus Br. NIELSEN, p. 50, pl. 3, fig. 5-8. Text fig. 30.

Diagnosis.—A Mefopaster, whose. ornamentation is made up of a
depressed border-zone, and a very limited central area bearing scat-
tered spine-pits. One or two inferomarginals correspond to the ultimate
superomarginal.

Type.—The ossicle from the Upper Danian of Fakse, figured by
Br. NIELSEN, 1943, pl. 3, fig. 6, is chosen as type. Collection of the
Mineralogical Museum.

Desecription.—This species is only known from single marginals.
The outline of the animal, and the number of marginals is not known.
Br. NIELSEN assumed that there had been two superomarginals in
each side of the arm. The ultimate superomarginal generally corresponds
to a large, proximal, and a rather small distal ossicle. The marginals
are rather low, oblique and evenly tumid. The ultimate superomarginal
meets the corresponding ossicle from the other side of the arm in the
mid-line; it has therefore a triangular outline when seen from the dorsal
side. The ornamentation is reminiscent of that general in the genus
Metopaster, but it is peculiar in that the slightly raised central area is
very limited, and can even be completely wanting.

Affinity with other species.—The ornament of Metopaster macu-
latus is reminiscent of Metopaster exsculptus SPENCER, and especially of
M. decipiens SPENCER, but it differs by having a smaller number of
inferomarginals corresponding to the ultimate superomarginal.

Material.—A large number of marginals of this species have been
found in the Middle Danian, particularly in the limestone at Fakse.

Collection of the Mineralogical Museum.

Occurrence.—Upper Danian. Denmark.

Metopaster sp.
Plate 5, fig. 16.

Typical forms of Metopaster, with several inferomarginals correspond-
ing to the ultimate superomarginals, have not previously been known
from the uppermost Danian. Typical ultimate superomarginals from
a rather small, unknown species of Metopaster are, however, now
available from several localities with uppermost Danian. The ossicles
are rather low, evenly tumid and possess no conspicuous characters
that could be used for a specific diagnosis. It would be difficult to dis-



tinguish this from the young of other typical species of Metopaster in
material from localities where such occur.
Occurrence.—Upper Danian. Denmark.

Genus Ceramaster VERRILL 1899.

Diagnosis.—Asteroids whose body is pentagonal with only slightly
projecting arms. The abactinal ossicles are covered by closely placed
setae. The marginals bear setae, which are sometimes restricted to a
border while the central, slightly elevated area is smooth, or provided
with a few scattered setae.

Genotype.—Ceramaster granularis (ReTrzius) 1783. Recent.

Affinity with other genera.—The genus Ceramaster is close to
Pentagonaster, but has marginals whose size decreases towards the tip
of the arm, and equal numbers of supero- and inferomarginals (or a
single extra inferomarginal). The marginals of C. placenta (MULLER &
TroscHEL) have an ornamentation composed of a border bearing fine,
closely placed setae, and a central slightly elevated area bearing a few
scattered setae attached in small pits. In this it is strongly reminiscent
of Cretaceous individuals of Metopaster. Concerning this species
Fisuer (1911, p. 205) writes, “placenta is in many respects an aber-
rant member of this group”, and later, “C. placenta scems to tend to-
wards Tosia”. Two other species, bourgeli (PERRIER), and ammophilus
(Fisuer), have very similar marginals (but fewer of them) and are
referred to a separate genus, Sphaeriodiscus FISHER.

Fossil species of Ceramaster.—Several species which have been
referred to Metopaster differ from the normal appearance of this genus
by not having a large ultimate superomarginal corresponding to seve-
ral inferomarginals. Some of these species are, in appearance, close

to C. placenta, and partly also to the two species of Sphaeriodiscus: these
are mentioned here under the genus Ceramaster.

Occurrence.—The genus Ceramaster has hitherto only been known
recent, but it seems also to be represented in the Danian. There is also
an (undescribed) species from the Danish Oligocene which must be
referred to this genus.

Ceramaster dividuus (W. RasMUSSEN).
Plate 5, fig. 17.
1945 Metopaster dividuus W. RasmMussen, p. 419, pl. 9, fig. 3, 4, 5, pars fig. 6.

Diagnosis.—A Ceramaster with a pentagonal outline, and nearly
straight sides. The margin is formed of just as many superomarginals
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as inferomarginals. The marginals are provided with a depressed bor-
der bearing fine, closely placed setae, and within this, scattered setae
attached in spine-pits. In the outermost part of the arm the superomar-
ginals meet in the mid-line. This produces an ossicle which, seen from
the abactinal side, has a characteristic pentagonal outline.

Type.—The penultimate superomarginal from the Upper Danian
near Svanemollen, in Copenhagen, figured by the author, 1945, fig. 3a
and 3b, is the type. Collection of the Mineralogical Museum.

Description.—This species is only known from single marginals,
and it is therefore impossible to decide how many marginals there have
been in an individual. The sides of the body have only been slightly
concave. The marginals have about the same length, breadth and
height. The superomarginals have an abactinal swelling. The margi-
nals in the distal part of the arm have met each other in the midline
over the length of at least two marginals. An ossicle with a characteristic
pentagonal outline is produced where the marginals from the two sides
of the arm meet.

Affinity with other species.— This species differs from other
species of Ceramaster in the narrow, and uniformly setaceous depressed
border, and the scattered setae on the central area.

Material.—Single marginals are known from most Danish Upper
Danian localities.

Collection of the Mineralogical Museum.

Occurrence.—Upper Danian, Denmark.

Ceramaster granulatus (W. RASMUSSEN).
Plate 5, fig. 18.
1945 Ravniaster granulatus W. Rasmussen, p. 422, pl. 9, fig. 9.

Diagnosis.—A Ceramaster with equal numbers of superomarginals
and inferomarginals. In the outermost part of the arm the marginals of
the two sides meet in the mid-line, producing an ossicle whose outline,
seen from the dorsal side, is characteristically pentagonal. The free
surface of the ossicles is evenly tumid, without an abactinal swelling;
it is provided with a depressed border within which spine-pits and a
marked granulation are found.

Type.—The characteristic pentagonal superomarginal in the left side
of the reconstruction figured by the author, 1945, pl. 9, fig. 9 is chosen
as type. Itis from the Upper Danian of Fakse. Collection of the Mineralo-
gical Museum.

Deseription.—Only superomarginals are known with certainty from
this species. They are rather low, and the free surface is evenly, but
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strongly tumid. The structure of the arm is as in Ceramaster divi-
duus, there being equal numbers of supero- and inferomarginals,
and the ossicles of the outermost part of the arm have met each other
in the mid-line producing a characteristic pentagonal ossicle. There
may have been small marginals distal to the pentagonal ossicle. The
ornamentation consists, just as in most species of Metopaster, of a de-
pressed border, and within this scattered spine-pits, and generally also
a powerful granulation.

Affinity with other species.—The arm-structure in this species
is reminiscent of Ceramaster dividuus, but it differs in the shape and
ornamentation of the marginals, and especially in the even tumidity
of the surface.

Material.—A large number of isolated marginals from Fakse, and
also a few from other localities.

Collection of the Mineralogical Museum.

Occurrence.—Upper Danian. Denmark.

Ceramaster ef. granulatus (W. RASMUSSEN).
Plate 5, fig. 19.
pars 1945 Ravniaster planus Br. N1ELsEN, W. Rasmussen, p. 421, pl. 9, fig. 8.

A large number of marginals from the limestone at Fakse are avail-
able; of these the superomarginals are just like C. granulatus in shape,
while the inferomarginals agree with that figured by the author in
1945 as R. planus. These ossicles, which probably originate from one
and the same species, have possibly belonged to C. granulatus, and
they differ from the type of this species only in not possessing a granula-
tion. The inferomarginal differs from M. planus in its short, broad form,
and rather large distal facet.

Occurrence.—Upper Danian. Denmark.

Genus Recurvaster Br. NIELSEN 1943.

Diagnosis.—Asteroids whose bodies pass evenly into the upturned
arms. Just as in Metopaster the ornament consists of a narrow depres-
sed border covered by fine, closely placed spine-pits, and within this
scattered, somewhat larger, circular spine-pits in which small spines
or sctae have been attached. There are equal numbers of supero- and
inferomarginals. They decrease evenly in size towards the tip of the
arm, and in the outermost part of the arm the superomarginals have
met each other in the mid-line.

Genotype.—Recurvaster radiatus (SPENCER). Upper Senonian.



56

Description.—This genus was established by Br. NIELSEN for aster-
oids whose marginals, like the ossicles of Metopaster, have a depressed
border, and scattered spine-pits on the central part of the free surface,
but which do not have the generally straight-sided, pentagonal outline,
and large ultimate superomarginal which is characteristic of the genus
Metopaster. The body passes evenly into the pointed, upcurved arms,
whose marginals decrease in size towards the tip of the arm. While the
first (median) marginals are almost like the corresponding ossicles of
Metopaster, the ossicles of the arm are without or nearly without spine-
pits. Br. NIELSEN states that these ossicles are also without a de-
pressed border. This is, however, not the case, but the border on the
distal ossicles is very narrow and inconspicuous. The marginals of
the arm are markedly oblique. The superior series are curved, and
the inferior long and narrow. The abactinal surface is covered by tall,
prismatic, hexagonal ossicles.

Affinity with other genera.—Among recent genera Recurvaster is
reminiscent of Ceramaster, and especially Plinthaster. The Cretaceous
species of Metopaster are like Recurvaster in that the first marginals have
about the same shape, and ornamentation. This similarity is very con-
spicuous when one is concerned with single ossicles, but if one sees the
distal marginals, or the whole animal, they are clearly two very dif-
ferent types. In 1913 SpeNcER described the Recurvaster-type as radiate
varieties of species of Metopaster. He thought that the ultimate supero-
marginal in Metopaster is formed by the fusion of several ossicle rudi-
ments (1913, p. 108), and that the radiate varieties were produced when
this fusion did not take place. The new, well-preserved specimens
which have been found in the meantime show, however, that the
difference includes far more than just the superomarginals of the arm.
The inferomarginals, and the terminal ossicle are also of a type quite
different from Metopaster. “* Metopaster tumidus var. radiatus” is, as will
be shown later, identical with the species of Recurvaster described by
Br. NieLsenN from the Senonian. Concerning Melopaster quadratus
SPENCER, the fact is that the two individuals which are known show
irregularity in the number and shape of the superomarginals, but, how-
ever, without therefore being like Recurvaster. Similar irregularities are
also known in a few other species. WrigHT, in 1940, described two
species, Metopaster stainforthi and M. icenicus, both of which diverge
from the typical Metopaster in not having an enlarged ultimate supero-
marginal. While the last mentioned form is very much like Melopaster
or Ceramaster, M. stainforthi bears a considerable likeness to Recur-
vaster.

Occurrence.—Recurvaster is only known from the Senonian and
Danian.
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Recurvaster radiatus (SPENCER).
Plate 7. Plate 8, fig. 1-2. Plate 9, fig. 1-3. Text fig. 1-2.

1913 Metopaster tumidus var. radiatus SPENCER p. 113, pl. 14, fig. 3,
pl. 15, fig. 3, 5.

1935 Metopaster tumidus var. radiatus, MERCIER, p. 30.
? 1940 Melopaster tumidus ? var. radiatus, WriGHT, p. 236, text fig. 6 a-b.

1943 Recurvaster stevensensis BrR. NIELSEN, p. 39, pl. 2, fig. 3,
text fig. 26-28.

1943 Recurvaster echinatus Br. N1ELsEN, p. 41, pl. 2, fig. 4-9.

Diagnosis.—A Recurvaster whose median supero- and inferomar-
ginals are of about the same length as height, and are provided with
scattered spine-pits, and a depressed border bearing very fine, closely
placed spine-pits, but without a granulation. The abactinal surface has
been covered by polygonal ossicles bearing spine-pits.

Type.—The arm fragment from Trimingham in England included
in the reconstruction figured by SPENCER in 1913, pl. 14, fig. 3, is the
type. Collection of the Sedgwick Museum, Cambridge.

Historical.—SpENCER (p. 113) describes this species thus, “.....
forms of Metopaster tumidus in which the terminal supero-marginalia
are broken down into small ossicles. The extremity of the arm is thus
straightened and the arm appears longer. A “radiate” appearance is
thus given to the specimen. Further, whereas the great majority of the
supero-marginalia of M. tumidus “proper” are apparently regularly
uniform in height on the same specimen, the ossicles of these regressed
forms gradually taper to the extremity and thus bring about an asym-
metry in the articulating facets for neighbouring plates, an important
distinctive character.” Br. NieLseN established the species Recurvaster
stevensensts on the basis of a very similar individual from the White
Chalk of Stevns Clift. His concurrence with SPENCER’s opinion, and his
acceptance of the individual figured by SPENCER as a variety of Meto-
paster tumidus are due to his misinterpretation of SpeNceER’s fig. 3 on
pl. 14. Br. NIELSEN writes concerning this (p. 23): “The arms, which
are straightly extended, without a curvature at the extremity, have four
brachial joints in the row of supero-marginalia. They are very nearly
of the same size and terminate in a comparatively large supero-marginal
plate, the shape of which is like the fourth part of a sphere”. An investiga-
tion of the type specimen shows, however, that this consists of disarticul-
ated Recurvaster marginals, together with an arm fragment comprising
four superomarginals and four inferomarginals on cach side. These
sixteen arm ossicles are in their natural positions and belong to a single
individual. The arm fragment has been pressed down so as to be on a
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level with the other ossicles, but it is clearly to be seen, also from SpEN-
CER’s figure, that, in order to join with the remaining ossicles, it must
have curved just as in the Danish Recurvaster-individuals. Only this
arm is present in the reconstruction: the others, being plaster-casts, have
a rounded appearance, which is even more apparent in the figure. It
seems here, as though the arm is terminated by a quadrant-shaped os-
sicle, while in actual fact the termination of the arm is not even present.
The arm fragment, as well as the single ossicles, corresponds for that
matter very well with the Recurvaster stevensensis described by BRr,
NieLseN. The similarity between R. radiatus and Melopaster tumidus
is thus limited to the shape and ornamentation of the median supero-
marginals, and even these are distinguishable from one another as
stated on p. 60.

Recurvaster stevensensis and R. echinatus.—On the basis of
the two Recurvaster individuals which he knew, Br. NIELSEN established
two species, since he meant that the specimens differed so much that
it was unthinkable that they should be united under the same specific
name. According to the descriptions the two species are separated by
the facts that while in R. stevensensis the spine-pits on the marginals are
often connected by short furrows, those of R. echinatus are well sepa-
rated, and one, in which a small spine has been attached, is larger than
the others. Another difference should be that the terminal ossicle in R.
stevensensis has borne three spines, while in R. echinatus there have
been more. It has not been possible to observe any difference in
the appearance of the adambulacral ossicles. More than twenty
individuals have been obtained since Br. NIELSEN’s publication
appeared; these show that there has been marked variation in those
characteristics which were lo separate the species. In the following
table are shown examples of how those characteristics which should
separate the two species vary independently among individuals from
Stevns Cliff. These characteristics are also treated in the subsequent
examination of the material.

Individual Character of Larger spine-pits on ~ Number of spines on
No. spine-pits.  median superomarginals. terminal ossicle.
13. (R. stevensensis) connected 0 3
8. (R. echinatus) separate 1 2
9] » 0 2
12 » 2 unknown
11 » 0 1
14 few connected 1-3 1

Description.—Recurvaster radiatus is a pentagonal, stellate starfish
with extended, upturned arms. Because of this curvature the ratio R:r
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does not give a good expression of the outline; the ratio is, however,
stated for cach individual. The margin is formed of powerful supero-
and inferomarginals, whose size decreases evenly towards the tip of
the arm. Br. NIELSEN estimated the number of supero- and infero-
marginals in each side of the arm (calculated, as usual, from the middle
of the side to the tip of the arm) as eight. It has been shown that, both
in the individuals mentioned by Br. NieLsen, as well as in the later
collected adults where the number of plates could be determined, this
number has been ten. Five distal superomarginals of both sides have
met in the mid-line. A more exact impression of the individual ossicles
is given by pl. 8, fig. 1. It is seen that the first superomarginal is almost
completely symmetrical, with a regular and powerful abactinal swel-
ling over the whole length of the ossicle. There is a rather broad de-
pressed margin, within which are scattered spine-pits. No. 2 is slightly
lower, and oblique. No. 3 is only slightly tumid. No. 4 is only very
slightly tumid, and has fewer spine-pits. No. 5 and those closely follow-
ing, are wedge-shaped in correspondance with the upturning of the arm;
they have only a few spine-pits, or none. The distal part of no. 5 has
met the corresponding ossicle of the other side of the arm. Ossicles no.
6—10 have about the same appearance, but are of diminishing sizc.
The last ossicle is, however, quite short, and discoid in those individuals
which are not fully grown. The ultimate superomarginal has met the
terminal ossicle in an oblique facet. The profile of the median supero-
marginals shows that the facets directed towards the body-cavity and
towards the abactinal ossicles form an angle of nearly 180° with cach
other. In the first ossicles these two facets are of about the same size.
Ossicle no. 5 forms the transition to the arm, where the superomarginals
meet their counterparts over most of their height in the mid-line, leaving
no room for abactinal ossicles. The three first inferomarginals have a
very broad depressed border, and within this evenly scattered spine-pits.
The margin becomes more narrow on the succeeding ossicles, and the
spine-pits are more concentrated towards the actinally, disappearing
completely on the last ossicles. The first inferomarginal is nearly sym-
metrical; it is short and broad. The parts directed towards the body-
cavity, and the actinal ossicles form almost a right angle with cach
other. The following ossicle is slightly oblique. Ossicle no. 3 is longer
and slightly wedge-shaped, in correspondence with the curvature of the
arm which begins with the next ossicle. No. 4, and the following os-
sicles are relatively long and narrow. The adambulacral ossicles have
met no. 4, which bears facets directed both towards these and the actinal
ossicles. There have been no actinal ossicles in the following part of
the arm, the adambulacral ossicles having been in contact with the
inferomarginals over the whole of their height. The height and ossicular
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angle increase during growth, but are for that matter different at dif-
ferent parts of the margin in a single individual. In young individuals
the marginislowestinthe interradius; it is highest here in older individ-
uals.

The terminal ossicle is relatively large and cone-shaped; it has met
the ultimate superomarginals in two oblique facets. On the under surface
there is a furrow in continuation of the ambulacral groove. There have
been from one to four short, powerful cone-shaped spines on the os-
sicle.

The abactinal ossicles are rather tall and six-sided, with spine-pits
on the surface, and with drawn-out corners on the under-side.

The madreporite has been observed on a single individual; it has a
triangular outline. The adjacent abactinal ossicles are oblique, and
extend under the madreporite.

The actinal ossicles are lower, oblique, polygonal ossicles with spine-
pits on the outer surface.

The adambulacral ossicles have had a row of spines on the edge,
and three rows on the surface. This ornamentation continues on the
very large, triangular ossicles which have bounded the mouth.

The ambulacral ossicles are large and slightly curved. They decrease
in size towards the tip of the arm without changing shape; while the
adambulacral ossicles become taller, and more slender towards the
arm, reaching their greatest height at the base of the arm, after which
their size steadily diminishes.

The intlerradial ossicle is large, and shield-shaped.

The impressions of pedicellariae have been observed on the mar-
ginals of two individuals. They have the form of a circular depression
from which two furrows extend in opposite directions.

Affinity with other species.—Recurvaster radiatus is distinguish-
able from the species found in the Danian by the tumidity and slight
height of the superomarginals; from R. blackmorei by the shape and
ornam=ntation of the superomarginals, and the ornament of the abac-
tinal ossicles. The median superomarginals can be distinguished from
the very similar ossicles of Metopaster by the more even tumidity, and
the greater height of the facet directed towards the abactinal ossicles.

Material.—Apart from single ossicles, the associated remains of
twenty-eight individuals have been found in Denmark. Those finds
which are particularly useful in elucidating the appearance, and varia-
tion of the species will be mentioned in greater detail.

The Danish specimens are in the collection of the Mineralogical
Museum.

1. The remains of a very small individual. There have been at least

five supero- and inferomarginals in each side of the arm. R:r as
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¢. 12:7 mm. The marginals are slightly tumid, have a depressed
border and very few scattered spine-pits.

Pl.. 7 fig; 1.

Upper Senonian. “Norden’, Aalborg.
Remains of a small individual in White Chalk. There have been
at least six supero- and inferomarginals in each side of the arm.
R:r as ¢. 17:12 mm. The marginals are slightly tumid. The os-
sicular angle in superomarginal no. 1 is c¢. 15°. Marginals no. 2
and 3 are very slightly higher than no. 1. The distal part of supero-
marginal no. 3, and the succeeding superomarginals, have mel
their corresponding ossicles in the mid-line of the arm without
allowing room for abactinal ossicles. Similarly, the corresponding
inferomarginals have met the adambulacral ossicles without giving
room for actinolateral ossicles. The ornamentation consists of a
depressed border, and scattered, well-separated spine-pits. W. K.
SpeENcERhaslabelledthespecimen “ M. tumidus.(youngspecimen?)” .

PL. 7, fig. 2.

Upper Senonian. Mon Clifl.
Remains of an individual of about the same size and appearance
as the preceding. A number of the marginals and superficial os-
sicles bear impressions of pedicellariae.

Upper Senonian. Mén Cliff.
Remains of a small individual. There have been at least seven
supero- and inferomarginals in each side of the arm. R:r as c.
20:13 mm. The height of the margin increases greatly from the
middle of the side to the base of the arm by the third marginal,
where it reaches its greatest height. The most distal part of supero-
marginals no. 3, and the succeeding superomarginals, have met
each other in the mid-line of the arm without allowing room for
abactinal ossicles. The inferomarginals from no. 2 have met the
adambulacral ossicles. The marginals have a depressed border.
The first three superomarginals, and the first four inferomarginals
also have scattered, well separated spine-pits. The primary abac-
tinal ossicles are large. The adambulacral ossicles bear the impres-
sions of a row of spines on the edge, and possibly three rows on
the actinal surface.

Pl. 7, fig. 3.

Upper Senonian. Stevns Cliff, north of Kulsti Rende.
Remains of an individual. There have been at least seven supero-
and inferomarginals in each side of the arm. R:r as ¢. 27:17 mm.
In superomarginal no. 1 the ossicular angle is ¢. 20°. The margin
reaches its greatest height by marginal no. 3. The superomarginals
from no. 4 have met each other in the mid-line. The inferomargi-



nals fromno. 3 have met the adambulacral ossicles. The marginals
have a depressed border, and scattered, well separated spinc-pits.
Marginals no. 3 and 4 have only very few spinc-pits, and these
succeeding are smooth.

Pl. 7, fig. 4.

Upper Senonian, hardened White Chalk. Stevns Cliff, north
of Kulsti Rende.
Remains of an individual similar to the preceding in size and
ornament. Marginals no. 1—4 are of about the same height.

Upper Senonian. Stevns Cliff, north of Kulsti Rende.
Remains of an individual. There have been nine supero- and
inferomarginals in each side of the arm. R:r as ¢. 50:32 mm. The
height of the margin decreases slightly, but steadily from the middle
of the side towards the tip of the arm. The first superomarginals
are strongly tumid; the following are less tumid. From supero-
marginal no. 5 these ossicles have met in the mid-line of the arm.
The inferomarginals from no. 4 have met the adambulacral os-
sicles. Superomarginal no. 8 ends with a slightly oblique,
curved facet, which suggests that ossicle no. 9 has been very small
and wedge-shaped, and that ossicle no. 10 has not been formed.
The spine-pits are well separated; they are largest on the first
marginals. On the distal marginals of the arm there are only few
spine-pits.

Pl 7, fig. 5, pl. 9, fig. 1.

Upper Senonian. Stevns Cliff, north of Kulsti Rende.
Remains of an individual described by Br. NIELSEN as R. echina-
tus. It is of about the same size and appearance as the preceding
individual, but on each of the median superomarginals a particul-
arly large spine-pit is found, apart from the usual spine-pits. The
terminal ossicle seems to have possessed two spines. The adambul-
acral ossicles do not differ in appearance from those ofthe other
individuals.

Upper Senonian. Stevns Cliff, north of Kulsti Rende.
Remains of an individual. There are ten supero- and infero-
marginals in each side of the arm. R:r as ¢. 60:35 mm. The os-
sicular angle of superomarginal no. 1 is ¢. 40°. The median
superomarginals are evenly, and strongly tumid. Spine-pits are
well separated. The superomarginals from no. 5 have met in the
mid-line of the arm, and the inferomarginals from no. 4 have met
the adambulacral ossicles. Superomarginal no. 10 is very small
and wedge-shaped. The terminal ossicle has possessed two spines.

Pl. 9, fig. 3.

Upper Senonian. Stevns Cliff, north of Kulsti Rende.
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Remains of an arm with the ossicles in their natural positions.
Superomarginals no. 10 are small and wedge-shaped. There has
been one spine on the terminal ossicle.

Pl. 7, fig. 6.

Upper Senonian. Stevns Cliff, north of Kulsti Rende.
An arm in White Chalk, with the ossicles almost in their natural
relative positions. The size and appearance is almost as in the
two preceding individuals. There has been one spine on the
terminal ossicle.

Pl. 7, fig. 7.

Upper Senonian. Stevns Cliff, north of Kulsti Rende.
Remains of an individual in White Chalk. The ossicles of a part
of an arm are in their natural relative positions. The size is about
as in the preceding individual. Ornamentation consists of well
separated spine-pits, two of which are, at least on one median
superomarginal, markedly larger than the remainder.

Upper Senonian. Stevns Cliff, north of Kulsti Rende.
Remains of an individual described by Br. NIELSEN as Recurvaster
stevensensis. BR. NIELSEN is in doubt whether his reconstruction
with eight ossicles in each side of the arm is correct. An investiga-
tion shows that it is not. From his figure 3b on plate 2, it is seen
that the superomarginals used in the reconstruction of the left-
hand arm are no. 1, 3, 5, 6, 7, 8 and 9, and in the right-hand arm
no.2,4,5,6,7,8,9 and 10. The presence of the unused types of
ossicles has been ascertained among the ossicles left over from the
reconstruction. The particular individual has therefore had ten
superomarginals, and ten inferomarginals in each side of the arm.
Superomarginal no. 10 is small and wedge-shaped. The individual
has been slightly larger than the three preceding. The ornamenta-
tion is peculiar in that some of the spine-pits are fused into short
furrows. It may be remarked that the depressed border is to be
seen on all the ossicles, even on the small wedge-shaped no. 10,
and it is not, as Br. NIELSEN stated, wanting on the distalmargi-
nals. There have been three spines on the terminal ossicle.

Upper Senonian. Stevns Cliff, north of Kulsti Rende.
The associated remains of a very large individual. A number of
the arm-ossicles were in their natural relative positions in the
White Chalk. This is the largest individual found. There are ten
supero- and inferomarginals in each side of the arm. Marginal no.
10 is well developed, and there is no small, wedge-shaped ossicle
to be found distal to it; this is presumably because the individual
is fully grown, and ossicle-formation has ceased. R:r as c. 70:45
mm. The ossicular angle of marginal no. 1 is ¢. 40°. The arms are
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very strongly upturned. The superomarginals from no. 5 have met
in the mid-line of the arm. Inferomarginals no. 3 and 4 have
touched the adambulacral ossicles abact nally to the actinole teral
ossicles. From no. 5 the inferomarginals have been completely in
contact with the adambulacral ossicles without giving room for
actinolateral ossicles. The ornamentation is peculiar in that a
number of the spine-pits fuse forming short furrows. On the median
superomarginals there are 1—3 spine-pits which are larger than
the rest. The terminal ossicle has possessed one spine.

Pl. 8, fig. 1, pl. 9, fig. 2. Text Figure 1.

Upper Senonian. Stevns Cliff, north of Kulsti Rende.
Remains of an individual of about the same size as the preceding.
Pedicellarian impressions are seen on a number of the marginals.

Upper Senonian. Skeldervig, Stevns Cliff.

Single ossicles of this species have been found at all the more
prominent Senonian localities in Denmark, such as the cliffs of
Stevns and Moén, Aalborg and Eerslev. Furthermore, a terminal
ossicle with three small, rounded spines has been found in the
Senonian at a depth of 79—80 m in a boring at Fakse.

A number of ossicles of this species are available from Riigen.
Among these are the ossicles figured by SpeNcER, pl. 14, fig. 2
(supero- and inferomarginals no. 2 of the left-hand arm in the
figure) and pl. 15, fig. 3 and 5. Other ossicles of this species from
Riigen are to be found in the collections of the Mineralogical
Museum.

The type for the species is from the English Upper Senonian, near
Trimingham. A number of single ossicles also come from this
locality. The remains of an individual whose ornamentation
consists of well-separated spine-pits, and on the median ossicles
one or two spine-pits of larger size than the rest, has also been
found here. This individual, which is in the Sedgwick Museum
in Cambridge, is shown in fig. 2, of plate 8.

Occurrence.—Upper Senonian. Germany, England and Den-
mark.

Reecurvaster blackmorei n. sp.
Plate 6, fig.1-7.

Diagnosis.—A Recurvaster, in which those surfaces of the median
superomarginals which are directed towards the body-cavity, and the
abactinal ossicles form an obtuse angle with each other, and whose
superomarginals are provided with a few granules on the abactinal
border. The surface of the abactinal ossicles bears a strong granulation.



Type.—The presently described individual from the Lower Seno-
nian of England is the holotype. British Museum (N.H.).

Description.—The outline is stellate pentagonal, with curved sides
and upturned arms. R:r as ¢. 55:40 mm. There have been ten supero-
marginals, and presumably the same number of inferomarginals in
each side of the arm. The marginals decrcase evenly in size from the
middle of the side towards the tip of the arm. Superomarginals no. 1
and 2 have about the same length as breadth (squarish). They are evenly
and strongly tumid. Their profile differs from the profile of the corres-
ponding ossicles in Recurvaster radiatus in the obtuse angle formed by
the surfaces directed towards the body-cavity and towards the abactinal
ossicles. Ossicle no. 3, and those following, are less tumid, slightly
oblique and curved, and the part directed towards the body-cavity
becomes lower towards the tip of the arm (pl. 6, fig. 2.). Superomar-
ginals 5—10 have met the corresponding ossicles from the opposite side
of the arm in the mid-line, just as in Recurvaster radiatus. The marginals
are thus strongly reminiscent of the corresponding ossicles of this
species. The underside of the ultimate superomarginal is not preserved.
This ossicle is of similar length to the preceding one, and seems to have
had the same appearance as the corresponding ossicle in an adult Re-
curvaster radiatus. The ornamentation consists of the depressed border
of the marginals, and the scattered spine-pits which are general on the
slightly raised area of the median marginals inthe genera Metopaster and
Recurvaster. The marginals of the arms have no—or at most a few—
spine-pits. There are small rugosities on the abactinal border of all the
superomarginals. The abactinal ossicles are covered by strong, closely-
placed granules, which form a uniform, not stellate ornamentation.
There are spine-pits on the actinal ossicles.

Affinity with other species.—Recurvaster blackmorei is remini-
scent of Metopaster quadratus in that the median superomarginals are
nearly quadrate, and furthermore in that neither of the two previously
figured individuals of M. quadratus have large ultimate superomargi-
nals. The two species differ, however, in important matters: the outline,
the character of the arm, the ornament of the marginal and abactinal
ossicles, and the lack of abactinal swelling on the outermost part of the
superomarginals. The species is distinguished from Recurvaster radiatus
by the profile of the median ossicles, and furthermore by the granula-
tion of the superomarginals and abactinal ossicles. It may apparenlly
be considered as a separate species of the genus Recurvaster.

Material.—An individual in Dr. H. P. Brackmoreg’s collection in
the British Museum (N.H.) is all that is known of the species; it comes
from East Harnham, near Salisbury, and on the label it is referred to
“Metopaster cf. quadratus SPENCER”.
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Occurrence.—Lower Senonian. Zone with Actinocamax quadratus.
East Harnham, Salisbury, England.

Reeurvaster mammillatus (Gasg).
Plate 8, fig. 3-13. Plate 9, fig. 4.
1876 Goniaster mammillata 'W. M. Gass, p.178, {'g. 2, 2b. Non fig. 2a.
1893 Goniaster mammillata, W. B. CLARK, p. 32, pl. b, fig. 1a-h.
1907 Pycinaster mammillalus, SPENCER, p. 110.
pars 1913 Metopaster mammillatus, SPENCER, p. 114, pl. 10, fig. 16, pl. 15.
fig. 8, 9, 10. Non pl. 10, fig. 9, pl. 15, fig. 11.

1943 Recurvaster mammillatus, Br. NiELSEN, p. 43, pl. 2, fig. 10-14,
text fig. 23, 24.

Diagnosis.—A Recurvaster whose median superomarginals are tall
and strongly tumid, the height being greater than the length, and the
breadth.

Type.—The inferomarginal from the Vincentown limesand of New
Jersey, U. S. A., figured by Gass in 1876, is the holotype. Apart from
this ossicle, Gass figures a median superomarginal, 2b, and an other
ossicle, 2a. The last differs in its ornamentation and probably belongs
to an other species.

Description.—Crark describes the find thus: “Gass mentions the
discovery of about thirty detached marginal plates of this species. They
differ widely in shape by reason of their position upon the margin, but
among those examined the majority are higher than wide, and swollen
on the outer surface. Certain of the plates show marked protuberances
upon the general level of the plate. The surface of the plates is punctate,
the small depressions being arranged in rows that cross one another at
right angles”.

The appearance of the ossicle figured, together with the description,
in which it is stated that the marginals vary according to their position
on the animal, seems to establish the present species as a Recurvaster.

Affinitly with other species.—Recurvaster mammillatus differs
from other known species of this genus by having tall, strongly tumid
median superomarginals.

Material.—Recurvaster mammillatus is from the Vincentown lime-
sand, New Jersey. This deposit is referred by some to the uppermost
Cretaceous and by others to the Eocene; the fossils are in a number of
respects similar to those of the Danian.

A part of a Recurvaster individual has been found in the limestone
of Saltholm. SpexciRr described this in 1913 as a typical “Melopaster
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mammillatus”. There are four superomarginals and four inferomar-
ginals from the middle of the side (ossicles no. 1 and 2). SPENCER
characterizes the species thus: “Body high. Supero-marginalia prono-
uncedly asymmetric, generally with a prominent tumidity which stret-
ches well over the level of the abactinal surface of the disc and occupies
the whole of the upper surface of the ossicle. Ornament coarse, that of
the supero-marginalia often confined to the tumid portion of the plate”.

The similarity between this and the American specimen is marked,
and it is probably justified to refer them to the same, or to very closely
related species. However, the spine-pits in the Danish ossicles are more
irregularly distributed than is stated in the description of the American
ossicles.

Apart from the individual mentioned by SpeENCER, single ossicles of
Recurvaster have been found in all zones of the Danian, not only as
Br. NieLsEN stated, in the Upper Danian. They are particularly common
in the Upper Danian. Both median and distal ossicles of Recurvaster-
type have been found. The median superomarginals show a distinct
variation in shape and ornament, from tall, slender, slightly swollen
ossicles, with very few spine-pits, to shorter, more tumid ossicles with
numerous spine-pits. These types seem to be connected by transitional
forms, and it has not been possible to distinguish more than one
species in the available material.

The distal arm ossicles which have been found, show that the
structure of this species has been very similar to that of the Senonian
species. The superomarginal series of the arm have met in the mid-line,
without giving room for abactinal ossicles. The median inferomarginals
of both the American, and the Danish specimen are very low and broad,
almost cuboid.

A number of terminal ossicles very similar in appearance to those of
the Senonian Recurvaster radiatus, have also been found in the Upper
Danian of Saltholm, where ossicles belonging Lo the present species are

particularly common. They have been provided with 1
spines.
The Danish specimens are in the collection of the Mineralogical

3 powerful

Museum.
Occurrence.—Vincentown limesand (Danian?), New Jersey, U.S.A.
Lower and Upper Danian in Denmark.

Reeurvaster eommunis Br. NIELSEN.
1943 Recurvaster communis Br. NIELSEN, p. 45, pl. 4, fig. 33.

Slightly oblique marginals of Recurvaster-type with the ornamenta-
tion general in Recurvaster and Metopaster. The ossicles arelow, and broad.
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Br. NieLseN figures two ossicles from the Upper Danian of Her-
folge. The ossicles are glued together as though they have been supero-
and inferomarginal. They are, however, both inferomarginals. These
particular ossicles do not differ visibly from the numerous inferomar-
ginals of about the same size which are found in the Danian, and of
which at least a number represent young individuals of those species
of Metopaster and Recurvaster known from the Danian. The extent to
which the present ossicles represent a separate species, as BrR. NIELSEN
meant, can hardly be decided unless a fortunate specimen of associated
ossicles from a single individual should be found, throwing light on
the problem.

Genus Teichaster SPENcER 1913.

Diagnosis.
ginals which meet each other with parallel, or nearly parallel surfaces.

Asteroids whose tall margin is limited by regular mar-

The ornament of the outer surface consists of large, uniform, rather
closely-placed spine-pits.

Genotype.—Teichaster favosus SPENCER, Senonian.

Affinity with other genera.—Teichaster is similar to the genus
Crateraster, from which, according to SPENCER, it is descended. It has
not, however, the characteristically lipped spine-pits of Crateraster, and
it is also—atleast in adults—without any granulation, whereas this orna-
ment is common on the abactinal surface of marginals of Craleraster.

Occurrence.—One species from the Upper Senonian, and two from
the Danian have been described.

Teichaster favosus SPENCER.
Plate 10, fig. 1-2.
1913 Teichaster favosus SPENCER, p. 122, pl. 12, fig. 14, 15, 16, 18,
pl. 16, fig. 14, 15, 16.
1940 Teichaster favosus, WriGcHT, p. 240, pl. 14, fig. 12, 13.
1943 Teichaster favosus, BR. NIELSEN, p. 53, pl. 3, fig. 16, text fig. 7-8.

Diagnosis.—A Teichaster with rather short arms, and a rather
broad, evenly rounded interradial part. The surface of the marginals
is covered by large, uniformly distributed spine-pits, which do not
touch one another. In the outermost part of the arm the two series of
superomarginals have met in the mid-line.

Type.—The individual from the Upper Senonian of Studland, Dor-
set, figured by Srexcer (1913) pl. 12, fig. 14, is the holotype. Collection
of the British Museum (N.H.).



Description.—Teichaster favosus has rather short arms, which are
connected by evenly curved sides. There is no sharp junction between
the arm and the interradius. The superomarginals in the outermost
part of the arm have met abactinally, without giving room for abactinal
ossicles. This is seen in the holotype and also in the individual figured
(from the actinal side, and laterally) by Wricnr (1940). It is again seen
in the less typical, presumably young, individual from the Danish
White Chalk.

The ornamentation is always composed of uniform spine-pits, which
are larger than the normal spine-pits of genera other than Crateraster.
They are closely placed, without, however, touching. The Danish speci-
men suggests that there has been a granulation present in young indi-
viduals of T. favosus.

The type for this species is a small, badly preserved individual. The
remains of distincetly larger individuals are figured by SPENCER (pl. 12,
fig. 16, and pl. 16, fig. 14), and by Wricnr (1940, pl. 14, fig. 12—13).
WRriGHT state, p. 240, that both a larger and a smaller form are found
at Trimingham. The remains of both large and small individuals are
also known from the Danish White Chalk. It is, however, not impossible
that these can have belonged to the same species. The small, younger,
individuals show a distinet similarity with Crateraster quinqueloba from
which this species is thought to be descended, but they have, however,
not the typical crater-shaped, or lipped spine-pits on the marginals.
The pair of ossicles figured by Spencer (1913, pl. 12, fig. 16, and fig.
15?) consists of an inferomarginal above, and a superomarginal below—
this can clearly be seen by comparison with Wricnt’s specimen of this
species. The ossicles shown by Spencer in fig. 14—16, also on pl. 16,
are all inferomarginals. The impressions of the adambulacral ossicles
with which it has been in contact are clearly seen on the inner side of
the marginal shown in fig. 16.

The difference in shape, and appearance of the supero- and infero-
marginals is often slight. However, the inferomarginals are relatively
taller, and more slender; less curved, and with a more obtuse angle be-
tween the surfaces directed towards the body-cavity and the actinal
ossicles.

Affinity with other species.—Teichaster favosus differs from the
genus Craleraster by its ornamentation, and from other species of Tei-
chaster in the shape of its marginals, especially the superomarginals.

Material.—Teichaster favosus is not common in the Danish White
Chalk. The associated remains of an individual which were mentioned
by Br. N1eLsEN (1943, p. 54, text fig. 8), and which may presumably be
interpreted as a voung individual of this species, have been found in
the White Chalk of Stevns Cliff. The abactinal and lateral surfaces of
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the ossicle have formed a right angle with one another. The infero-
marginals have been more evenly curved. The ornamentation consists
of closely placed spine-pits, but on the abactinal part of the superomar-
ginals there are also a few granules; this difference from the normal
adult Teichaster is reminiscent of Crateraster. The abactinal surface has
been covered by polygonal ossicles which are smooth, or bear a fine
granulation. The actinal surface is covered by flat polygonal ossicles
bearing spine-pits. The adambulacral ossicles have had a row of spines
on the edge, and on the actinal surface there has been a powerful long-
itudinal keel provided with spines. Single marginals of larger, more
typical individuals, have been found in the White Chalk.

No remains have been found in the Danian deposits, which can with
certainty be referred to this species.

The specimens figured are in the collection of the Mineralogical
Museum.

Occurrence.—Upper Senonian in England, Germany and Denmark.

Teichaster anchylus Br. NIELSEN.
Plate 10, fig. 3-4.
1943 Teichaster anchylus Br. N1ELSEN, p. 54, pl. 3, fig. 14, 15, 17, text fig. 9.

Diagnosis.—A Teichaster whose margin is high and whose ossicular
angle is large. Both the supero- and inferomarginals are tall, slender,
rather short and not robust.

Type.—The inferomarginal from the Lower Danian of Kagstrup,
figured by Br. NIELsEN, 1943, pl. 3, fig. 14, is chosen as the type.
Collection of the Mineralogical Museum.

Description.—Only single marginals are known of this species.
There is only slight variation. The median part of the margin is formed
of rather short, tall, slender ossicles of large angle; the end faces are
parallel or nearly parallel. The superomarginals can, however, be
slightly wedge-shaped: slightly longer above than below. The median
superomarginals often bear a slight abactinal swelling. The facets tow-
ards the abactinal ossicles are concave, forming a sharply marked
furrow along the abactinal border. The inferomarginal has a tall slightly
concave lateral surface which curves round towards the actinal surface.
The parts of the median superomarginals, and inferomarginals which
are directed towards the body-cavity are very closely conformable with
the outer surfaces of these ossicles. The ornamentation is composed of
large, uniform, rather closely placed spine-pits which are slightly deeper
on the abactinal and actinal surfaces.
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Affinity with other species.—The tall, slender, not robust os-
sicles distinguish this species from other species of Teichaster.

Material.—A large number of marginals of this species have been
found at Lower Danian localities.

The specimens figured are in the collection of the Mineralogical
Museum.

Occurrence.—Lower Danian of Denmark.

Teichaster retiformis (SPENCER).
Plate 10, fig. 5. Text fig. 6 h.
1913 Teichaster favosus var. retiformis SpENCER, p. 122, pl. 12, fig. 17, 19.
1943 Teichaster retiformis, BrR. NIELSEN, p. 55, pl. 3, fig. 18-19, text fig. 10.

Diagnosis.—A Teichasler, whose superomarginals are tall, slightly
tumid, and can be slightly wedge-shaped (longer above than below).
The free abactinal-lateral surface slopes evenly. The median infero-
marginals in the adult are very large, broad, and with a very compact
appearance. The ornamentation is composed of large, uniform, closely
placed spine-pits, which cover the whole surface.

Type.—The inferomarginal from the Upper Danian of Annetorp in
Sweden, figured by Spencer, 1913, pl. 12, fig. 17, is chosen as the type.
Collection of the British Museum (N.H.).

Description.—This species is established on the basis of isolated
ossicles of which the robust inferomarginals are particularly char-
acteristic, and recognizable, and therefore chosen here as the type. This
species can attain an appreciable size. The largest inferomarginal which
has been found has a height and breadth of about 12 mm. (Text fig.6h).
While the superomarginals form an inclined upper edge to the animal,
the inferomarginals are more angular, or even protruding, beingbounded
by lateral, and actinal outer surfaces which are almost at right angles.
The lateral part of the surface can, especially in large specimens, be
rather concave and recurved. The compact, relatively low inferomar-
ginals, and the tall, slightly tumid superomarginals clearly separate
this species from 7. favosus. That similarity which is apparent from
SpENCER’s pl. 12, fig. 16 and 17 is due to the factthatin fig. 16 the supero-
and inferomarginals are exchanged (see p. 69). On the other hand both
the shape of the ossicle, and the appearance of the articulation facet in
SpENCER’s specimen pl. 12, fig. 17, and the appearance of the ossicle in
a find of connected ossicles from the Danian near Legind in Denmark,
confirm that SPENCER’s figure of the present species is correctly orienta-
ted. When the ossicles of species of Teichaster are correctly orientated
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is seen that the evolution of the genus is more complicated than was
earlier assumed, and demonstrated by Spexcer’s pl. 12, fig. 15—17.

The associated remains of a rather small individual of this species
have been found in the Danian near Legind. These remains only con-
stitute a small part of the individual, but give, however, certain informa-
tion concerning the appearance of the species, just as they confirm the
mutual connection between the supero- and inferomarginals. The me-
dian superomarginals are tall, slender and slightly tumid. The median
inferomarginals are of about the same height, but more robust. The
lateral surface is steeply inclined, and plane or even slightly concave;
it passes rather sharply over into the actinal, slightly tumid part of the
surface. A rather sharp ridge divides the surface directed towards the
body-cavity from that directed towards the actinal ossicles. The shape
of the articulation facets of the superomarginals of the arms shows that
these have met in the mid-line. Their outer surface is evenly curved,
not tumid. The inferomarginals of the arm are steep sided and slender,
but more evenly curved than the median inferomarginals. They have
met the ossicles of the ambulacral system in a plane surface without
any ridge. The ornamentation is composed of rather large, uniform,
closely-placed spine-pits. The abactinal surface has been covered by
polygonal ossicles bearing rather large, round spine-pits similar in ap-
pearance to those of the marginals. The actinal surface has been covered
by oblique, polvgonal ossicles with the same ornamentation. The adam-
bulacral ossicles have a concave surface towards the ambulacral groove.
The actinal surface bears two extremely weak longitudinal furrows.
Only very weak traces of small spines are seen on the edge of the ossic-
les. A single short and robust ambulacral ossicle from the distal part
of the arm is present.

Affinity with other species.—The very large and robust median
inferomarginals distinguish this species from other species of Teich-
aster.

Material.—A single individual, and a number of marginals of this
species have been found.

The individual figured is in the collection of the Geological Survey,
Denmark.

Occurrence.

Upper Danian. Sweden and Denmark.

Genus Pycinaster SpExcer 1907.

Synonym: Pycnaster SLApEn 1891.

Diagnosis.—Asteroids with a relatively small dise and slender, but
robust arms. The margin is broad, and formed of very tall, powerful
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shaped in appearance. The surface directed towards the body-cavity
is rough. The inferomarginals are often displaced in relation to the
superomarginals; the line of junction between supero- and inferomar-
ginals being a zig-zag. Polygonal ossicles cover the abactinal surface.

Genotype.—Pycinaster anguslatus (SLahrx) is the genotype.
Senonian.

Historical.—The genus Pycinaster was established as an inde-
pendent genus by Scapex (1891) under the name Pycnaster; this was,
however, preoccupied, and was replaced by the name Pycinaster by
SPENCER in 1907.

Occurrence.—The genus is represented by three Jurassic and seven
Cretaceous species.

Pycinaster erassus SPENCER.
Plate 10. Fig. 6-7.

1907 Pycinaster crassus SPENCER, p. 96, pl. 29, fig. 1-5.
1913 Pycinaster crassus SPENCER, p. 125, pl. 11, fig. 16-17, pl. 16, fig. 1-6.
1915 Pycinaster lamberti VALETTE, p. 35, fig. 11.
21915 Pycinaster crassus, VALETTE, p, 38, fig. 13.
21935 Pycinaster crassus, MERCIER, p. 12, pl. 1, fig. 4.
21943 Pycinasler crassus, BR. NIELSEN, p. 56, pl. 3, fig. 20-21.

Diagnosis.—A Pycinasler with powerful marginals, the breadth of
which is more than half the height. The marginals are smooth. The
distal marginals have a pair of marked projections on the lateral sur-
face.

Type.—The part of an arm from the Upper Chalk of Kent, figured
by SpencER (1907), pl. 29, fig. 2, is the holotype. British Museum (N.H.).

Description.—The remains of a few individuals of this species are
known, they show that the arms have been rather narrow, but powerful.
The marginals are large, broad and massive. On the abactinal surface
of the arm the marginals have only been separated by a single row of
abactinal ossicles (SPENCER 1907, pl. 29, fig. 2). The median marginals
are tall and wedge-shaped, with a slight abactinal swelling. The arm-
ossicles are lower, with a slightly curved surface. The marginals are
smooth, but in the arm they are generally provided with two or three
large spine-pits. The superomarginals are more slender, and rounded
below, while the inferomarginals are similar, but more slender and
rounded above, so that the marginals of the two series have not met
cach other in a simple facet; they have been wedged in between one



another, so that the junction between the two series has been a zig-zag.
In the outer part of the arm a single row of large hexagonal ossicles has
covered the abactinal surface, these have met the superomarginals
which taper here above and below.

P.lamberti.—VaLeETTE (1915) described a new species, P. lamberti,
and stated (p. 37) that this species differed from the type-specimen of P.
crassus in the following characters: ‘1. les marginales brachiales de
cet individu sont bien plus petites que celles du Pycinaster Lamberti.
2. Elles ont de rares rugosités sur leur face supérieure qui ne sont pas
a comparer avee celles de mon espéce. 3. De plus, entre les deux séries
de marginales, on voitunerangée de petites plaques en ovales irréguliers
dont je n’apercois pas les moindres traces sur le bras du Pycinaster
Lamberti, cependant bien plus développé. 4. 1.”épaisseur des marginales
de ce dernier est incomparablement plus grande que dans le type du
Pyc. crassus représenté par SPENCER”

The difference in appearance of the two rows of ossicles in VALETTE’s
specimen, and particularly the appearance of the two lowermost (me-
dian) ossicles in his fig. 11.1 show, however, that the individual is on
its side, so that the ossicles on the left of VaLeTTE’S figure are supero-
marginals, and these on the right inferomarginals. The following ob-
jections to VALeTTE’S interpretation can be made: 1. The absolute size
of an individual can have no value as a species characteristic when one is
not certain of the animal’s growth-stage. 2. According to VALETTE’S
figure, the rugosity of the French specimen agrees very well with that
of the English and other specimens which I have had occasion to exam-
ine. 3. Asthe French specimen only includes oneside of an arm the large,
abactinal ossicles are not seen. 4. The breadth of the marginals as stated
by VALeTTE, is really their height. After being correctly orientated P.
lamberti seems to agree very exactly, even in details, with SPENCER’s
type-specimen of Pycinaster crassus.

Affinity with other species.—Pycinasler crassus is, particularly
in its smooth, very broad and robust median marginals distinguishable
from other species of this genus.

Material.—Only a few ossicles of Pycinaster have been found in the
Danish White Chalk. Among these are a few large, smooth, robust os-
sicles which must be referred to P. crassus. The remains of two indi-
viduals with an ornamentation of weak spine-pits have been found.
Br.NIELSEN (1943, pl. 3, fig. 20—21) figures two ossicles from one of these
individuals. It must be said concerning these, as well as the single ossicles
figured by VarLerTe (1915), and M ERCIER (1935) that the ornamentation
makes it doubtful whether they have belonged to the present species.

The ossicles figured are in the collection of the Mineralogical Museum.

Occurrence.—Senonian. France, England, Denmark.
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Pyeinaster danicus Br. NIELSEN.
Plate 10, fig. 8.
1943 Pycinaster danicus Br. NierLsen, p. 57, pl. 4, fig. 1-5.

Diagnosis.—A Pycinaster whose marginals are covered on the outer
surface by delicate, closely placed spine-pits. The median marginals
are slender, tall and wedge-shaped (longest above); they can bear a
few larger spine-pits on the abactinal part. The marginals of the arm
are slightly tumid, constricted above and below. The supero- and
inferomarginals have been partly wedged in between one another. One
or two large raised spine-pits can be found on the surface of the arm
marginals.

Type.—The ossicle from the Upper Danian of Fakse, figured by
Br. NIELSEN (1943) pl. 4, fig. 12, is chosen as the type for this species.
Collection of the Mineralogical Museum.

Description.—This species was described by Br. NIELSEN from
single ossicles belonging to the genus Pycinaster. Together, they give
a natural picture of a Pycinaster, and there is reason to believe that this
combination is correct. There is a piece of limestone containing a large
number of asteroid ossicles in the collection of the Geological Survey
of Denmark; it comes from Helligkilde in Jutland. The majority of
these ossicles are from a Pycinaster danicus, but there are also a few os-
sicles of other species and genera. It is therefore possible that this ac-
cumulation of ossicles, like that mentioned previously (p. 14), must
be interpreted as a pellet of indigestible parts. This find confirms Br.
NIELSEN's description of Pycinaster danicus; it includes a number of
marginals from the arm and two from the interradius. The arm marginals
are strongly reminiscent of those of Pycinaster crassus. The surface is
slightly tumid, and covered by delicate, closely placed spine-pits, and
one or two larger protuberances, or spine-pits. The inferomarginals are
evenly rounded actinally, while they are constricted towards the supero-
marginals. The superomarginals and inferomarginals meet each other
in a zig-zag line, and are partly wedged in between one another. The
superomarginals of the arm are like the inferomarginals, bul are con-
stricted both above and below.

The median marginals are tall, oblique, wedge-shaped ossicles, longer
above than below, and more slender than in Pycinaster crassus. The
surface is provided with delicate spine-pits, or is nearly smooth. Several
large spine-pits can be found on the narrow dorsal surface.

The surface of the marginals which is directed towards the body-
cavity is uneven.

Impressions of pedicellariae are seen on some of the marginals.

Affinity with other species.—Pycinaster danicus differs from P.
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crassus in having narrower marginals, and delicate spine-pits covering
the surface. It differs from other species of Pycinaster in the large raised
spine-pits on the marginals of the arm.

Material.—The associated marginals of a single individual, and a
few marginals from the Upper Danian are all that is known of this
species.

The individual figured is in the collection of the Geological Survey,
Denmark.

Occurrence.

Upper Danian in Denmark.

Pycinaster cornutus W. RASMUSSEN.
Plate 10, fig. 9.
1945 Pycinaster cornutus W. Rasmussen, p. 423, pl. 9, fig. 12-14.

Diagnosis.—A Pycinaster whose tall marginals are broader above,
and have borne a single extraordinarily large spine which has been
attached in a spine-pit which has covered all, or nearly all of the abac-
tinal part of the ossicle.

Type.—The ossicle from the uppermost Danian near Svanemdallen,
Copenhagen, figured by the author, 1945, pl. 9, fig. 12, is chosen as the
type for this species. Collection of the Mineralogical Museum.

Description.—Only single ossicles of the above described type, and
their corresponding spines are known. It is therefore difficult to form a
conception of the original appearance of the whole animal. The os-
sicles are as a rule oblique or wedge-shaped, and are reminiscent of the
ossicles from the base of the arm in Chomataster. However, the median
ossicles in Pycinaster also have a similar oblique appearance. The part
of the ossicle directed towards the body-cavity is somewhat uneven,
and is thereby reminiscent of the genus Pycinaster.

Affinity with other species.—Pycinaster cornutus differs distinctly
from all other known asteroids by its large abactinal spine.

Material.—Single superomarginals of this species have been found
at a number of Upper Danian localities.

Collection of the Mineralogical Museum.

Occurrence.—Upper Danian. Denmark.

Pycinaster aff. eornutus W. RasmMUSSEN.
Plate 10, fig. 10.

A few ossicles of a Pycinaster which is very much like P. cornutus
from the Upper Danian have been found in the White Chalk of Mén
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Cliff. They differ, however, in that the outer surface is quite smooth,
and without spine-pits except for the large facet which covers the gre-
ater part of the abactinal surface, and has borne a very powerful spine.
The uneven surface towards the body-cavily agrees exactly with that
generally found on ossicles of Pycinaster.

Occurrence.—Upper Senonian. Mén Cliff.

Pycinaster? rosenkrantzii (Br. NIELSEN).
Plate 10, fig. 11. Text fig. 6 f.
1943 Pycinaster rosenkrantzii Br. NIeLseN, p. 58, pl. 4, fig. 6-9.

Diagnosis.—An asteroid whose interradial marginals have been tall,
evenly tumid, more or less wedge-shaped and abactinally swollen. The
marginals of the arm have been distinctly lower, evenly tumid, and
not wedge-shaped. The outer surface of the marginals has been covered
by closely placed spine-pits. There is often also a larger facet for the
attachment of a spine at the junction between the lateral and abactinal
parts of the outer surface. The surface directed towards the body
avity is evenly curved and without irregularities.

Type.—The ossicle from the Upper Danian of Teglholmen, Copen-
hagen, figured by Br. NieLsen, 1943, pl. 4, fig. 6 is chosen as the type
for this species. Collection of the Mineralogical Museum.

Description.—Only single marginals with the above described ap-
pearance are known. There is a distinct difference between the marginals
of the arm and those of the interradius on the disc, as is the case in
species of the genera Pycinaster and Chomataster. P. ? rosenkrantzii is
like the genus Pycinaster in the somewhat wedge-shaped outline of the
median superomarginals, which are longer above than below. On the
other hand, none of the marginals have that uneven surface directed
towards the body-cavity which is characteristic of this genus. The arm
marginals are very much like the marginals of Chomalaster, and the
ossicle chosen as the type is somewhat reminiscent of the ossicle at the
base of the arm in the Chomataster individuals reconstructed by WRicHT
(1940, p. 243). It is therefore possible that the present species should
be referred to the genus Chomataster.

Affinity with other species.—P. ? rosenkrantzii differs markedly
from other species of Pycinaster in the shape of the marginals. The arm
marginals are reminiscent of the corresponding ossicles of Chomataster
acules, while the median superomarginals are more strongly tumid than
in this species. The median superomarginals can sometimes be re-
miniscent of Teichaster anchylus, but are most often more tumid.
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Material.—Only a few marginals have been found which can with
certainty be referred to this species.

The ossicle figured is in the collection of the Mineralogical Muscuni.

Occurrence.—Upper Danian, Denmark.

Genus Chomataster SPENCER 1913.

Diagnosis.—Asteroids with long slender arms which are relatively
sharply demarcated from the disc. The marginals are tall, and the
ornament of the outer surface consists of closely placed spine-pits.
Paxillae have supposedly covered the abactinal side.

Genotype.—SPENCER chose Chomataster acules as the genotype.
Senonian.

Description.—This genus was established by SpeENcer (1913, p.
128) on the basis of single ossicles which could not be described in
greater detail. WricHT (1940, p.243) has later described two individ-
uals which he referres to the same genus. They have long slender arms.
The superomarginals meet each other abactinally over the whole length
of the arm, without giving room for abactinal ossicles. There is a rather
broad interradial portion between the arms.

Affinity with other genera.—SrPENCER considered the genus Cho-
mataster to be closely related to the also recent genus Calliderma. It
seems to differ from this in the relatively sharp demarcation of the nar-
row arms fromthe body. The outline of the animal in WricHT sreconstruc-
tion shows similarity with the genera Nymphaster, Ophryaster and Hurce-
aster. The first two are distinguished from one another by the structure
of the abactinal side: the abactinal ossicles in the radius of Nymphaster
do notmeet completely, but allow the passage of papulae, whereas the
abactinal ossicles of Ophryaster are stated completely to cover the
abactinal side without permitting the passage of papulae. The abactinal
side is not known in the genotype for Chomataster. The genus Calliderma,
from which Chomataster is presumed to be descended, has typical paxil-
lae. The abactinal side of Chomataster wrighti, to be described below,
has similarly been covered by typical paxillae, and the same is true of
Chomataster marginatus (SLADEN). The genus Hurceaster is stated by
VALETTE to be characterized by having an unpaired terminal ossicle.
Such an ossicle is, however, found in all asteroids, although it has not
vet been found in some of the incompletely known fossil species. None
of these other genera have the sharp distinction between the dise and
the arm which characterizes Wricnt’s reconstruction of Chomataster.

Occurrence.—Five species of this genus are known from the Seno-

nian and Danian.
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(/'/;'\ s a-f. Profile of superomarginals. x 1.
Moo s = a. Chomataster precursor. b. C. marginatus. c. C. spenceri.
d. C. wrighti. e. C. acules. f. P.? rosenkrantzii.

5 //9 8. Chomataster marginatus. Sketch of paxilla from the
ff (// p IR type-specimen.
L e ';“ ~  h. Teichaster retiformis. Profile of inferomarginal. Hansted. x 1

Text Figure' 6.

Chomataster acules SPENCER.
Plate 10, fig. 12. Text fig. 6 e.
1913 Chomataster acules SPENCER, p. 128, pl. 12, fig. 28, 31, pl. 16, ig. 8-13.
1943 Chomalasler acules, BR. NIELSEN, p. 59, text fig. 12.
1945 Chomalaster briinnichi W. RasMUSSEN, p. 422, pl. 9, fig. 10-11.

Diagnosis.—A Chomalaster whose steep-sided superomarginals have
a large facet for a powerful spine at the junction between the lateral and
abactinal parts of the surface.

Type.—The ossicle from the Upper Senonian on Riigen in Germany,
figured by SpENCER, 1913, pl. 16, fig. 8, is the holotype. Collection of
the British Museum (N.H.).

Description.—SPENCER stated that the superomarginals of this
species are quite smooth, apart from the one very large spine-pit. The
author therefore established a new species, C. briinnichi, including
marginals from the Danian, whose surface is covered by closely placed
spine-pits. Later investigations have, however, shown that ossicles of
exactly the same appearance are also found in the Senonian White
Chalk near Aalborg, and on Stevns, Mén and Riigen. Ossicles of Cho-
mataster are, however, not very common in either the Senonian or
Danian of Denmark. The rather shallow spine-pits can in some cases
be indistinet and difficult to see, according to the state of preservation,
but they seem never to be wanting. An investigation of the ossicles from
Riigen described by SpeNceEr (1913) gave the following result: the
inferomarginal pl. 12, fig. 28, has distinct spine-pits, the superomar-
ginal has weak, but distinct spine-pits. Weak spine-pits can be seen
on most of the ossicles in the reconstruction pl. 12, fig. 31. The ossicle
pl. 16, fig. 8 (holotype) is very slightly uneven, but spine-pits cannot be
discerned. The ossicles pl. 16, fig. 10, 11 and 12 have very weak, but,
however, distinet spine-pits. The ossicle pl. 16, fig. 13 is apparently
smooth. It may therefore be assumed that the surface of all these mar-
ginals has primarily been covered by closely placed, weak spine-pits,
and C. briinnichi must therefore be taken as identical with C. acules.

No specimen of connected ossicle of this species is known, and it is
therefore impossible to form a certain impression of the appearance of
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the species, but it seems, however, to have had long, slender arms, and
has presumably had a similar outline to WRriecHT’s reconstruction of
this genus.

Affinity with other species.—Chomataster acules differs from
other species of Chomalaster in the height, and steep-sidedness of the
median superomarginals, and by the powerful abactinolateral spine.

Material.—Single marginals of this species are known from the
majority of Danish Senonian and Danian localities.

The ossicle figured is in the collection of the Mineralogical Museum.

Occurrence.—Upper Senonian in England and Germany. Upper
Senonian and Danian in Denmark.

Chomataster praecursor SPENCER.
Text fig. 6 a.
pars 1913 Chomataster preecursor SPENCER, p. 128, pl. 12, fig. 27.
non pl. 12, fig. 26, 30.

non 1943 Chomataster preecursor, BR. NIELSEN, p. 59.

Diagnosis.—A Chomalaster whose short and compact marginals
have an evenly tumid surface which is covered by closely placed spine-
pits.

Type.—The pair of marginals from the Senonian of Képinge in
Sweden, described by Spencer, 1913, pl. 12, fig. 27 is the holotype.
Collection of the Geological Institute, Lund.

Affinity with other species.—This species is established on the
basis of single ossicles from Kopinge; they unfortunately do not permit
a more exact description of the animal. Asteroids from England and
Denmark, with marginals which have a quite different profile, and
whose connection with this species is very doubtful, have been referred
to it. These ossicles are described below as Chomataster spenceri.

Occurrence.—Chomataster preecursor is only known with certainty
from Kopinge in Sweden. Upper Senonian, Campanien.
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Chomataster speneeri n. sp.
Plate 10, fig. 13-14. Text fig. 6 c.

?pars 1913 Chomataster preecursor SPENCER, p. 128, pl. 12, fig. 26.
non pl. 12, fig. 27.

1943 Chomataster preecursor, BR. NIELSEN, p. 59.

Diagnosis.—A Chomataster whose superomarginals have a low, but
steep lateral surface which passes sharply over into a broad sloping
abactinolateral surface. The outer surface is only slightly tumid; it is
covered by delicate, closely placed spine-pits. The surface directed
towards the body-cavity conforms to the outer surface of the ossicle.

Type.—The superomarginal from the proximal part of an arm shown
on pl. 10, fig. 13 is the holotype. It is from the Upper Senonian of Mon
Cliff. Collection of the Mineralogical Museum.

Description.—The superomarginals have a steep lateral, and a
long, sloping abactinolateral outer surface. The surface directed to-
wards the body-cavity is conformable with these. The supero- and
inferomarginals meet in a rather narrow facet, and the median supero-
marginals also meet the abactinal ossicles in rather narrow facets. The
superomarginals of the arm have met each other in the mid-line with
a low plane surface. The ornamentation is composed of closely placed
circular spine-pits.

The appearance of the plates described is so characteristic that they
will always be casily recognizable. Most of the ossicles from the Eng-
lish Cretacecous which Spexcer determined as Chomataster preecursor
seem to belong to this species, and the same is true of the ossicles from
the White Chalk of Denmark mentioned by Br. NIELSEN, 1943, p. 59.

The ossicles are very similar to the ossicles of the individual figured
by Wricnar, 1940, pl. 15, fig. 3, and pl. 16, fig. 5, which is interpreted
as a transitional form between Calliderma smithiae and Chomataster
“preecursor” (C. spencerit of the present work). It is likely that the Cho-
maltaster here deseribed has had a very similar structure.

Affinity with other species.—This species is distinguished from
the above mentioned form deseribed by Wriant, in that the supero-
marginals have no abactinal portion forming an angle with the sloping
abactinolateral part of the surface.

Material.—A few associated remains of a small individual of this
species, together with single ossicles, have been found in the White
Chalk of Denmark. None of these finds gives the possibility of making
a certain reconstruction of the animal.

The specimens figured are in the collection of the Mineralogical
Museum.

Occurrence.—Upper Senonian. England, Denmark.
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Chomataster wrighti n. sp.
Plate 11, fig. 1-2. Text fig. 6 d.

Diagnosis.—A Chomataster with long, slender arms, whose supero-
marginals meet each other in the mid-line of the arm over its whole
length. The disc is bounded by an interradial margin which is rather
sharply demarcated from the arm. The interradial superomarginals
are hardly tumid, but the other superomarginals are strongly tumid.
The ornamentation is composed of spine-pits. A granulation, and large,
crater-like depressions can also occur on the superomarginals.

Type.—The individual shown on pl. 11, fig. 1, is the holotype. It
comes from the Upper Senonian White Chalk of Stevns Cliff. Collec-
tion of the Mineralogical Museum.

Description.—The outline agrees with that which characterizes
WriGHT’s reconstruction of two individuals of this species, and it is on
the basis of this very characteristic shape that the present species is
referred to the genus Chomataster. The species is named after C. W,
WRIGHT.

In the interradius there are two superomarginals (no. 1), whose almost
square outer surface is not curved, and is only slightly tumid (Text fig.
6d). They have met the abactinal surface above with a somewhat con-
cave facet. The following superomarginal (no. 2) has met the abactinal
ossicles in the same way, bul it is more strongly tumid, oblique and
wedge-shaped, and has formed the transition to the arm. In some indi-
viduals it is larger thanthe other superomarginals, and is reminiscent
of the corresponding ossicles in Wricnt’s reconstructions. The supero-
marginals of the arm are all tall and strongly tumid, although the size
and degree of tumidity deerease towards the tip of the arm. The arm
has been almost quadratic in cross-section. The supero- and infero-
marginals are directly above one another, and they meet in a rather
narrow facet. The inferomarginals are evenly curved; they are narrow
on the arm, and have met the adambulacral ossicles over the whole
length of the arm. The inferomarginals are larger and broader along
the interradial margin of the body.

The ornamentation is composed of closely placed, circular spine-
pits, which can be slightly larger on the abactinal swelling of the supero-
marginal than on the remainder of the surface. A strong granulation is
furthermore found among the spine-pits of some individuals, and
large, crater-like spine-pits can be found on the swollen portion of the
superomarginals. The abactinal side has been covered by paxillae. The
actinal side has been covered by flat, oblique, polygonal ossicles with
spine-pits. The adambulacral ossicles have a rather characteristic ap-
pearance as the proximal and distal ends are sloping, and there is a
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pointed process on the proximal end, which has protruded into the
ambulacral groove. The ornamentation of the outer surface is difficult
to see, but there seems to be a row of six spines on the edge. A furrow
and a keel run on the ventral surface parallel with the edge. On the
keel, and on the rest of the surface there have been a few spines or setae
in two rows. The ambulacral ossicles have no remarkable characteri-
stics. Impressions of pedicellariae have been observed on a few of the
marginals.

Affinity with other species.—The peculiar outline of Chomata-
ster wrighti is reminiscent of WricHT'S reconstruction of two individ-
uals which are referred to this genus. On the other hand, the orna-
mentation is different from that in the other species referred to this
genus, and the superomarginals of the arm are more tumid than in
these species.

Material.—Single ossicles of this species have been found in the
White Chalk of Mén, Stevns, near Aalborg, and at several other Danish
localities, as well as on Riigen in Germany. The remains of six individ-
uals have also been found on Stevns Cliff. These individuals have been
found partly as associated ossicles, and partly as small arm fragments
with  marginals, ambulacral and adambulacral ossicles in their
natural positions. On the basis of this material it has been a simple
matter to reconstruct the animal in spite of the great difference between
the ossicles of the dise and the arms.

All the specimens are in the collection of the Mineralogical Museum.

Occurrence.—Upper Senonian. Germany, Denmark.

Chomataster marginatus (SLApEN).
Text fig. 6 b, 6 g.
1891 Nymphaster marginalus SLADEN, p. 18, pl. 8, fig. 4.
1907 Nymphasler marginalus, SPENCER, p. 116, text fig. 11.

1913 Ophryaster marginatus, SPENCER, p. 130.

Diagnosis.—A Chomalaster with long, slender arms, and an evenly
rounded interradius. The superomarginals have met each other in the
mid-line over the whole length of the arm. The ornamentation of the
marginals consists of widely separated spine-pits. The abactinal side
is covered by typical paxillae. Pedicellariae are uncommon.

Type.—The individual from the Lower Senonian of Kent, England,
figured by Srtapen, 1891, pl. 8, fig. 4, is the holotype. Collection of the
British Muscum (N.H.).

Description.—SrapeN (1891) writes in the description of this
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species, p. 19, “The remains of a few isolated plates are preserved on
the abactinal area of the fossil figured. They are all small and out of
position, and are not available for description”.

An examination of the holotype has, however, shown that there have
been typical paxillae on the abactinal side. The species can therefore
neither be referred to Nymphaster nor to Ophryaster. The outline of the
animal, and the profile of the superomarginals with a short, steep
lateral side, a long sloping abactinolateral portion and a narrow hori-
zontal abactinal portion are very strongly reminiscent of the reconstruc-
tion of a Chomataster individual shown by Wricnt (1940) pl. 16, fig. 5.
However, the rather sharp distinction between disc, and arms is wan-
ting in C. marginatus. The ornamentation of the marginals consists of
well separated, uniform spine-pits.

Affinity with other species.—This species differs from the other
species of Chomataster in the ornamentation of the marginals with
scattered, well separated spine-pits.

Occurrence.—Lower Senonian. Bromley, Kent, England.

Genus Ophryaster SpencEr 1913.

Diagnosis.—Asteroids whose long slender arms pass evenly over
into the broadly rounded interradial part. The marginals are evenly
curved, and slightly tumid. They have an obliquely placed facet direc-
ted towards the abactinal ossicles; this forms nearly a right angle with
the facet directed towards the body cavity. The ornamentation is com-
posed of spine-pits, which are, however, wanting in a zone along the
abactinal border of the superomarginals. The abactinal side is covered
by closely placed, polygonal ossicles which only extend in a narrow zone
into the arm. Paxillae are not present. Long, low, bivalve pedicellariae
are common.

Genotype.—Ophryaster oligoplax (SLADEN). Senonian.

Affinity with other genera.—The genus Ophryaster is stated by
SpENCER to differ from Nymphaster in that the abactinal ossicles are
closely placed, giving no room for papulae.

Occurrence.—Apart from O. oligoplax (SLADEN), the species O.
magnus SPENCER and possibly O. lunatus (S. Woopwarbp) also belong
to this genus. O. marginalus (SLADEN) is mentioned here under the
genus Chomataster, because of the character of the abactinal, and mar-
ginal ossicles. Senonian.
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Ophryaster magnus SPENCER.
Plate 11, fig. 3.
1913 Ophryaster magnus SPENCER, p. 130, pl. 16, fig. 20-27.

1943 Ophryaster oligoplax, Br. NIELSEN, p. 60, pl. 4, fig. 10-23,
text fig. 13-15.

Diagnosis.—An Ophryaster, with superomarginals whose ornamen-
tation consists of rather large, closely placed spine-pits, which are only
wanting in an extremely narrow zone along the abactinal border.

Type.—The ossicle from the Upper Senonian of Riigen, figured by
SpENCER, 1913, pl. 16, fig. 25, is the holotype. British Museum (N.H.).

Description.—There is a completely even transition from the nar-
row arm to the broadly rounded interradial part of the body. R:r is
measured as ¢. 90:45 mm. The superomarginals in the outermost part
of the arm (from no. 10) have met in the mid-line of the arm. The me-
dian superomarginals are long, low and rather narrow with a slightly
curved, squarish outer surface. The surfaces directed towards the abac-
tinal ossicles, and towards the body-cavity are typical for the genus,
and they form almost a right angle with each other. The superomargi-
nals of the arm have a rounded outline towards the mid-line of the arm,
and a more vertical lacet towards the abactinal ossicles. The distal
superomarginals are markedly shorter, and more tumid than the prox-
imal. They are relatively broader, and the abactinal part of the outer
surface is larger than the lateral. The surface of the inferomarginals is
evenly curved, and not tumid. The ornamentation is composed of
closely placed spine-pits which are often rather large particularly on
the superomarginals. On the distal marginals the spine-pits are replaced
by a granulation on the abactinal and actinal sides. There is only a
narrow smooth zone along the abactinal border of the superomarginals.

The abactinal side has been covered by rather tall, more or less
six-sided ossicles with a smooth surface. The actinal side has been
covered by large, flat, oblique, polygonal ossicles bearing spine-pits.
At the tip of the arm there has been a terminal ossicle with an irregular
granulation of the surface, and spines at the apex. The adambulacral
ossicles are irregularly bevelled at the ends, and are provided with a
strong proximal, pointed extension which has protruded into the am-
bulacral groove. They bear a row of ten spines on the edge. There is a
furrow in the actinal surface parallel with the edge, but otherwise this
surface has been perfectly smooth. The ambulacral ossicles have had a
marked extension where these ossicles have met one another over the
ambulacral groove. The ossicles of the oral region are unknown. Long,
bivalved pedicellariac are found on a number of the inferomarginal
and actinal ossicles.
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Affinity with O. oligoplax.—Ophryaster magnus is established on
the basis of single ossicles which only differ from oligoplax to an ex-
tremely slight extent. Only the coarser ornamentation of the marginals,
and the narrow abactinal border of the superomarginals secem to sepa-
rate the two species. In none of them is the variation sufficiently well
known.

Material.—The remains of three individuals, which agree with one
another in appearance, and single ossicles of Ophryaster have been
found in the White Chalk of Denmark. The most complete of the
individuals is mentioned as Ophryaster oligoplax by Br. NieLsex. The
ornamentation of the ossicles seems, however, better to agrec with the
single ossicles described as Ophryaster magnus. Br. Ni1ELseN showed
(1943, pl. 4, fig. 19) a reconstruction of the outermost part of the arm.
The author has undertaken a more complete reconstruction of the Danish
individual, ‘which gives a better impression of the appearance of the
animal and forms the basis of the present deseription.

The individuals are in the collection of the Mineralogical Museumn.

Occurrence.—Upper Senonian. Rigen in Germany. Mon and Aal-
borg in Denmark.

Family Stauranderasteridae Srencer,

Genus Stauranderaster SpeNceERr 1907.

Diagnosis.—Asteroids whose ossicles have an ornamentation com-
posed of scaltered spine-pits restricted to the central part of the outer
surface of the ossicle. The primary abactinal ossicles are very large and
strongly tumid.

Genotype.

Stauranderaster boysii (FORBES). Senonian.
Affinity with other genera.—Stauranderaster is similarto Valett-
aster in the powerful development of the abactinal ossicles, buthas a

margin of well developed supero- and inferomarginals.

Occurrence.~Ten species are known, ranging from Cenomanian
{o Danian.

Stauranderaster gibhosus SPENCER.
1913 Stauranderaster gibbosus SPENCER, p. 135, pl. 13, fig. 11.
21943 Stauranderaster gibbosus, BR. NIELSEN, p. 62.
Diagnosis.—A Stauranderaster whose arms are distally swollen.
The primary abactinal ossicles are large with a strongly tumid outer
surface whose ornamentation consists of a depressed border, and scat-
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tered spine-pits. The superomarginals of the arm are large and evenly
tumid, the inferomarginals are very low. The ornament of the marginals
is, as in Metopaster, composed of scattered spine-pits and a depressed
border.
Type.
lected by Faser and preserved in the British Museum (N.H.). The
individual is unfortunately not figured, but an arm fragment of an

As the type for this species SPENCER chose an individual col-

other individual is shown by Spencer (1913) pl. 13, fig. 11.
Material.—SrENcER does not mention this species from Denmark,

but some ossicles of Stauranderaster from Denmark are, according to

Br. NIELSEN (1943) p. 62,referred to this species. These particular os-

sicles are of a divergent appearance, and no asteroid remains have been

found in Denmark which can with certainty be referred to this species.
Occurrence.—Senonian. ngland.

Stauranderaster pvramidalis SpeNcER.
Plate 10, fig. 15.
1913 Stauranderaster gibbosus var. pyramidalis SPENCER, p. 135, pl. 13,
fig. 12-13, ? pl. 16, fig. 30.

1943 Stauranderaster pyramidalis, BR. NIELSEN, p. 63.

Diagnosis.—A Stauranderaster whose large abactinal ossicles have
a semi-spherical or, more commonly bell-shaped outer surface. The
ornamentation of the surface is usually composed of scattered spine-
pits, which may be lipped. There can also be a weak rugosity on the
peripheral part of the ossicle, together with a narrow somewhat depres-
sed border.

Type.—The ossicle from the Lower Danian ol Stevns Cliff figured
by SpeNceRr, 1913, pl. 13, fig. 12—13 is chosen as the type. Collection
of the Mineralogical Muscum.

Desceription.—Only the large dorsal ossicles are known with cer-
tainty. The tyvpe specimen agrees exactly with this diagnosis, and the
same is true of the majority of ossicles from the Danian. Only in a very
few cases are the spine-pits without lips, or the ossicles without a rugo-
sity.

Alfinity with other species.—Stauranderaster pyramidalis differs
from S. gibbosus in the much more powerful tumidity of the abactinal
ossicle and presumably also in the ornamentation.

Material.—There are only rather few single marginals from the
Danian which can with certainty be referred to this species.

Collection of the Mineralogical Museum.

Occurrence.—Lower and Upper Danian in Denmark.
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Stauranderaster mixtus Br. NIELSEN.

Plate 10, fig. 16.

1943 Stauranderaster mixtus Br. NIELSEN, p. 63, pl. 4, fig. 26-28.

Diagnosis.—A Stauranderaster whose ossicles have a narrow de-
pressed border and within this are smooth, or provided with very few
spine-pits. Tall marginals, which are presumably from the swollen
distal part of the arm, are found. Abactinally rounded, or strongly
tumid ossicles do not seem to have been present. Long, bivalve pedicel-
lariac are commonly present on the marginals.

Type.—The individual from the Upper Senonian of Stevns Cliff
figured by Br. N1eLsEN (1943) pl. 4, fig. 26-—28 is the holotype. Collec-
tion of the Mineralogical Museum.

Description.—It is not possible to reconstruct the animal from the
individual and ossicles known. Apart from the ossicles described by
Br. NIELSEN there are found a few small ambulacral, and adambulacral
ossicles, which do not, however, permit description.

Affinity with other species.—Stauranderaster mixtus is, like the
species coronalus, senonensis and speculum, smooth, but it is separated
from these by apparently not having had strongly swollen, or “breast-
plate-shaped”™ ossicles.

Material.—Only very few single ossicles, and the remains of one
individual have been found of this species.

Collection of the Mineralogical Museum.

Occurrence.—Upper Senonian. Stevns Cliff, Mon Clil and Eerslev
in Denmark.

Stauranderaster miliaris Br. NIELSEN.

Plate 10, fig. 17.

1943 Stauranderaster miliaris BR. NIELSEN, p. 63, pl. 4, fig. 35.

Diagnosis.—A Slauranderasler whose ossicles have an ornamenta-
tion consisting of a narrow depressed margin, and within this an area
bearing a close and delicate granulation of the central area.

Type.—The superomarginal from the Upper Danian of Herfolge,
figured by Br. N1eLseNn (1943) pl. 4, fig. 35, is the holotype of this spe-
cies. Collection of the Mineralogical Museum.

Description.—Only single plates of this species are known; they
give no certain information concerning the appearance of the species.

Affinity with other species.—Stauranderaster miliaris is reminis-
cent of S. squamosus in its ornament, this form also bearing a granula-
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tion. The marginals of S. squamosus arc, however, imbricate, while the
ossicles indicate that this has not been the case in S. miliaris.

Material.—A number of single ossicles of this species have becn
found.

Collection of the Mineralogical Muscum.

Occurrence.—Lower and Upper Danian in Denmark.

Stauranderaster speculum Br. NIELSEN.
Plate 10, fig. 18.

1943 Stauranderaster speculum Br. NIELSEN, p. 64, pl. 4, fig. 36.

Diagnosis.—A Stauranderaster which has had ossicles of a peculiar
irregular outline, “breastplate-shaped™. The outer surface of the ossicle
has formed a small, smooth projecting portion.

Type.—The abactinal ossicle from the Upper Danian of Rejstrup,
figured by Br. NIELSEN (1943) pl. 4, fig. 36, is the holotype. Collection
of the Mineralogical Muscum.

Affinity with other species.—Stauranderaster speculun is like
S. coronalus in its smooth ossicles of very variable shape, but it differs
in the limited extent of the strongly raised, smooth, central portion.

Material.—A number of single marginals of this species have been
found.

Collection of the Mineralogical Musceum.

Occurrence—Lower and Upper Danian. Denmark.

Order Paxillosa PERRIER.
Family Astropectinidae Gray.

Genus Astropecten Gray 1840.

Synonym: Lophidiaster SPENCER 1913.

Diagnosis.—Asteroids with rather long and slender arms, the mar-
ginals short, and often provided with a powerful ridge. The abactinal
side is covered by paxillae.

Genotype.—Astropecten aurantiacus (Linsg). Recent.

Description.—The arm is rather slender, and the adambulacral os-
sicles meet the inferomarginals over the greater part of the length of
the arm. The abactinal side is covered by typical paxillac which also
extend into the arm.

The Cretaceous individual which SpEnceER used as the foundation for
the genus Lophidiaster in 1913 was originally referred to this genus.
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Lophidiaster was stated to differ from Astropecten in that the abactinal
surface is covered by closely placed ossicles, not paxillac. According to
Vaverre (1915, p. 62) the genotype for Lophidiaster is L. ornalus. The
holotype for this species is the individual figured by Spexcrer 1905, pl.
25, fig. 2. In this individual “Practically only the marginal plates are
preserved”. No ossicles, which could be abactinal ossicles can be seen
in the figure. Of the remaining four individuals of Lophidiaster ornalus
which I have had the chance of seeing, only two show abactinal os-
sicles. In both of these they have the form of typical paxillae, and 1
find it therefore dangerous to refer these individuals to any genus other
than Astropecten. SPENCER’s view of the structure of the abactinal side
is based upon an individual of A. ? pygmceus, which has, however, nol
been chosen as the genotype. MEercier (1935, p. 45) characterizes
Lophidiaster as species of Astropectinidae with a very narrow keel on
the marginals. Such a diagnosis would, however, not be practical, as it
would necessitate a division both of the recent genus Astropecten, and
the genus Lophidiaster as SPENCER conceived it, and it would for that
matter not form a sharp boundary. It seems therefore to be necessary
to regard Lophidiaster as a synonym of the generic name Astropecten.

Occurrence.—This genus is represented by a number of species
from the Jurassic to Recent.

Astropeeten ornatus (SPENCER).
1905 Astropecten sp. SPENCER, p. 90, pl. 25, fig. 2.
1913 Lophidiaster ornalus SPENCER, p. 138, pl. 11, fig. 19 and 22.
21937 Astropecten betlzensteinensis LEHNER, p. 171, fig. 1.
1940 Lophidiaster ornatus, WRIGHT, p. 245.
1943 Lophidiaster ornatus, BR. NIELSEN, p. 66, text fig. 16.

Diagnosis.—An Astropecten whose short marginals have a powertful

ridge, which—at least on some of the ossicles—forms a lateral wing. The
surface of the ridge on the inferomarginals bears a granulation. There
are spine-pits on the superomarginals. The superomarginals reach their
greatest height nearest the disc.

Type.
figured by Spenxcer 1905, pl. 25, fig. 2 as the holotype for Lophidi-

SpeNcER chose the individual from the Upper Greensand

aster ornatus. Collection of the Sedgwick Muscum.

Description.—Thereareseveralfragmentsofindividuals in WriGHT'S
collection which may be referred to this species. They show that the
arm has been narrow. The superomarginals have also made room for
abactinal paxillae in the arm.
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Occurrence.—This species is known from much of the Eng-
lish chalk, and is also found in the Senonian near Bastad in Sweden. It
is not known from Denmark.

Astropecten postornatus (W. RasMUSSEN).
Plate 10, fig. 21.
1945 Lophidiaster postornatus W. Rasmussen, p. 424, pl. 9, fig. 16.

Diagnosis.—An Astropeclen whose short marginals have a rather
powerful ridge which does not form lateral wings. The surface of the
ridge bears a granulation on the inferomarginals, and is provided with
spine-pits on the superomarginals. The superomarginals reach their
greatest height near the outer margin.

Type.—The inferomarginals from the Upper Danian, near Svane-
mollen, Copenhagen, figured by the author, 1944, pl. 9, fig. 16, is the
type. Collection of the Mineralogical Museum.

Desceription.—This species was deseribed by the author (1945)
thus, p. 424: “Supra-marginalia: the proportions length/width/height
are measured at 1,7/4,0/2,8 mm. The free surface consists of a lateral
and abactinal part, which unite in an arch. The ornamentation consists
of large rather deep spine-pits.

Infra-marginalia arc of the same dimensions or a little lower. The
free surface has an even and straight course from the actinal to the
lateral border. The height of the ridge is about 0.5 mm. The ornamenta-
lion consists of a rather pronounced granulation™.

Affinity with other species.—This species seems to be very close
to A. ornalus, but differs by lacking the wing-like lateral extension of
the ridge, and also by the rather great breadth. That the superomargi-
nals are highest near the outer margin is also a difference. The same
characters separate the species from A. mirabilis (Vavrerre). The Lower
Miocene Astropeclen salomacensis VALETTE has marginals of similar
form but differing in the extraordinarily fine granulation of the ridge.

Material.—Rather a large number of single marginals of this species
are available.

Collection of the Mineralogical Musecum.

Occurrence.—Upper Danian. Denmark.
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Astropecten punetatus (Br. NIELSEN).
Plate 10, fig. 20.
1943 Lophidiaster punctatus Br. NIELSEN, p. 67, pl. 4, fig. 38.
1945 Lophidiaster punctatus, W. RasMusseN, p. 423, pl. 9, fig. 15.

Diagnosis.—AnAstropecten whose supero- and inferomarginals have
an ornamentation of spine-pits.

Type.—The marginal from the Upper Danian of Saltholm figured by
Br. NieLseN, 1943, pl. 4, fig. 38, is the holotype. Collection of the Mine-
ralogical Museum. ’

Description.—As practically all the supero- and inferomarginals
of Lophidiaster-type which are found in the Danian have spine-pits, but
no granulation, they were referred to an independent species, Lophidi-
asler punctatus. Apart from single ossicles, there is only one specimen
of associated ossicles from a single individual, this is, however, so
badly preserved that it has not been possible to observe the character
of the abactinal ossicles or those of the ambulacral system. Only margi-
nals and the terminal ossicle are known.

Material.—There is a rather large number of marginals of this
species from the Danian of Denmark.

Collection of the Mineralogical Museum.

Occurrence.

Lower and Upper Danian in Denmark.

Astropecten ? pygmeeus (SPENCER).
Plate 10, fig. 19.
1913 Lophidiaster pygmeeus SPENCER, p. 139, 150, pl. 11, fig. 20, 21, pl. 16, fig. 17—19.
1915 Lophidiaster pygmeeus, VALETTE, p. 62, fig. 21.

1943 Lophidiaster pygmeeus, BrR. NIELSEN, p. 66.

Diagnosis.—Asteroids whose marginals are provided with a ridge,
as in the genus Astropecten. Ornamentation is weak, or wanting. Both
supero- and inferomarginals may, however, be rugose.

Type.—The pair of ossicles from the Upper Senonian of Rigen,
figured by Srexcer, 1913, pl. 11, fig. 20, is the holotype for the species.
Both the supero- and the inferomarginal have a distinet ridge. The
ornament on the superomarginal consists of spine-pits together with
a granulation on the uppermost part of the ossicle. Collection of the
British Museum (N.H.).

Description.—This species is described on the basis of material
from Rigen. A number of single ossicles from the same locality, and
from Danish White Chalk localities must be referred to this species.
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Where ornament can be discerned on these ossicles, it seems to have
been rugose both on supero-, and on inferomarginals. SPENCER (1913,
p- 139) states that there is a specimen in the Brypone Collection (Cam-
bridge) which shows that the abactinal side has been covered by flat os-
sicles, not paxillae. There is therefore the possibility that this species has
not belonged to the genus Astropecten. It is unfortunately not possible
to base the genus Lophidiaster on this species as according to VALETTE
(1915, p. 62) A. ornatus is the genotype.

Material.—A small number of marginals of this species from the
White Chalk of Denmark.

Collection of the Mineralogical Muscum.

Occurrence.—Upper Senonian. Germany and Denmark.

Order Spinulosa PrRrrikr.
IFamily Sphaerasteridae Scuoxporr.
Genus Valettaster LavmBrerT 1914,

Synonym: Tholaster SPENCER 1913.

Diagnosis.—The body is covered by large irregularly rounded os-
sicles, which have been almost embedded in the body so that only a
very small flattened portion forms the exposed surface. The sides of
the ossicles form irregularly sloping surfaces so that the ossicle has the
form of a truncated irregular cone.

Valettaster occellatus (Forsrs) is chosen as the type
for this genus Senonian.

Genotype.

Historical.—The genus Valellaster was cstablished as an indepen-
dent genus under the name Tholaster by SprNcer in 1913, This name
was, however, preoccupied and was replaced by the name Valeltaster
by LAMBERT in 1914.

Desceription.—Only single ossicles, and very incomplete remains
of individuals of this genus are available. The arms and the outline of
the body are therefore unknown. There do not appear to have been
distinct marginals present, and the genus is therefore referred to the
order Spinulosa.

Occurrence.—Three species are known from the Senonian and
Danian, and one from the Jurassic.
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Valettaster ocellatus (ForBEs).
Plate 10, fig. 22—23.
1848 Oreaster ocellatus ForBES, p. 468.
1850 Oreaster ocellatus ForBES (in Dixon), p. 329, pl. 21, fig. 13.
1905 Penlaceros ocellalus, SPENCER, p. 85, pl. 25, fig. 4.
1913 Tholaster ocellatus, SPENCER, p. 138, pl. 13, fig. 24.
1915 Valettaster ocellatus, VALETTE, p. 57, fig. 19.
1943 Valeltaster ocellatus, BrR. NIELSEN, p. 65, pl. 4, fig. 29.
Diagnosis.—A Valettaster whose actinal and abactinal ossicles bear
a fine granulation on the flattened surface. On some of the ossicles the
granulation becomes developed as a lineal ornament, but most
often the arrangement is more irregular, giving the impression of a
madreporite.
Type.—The individual figured by Forses, 1850, pl. 21, fig. 13, is
the holotype.

Description.—There are a number of specimens of V. ocellalus;
they only show an extremely slight variation. The ossicles have been
partly imbricate, and the slopingsides often bear eyelike depressions.
The above mentioned variation in ornamentation can be met with in
the same individual. The ambulacral ossicles are very short and broad.

Material.—Numerous ossicles of this species have been found both
in the Senonian and Danian of Denmark. The remains of five individ-
uals have in addition been found in the Danish White Chalk.

Collection of the Mineralogical Museum.

Occurrence.—Lower and Upper Senonian in England. Upper Se-
nonian and Danian in Denmark.

Valettaster granulatus Br. NIELSEN.
Plate 10, fig. 24.
1943 Valetlaster granulalus Br. NTELSEN, p. 65, pl. 4, fig. 37.

Diagnosis.—A Valetlasler whose ossicles bear large scaltered gra-
nules on the flattened outer surface.

Type.—The ossicle from the Upper Danian of Saltholm, figured by
Br. NieLsEN, 1943, pl. 4, fig. 37 is the holotype. Collection of the Mine-
ralogical Museum.

Deseription.—Only single ossicles are known; they do not allow a
more exact deseription.

Affinity with other species.—Valellaster ocellatus can also have
a simple granulation of the exposed surface, but the granulation is much

coarser in the case of V. granulatus.



Material.—Only a small number of ossicles of this species have been
found.

Collection of the Mineralogical Museum.

Occurrence.—Valellaster granulalus is now known not only from
the Upper Danian, but also from the Lower Danian. That it is not found
in the Senonian confirms the impression that it is an independent
species.

Order Forcipulata Prrrikr.
IFamily Asteriidae Grayv.
Genus Asterias Linng 1766.
Asterias ? sp.
Plate 10, fig. 25.
1943 Asterias sp., BR. NIELSEN, p. 67, pl. 4, fig. 30—31.

In the genus Asterias and several other recent genera the abactinal
surface is covered by a network formed of irregular stellate abactinal
ossicles. The marginals are only poorly developed and inconspicuous.
The only larger ossicle is the terminal ossicle, which forms the tip of the
arm.

A number of irregular stellate abactinal ossicles of the above men-
tioned type have been found in the Danish White Chalk. In addition
there have been found a number of rather large terminal ossicles, which
may have belonged to a species without large marginals. The proximal
articulation facet on some of the terminals has met four ossicles on cach
side whose size has decreased actinally. The actinal side is made up of
a large furrow which forms the outermost part of the ambulacral groove.
The ossicle is egg-shaped, with a delicate and regular granulation of
the surface. A few slender spines seem sometimes to have been attached
at the tip. These ossicles have been mentioned by Br. NIELSEN as
Asterias sp.; very similar ossicles have been found in the Lower Danian
near Kagstrup. In the collections of the British Muscum similar ossicles
from Lower Cretaceous deposits are found.

Occurrence. Upper Senonian. Mon, Aalborg.



Ophiuroidea.

Ophiuroids are free-living, star-shaped, generally five-armed echino-
derms, whose long thin arms are sharply demarcated from the round
disc-shaped body. The arms are jointed, and provided with tube-feet
which project through two rows of pores on the ventral sides of the arms.
There is no open ambulacral furrow.

Anatomy and Ontogeny of the
Ophiuroids.

The ophiuroids, like the asteroids, have a skeleton composed of
calcareous plates, which, under the microscope are seen to have a
spongy, reliculate structure.

The arms are supported within by a row of calcareous plates reminis-
cent of a vertebral column. Each of the vertebrae is the product of the
fusion of a pair of ambulacral plates. The vertebrae have a more or
less disc-shaped appearance, and are provided with bosses on the cen-
tral part of the articulating surface, while on the outer part muscles
have been attached which bound the vertebrae two and two. The ap-
pearance of the vertebrae is different in the different groups of Brittle
Stars. In individuals belonging to the order Euryalae there is found a
raised hour-glass shaped boss on the central part of the articulating
surface; this is vertically placed on the proximal face, and horizontally
on the distal. This form of joint makes both horizontal and vertical
movement and inrolling of the arms possible for the animals concerned.
In the remaining Brittle Stars, Ophiurae, the connection between the
joints is more complicated and allows mainly horizontal arm movement.
The elevated central portion which has made up the vertebral articula-
tion in these forms is composed of three bosses and three sockets. On
the proximal face are found a median upper, and two lateral lower
bosses. On the distal face, inversely, are found a median lower and two
lateral upper bosses. Opposite the bosses on the one face are found
sockets in the other. On the dorsal and ventral sides of the vertebrae
are found two furrows, the dorsal and ventral furrows. Each of the two



97

lateral portions of the vertebra form an attachment for upper and lower
muscles which connect the vertebrace of acjacent joints. Vertebrace are
formed at the tip of the arm, and it is therefore here that the youngest
vertebrae are found. In the course of growth the appearance of the
vertebra is markedly changed. This change can be determined by
following the change in appearance of the vertebrae from the tip to the

Text Figure 7.
Ophiura texturata. Dorsal, ventral, lateral, and lateral with the disc ossicles removed. Partly
after Liitken and Berry. x 2.

a, dorsal arm plate. b, lateral arm plate. ¢, veniral arm plate. d, radial shield. e, genital
plate. f. oral shield. g, adoral shield. h, jaw. i, vertebra.

base of an arm of a single individual. The small distal vertebrae are
relatively long and more or less cvlindrical, while the large vertebrae
from the proximal portion of the arm are relatively much shorter and
discoid, with thin wing-like lateral parts. The proximal face of the
innermost vertebra diverges a little in appearance from the articulation
faces of the other vertebrae, and has four bosses. It articulates with a
complicated pair of plates, the jaw plates, which bound the mouth and
bear small calcarcous spines, teeth.

The body and arms are as a rule covered by a dermal skeleton of
calcarcous plates. IEach arm joint is encircled by four plates, a dorsal
arm plate, a ventral arm plate, and on cach side of the arm a
lateral arm plate. The lateral arm plates generally bear spines on
their distal edge, and the spines are most often directed outwards, but
in some forms they are depressed. The plates are imbricate and like the
vertebrae are formed at the tip of the arm. The small, youngest, lateral

7
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arm plates are long and slender, while the older, which are found in
the proximal part of the arm, are relatively shorter. The innermost arm
plates are partly covered by the disc skeleton, and have therefore an
appearance which differs somewhat from that of the other arm plates.
The aboral and adoral surfaces of the dise are generally covered by
a number of plates. The most conspicuous among the aboral plates are
the two radial shields which lie at the base of each arm. There arce
further found a central plate and one or two circels of primary aboral

}L/‘ Fig. 8. Isolated ossicles of Ophiuroids

. from Denmark. x 5.
a, jaw. Senonian, Eerslev. b, 1. vertebra,
[ ‘ adoral surface. Danian, Saltholm. c,
7z (/TJ = W} @ oral ossicle. Danian, Kagstrup, d. verle-

bra, ,,Platyarthra’-like. Senonian, Aal-

borg.

plates which often, especially in young individuals, are distinguished
by their size. The genital plate, which lies near the margin of the
disc, is separated from the arm by the genital slit. On the adoral surface
are seen, apart from the jaw plates alrecady mentioned, two adoral
shields marginal to each jaw, and between these are seen the oral
shields, one of which is the madreporite.

In some species parts of the superficial skeleton are vestigial. This
is so, for example, with the dorsal and ventral arm plates in species of
Ophiomusium, as well as with the arm plates and most of the disc plates
in species of the order Euryalac.

The larvae of the Brittle Stars are small, generally pelagic animals
whose appearance does not disclose their relation to the adults of the
animal group under discussion. Metamorphosis occurs after the larval
stage, and the young ophiuroid appears, bul even this bears only slight
resemblance to the adult animal. During growth both the number of
the arm joints and the size of the skeletal parts are increased, and at the
same time the form of the skeleton is altered, but, at the apex of the
arm joints of juvenile form continue to be developed. The adult ophi-
uroid thus has arm joints representing all the growth-stages through
which the oldest joint has passed.

Historical.

Ophiuroids occur only infrequently in most of the deposits of the
past, and this applies not least to those of Cretaceous and Tertiary
times where they are nowhere common in even tolerably well preserved
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condition. They have therefore left even less trace than the Asteroids
in the literature of palacontology.

In an account of the fossils of the North German Cretaceous in 1840—
41, F. A. RoeMeRr described two Brittle Stars, Ophiura serrata and
Ophiura granulosa, both from the Hanover district. These are the firsl
desceribed species of ophiuroid from the Cretaceous, but in the same
vear (1840) I'. von HageNow published part II of his monograph of the
Cretaceous fossils of Rigen. In this he similarly deseribes two Brittle
Stars, Ophiura (Aspidura) granulosa and Ophiura (Aspidura) subcylin-
drica. As will be seen, one of these names had already been employed
by Rormer, and HacenNow’s species Ophiura granulosa is therefore
invalid.

In 1869 LuTkeN made a critical evaluation of the generic determina-
tion of fossil ophiuroids.

In the following years Cretaceous ophiuroids were treated in several
works, both in Europe and in America.

Part IV of Scapex and SpeENcrer’s monograph of British Fossil
Echinoderms from the Cretaceous appeared in 1907. In this SPENCER
discusses seven ophiuroids from British localities, and of these six
form the basis of new species.

VarerTe, in 1915, deseribed seven species from the chalk around
Sens in France, and five of these species were new.

The first reference to Brittle Stars in Danish geological literature is
in 1926 when Br. Niersex described a new species, Ophiomusium
danicum, in a paper on the limestone of Saltholm.

In 1932 KringuarpT published a biological investigation of living
and fossil Brittle Stars, and in this discusses a Cretaceous form. Krina-
HARDT attempts to explain the regular, symmetrical placing of the arms
in these individuals, but the investigation is of a provisional character
and does not result in any conclusion.

Ciarres T. Berry published (1938) an investigation of Upper
Senonian Brittle Stars from Holland. The material concerned is com-
posed exclusively of single skeletal elements, which are deseribed with
greal precision. They originate from four zones of the chalk, and on the
basis of their relative frequency in these zones BErRRrY draws conclusions
as to their mutual relations. This method is, however, for several rea-
sons, not direetly practicable. 1. Both arm plates and vertebrae vary
very much in appearance from the proximal to the distal part of the
same arm. 2. Several species and genera can have skeletal parts which
it is difficult or impossible to separate from one another. This can apply
both to vertebrae and to arm plates, and can give rise to a fundamental
displacement of the relative frequency. 3. In some genera certain
skeletal parts have been vestigial or absent. This applies, for instance,
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to the ventral and dorsal arm plates in species of Ophiomusium, and arm
plates in species of the order Euryalae. The radial shields of many
Ophiuroids are also quite small and inconspicuous, and would scarcely
be recognised as radial shields if found fossil. 4. Lastly, the more robust
plates would be more casily preserved and, particularly, more easily
found and recognized than the small, delicate plates. It is in fact the
case that lateral arm plates of Ophiomusium are commonly found in
the Danish Cretaceous deposits, while the rather small vertebrae of
this genus are only occasionally found. In accumulations of associated
plates from an individual it has been possible easily to identify
and isolate the robust lateral arm plates, but extremely difficult to
find an even tolerably complete and recognizable vertebra. In one
instance I broke open a well preserved arm in order to extract the
vertebra, but found this to be almost unrecognizable because of erystal-
lization. The tendency to crystallization in Echinoderms is due to the
single-crystal character of the ossicles. These sources of error will
make most difficult any work for which only single plates are available.
BERRY was not sufficiently attentive to these sources of error, when he
combined the plates from the Dutch chalk on a statistical basis. In the
species Asteronyx valkenburgensis vertebrae of the type found in Aster-
onyx (Euryalae) are combined with a radial shield (only three speci-
mens found), and with lateral arm plates, in spite of the fact that such
are wholly vestigial among the recent representatives of this group. In
Platyarthra jekerica lateral arm plates of the type found in Ophiomu-
stum are combined with a type of vertebra which could not possible fit
between these lateral arm plates. To the same species are also referred
large, well developed dorsal and ventral arm plates, in spite of the fact
that the lateral arm plates are of a type which has completely encircled
the arm, and at most allowed quite small, vestigial dorsal and ventral
arm plates. In the species Dolicharthra belemnica one finds a vertebra
of a type which possibly can have belonged to Ophiomusium combined
with rather small radial shields in spite of the fact that Ophiomusium at
the present time has very large, well developed radial shields. To this
species are further referred both dorsal, ventral and lateral arm plates
of types which are not found in Ophiomusium. From our knowledge of
recent ophiuroids it must be regarded as more likely that arm plates
which have belonged to the vertebrae referred to Asteronyx have never
been identified, and that the plates signified by BeErry as D, M and
possibly T, have belonged to a species of the genus Ophiomusium. In
1942 Berry described, similarly on the basis of single plates, an ophi-
uroid, Ophiomusium stephensoni, from the Vincentown limesand in
America. Also in this case plates are united which can scarcely have
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originated in the same species. The species will be further discussed
in the following under Ophiomusium danicum.

From the Danish side Br. NierLsex in his last vears resumed the
study of Cretaceous ophiuroids, but neither concluded his investiga-
tions, nor left notes on this subject. The investigations of which the
following is an account are based chiefly upon the fossil malterial col-
lected by Dr. K. BRUNNICH NIELSEN.

Material,

The occurrence of ophiuroid plates in Danish sediments has previously
been regarded as very infrequent, and a significant material was first
produced by Br. NIELSEN by systematic collection from the Cretaceous
deposits over a period of many years. This collection is mainly composed
of single plates, but includes a few accumulations of disarticulated
plates from single individuals, and also a few fragments of arms with
the plates still in their natural relative positions. Only by using material
of the last mentioned type as a starting point is it possible to obtain a
clear impression of those species which have lived in the Danish
chalk scas.

The reason for there being proportionately so few specimens of
Brittle Stars available is their small size. Normally one would not
notice these small skeletal fragments while collecting fossils, and Br.
NieLseN's material is the result of the handpicking of large samples
after they had been washed and sieved. There is thercfore reason to
believe that a more copious material will be available when the micro-
fossils of these deposits have been collected and investigated.

A large amount of White Chalk was subjected to a natural process
of washing by wave action after a cliff-fall on Moén in 1948, and many
fossils were then washed out of the chalk. Mr. K. Skouv, while collecling
fossils in this material for Professor A. Rosenkrantz, found a part of
an arm of a Brittle Star, and at the same place the author found several
collections of plates originating in single individuals.

A number of rather well preserved remains of Brittle Stars have been
found in the Iinglish chalk, and an investigation of this material has
contributed largely to the identification of the remains from Danish
localities.
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Palaeontology.

An investigation of fossil Brittle Stars shows that these form char-
acteristic specics which it is possible to find and recognize from place to
place. The shape and ornament of the skeletal parts are admirably
suited to the application of palacontological method. It is markedly
more difficult to arrange the fossil species in natural genera. Those
features on which one bases the zoological classification are particul-
arly the skeleton about the mouth, and the armament of teeth and papil-
lac. These characteristics can practically never be observed in fossil
forms, and all generic determinations of Brittle Stars must therefore
be accepted with the greatest reservation. Diagnoses and detailed de-
sceriptions of the genera will therefore be omitted. There can, however,
in some genera, be sccondary characters which are so characteristic
that one may attach importance to them, and these are mentioned in
the following. The introduction of special genera, based on the appear-
ance of arm vertebrae or other frequently found parts of the skeleton,
for fossil species, will hardly be advantageous as long as the number of
fossil species is so small and there is no possibility of relating such a
classification to recent ophiuroids.

It is a noteworthy fact that in the three granulated species discussed
in the following the granulation shows strongly varying coarseness.

Order Ophiurae J. MULLER.
Family Ophiolepidae Liuncuan.

Genus Ophiomusium Lyman 1869,

Dis¢ and arms covered by large, strong plates. Dorsal and ventral
arm plates and spines are small and vestigial. Tentacle pores are not
found on the free portion of the arm. The structure of the arm in this
genus is so characteristic that it is certainly with justification that a
number of fossil species are referred to the genus. Jurassic—Recent.

Ophiomusium danicum Br. NieLSEN.
Plate 12, fig. 1—0.
1926 Ophiomusium danicum Br. NIELSEN, p. 11, fig. 2—4.
?pars 1942 Ophiomusium stephensoni C.. BERRY, p. 393, pl. 60, fig. 1, 4, 11, 22, 23, 24.
1942 Ophiomusium rahbeki nom. nud., BrR. NIELSEN, p. 66.

Diagnosis.—An Ophiomusium with smooth plates. The radial
shields are large, rounded triangular. Dorsal and ventral arm plates are
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quite small and vestigial. The lateral arm plates are very well developed
and have encircled the arm, near the distal edge they bear the impres-
sions of four weak spines.

Type.—The remains of an individual from the Upper Danian of
Saltholm, Denmark depicted by Br. NierLsen in 1926 is the holotype.
Collection of the Minceralogical Musceum.

History.—Ophiomusium danicun was cestablished by Br. NIELSEN
in 1926 on the basis of the remains of a single individual. It has not
since been mentioned in the literature. In 1942 Br. NIELSEN mentioned
(p. 66) the discovery ol a flint impression of an Ophiomusium which he
named rahbeki. This species has, however, not been described, and the
individual in question scems to have belonged to Ophiomusium danicum
(PL. 12, fig. 1.).

In the same vear, 1942, C. Berry established a species, Ophiomusium
slephensoni, on the basis of single plates. Some of these plates seem to
represent a species which is identical with, or very closely related to
0. danicum.

Deseription.—The greater part of the aboral surface has been
covered by the large radial shields. These have a triangular outline
with rounded corners, and the length is about one and a hall times
the breadth. The plate is slightly tumid, and arched round the short
axis. The surface is smooth. It has a depressed margin and bevelled
edge. The inner, or adoral surface is nearly smooth, but can, however,
bear a weak longitudinal ridge, and there is a prominent portion along
the aboral margin which bears two bosses; it is here that the plate has
its greatest thickness. No other dise plates are known with certainty.
There have, however, been found other dise plates at localities where
only this species is common (Saltholm and Svanemollen). These are
supposed to belong to the species, and are,from comparison with the
species Ophiomusium granulosum, desceribed below, interpreted as inter-
radial marginal plates. The interradial marginal plate is short and
broad, with a strongly rounded, triangular outline. It is tumid, and
strongly arched so that the adoral (?) part forms nearly a right angle
with the lateral. The sides are slightly convex. The lower (?) margin is
straight, or with a weak embavment. The inwardly dirceted surface
conforms to the outer, or is a little less curved, so that the plate has its
greatest thickness in the middle.

The arm has an almost circular cross-section, and is completely
encireled by the strong lateral arm plates which have been in contact
on both dorsal and ventral sides, leaving room for only quite small
dorsal and ventral arm plates. It appears from the shape of the lateral
arm plates that these small, vestigial plates have been present, but the
plates themselves have not been found, and are not visible in the individ-
ual found on Saltholm. It is quite inconceivable that such a small
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plate should be found isolated, and identified, but on the flint impres-
sion referred to by Br. NieLseN in 1942 there is confirmation that the
plate has been present.

The lateral arm plates are semi-cylindrical in form; the plate being
curved about the arm. The slightly depressed proximal margin has been
hidden by the preceeding plate. The free part is smooth and slightly
tumid. The distal margin is sharp, and near it are scen the weak impres-
sions of four spines. The lateral arm plates from the right and left sides
meet dorsally and ventrally in large articulations. Only the distal ends
diverge slightly giving room for the vestigial dorsal and ventral arm
plates. The two articulating surfaces lie in the same plane. The upper
articulating surface is very large, and of necarly triangular oulline as it
stretches well in towards the centre of the arm. The ventral articulating
surface forms a narrower border along the ventral margin of the plate.
The concave inner surface of the plate, which faces the vertebra, is
separated into two by a strong comb which stretches from the projection
of the dorsal to the distal part of the ventral articulating surface. In the
distal concavity, just behind the edge of the plate, is found a row of six
small bosses which have been in contact with corresponding bosses on
the depressed proximal part of the outer side of the following plate.
Br. NieLseN has erroncously given the number of these bosses as ten,
and interpreted them as the impressions of spines.

If one holds two lateral arm plates together in their natural position
it is scen that there has only been room for a very small vertebra be-
tween the robust plates. The vertebrae must have been long and thin
like the distal arm vertebrae of other ophiuroids. It has been constricted
in the middle opposite the strong combs of the lateral plates. No verte-
brae which can be thought to have belonged to this species have been
found, in spite of its frequent occurrence. This is, however, hardly
surprising when one takes into consideration that no similar small
vertebrae which can have belonged to the distal parts of the arms of
other species in the Danian have been found. On the other hand large
vertebrae from the proximal parts of the arms of these species occur
with the expeeted frequency. Even in the Senonian White Chalk, where
the condition of preservation is much better, only very few well pre-
served vertebrae of this small size have been found.

Affinity with Ophiomusium stephensoni.—Ophiomusium ste-
phensoni was established by C. BeErry on the basis of finds of single
plates of ophiuroids in the Vincentown limesand of New Jersey. Among
these plates are a radial shield, a lateral arm plate, and an inter-radial
marginal plate all of which, according to Berry’s deseription and
ficures, correspond exactly with the respective plates of O. danicum in
appearance, and it may therefore be assumed that the two species are
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identical or very closely related. BErry further refers large, well devel-
oped dorsal and ventral arm plates, vertebrae and jaws found in the
Vincentown limesand to this species. It clearly follows, however, from
the shape of the lateral arm plates that the species cannot have had
dorsal or ventral arm plates, or vertebrac of the given appearance, and
these plates must therefore have belonged to other species. Whether
the jaw plates have belonged to this species cannot be determined.

The Vincentown limesand has been referred by various geologists to
the uppermost Cretaceous, but most American geologists now include it
in the ocene.

Affinity with other species.—Ophiomusium danicum differs from
those species of the genus which are discussed in the following in the
sharp distal margin and cvenly arched surface of the lateral arm
plates which is not sharply differentiated from the proximal part en-
closed by the preceding joint; further by the smooth surface without
granulation.

Material.—The Danish specimens are in the collection of the Minera-
logical Museum. 1. Holotype. Remains of an individual showing arm
fragments and a radial shield. Upper Danian, Saltholm in Denmark.
PlL. 12, fig. 2.

2. Flint impression showing the dorsal surface of a small individual
which has presumably belonged to this species. Found by Raunsek, and
mentioned by Br. NieLseN in 1942 as Ophiomusium rahbeki. Dull black
flint, presumably Danian. Erratic in Denmark. PI. 12, fig. 1.

3. Several isolated lateral arm plates and radial shields found in
Denmark. Upper Danian, Saltholm, Copenhagen (Svanemdalle Bay).

4. To the same species possibly belong lateral arm plates, radial
shields and inter-radial marginal plates from the Vincentown limesand
in New Jersey. They are described by C. Berry as Ophiomusium sle-
phensoni.

Occurrence.—Upper Danian in Denmark. Danian? New Jersey.

Ophiomusium granulosum (RoeMER).
Plate 13, fig. 1—4. Plate 14, fig. 1—3.

1840 Ophiura granulosa ROEMER, (non HAGENOW), p. 28, pl. 6, fig. 22.

1847 Ophiura pustulosa J. MULLER, p. 6.

1850 Ophycoma granulosa, d’ORBIGNY, p. 274.

1869 Ophicoma granulosa, LLUTKEN, p. 77.

1907 Ophiura granulosa, SPENCER, p. 111.

Diagnosis.—An Ophiomusium whose arms are completely encireled

by strongly swollen lateral arm plates which give the arm joints a more
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or less globular appearance. Dorsal and ventral arm plates are quite
small and vestigial. The lateral arm plates and radial shields bear a
scattered granulation.

Type.—The arm fragment deseribed by Roemer in 1840 from the
Quadratus zone, Lindener Berge near Hanover in Germany.

History.—Ophiura granulosa was desceribed by RoeMeR in his mono-
graph of the fossils in the North German Cretaceous arca, 1840—41.
The description is found in the first part, published in 1840. In the same
yvear, 1840, Hacenow published the second part of his monograph of
the fossils of Riigen in which he similarly established an Ophiura
granulosa. In this connection J. MuLrLer writes, (1847, p. 6) “Von
Hagenow hat die Prioritiat des Namens granulosa fir sich, dic von
Roemer beschriebne Art mochte daher um Verwirrung zu vermeiden,
pustulosa zu benennen sein.” An invesligation shows, however, that if
actually is RoemeRr’s name which has priority, since Roemer’s work
was published so carly that it is cited on page 591 of Neues Jahrbuch
1840, while HacENow’s publication appears on page 660 of the same
volume of this periodical.

On the basis of RoemeR’s illustration d’OrsBiGNy established a new
genus, Ophycoma, characterised by the small dorsal arm plates. LUTken,
on the other hand, objects (p. 77) that one cannot establish a genus on
so slight a basis. SPENCER, in 1907, interpreted the same arm fragment
as Lhe distal part of an arm supposedly belonging to the genus Ophioli-
lanos.

Deseription.—Ophiomusium granulosum has hitherto been known
only from one specimen, and is thus described: “Die Arme sind wal-
zenformig und bestehen aus gewolbten, seitlich durch cine Furche
getrennten, deutlich gekornten Seitenschildern; wo sich deren vier be-
rithren, liegt cin kleines, dreieckiges Schildehen dazwischen.” It is seen
from this description that a species with small, vestigial dorsal and
ventral arm plates is concerned, and it is therefore likely that it has
belonged to the genus Ophiomusium.

During a study visit to England I noticed in the collection of the
Sedgwick Muscum in Cambridge an arm fragment from the Lewer
Senonian of Kent which exactly matched Rormer’s figure. A short
while later Dr. A. G. Briguron sent me an unusually fine individual
from the Senonian of Sulfolk. This individual shows not only the
appearance of the arm, but the oral surface of the dise as well. Finally,
the connected remains of an individual from the Senonian of the Isle
of Wight were found in the collection of the Mineralogical Museum in
Copenhagen. On the basis of these individuals it is now possible Lo give
a more exact deseription of the species.

The aboral surface is unknown. Among the remains from the Isle
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of Wight is a large radial shield; it has a triangular outline with strongly
rounded corners, a nearly smooth surface, bevelled margins and scat-
tered, well developed granules.

The oral surface is seen in the well preserved individual from Suf-
folk, in this specimen the plates are somewhat disturbed, but in the
sketeh, plate 14, fig. 2, they arc shown in their natural positions. The
arms are prolonged on the oral surface by two well developed shield-
shaped ventral arm plates with corresponding lateral arm plates. Be-
tween the ventral and lateral arm plates is found a large tentacle pore.
In continuation of the innermost lateral arm plate lies the adoral
shield. The genital plate lies in the interradius at the side of the arm;
it meets a large, tumid interradial marginal plate. Adoral to this are
found two smaller plates. Between the adoral shields lies the oral
shield. The jaws are unknown.

The arms have an almost circular cross section and are completely
encireled by the powerful lateral arm plates which meet cach other
both dorsally and ventrally. Dorsal and ventral arm plates are quite
small and triangular. Tentacle pores do not occur on the free part of
the arm. The lateral arm plates are rather tumid, so that the individual
arm joints are more or less spherical. The distal joints are, however,
more slender, nearly eylindrical with a slight distal swelling. The prox-
imal part of the lateral arm plate, which has been enclosed by the
preceeding joint, is not sharply demarcated from the remainder of the
plate. Near the distal margin of the plate are found the weak impres-
sions of four spines. The f[ree surface bears scattered granules. This
granulation is slight on the individual from Suffolk while it is prominent
on that from the Isle of Wight. The lateral arm plates from the two sides
meet cach other in two large articulations of which the upper, and larger,
has a nearly triangular outline. From this a comb extends down towards
the distal portion of the lower articulation leaving only place for a small
vertebra. Four small bosses occur on the proximal outer, and distal
inner margins of the lateral arm plates where these overlap. The distal
arm joints are slender and ceylindrical or with a slight distal swelling..
The vertebrae have been small and slender, but none suitable for more
exact description has been observed.

Affinity with other species.—Ophiomusium granulosum agrees in
the structure of both arm and disc with the genus Ophiomusium; it
differs from other species of this genus in the coarse granulation and
swollen form of the lateral arm plates.

Material.—1. Holotype. Arm fragment. Upper Senonian. Zone of
Actinocamax quadratus') Lindener Berge near Hanover, Germany.

2. Individual showing ventral side of disc and arms. Upper Senonian,

1) Prof. dr. E. Voigr informed me of the stratigraphical position.
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lower part of Belemnitella mucronata zone. Coe’s Pit. Bramford, near
Ipswich, Suffolk. Collection of the Sedgwick Museum, Cambridge.
Pl. 13, fig. 1, 2. PL. 14, fig. 1—3.

3. Connected lateral arm plates and radial shield. Upper Senonian,
zone of Belemnitella mucronala. Isle of Wight.

Collection of the Mineralogical Muscum. Pl. 13, fig. 3—4.

Occurrence.—Upper Senonian, Germany. Lower and Upper Seno-
nian, England.

Ophiomusium subeylindricum (HaceNow).
Plate 14, fig. 4—6.
1840 Ophiura (Aspidura) subcylindrica HaGENow, p. 661, pl. 9, fig. 7.
1869 Ophiura (Aspidura) subcylindrica, LOTKEN, p. 78.

21907 Ophiura fitchii SPENCER, p. 103, pl. 27, fig. 2.

Diagnosis.—An Ophiomusium whose arm joints are nearly eylin-
drical. The cylindrical free surface is sharply demarcated from the
constricted proximal portion enclosed by the preceeding arm joint. The
distal margin of the lateral arm plates is rounded, and there is no trace
of spines. The dorsal arm plates are quite small and vestigial. Ventral
arm plates are vestigial or wanting.

Type.—The arm fragment from the Upper Senonian of Riigen de-
scribed by Hacexow in 1840 is the holotype.

Desceription.—Ophiura (Aspidura) subcylindrica was described by
Hacenxow as follows: “Die Arm-Stiicke dieser Art sind ein  wenig
schwacher als die der vorigen (“0. granulosa” Hag.), fast zylindrisch,
und erscheinen stiarker gegliedert, indem die Seiten-Schuppen als sehr
vortretende geschlossene Ringe, von den sehr kleinen rautenférmigen
Bauch- und Ricken-Schuppen nicht unterbrochen werden.”

Neither Hacenow’s description nor his figure makes it possible to
identify this species with certainty. There have, however, been found
remains of an Ophiomusium in the Senonian of Denmark and Riigen;
these agree rather well with Hacexow’s deseription and presumably
are identical with Ophiura subcylindrica.

The body is unknown, but radial shields of similar appcearance to
those of other species of Ophiomusitun have been found in the White
Chalk. It is therefore possible that they belong to the same species as
the arm fragment and lateral arm plates which have been found. The
radial shields have a rounded triangular shape, and are slightly arched;
they have a smooth surface and bevelled margin. The inner surface
is provided with a pair of weak bosses on the broad, aboral end. An
interradial marginal plate which possibly also belongs to this species
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has been found in the White Chalk; just as in O. danicum it is triangular
with rounded corners; it is tumid and arched so that the aboral (?)
portion is nearly at right angles to the lateral.

The arm is almost circular in cross-section; it is completely encireled
by the strong lateral arm plates whose free portion forms a cylinder
which is sharply demarcated from the strongly constricted proximal
portion which has been overlapped by the preceeding joint. The distal
margins of the lateral arm plates diverge on the dorsal side making
room for a vestigial dorsal arm plate of triangular outline. The lateral
arm plates meet ventrally over their whole length, and there appears to
have been no ventral arm plate. The broad distal margin is evenly
rounded and there are no impressions of spines. On the constricted
proximal portion, and on the inner surface of the distal portion of the
plate occur five weak bosses. The lateral arm plates from the two sides
have met in large articulations connected by a strong comb on the inner
surface; they only permit the presence of a very small vertebra. This
has been observed by breaking open an arm joint; it is long and slender,
cylindrical or slightly conical with the greatest thickness at the proximal
end. Crystallization renders difficult any detailed investigation of the
very small vertebra.

Affinity with other species.—Ophiomusium subcylindricum is
distinguished particularly by the nearly cylindrical arm joints whose
free portion is sharply demarcated from the strongly constricted prox-
imal portion. This species is further distinguished from others of the
same genus by the broad, blunt distal margin of the lateral arm plates.

In 1907 Spencer described a species, Ophiura filchii, which also
appears to be an Ophiomusium. It has apparently had arm joints simil-
arly cylindrical to those of O. subeylindricum and ventral arm plates
appear to have been wanting, even in that part of the arm which is
included in the oral side of the dise. It is possible that this species is
identical with Ophiomusium subcylindricum.

Material.—The specimens mentioned belong to the collection of
the Mineralogical Museum. 1. Arm fragment. Upper Senonian, Maa-
strichtian. Rordal, near Aalborg, Denmark. Pl. 14, fig. 4.

2. Isolated plates. Upper Senonian, Maastrichtian. Aalborg, Mon,
Dania near Mariager, Stevns Cliff and Enegaarde near Preaesto.

3. A single large plate from the proximal part of an arm is available
from Rigen. It has presumably belonged to the same species as the
other plates deseribed here. Upper Senonian, Maastrichtian.

Occurrence.

Upper Senonian in Denmark, and on Riigen in
Germany.
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Ophiomusium sp.
Plate 15, fig. 1—5.

Both in the Senonian and Danian of Denmark are found a number
of radial shields which it does not seem possible to separate from the
radial shields of Ophiomusium granulosum. In the same places are also
found lateral arm plates of that type which occurs in Ophiomusium;
they have a coarse granulation, but are not tumid and have a much
more slender form than in the species mentioned. The granulation is
most often rather conspicuous. The proximal margin of the lateral arm
plate, which has been hidden by the distal portion of the next older
plate, is not sharply separated from the exposed cylindrical surface. The
distal margin of the lateral arm plate has projected slightly and is often
particularly well supplied with large granules. On the margin, distal
to this granulation, are often seen three or four weak spine impressions.

Material.—Isolated plates from Aalborg (Norre Uttrup, Rordal and
Norden), Enegaarde near Praesto, Fakse, Kagstrup, Korporalskroen,
Rejstrup and Saltholm.

Collection of the Mineralogical Museum.

Occurrence.—Senonian and Danian in Denmark.

Genus Ophiura Lamarck 1816.

Synonym: Ophioglypha Lyman 1865.

The body is covered with scales and often provided with a marginal
embayment over the arms. The ventral arm plates are most often tri-
angular, being broader than long and they do not touch one another.
Arm spines are small, vestigial and compressed. The majority of lesser
known mesozoic Brittle Stars have been referred to this genus, and
similarly two species which cannot certainly be referred to any genus
are mentioned here. Jurassic—Recent.
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Ophiura serrata Rorven.

Plate 16, fig. 1—8.

1840 Ophiura serrata ROEMER, p. 28, pl. 6, fig. 23.
1843 Ophiura serrala, FOrBES, p. 234, fig. 2.
1846 Ophiura serrata, Reuss, 11, p. 58, pl. 20, fig. 26.
1850 Ophiura serrata, ForBEs (in DixoN), p. 337, pl. 23, fig. 2, 3.
1850 Acroura serrala, d’ORBIGNY, p. 274.
1869 Ophioglypha serrata, LOTKEN, p. 73.
1907 Ophiura serrata, SPENCER, p. 102, pl. 27, fig. 3.
1907 Ophiura parvisentis SPENCER, p. 103, 134, pl. 27, lig. 4.
1915 Ophioglypha parvisentis, VALETTE, p. 7, fig. 2.

21915 Ophioglypha gracilis VALETTE, p. 11, fig. 3.

Diagnosis.—The disc and arms are covered by thin, smooth plates.
The radial shields are rather large and pear-shaped. The dorsal arm
plates are large and broad; they touch one another. The ventral arm
plates are narrower, they also touch one another; their distal margins
are broadly bowed. Lateral arm plates are not prominent, their indented
distal margin has carried 4—8 spines; these are compressed, and about
half as long as an arm joint.

Type.

The arm fragment figured by Roemer in 1840 is the holo-
type; it originates from the Quadratus zone, Lindener Berge near
Hanover in Germany.

History.—Ophiura serrala was established by RormeRr in 1840 on
the basis of a small arm fragment from Upper Senonian of Hanover.
This was deseribed thus: “Die Arme sind walzenformig, dinn, etwas
zusammengedriickt und haben oben grob gezahnte und kleine Stacheln
tragende Seitenschilder, welche einerseits von cirunden, kleineren Schil-
dern seitlich getrennt werden.”

Forses, and later Sepexcer have given more complete deseriptions
of the species, which is therefore now fairly well known.

Desceription—A part of the dise showing the large pear-shaped
radial shields is seen only in a single individual (Spe~xcer pl. 27, fig. 3).
On this are also seen the remains of small scale-like plates which have
presumably covered the greater part of the dise.

The arms, which are covered by thin, evenly arched, smooth, com-
pressed plates, can be as much as 3.5 mm. wide at the base with a
nearly circular cross-section. The dorsal arm plates, lateral arm plates
and proximal ventral arm plates areimbricate. The proximal dorsal arm
plates are very large and their breadth is greater than their length; the
distal margin forms a broad, even bow. Distally these plates are relati-
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vely smaller. The ventral arm plates are smaller than the dorsal arm
plates, shield shaped, with a strongly bowed distal margin and weakly
concave sides which form a long narrow V tapering proximally to a
point. Between the distal margin and the side of the plate is found a
quite small excision which has limited the tentacle pore. The proximal
ventral arm plates are only slightly imbricate; only the proximal apex
being covered by the preceding plate. The distal ventral arm plates
are quite separate. The lateral arm plates are evenly arched about the
arm and fit closely without a protruding margin. The margin is smooth
where it meets the dorsal and ventral arm plates, while the free portion
of the distal margin is indented. From four to eight indentations occur,
the greatest number occurring on plates from the proximal part of the
arm. Between the indentations on the distal margin are seen round
impressions of spines. The spines are in several instances preserved,
and their length is from one to two thirds of the length of an arm joint.
Below the lowest indentation on the distal margin of the lateral arm
plate is found a small embayment which, together with the corres-
ponding embayment in the ventral arm plate has formed the margin of
the small tentacle pore. The lateral arm plates are completely separated
dorsally by the dorsal arm plates, but ventrally their proximal apices
meet under cover of the ventral arm plates. In the distal part of the arm
where the small ventral arm plates do not meet one another the lateral
arm plates meet in a suture proximal to the ventral plate. On the inner
surface of the lateral plate occurs a flange which runs from the proximal
margin of the tentacle pore obliquely up towards the upper proximal
corner of the plate. The arm plates are thin and allow the presence of
a large vertebra, whose ventral furrow is deep, but whose dorsal furrow
is shallow. The latter cuts slightly down into the adoral surface which
here has also an embayment such that, when the vertebra is seen from
the dorsal side the dorsal furrow appears to originate in a V-shaped
depression. The dorsal part of the vertebra projects pointedly over the
bosses of the aboral surface.

Affinity with Ophiura parvisentis and other species.—In
1907 Spexcer described a new species, Ophiura parvisentis, on the
basis of a single individual which was said to differ from O. serrata in
that the radial shields were small and inconspicuous, and that the dorsal
arm plates were narrower. An investigation of this individual has
shown that this is an incorreet interpretation. That side of the animal
which is seen in the specimen is not the dorsal, but the ventral, and the
tentacle pores are clearly seen on each side of the ventral arm plates. This
is also seen in SpENcER’s pl. 27, fig. 4 a, where they can at first sight be
mistaken for those indentations which are found in the distal margins
of the lateral arm plates. The identity of this species with O. serrata has
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been established by a comparison of the actual specimens, and those
characters which should separate the two species are a natural conse-
quence of the faulty orientation.

In 1915 VaLeTTE referred two arm fragments to O. parvisentis, both are
quite close to O. serrata, but differ, according to VALETTE, in their nar-
rower dorsal and ventral arm plates. An investigation of the DBritish
examples shows, however, that the two French specimens fall within
the range of variation exhibited by the species, and it is therefore
reasonable to refer these two fragments to O. serrata.

A separate species, Ophioglypha gracilis, is based by VALETTE on
an other arm fragment. According to the description this is close to
Ophiura serrata, and strongly reminiscent of a distal arm fragment of
this species. It seems to be distinguished, however, in the more proximal
position of the tentacle pore on the arm joint, so that the lateral and
ventral arm plates meet in a suture both distally and proximally to the
pore.

Danish Occurrences.—A large number of isolated plates are
known from the Senonian and Danian of Denmark. These were inde-
terminable on the basis of published descriptions, but by comparison
with the well preserved English specimens of ophiuroids it has been
determined that they wholly agree with O. serrata. It is the thin arm
plates with smooth surface, the evenly cylindrical arching, the indented
distal margin with the impressions of 4—8 spines, and the weak, oblique
flange on the inner surface of the lateral arm plate which make these
plates so characteristic and recognizable.

Material.—1. Holotype. Arm fragment. Upper Senonian, Quadratus
zone. Lindener Berge near Hanover in Germany.

2. “Ophiura parvisentis”, type specimen. Oral surface of an individual.
Lower Senonian, Cor-anguinum zone. Kent, England. Collection of the
British Museum (N.H.).

3. An individual and arm fragments from the Lower Senonian, Cor-
anguinum zone, Kent. An arm fragment from the Cenomanian near
Cambridge, England. British Museum (N.H.).

4. Arm fragments of “Ophioglypha parvisentis”. Lower Senonian,
Coniacian. Rosoy, France. Upper Senonian, Campanian. Sens, France.

5. Isolated arm plates and vertebrae. Senonian and Danian, Den-
mark. Collection of the Mineralogical Museum.

6. Isolated arm plates. Upper Senonian. Riigen, Germany. Minera-
logical Museum.

Occurrence.—Cenomanian to Lower Senonian in England; Lower
and Upper Senonian in France; Upper Senonian in Germany; Upper
Senonian and Danian in Denmark.
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Ophiura ? hagenowi n. sp.
Plate 17, fig. 1—5.
21840 Ophiura (Aspidura) granulosa HacENow, (non ROEMER), p. 660, pl. 9, fig. 6.

1900 Ophiura (?subcylindrica HAGENOW), BRYDONE, p. 12.

Diagnosis.—Brittle Stars, whose arms have a strongly rounded
triangular cross-section and are covered by plates with a granulated
surface. The dorsal arm plates are slightly arched and broadly rhomb-
oidal; their two oblique distally directed sides are concave, producing a
median and two lateral prominences. In the proximal part of the arm
the ventral arm plates are broad, with a rounded, weakly bowed distal
margin. The lateral arm plates project and have about eighteen indenta-
tions on the distal margin. Small spines have been attached between
the lowermost of these indentations.

Type.—The presently described arm fragment from Trimingham in
England is the holotype. Sedgwick Museum, Cambridge.

Description.—This species is only known from arm fragments and
isolated arm plates. The ventral surface of the arm is nearly flat, while
the sides and dorsal surface are evenly arched. The plates are imbricale.
The dorsal arm plates are large and broad with an evenly arched
surface; their proximal margins are covered by the distal margins of
the preceding plates, while the sides are concave and have met the
upper margins of the lateral arm plates. This distal margin forms a
broad, median, distally directed tongue which is separated from the
lateral projections which meet the distal margin of the lateral arm plate
by weak embayments. The ventral arm plates are rather large and
broad, with a slightly undulating surface, there being a weak median,
and two lateral depressions. The sides are straight and have notch for
the tentacle pore slightly distal to the middle. The distal margin is
slightly unevenly rounded. The lateral arm plates from the two sides
meet neither dorsally nor ventrally; they are evenly arched with a
fold between the lateral and ventral portions. The distal margin is
indented, there being about eighteen indentations on each plate. The
uppermost six of these are opposite the dorsal arm plate. Spines have
been attached between the lowermost indentations, and the impressions
of the lowermost of these spines are the most pronounced. The weaken-
ing of the impressions upwards has prevented the certain observation
of more than six, although there may have been more. The distal margin
is narrow dorsally, and broader ventrally; it has a smooth, bevelled
portion distal to the spines. The proximal portion of the lateral arm
plate is covered dorsally by the dorsal arm plate, on the side by the
distal margin of the proximally next plate and ventrally by the ventral
arm plate. On the proximal margin, where lateral and ventral portions
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meet, are found a pair of bosses, and below these a depression which
extends into the free portion of the plate. Granular ornament is only
found on the exposed portion of the surface. The distal portion of the
ventral margin of the lateral arm plate meets the ventral arm plate. A
notch which, together with the corresponding notch in the ventral arm
plate, forms the margin of the small tentacle pore, is found just proximal
to the distal margin of the lateral arm plate, below the lowest spine.
The length of the spines is from 1/ to 2/, that of a joint. The ornament
of the arm plates is composed of granules, which seem to vary consider-
ably in coarseness. This variation is seen both in the English material
(arm fragments) belonging to this species, and in the isolated arm plates
from Denmark and Riigen. On the lateral arm plates the granulation is
often most coarse dorsally. The inner surface of the lateral arm plates
bears a weak comb which extends from the proximal dorsal corner to
the ventral margin just proximal to the tentacle pore. On the distal
concave portion are found a pair of bosses which have been in contact
with bosses on the proximal margin of the succeeding lateral arm plate.
The comb is much weaker than in the species referred to Ophiomusium,
and the plates from the two sides of the arm have, moreover, nol met
rach other; there is room for a vertebra which is much larger than that
of Ophiomusium.

The vertebra is, seen from the aboral side, high and narrow: nearly
wedge-shaped, with the greatest breadth ventrally. Seen adorally the
vertebra appears to have about the same height as breadth; this is
caused by the wing-like expansion of the proximal margin of the
vertebra. The upper canal furrow is shallow, but it extends with about
the same depth to the distal end of the vetrebra. The median upper
articulation boss on the adoral surface is very large and is divided into
right and left halves by a weak furrow. On each side of the ventral
canal furrow is found a proximal and a distal concavity. In this species
the distal concavity is of quite small size.

Affinity with other species.—F. von HaceENow established a
species Ophiura (Aspidura) granulosa in 1840, from the White Chalk of
Riigen. It was described thus: “Sehr ahnlich der bei Goldfuss abgebil-
deten O. loricata; die bisher nur gefundenen Bruchsticke der Arme
gehoren Individuen an, welche jene um das Doppelte und Dreifache an
Grosse und Stirke tibertreffen; sie sind ziemlich plattgedriickt und ihre
Oberflache ist zart gekornt. Die Riicken-Schuppen aber laufen nach
vorne in 3 Spitzen aus. Die Bauch-Schuppen sind queerrhomboidal,
nach vorne ebenfals etwas ausgezackt. Gelenk-Flachen abgefallener
Stacheln sind nicht bemerkbar.” The description and figures of “O.
granulosa” do not make it possible to identify this species with certainty.
The granulation of the plates and the triple division of the dorsal arm
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plates suggest, however, that this species is identical with the presently
established O. hagenowi of which remains have also been found at
HaceEnow’s locality, Riigen. As mentioned on p. 106 the name O.
granulosa is not valid for this species.

0. hagenowi differs from O. substriata, both in the form of the arm
plates and in the ornament of the ventral arm plates. There is no sure
evidence for affinity with the genus Ophiura.

The Danish Finds.—Apart from a series of isolated arm plates,
there has been found an arm fragment of this species in the White
Chalk of Mon. The fragment shows a somewhat coarser ornamenta-
tion than in the rest of the Danish material, but it is, however, probable
that it has belonged to the same species as these.

Material.—1. Holotype. Arm fragment. Mentioned by BRryponE,
1900, p. 12, as Ophiura (? subcylindrica HacExow). Upper Senonian,
Maastrichtian. Trimingham, England. Sedgwick Museum Collection.
Pl. 17, fig. 1—2.

2. Arm fragments. Upper Senonian, Mucronata zone. England.
WricHT’S Collection, London.

3. Isolated arm plates from the Upper Senonian, Maastrichtian.
Denmark, and Riigen in Germany. Collection of the Mineralogical Mu-
seum.

4. An arm fragment possibly belonging to this species. Upper Seno-
nian, Maastrichtian, Mon Cliff, Denmark. Collection of the Mineralogical
Museum.

Occurrence.—Upper Senonian, England, Germany and Denmark.

Ophiura ? substriata n. sp.
Plate 18, fig. 1—9.

Diagnosis.—Brittle Stars whose arms are oval in cross-section,
being broader than high and with nearly flat dorsal and ventral sur-
faces. The proximal dorsal arm plates are short and broad; the distal,
rhomboidal. The ventral arm plates are quite narrow and strongly
arched about the long axis of the arm. The lateral arm plates project
distally and bear marginal spines which are half as long as an arm
joint. The surface of the dorsal and lateral arm plates is closely beset
with granules, while that of the ventral arm plates is finely and irre-
gularly longitudinally striated.

Type.—The presently described individual from the Lower Senonian
of Kent, England is the holotype. British Museum (N.H.).

Description.—The body is unknown. The arms are oval in cross-
section, being markedly broader than high. The dorsal surface is
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nearly flat while the ventral arm plates project somewhat as a narrow
longitudinal keel on the ventral side of the arm.

The dorsal arm plates are very broad and imbricate, particularly
in the proximal part of the arm; they have a distally directed, rounded
apex. The distal dorsal arm plates are rhomboidal.

The ventral arm plates are wedge-shaped or shield-shaped, quite
narrow and tumid, and they are in contact. The distal margin is very
strongly arched and is prolonged into a lateral apex at about the middle
of the plate opposite the junction of two lateral arm plates. The ventral
arm plate has a rather short concave side proximal to this apex. The
proximal margin is V-shaped, but in the greater part of the arm it is
covered by the distal margin of the adorally next plate. The plate is
provided with oblong granules forming a lineal ornament.

The lateral arm plates are evenly arched, without any abrupt flexure
between lateral and ventral portions. The lateral arm plates from the
two sides are widely separated dorsally, while ventrally they are only
slightly separated and in the distal portion even in contact proximal to
the ventral arm plate. The distal margin of the lateral arm plate is
somewhat projecting, the edge is rounded and has borne about eight
spines. The free distal portion of the lateral arm plate is evenly arched
and closely beset with granules; it grades into the proximal part which
is covered by the distal margin of the preceding plate. Near the ventral
edge of the proximal margin are found a pair of weak bosses, and a
depression which extends distally to the free portion of the plate. Just
proximal to the distal margin, below the lowest spine, is a notch, which
together with the concave side of the ventral arm plate has formed the
margin of the tentacle pore. The concave inner surface of the lateral
arm plate is divided by a blunt comb which extends from the proximal
dorsal corner to the ventral margin just below the tentacle pore.

A single vertebra has been observed: the adoral and aboral surfaces
are markedly sloping, so that the dorsal side does not extend over the
aboral articulations.

Affinity withotherspecies.—In its granulation Ophiura substriata
is reminiscent of 0. hagenowi, but the lateral arm plates are more
tumid and have a rounded distal margin without indentations; it di-
verges further in the breadth of the dorsal arm plate, the form and
ornament of the ventral arm plate and in the appearance of the vertebra.

There is no basis for a certain generic determination.

The Danish specimens.—A large number of granulated lateral
arm plates similar to the corresponding plates of O. substriata have
been found in the White Chalk near Aalborg. They differ from the
English specimen in a coarser granulation. The plates are evenly ar-
ched and slightly tumid. The dorsal margin is straight, and the ventral
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has a notch which has bounded the tentacle pore, close to the distal
margin. The distal margin is evenly bowed, and the exposed surface is
closely beset with very coarse granules. The proximal portion of the
lateral arm plate is smooth; it has been covered by the distal margin
of the preceding plate. There is a suggestion of a pair of bosses on the
proximal margin, the distal margin is smooth. At the junction between
the outer surface and the distal margin, are eight particularly powerful
double granules which have formed the points of attachment of eight
spines. There is a weak furrow on the inwardly directed surface; it
runs from the tentacle pore notch up towards the proximal part of the
dorsal margin of the plate. Proximal to the furrow is found a weak
keel, here the plate has its greatest thickness and from here it slopes
steeply towards the proximal margin, more gently towards the distal.

Apart from these lateral arm plates, shield-shaped ventral arm
plates with the characteristic longitudinal striation of this species, and
also broad, V-shaped dorsal arm plates are found in the chalk near
Aalborg. These plates collectively show with certainty that Ophiura
substriata has lived in the Senonian sea about Aalborg. Isolated arm
plates have also been observed in the White Chalk of Riigen.

Material.—1. Holotype. Arm fragment. Dover, Kent, England.

C. F. CockBurN Bequest. British Museum (N.H.).

2. Arm fragment. Lower Senonian, Cor-anguinum zone. High Stack
Bay, England. Wricnt’s Collection, London.

3. Isolated arm plates. Upper Senonian, Maastrichtian. Riigen, Ger-
many. Aalborg (N. Uttrup, Blegkilde), Denmark. Collection of the
Mineralogical Museum.

Occurrence.—Lower Senonian, England. Upper Senonian, Ger-
many and Denmark.

Family Amphiuridae Liuneman.
Genus Amphiura Forpes 1842,

Brittle Stars with long thin arms provided with short uniform errect
spines. Cretaceous—Recent.

Amphiura (?) senonensis (VALETTE).
Plate 15, fig. 6—10.
1915 Amphiura senonensis VALETTE, p. 16, fig. 6.
Diagnosis.—A Brittle Star whose arms are oval in cross-section,
the breadth being distinetly greater than the height. Dorsal arm plates
are large and broad; ventral arm plates shield-shaped, widespread
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distally. The lateral arm plates are broad proximally, and meet the
oblique proximal margin of the ventral arm plates, the distal portion
projects and has borne three outwardly directed spines.

Type.

Amphiura senonensis is established on the basis of the indi-
vidual from the Campanian at Sens, figured by VaLeTTE, 1915, p. 16,
fig. VI, 1. This individual is the type.

Description.—Apart from the two arm fragments described by
VALETTE, an arm fragmenl from the Upper Senonian in England, and
another from the Upper Senonian of Denmark are known. Associated
skeletal parts and single arm plates are furthermore found at a num-
ber of Danish localitics.

The disc is unknown. The arms are oval in cross-section, the breadth
being greater than the depth, but the degree of depression is, however,
very different in the two individuals figured by VaLerTE. The individual
from Aalborg lies between these two extremes of arm depression. The
dorsal arm plates are large, broad and more or less wedge-shaped,
with a bowed distal margin; they are imbricate. The ventral arm
plates are shield-shaped and tumid; in the English specimen they are
weakly ridged. The distal margin is strongly bowed and produced in
lateral processes; the sides are markedly concave, and the proximal
margin broadly V-shaped. The plate is arched about the long axis of
the arm, the inner surface having the form of a furrow. The ventral
arm plates are slightly imbricate. The lateral arm plates are divided by
a depression parallel to the proximal margin into a broad proximal
portion and a more narrow, projecting, distal portion. The broad
proximal portion meets the proximal margin of the ventral arm plate;
the narrower distal portion, together with the concave side of the ven-
tral arm plate has limited the large tentacle pore. Along the distal mar-
gin of the lateral arm plate are attached three strong spines. VALETTE
states that the impression of the middle spine is the strongest, but no
marked difference has been determined in the material investigated by the
author. The spines have been strong and as long as one or two arm
joints. The vertebra agrees with the arm in being rather broad and
shallow. The upper canal furrow cuts rather deeply on the proximal
articulation surface and interrupts the projecting edge of the upper
muscle attachment. This interruption is also clearly seen on the distal
articulation surface.

Affinity with otherspecies, and with the genus Amphiura.—
Amphiura senonensis is referred to the genus Amphiura on the basis of
a certain similarily with A. cretacea Spexcer. The long, powerful arm
spines are, however, an argument against this reference, for they are
not known in this genus. The presently described species differs from
the rather older A. cretacea in only possessing three arm spines while
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A. cretacea has five according to SPENCER (1907, p. 107). During an
investigation of A. cretacea, the author could, however, only observe
four spines.

Material.—1. Two arm fragments described by VarLerte, Upper
Senonian, Campanian. Sens and Michery, France.

2. Arm fragment. Upper Senonian, zone of Actinocamax quadratus.
Palching Hill, Worthing, England. Collection of the British Museum
(N.H.). PL 15, fig. 6—8.

3. Arm fragment. Upper Senonian, Maastrichtian. Blegkilde near
Aalborg in Denmark. Collection of the Mineralogical Museum. PIl. 15,
fig. 9.

4. Associated remains of individuals from the Upper Senonian,
Maastrichtian, in Denmark. Aalborg (Rordal, Blegkilde, “Danmark”,
Norden and Norre Uttrup), Eerslev and Stevns Cliff. Mineralogical
Museum.

5. Single plates from the Upper Senonian, Maastrichtian. Riigen in
Germany. Aalborg, Eerslev, Stevns and Enegaarde in Denmark. Mine-
ralogical Museum.

Occurrence.—Upper Senonian of France, England, Germany and

Denmark.

Family Ophiacanthidae Perrir.

Genus Ophiacantha MULLER & TROSCHEL 1842.

Brittle Stars whose lateral arm plates are provided with powerful
errect spines, of which the uppermost are generally the longest. Tent-
acle pores are small. Cretaccous—Recent.

Ophiacantha ? sp.
Plate 18, fig. 10.

A number of lateral arm plates belonging to a hitherto unknown
Brittle Star have been found in the Senonian and Danian deposits of
Denmark. I will only describe the appearance of the plates since so
far only lateral arm plates (most of which have been damaged) have
been found. It would not be advantageous to establish a species on so
slight a basis.

Description.—The lateral arm plates are rather short and strongly
arched round the arm. The distal part of the plate is sharply demarcated
from the constricted proximal part; it forms an evenly sloping surface
which ends in the sharp distal margin. Proximally on this sloping sur-
face are found seven or eight powerful bosses which have formed the
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points of attachment of projecting spines. In the adoral part of the arm
the lateral arm plates have met in a suture both dorsally and ventrally,
while aborally they have diverged sufficiently to allow the presence of
dorsal and ventral arm plates. A notch for the tentacle pore is seen in
the ventral margin of the plate just proximal to the distal projection.
The inner surface of the plate bears a weak ridge just proximal to the
tentacle pore and parallel with the proximal margin. From this the sur-
face slopes steeply towards the proximal margin, and more gently
towards the distal.

Certain generic determination is not possible.

Material.— 1. Lateral arm plates. Upper Senonian, Maastrichtian.
Aalborg (Rérdal and N. Uttrup), Mon. Mineralogical Muscum.

2. Lateral arm plates. Danian. Fakse, Herfolge and Stevns Cliff.
Mineralogical Muscum.

Occurrence.—Senonian and Danian in Denmark.

Order Euryalae J. MULLER.
Family Asteronychidae VerrirL.

Genus Asteronyx MurLrLer & TroscuerL 1842.

Brittle Stars with unbranched arms. Vertebrae with hour-glass shaped
articulation facets. Large radial shields. Dorsal arm plates wanting;
lateral arm plates vestigial. Cretaceous—Recent.

A number of vertebrae which must be referred to the order Euryalae
because they bear hour-glass shaped articulation facets have been
found in the Danish Cretaceous deposits. There has not been found
any trace of those hooks which occur on the arms of one of the families
referred to the Euryalae. Also, there have not been found any vertebrae
which show that the arms have been branched, as is the case in some
of the genera of Euryalae. Only simple vertebrae are known, and no
corresponding arm plates have been found; this agrees with the fact
that recent representatives of this order have quite small, vestigial arm
plates. The vertebrae found in the Cretaccous deposits can, with re-
servation, be referred to the genus Asteronya.

Asteronyx ? ornatus n. sp.
Plate 18, fig. 11.
Diagnosis.—A Brittle Star whose vertebrae have hour-glass shaped
articulation facets and an irregular coarse granulation on the outer margin.
Type.—The presently described plate from the White Chalk of Stevns
Clifl is the holotype. Mineralogical Museum, Copenhagen.
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Description.—The outline of the vertebrae is circular to oval,
height being greater than breadth. The adoral surface bears a vertical
hour-glass shaped articulation facet on the central slightly raised por-
tion. The aboral articulation surface slopes proximally below so that
the length of the vertebra is greater dorsally than ventrally; it is provided
with a horizontally placed hour-glass shaped articulation facet. The
nearly cylindrical outer surface is broken only by the dorsal and ven-
tral furrows; it is provided with a strong, coarse ornamentation of ir-
regular round and oblong granules.

No other plates have been found which can be presumed to belong
to this species, and it is likely that the superficial plates of the disc and
arms have been vestigial as they are in recent species.

Material.—Isolated vertebrae. Upper Senonian, Maastrichtian. Ri-
gen in Germany. Aalborg (N. Uttrup, Rordal and “Danmark™), Eerslev,
Enegaarde and Mén in Denmark.

Collection of the Mineralogical Museum.

Ocecurrence.

Upper Senonian, Germany, Denmark.

Asteronyx ? sp.
Plate 18, fig. 12.

Only a few vertebrae of the type occurring in Asteronyax have been
found in the Danish Danian deposits. It is, however, remarkable that
they are all clearly different from the common type in Danish Senonian
White Chalk, and there is therefore reason to believe that they have
belonged to an other species.

Description.—The adoral surface of the arm vertebra is nearly
circular, with notches for the dorsal and ventral furrows. On the central
slightly raised portion is found a projecting hour-glass shaped vertical
articulation facet. On the ventral part of the surface, on cach side of
the ventral furrow notch, occurs a large, often deep socket. The aboral
surface has an outline similar to that of the adoral, on the central part
is found a projecting hour-glass shaped, horizontal articulation facet,
whose two projecting portions continue downwards into a weak eleva-
tion on the surface of the vertebra on cach side of the ventral furrow.
The outer surface is smooth and strongly concave, so that it attains the
character of a furrow running round the vertebra, broken only by the
dorsal and ventral furrows. There is a constriction of the outer surface
on each side of the ventral furrow, caused by the two sockets on the
adoral surface.

Collection of the Mineralogical Museum.

Occurrence.—Senonian and Danian in Denmark.



Stratigraphy.

The infrequent occurrence of Brittle Stars, and their rather great
vertical distribution in Cretaceous deposits cause the majority of them
to be unsuitable for the stratigraphical determination of Cretaceous
zones. On the other hand, asteroids seem to be particularly valuable
in this respect, as SPENCER (1913) has stressed.

In practice, however, they seem to have been very little used in
stratigraphical work. This is without doubt due to the fact that the di-
agnoses and discriptions of these complicated animals have not been
very satisfactory, just as knowledge of their morphology, growth and
variation has been very incomplete.

The occurrence of certainly determined asteroids and ophiuroids
at a series of well known Danish localities is shown in Table 1. It is
seen that only two species of asteroids, and one ophiuroid, are common
to the Senonian and Danian. The Senonian includes only Maastrichtian
(with Discoscaphites constrictus), while there have as yet neither been
collected asteroids nor ophiuroids from the small occurrence of Cam-
panian (with Botrychoceras polyplocum and Acanthoscaphites tridens).
There can be distinguished between a Lower and an Upper Maastrich-
tian, or Ménian and Stevnsian (TROELSEN, 1937. BroTzeN, 1945, p.
59), on the basis of the fauna. Metopaster tumidus gives way in the Upper
Maastrichtian to M. poulsenii, and there seems to be a few other dif-
ferences in the asteroid faunas of these two zones, but the material is
not sufficient to draw sure conclusions. It does not scem, as was previ-
ously thought (SpENcERr, 1913, p. 119), as though a smooth, younger
rariety of Melopaster undulalus exists, but this species continues with
its common granulous form right to the top of the Senonian.

No asteroids are known from the lowermost zone of the Danian, the
Cerithium-limestone (Opum’s zone A). The remainder of the Lower
Danian and the Middle and Upper Danian (Opum’s zones B, C and D)
are characterized by the echinoids Tylocidaris 6dumi -+ abildgaardi, T.
briinnichi and T. vexillifera. The distribution of asteroids is in full
agreement with this division of the Danian.

A series of Danian localities, whose stratigraphical position is deter-
mined on the basis of the asteroids, is shown in Table 2. The majority
of the localities given in the table have been described by Opum (1926).



124

It is of interest that the only asteroid and the only ophiuroid which
are known from the Vincentown limesand in New Jersey seem to be
identical with, or very closely related to species from the Danish Danian.
This, and similar conditions in other elements of the fauna, indicates
that the Vincentown limesand should be referred to the Danian, and
not, as is now generally the case, to the Eocene.
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Table 1.

Distribution of certainly determined Asteroidea and Ophiuroidea in
Cretaceous deposits')

the Danish
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1) The Lower Cretaceous, Cenomanian, Campanian, and the Lower Danian Ceri-
thiumLimestone have yielded no determinable Asteroids or Ophiuroids and are not

included in this table.
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Table 2.
Some Danian localities zoned by characteristic Asteroidea.
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Dansk sammendrag.

Kridttidens sostjerner og slangestjerner med szerlig hensyntagen til
de i Danmark fundne arter.

Ved studiet af engelske og danske samlinger og et stort nyindsamlel
dansk materiale er kendskabet til kridttidens sostjerner og slange-
stjerner udvidet, og det er blevet muligt at give mere nojagtige be-
skrivelser og diagnoser end hidtil, ligesom det er muligt at fa et indtryk
af vaekststadierne og den individuelle variation hos enkelte arter.

Pa grundlag af de nye iagttagelser gennemgas de danske og enkelte
udenlandske soststjerner og slangestjerner fra kridttidens aflejringer.

Foruden isolerede skeletdele kendtes tidligere rester af 11 individer
fra Danmarks skrivekridt. Disse var beskrevet som 10 arter. Nu kendes
fra skrivekridtet rester af 78 individer fordelt pa 12 arter. De to domi-
nerende arter er reprasenterel med 28 og 17 individer. De nye fund
viser, at flere af de tidligere beskrevne “arter” kun reprasenterer indi-
viduelle variationer i storrelse og ornamentering. Ved den nye tolkning
af arterne far ogsd faunaens sammensaetning et mere troveaerdigt praeg.

Der beskrives 39 tidligere kendte og tre nye arter samt rester af yder-
ligere tre arter af sostjerner. 5 af de beskrevne arter kendes ikke fra
Danmark.

I de senere ar er beskrevet en del arter af slangestjerner pa grundlag
af isolerede skeletdele, som er kombinerel 1 overensstemmelse med
deres relative hyppighed. Denne metode synes ikke umiddelbart an-
vendelig. Flere af de kombinerede skeletdele er anatomisk uforenelige,
og yderligere viser det danske materiale, at skeletdelenes relative hyp-
pighed afhasenger ikke blot af arternes hyppighed, men tillige af hvor
store og robuste skeletdelene er.

Der beskrives 5 tidligere kendte og 3 nye arter samt rester af yderligere
tre arter af slangestjerner. Een af de beskrevne arter kendes ikke fra
Danmark.

Stratigrafisk er bade sosljerner og slangestjerner egnede til at ad-
skille senon og danien. Sostjernerne er tillige velegnede til at adskille
nedre og ovre maastrichtien og nedre, mellem og ovre danien i Danmark.

Den fra Vincentown limesand i New Jersey beskrevne sostjerne og
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slangestjerne synes at veare identisk med eller ganske nzert beslagtet
med arter fra danien i Danmark og taler for at henfore Vincentown
limesand til danien.

Sestjerner.

Metopaster.—De til denne slaegt henregnede arter stir de recente
slaegter Pentagonaster, Tosia og Ceramaster ganske neer. Arterne Meto-
paster dividuus og Ravniaster granulatus henfores her til Ceramaster. De
ovrige som arter af Ravniaster og Mitraster beskrevne sostjerner er
enten selvstendige arter af slegten Melopaster (Ravniaster planus, R.
carinatus, R. maculatus, Mitraster hunteri og delvis M. hunteri leevis)
eller er unge individer af allerede kendte arter af denne slegt og kan
indordnes i nedenstaende veekstraekker:

Ravniaster simplex — delvis Mitraster hunteri lcevis — Metopaster
poulsenii — Metopaster stevensensis.

Ravniaster virgineus — Metopaster tumidus.

Ravniaster leevis — Melopaster leevis.

Mitraster compactus — Metopaster parkinsoni.

Mitraster rugatus” — Metopaster cingulatus — Metopaster uncatus.

Mitraster rugatus — Metopaster hunteri.

Ceramaster.—Til slegten Metopaster har veret henfort enkelte
arter, som afviger fra det normale udseende hos denne slaegt ved ikke
at have nogen stor sidste ovre randplade svarende til flere nedre rand-
plader. Nogle af disse arter minder i udseende om den recente Cera-
master placenta og tildels om slaegten Spheeriodiscus. De omtales her
under slegten Ceramaster.

Recurvaster.—Undersogelsen af et stort nyindsamlet materiale vi-
ser, at arterne R. slevensensis og R. echinatus begge er identiske med den
tidligere beskrevie Melopaster tumidus radiatus. Der beskrives en ny
art R. blackmorei fra Englands senon. De to som R. communis beskrevne
nedre randplader kan ikke pa grundlag af det foreliggende materiale
skelnes fra tilsvarende plader af arter af Metopaster og Recurvaster.

Teichaster.—Den nere relation til slegten Crateraster bekreftes
ved fundet af et ungt individ af 7. favosus. Den af SPENCER péaviste
simple udvikling fra T. favosus til T. retiformis hviler pa en fejltagelse,
idet skeletdelene af forstneevnte hos SpeEncer er forkert orienteret.
Samhorigheden mellem de som 7. retiformis beskrevne ovre og nedre
randplader bekreaeftes ved et nyt fund.

Pycinaster.—P. lamberti er identisk med P. crassus, og de tilsyne-
ladende forskelligheder beror pa en fejl orientering af forsteningen.
Et nyt fund af P. danicus bekreafter og supplerer Br. NIELSEN’S beskri-
velse af denne art. I skrivekridtet pa Mén er fundet randplader af en
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Pycinaster, som star P. cornulus fra det overste danien nzr. P. rosen-
krantzii minder i flere henseender om slaegten Chomataster.

Chomataster.—De som C. acules beskrevne randplader er ikke
glatte, men har barct skalformede pigge og er siledes identiske med den
senere beskrevne C. briinnichi. C. preecursor kendes kun fra Képinge-
sandstenen i Sverige, og de til denne art henforte randplader fra Eng-
land og Danmark beskrives som cn ny art, C. spenceri. Der er fundet
flere velbevarede individer af en ny art C. wrighti i det danske skrive-
kridt. Den som Nymphaster (senere Ophryaster) marginatus beskrevne
engelske sostjerne henfores til slegten Chomataster.

Ophryaster.—0. marginatus henfores til sleegten Chomataster. Den
til O. oligoplax henforte sostjerne fra Danmark henfores her til O. mag-
nus og danner grundlag for en ny beskrivelse af denne art.

Stauranderaster. — S. gibbosus er ikke med sikkerhed kendt fra
Danmark.

Astropecten.—Slegten Lophidiaster er blevet opstillet for arter, som
angaves at afvige fra Astropecten ved dorsalsidens flade, tetstillede
plader. Imidlertid har typearten typiske paxiller og svarer ogsi pé
andre punkter til Astropecten.

Jalettaster.—Der er fundet rester af flere individer af V. ocellatus
visende formen af kroppladerne og ambulakralpladerne.

Asterias.—Itilknytning til denne slaegt omtales rester af en enkelt art.

Slangestjerner.

Ophiomusium.—De som O. stephensoni beskrevne skeletdele hid-
rorer fra flere arter, hvoriblandt er een, som synes at vaere identisk med
0. danicum. Nyt engelsk materiale danner grundlag for en beskrivelse
af O. granulosum, der hidtil kun kendtes fra Roemrrs figur (1840).
Ophiura fitchii er antagelig identisk med O. subcylindrica og tilhorer
slaegten Ophiomusium.

Ophiura.—O. parvisentis er identisk med O. serrata. O? substriata
0g 0? hagenowi er nye arter. Sidstnevnte er formentlig identisk med
HaceENows ugyldige art “0. granulosa’.

Amphiura.—Til denne slegt er henfort den franske A. senonensis,
der nu ogsa kendes fra England, Tyskland og Danmark.

Ophiacantha.—I tilknytning til denne sleegt omtales armsideplader
af en slangestjerne fra Danmark.

Asteronvx.—Der er i Danmark fundet to typer af armhvirvler af
slangestjerner horende til ordnen IEurvalae og antagelig til slaegten
Asteronye.
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Plate 1.

Metopaster poulsenii BrR. NIELSEN.
Upper Senonian. Stevns Cliff, Denmark.

. Individual 1. a, abactinal; b, lateral.

. Individual 2. “Ravniaster simplex”. a, abactinal; b, lateral.

. Individual 3. a, abactinal; b, lateral.

. Individual 5. a, abactinal; b, lateral.

. Individual 6. Superomarginals 2 and 3. a, abactinal; b, lateral; ¢, actinal;

d, profile.

. Individual 7. a, abactinal; b, lateral.

. Individual 8. a, abactinal; b, lateral; ¢, internal; d, actinal.
. Individual 10. a, abactinal; b, lateral.

. Individual 11. Holotype. a, abactinal; b, lateral.

All figures x 1.
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Plate 2.

Metopaster poulsenii BR. NIELSEN.
Upper Senonian. Stevns Cliff, Denmark.

Fig. 1. Individual 12. a, abactinal; b, lateral; ¢, internal.
» 2. Individual 13. a, abactinal; b, lateral; c, internal.
» 3. Marginal profile. a, individual 1; b, 2; ¢, 3;d, 5;¢, 7; f, 8;g, 10; h, 11; 1,
123, 18,

All figures x 1.
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14.

15.
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18.

Plate 3.

Metopaster poulsenii BR. NIELSEN.
Upper Senonian. Stevns Cliff, Denmark.

. Abactinal and lateral views of abactinal ossicles. a, individual 1; b, 8; ¢, 10;

d, 12. x5,

. Abactinal and lateral views of primary abactinal ossicles. a, individual 8;

b, 12. X5

. Actinal view and profile of actinal ossicles. a, individual 1; b, 8; ¢, 10; d, 12.

X 5.

. Ambulacral ossicles. a, individual 1; b, 8; ¢, 12. < 5.
. Actinal and lateral views of adambulacral ossicles. a, individual 1; b, 8; ¢, 10;

d, 12. 5.

. Lateral and terminal views of a terminal ossicle. Individual 12.
. Abaclinal view of one side of an arm. Individual 1. x5.
. Abactinal view of one side of an arm. Individual 3. x5.

Young Stages of Asteroids.

. Individual from Upper Chalk. Margate, Kent. Abactinal view. 5.
10.

Individual from Upper Chalk. Margate, Kent. a, abactinal; b, actinal. x 5.

Metopaster lcevis (BR. NIELSEN).
Upper Senonian. Stevns Cliff, Denmark.

Individual 1. “Ravniaster leevis”. Hololype. a, abactinal; b, lateral. 1.
Reconstruction. Specimen 2. > 1.

Individual 3. a, abactinal; b, lateral; ¢, profile. x1.

Individual 4. a, abactinal; b, lateral; ¢, profile. % 1. d, abactinal and lateral
views of abactinal ossicle; e, abactinal and lateral views of primary abactinal
ossicles; f, actinal and lateral views of actinal ossicle; g, actinal view and profile
of adambulacral ossicle. 5.

Metopaster undulatus SPENCER.
Upper Senonian. Aalborg, Denmark.

Small individual. x1.

Reconstruction. Holotype of “Metopaster granulatus™. a, abactinal; b, profile
of superomarginal. x 1.

Metopaster angulatus BR. NIELSEN.
Upper Senonian. Enegaarde, Denmark.
Ultimale superomarginal. Holotype. a, abactinal; b, lateral; ¢, actinal; d,
profile; e, internal. > 1.
Metopaster cf. thoracifer (GEINITZ).

Ultimale superomarginal. a, abaclinal; b, lateral; ¢, actinal; d, profile; e,
internal. > 1.
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Plate 4.
Metopasler tumidus SPENCER.

“Ravniaster virgineus”, holotype. Upper Senonian. Mon Cliff, Denmark. Abac-
tinal. 1.

. Individual 1. Upper Senonian. Mon Cliff. a, abactinal; b, lateral.  x 1.
. Individual 2. Upper Senonian. Aalborg, Denmark. a, abactinal; b, lateral; c,

profile. 1.

Individual 3. Upper Senonian. Aalborg. a, abactinal; b, lateral. % 1.
Individual 4. Upper Senonian. Mén Cliff. a, abactinal; b, lateral; ¢, actinal; d,
profile. 1. e, abactinal ossicle; f, actinal ossicle; g, ambulacral ossicle; h,
adambulacral ossicle; i, oral ossicle. 5.
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Plate 5.

Melopaster kagstrupensis BR. NIELSEN.

. Ultimate superomarginal of a small individual. “Ravniaster” stage. Lower

Danian. Korporalskroen, Denmark. a, abactinal; b, lateral. < 1.

Ultimate superomarginal. Lower Danian. Kagstrup, Denmark. a, abaclinal;
b, lateral; ¢, actinal; d, profile; e, internal. 1.

Ultimate superomarginal. Lower Danian. Korporalskroen. a, abactinal; b,
lateral; ¢, profile; d, internal. 1.

. Remains of an individual in flint; erratic. Danian? a, abactinal; b, lateral. < 1.

Metopaster spencerii BR. NIELSEN.

5. Ultimate superomarginal. Lower Danian. Kagstrup. a, abactinal; b, lateral;

¢, profile; d, internal.  x 1.
Superomarginals. Lower Danian. Kagstrup. a, abaclinal; b, lateral; e,
profile; d, internal. x1.

. Ultimate superomarginal. Lower Danian. Stevns Cliff. a, abactinal; b, lateral;

¢, actinal; d, profile; e, internal. < 1.

. Ultimate superomarginal. Lower Danian. Kagstrup. a, abactinal; b, lateral;

¢, profile. 1.
Meltopaster elevatus BR. NIELSEN.
Ultimate superomarginal. Middle Danian. Rejstrup, Denmark. a, abactinal;
b, lateral; ¢, profile; d, internal. 1.
Ultimate superomarginal. Middle Danian. Rejstrup. a, abactinal; b, lateral;
¢, profile; d, internal. =< 1.
Melopaster planus (Br. NIELSEN).

arl of individual. Type. Lower Danian. Korporalskroen. a, abactinal. > 1.
b, abactinal; ¢, lateral; d, profile; e, internal. 5.

Melopasler carinalus (BR. NIELSEN).
Ultimate superomarginal. Holotype. Upper Danian. Herfolge, Denmark. a,
abactinal. < 1. b, abactinal; c. lateral; d, profile; e, internal. 5.
Ultimate inferomarginal. Upper Danian. Herf6lge. a, actinal; b, lateral; ¢,
abactinal; d, profile. x5.

Metopaster maculatus (BrR. NIELSEN).
Ultimate superomarginal. Type. Middle Danian. Fakse, Denmark. a, abactinal;
b, lateral; c, profile. > 1.
Distal part of arm. Middle Danian. Fakse. a, abactinal; b, lateral. > 5.

Melopaster sp.

Ultimate superomarginal. Upper Danian. Herfolge. a, abactinal; b, lateral;
¢, profile. 1.

Ceramasler dividuus (W. RASMUSSEN).
Distal part of arm. Upper Danian. Svanemdollen, Copenhagen. a, abaclinal;
b, lateral. x1.

Ceramaster granulalus (W. RASMUSSEN).

Distal part of arm. Middle Danian. Fakse. a, abactinal; b, lateral; ¢, profile. x 1.

Ceramasler cf. granulatus (W. RASMUSSEN).
Distal part of arm. Middle Danian. Fakse. a, abactinal; b, lateral; ¢, profile. > 1.
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Plate 6.

Recurvaster blackmorei n. sp.
Middle Senonian. East Harnham, Wiltshire, England.

Lateral view. x1.

View from apex of arm. The distal part of the arm is removed.

Abactinal. < 1.
Median marginal. X 5.

. Abactinal ossicle. X 5.
. Abactinal ossicle. % 5.
. Adambulacral ossicle. 5.

X1.
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Fig. 1. Individual 1. Upper Senonian.
. Individual 2. Upper Senonian.
3.
4. Individual 5. Upper Senonian.
Individual 7. Upper Senonian.

2

6.

Recurvaster

Individual 4. Upper Senonian.

Plate 7.
radiatus (SPENCER).

Aalborg, Denmark.
Mon Cliff. Denmark.

Stevns Cliff, Denmark.

Stevns CIiff.
Stevns CIiff.

Individual 10. Upper Senonian. Stevns CIiff.
7. Individual 11. Upper Senonian. Stevns Cliff.

All figures x 1.
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Plate 8.

Recurvaster radiatus (SPENCER).

Fig. 1. Individual 14. Upper Senonian. Stevns Cliff. a, abactinal; b, lateral; ¢, internal ;

»
»
»
»

d, profile of marginals 1—10. x1.

2. Remains og an individual. Upper Senonian. Trimingham, England. a, abacti-

nal; b, lateral. Xx1.

Recurvaster mammillatus (GABB).
Upper Danian. Saltholm, Denmark.

3— 6. Median superomarginals.
7—9. Distal superomarginals.
10—12. Median inferomarginals.

13. Distal inferomarginal.

All figures x 1
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Plate 9.
Recurvaster radiatus (SPENCER).

Individual 7. a, abactinal ossicle; b, actinal ossicle; ¢, ambulacral ossicle; d,
adambulacral ossicle; e, oral ossicle.

Individual 14. a, abactinal ossicle; b, abactinal ossicle; ¢, actinal ossicle; d,
ambulacral ossicle (a,+a,); e—h, proximal — distal adambulacral ossicles;
i, oral ossicle (ad,); j, k, proximal and dista! ambulacral ossicles; 1, interradial
ossicle.

Individual 9. Terminal ossicle.

Recurvaster mammillatus (GABB).
Terminal ossicle. Upper Danian. Saltholm.

All figures > 5.
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Plate 10,
Teichaster favosus SPENCER.

Superomarginal. Upper Senonian. Mon CLiff. < 1.

Remains of a small individual. Upper Senonian. Stevns Cliff. a, abactinal;
b, lateral; ¢, profile. > 1. d, aclinal ossicle; e, ambulacral ossicle; f, adambu-

lacral ossicle. 5.

Teichaster anchylus Br. NIELSEN.

Superomarginal. Lower Danian. Stevns CLll. 1.
Inferomarginal. Lower Danian. Kagstrup. < 1.

Teichaster reliformis SPENCER.

Individual. Upper Danian. Legind, Denmark. a, lateral; b, profile of margin.

< 1. ¢, ambulacral ossicle; d, adambulacral ossicle. < 5.
Pycinaster crassus SPENCER.
Superomarginal. Upper Senonian. Stevins Cliff. < 1.

Inferomarginal. Upper Senonian. Stevns Cliff. < 1.

Pycinaster danicus BrR. NIELSEN.

Individual. Upper Danian. Helligkilde, Denmark. a, lateral; b, profile of

margin. < 1.

Pycinaster cornulus W. Rasmuss

Superomarginal. Type. Upper Danian. Svanemdallen, Copenhagen. 1.

Pycinaster aff. cornutus W. RASMUSSEN.

Supero- and inferomarginals. Upper Senonian. Mon Cliff. > 1.

Pycinaster? rosenkrantzii (Br. NIELSEN).

Superomarginal. Type. Upper Danian. Teglholmen, Copenhagen. 1.

Chomatasler acules SPENCER.

Superomarginal. Upper Senonian. Mon Cliff.  x 1.

“homalaster spenceri n. sp.
Ch last n. sp

Superomarginal. Holotype. Upper Senonian. Mon CIliff. a, abactinal; b,

lateral; ¢, profile. < 1. d, abactinal. =< 5.
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Fig. 14. Remains of an individual. Upper Senonian. Mon Cliff. a, abactinal; b—c,

»

»

»

Fig.

15.

16.

18.

19.

20.

profile. x1.
Stauranderaster pyramidalis SPENCER.

Abactinal ossicle. Type. Lower Danian. Stevns Cliff. < 1.

Stauranderaster mixtus BR. NIELSEN.
Marginal. Holotype. Upper Senonian. Stevns Cliff. a, lateral; b, profile. x 1.
¢, lateral. x5.

Stauranderaster miliaris BR. NIELSEN.

. Marginal. Upper Danian. Herfolge. a, laleral; b, profile. x 1. ¢, lateral. x5.

Stauranderasler speculum Br. NIELSEN.
Ossicle. Hololype. Upper Danian. Saltholm. a, x 1. b, 5.

Astropecten ? pygmeeus (SPENCER).
Superomarginal. Upper Senonian. Aalborg. a, abactinal; b, profile. » 1. ¢, ab-
actinal. x 5.
Astropecten punctatus (Br. NIELSEN).
Inferomarginal. Holotype. Upper Danian. Saltholm. a, actinal; b, profile. < 1.
¢, actinal. X5.
Astropecten postornatus (W. RASMUSSEN).

. Supero- and inferomarginals. Holotype. Upper Danian. Copenhagen. a, profile.

% 1. b, lateral. x5.
Valellaster ocellalus (FORBES).

. Ossicle. Upper Senonian. Stevns Cliff. 1.
. Ambulacral ossicle. Upper Senonian. Aalborg. 5.

‘alettaster granulatus BrR. NIELSEN.

. Ossicle. Holotype. Upper Danian. Saltholm. 1.

Asterias ? sp.

. Terminal ossicle. Upper Senonian. Aalborg. a, abactinal; b, lateral. x 1. ¢, x5.

Plate 11.

Chomataster wrighti n. sp.
Upper Senonian. Stevns CIiff.

. Individual 1. Hololype. a, abactinal; b, actinal; ¢, lateral; d, profile of arm. x 1.

e, superomarginals 1-—3; f, abactinal ossicle; g, actinal ossicle; h, ambulacral
ossicle (a,+a,); i, ambulacral ossicle; j, adambulacral ossicle; k, oral ossicle.

X 9.

. Individual 2. a, profile of arm. x 1. b, arm fragment. 5.

Ophryaster magnus SPENCER.
Upper Senonian. Mon Cliff.

. Individual 1. a, abactinal side of arm; b, distal part of arm, lateral aspect;

¢, profile of arm alt marginal 1; d, the same at marginal 7; e, the same at mar-
ginal 13. x 1. f, abactinal ossicle; g, actinal ossicle; h, terminal ossicle; i,
ambulacral ossicle (a; +a,); j, ambulacral ossicle; k, adambulacral ossicle. % 5.
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Flate 12.

Ophiomusium danicum BrR. NIELSEN.

Fig. 1a. Cast of an impression in flint of a small individual. Erratic. Denmark.
1b. The same. Part of an arm showing the small dorsal arm plates.

»
»

9

Holotype. Padial shield and part of an arm. Upper Danian. Saltholm, Denmark.
Lateral arm plate from the proximal part of the arm. Upper Danian. Saltholm,
Denmark. a, dorsal; b, internal; ¢, ventral; d, distal end; e, lateral.

Radial shield. Upper Danian; Saltholm, Denmark. a, dorsal; b, edge; ¢, in-
ternal.

Inter-radial marginal plate. Upper Danian. Saltholm, Denmark. a, internal;
b, edge; ¢, outer surface.

A large radial shield. Upper Danian in the Paleocene basal conglomerale al
Svanemollen, Copenhagen, Denmark. a, dorsal; b, edge; ¢, internal.

fig. 1a, x2. fig. 1b—6, x 5.



D& U, TR, N, 77.

S

RS

Chr. Halkier phot. W. Rasmussen del.

6b



[N

Plate 13.

Ophiomusium granulosum (ROEMER).

. Individual showing the adoral surface. Upper Senonian. Suffolk, England.
. The same individual: the upper right arm in fig. 1. a, lateral; b, dorsal; ¢, distal

end.

. A lateral arm plate from a find of connected plates. Upper Senonian. Isle of

Wight, England. a, dorsal; b, internal; ¢, distal end; d, lateral.

. A radial shield from the same individual. a, internal; b, edge; ¢, dorsal.

Fig. 1, x2. Fig 2—4, x5.
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Plate 14.
Ophiomusium granulosum (ROEMER).

Adoral aspect of the same individual as Plate 13, fig. 1-—2.

. The structure of the ventral surface of the same individual. Sketch.

Laleral aspect of the same individual.

Ophiomusium subcylindricam (HAGENOW).

Part of an arm. Upper Senonian. Aalborg, Denmark. a, proximal end; b, distal
end; ¢, dorsal; d, lateral; e, ventral; f, inner aspecl of arm plate with verlebra
in position; g, inner surface of arm plate.

Interradial marginal plate. Upper Senonian. Enegaarde, Denmark. a, inner
surface; b, edge; ¢, ouler surface.

Radial shield. Upper Senonian. Mon, Denmark. a, dorsal; b, edge.

All figures 5.
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Plate 15.
Ophiomusium sp.

IFig. 1. Lateral arm plate. Upper Senonian. Rordal, Aalborg, Denmark. a, dorsal; b,

lateral; ¢, ventral; d, distal end; e, internal.

» 2. Lateral arm plate from the more distal part of the arm. Upper Senonian. Rordal,
Aalborg, Denmark. a, internal; b, distal end; ¢, lateral; d, dorsal; e, ventral.

» 3. Radial shield. Upper Senonian. Rordal, Aalborg, Denmark. a, internal; b, edge;
¢, dorsal surface.

» 4. Lateral arm plate. Lower Danian. Korporalskroen, Denmark. a, internal; b,
distal end; ¢, lateral; d, dorsal; e, ventral.

» 5. Radial shield. Upper Danian. Rejstrup, Denmark. a, dorsal; b, edge; ¢, internal.

Amphiura ? senonensis (VALETTE).

o ~1

Part of an arm. Upper Senonian. Worthing, England. Ventral aspect.

. The same.

Vertebral ossicles from the same individual. a, ventral; b, lateral; ¢, dorsal;

d, proximal end; e, distal end.

» 9. Part of an arm. Upper Senonian. Blegkilde, Aalborg, Denmark. a, ventral;
b, lateral; ¢, dorsal; d, proximal end; e, distal end.

» 10. Lateral arm plate. Upper Senonian. Blegkilde, Aalborg, Denmark. a, internal;

b, distal end; ¢, lateral.

Fig. 1—5, and 7—10, x5. Fig. 6, x2.
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Plate 16,
Ophiura serrala ROEMER.

IFig. 1. Arm [ragment. Lower Senonian. Kent, England. a, lateral; b, ventral; ¢, prox-
imal end.

» 2. The same individual. Vertebra from the distal part of the arm. a, ventral;
b, lateral; ¢, dorsal; d, proximal end; e, distal end.

» 3. Arm fragment. Hampshire, England. Dorsal.

» 4. Laleral arm plate from the proximal parl of an arm. Dover, Kenl, England.
a, internal; b, distal end; c, lateral.

» 5. The same individual. Vertebra from the proximal parl of an arm. a, ventral;
b, lateral; ¢, dorsal; d, proximal end; e, distal end.

» 6. Laleral arm plate from the distal part of an arm. Upper Senonian. N. Uttrup,
Aalborg, Denmark. a, internal; b, distal end; ¢, lateral.

» 7. Lateral arm plate from the middle part of the arm. Upper Senonian. N. Uttrup,
Aalborg, Denmark. a, internal; b, distal end; ¢, lateral.

» 8. Lateral arm plate from the middle part of an arm. Lower Danian. Korporals-
kroen, Denmark. a, internal; b, distal end; ¢, lateral.

All figures x 5.
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Plate 17.
Ophiura ? hagenowi n. sp.

Fig. 1. Part of an arm. Upper Senonian. Trimingham, England.

» 2. The same. a, dorsal; b, lateral; ¢, ventral; d, proximal end; e, dislal end.

» 3. Lateral arm plate and verlebra. Upper Senonian. Trimingham, England. a,
dorsal; b, lateral; ¢, ventral; d, proximal end; e, distal end.

» 4. Arm fragment. Upper Senonian. Mon Cliff, Denmark. a, dorsal; b, lateral;
¢, venlral.

» 5. Lateral arm plate. Upper Senonian. Rordal, Aalborg, Denmark. a, dorsal;
b, lateral; ¢, ventral; d, internal; e, distal end.

Fig. 1, x2. TFig.2—5, %X5b.
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Plate 18.

Ophiura ? substriata n. sp.

. Arm fragments embedded in chalk. Dover, Kenl, England.
. The same. Proximal arm fragment. a, lateral; b, dorsal.
. The same. Fragmenl from the middle parl of an arm. a, ventral; b, proximal

end.

. The same. Distal arm fragment. Dorsal.
. The same. Laleral arm plate. a, lateral ; b, distal margin; ¢, internal; d, dorsal;

e, venlral.

. The same. Verlebral ossicle. a, proximal end; b, lateral; ¢, distal end ; d, dorsal;

e, ventral.

Lateral are plate. Upper Senonian. N. Utltrup, Aalborg, Denmark. a, internal ;
b, distal margin; ¢, lateral.

Dorsal arm plate. Upper Senonian. N. Uttrup, Aalborg, Denmark.

. Ventral arm plate. Upper Senonian. Rordal, Aalborg, Denmark.

Ophiacantha ? sp.
Lateral arm plate. Upper Senonian. Rordal, Aalborg, Denmark. a, lateral;
b, distal margin; ¢, internal; d, dorsal; e, ventral.
Asteronyx ? ornalus n. sp.
Arm vertebra. Upper Senonian. N. Uttrup, Aalborg, Denmark. a, proximal
end; b, lateral; ¢, distal end; d, dorsal; e, ventral.
Asteronyax ? sp.

Arm vertebra. Upper Danian. Holckenhavn, Denmark. a, proximal end; b,
lateral; ¢, distal end; d, dorsal; e, ventral.

Fig. 1, x2. Fig. 212, x5.
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