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Abstract. 

Knowledge of the Cretaceous asteroids and ophiuroids is extended on 
the basis of an abu nclant n ew fossil material. It is shown that several 
previously described species are identical. Those a steroids r eferred to 
the genera Rauniaster ancl Milraster arc nearly all young individuals of 
Nletopaster. Description of ophiuroids on the basis of the relative fr e­
quency of single sk eletal parts h as shown itself to b e an unfortunate 
method. The Danish, and a few foreign Cretaceous asteroids and 
oph iuroicl s are r evised on th e basis of the n ew observations . Six new 
species, fiy e of " ·hich arc found in Denmark, arc d escribed . 

The following ontogenctic series h ave b ee n found: 
Rauniaster simplex-+ Mi/rast er hunleri var. lreuis (in part)-+ Nfeto­

paster poulsenii -+ Jlelopas/er steoensensis. 
Raon ias/er oirgineus-+ Metopaster twnidus. 
Rcwnias/ er /reu is-+ ,\lelopas /er lreu is ( = Mi/rast er hunteri var. lceu is in 

part) . 
,\Ii/raster compactus-+ ,\letopaster p arkirisoni. 
» i\llilrnsler rugatus« -+ Jlelopas/er cingulatus-+ Melopaster uncatus. 
,\Iii/ raster rugatus-+ Jletopasler hunteri ( = Mitrnster lwnteri ). 

The ge ner a Raunias ter and Jlitrasler are ide ntical with Metopasl er, and 
Lophicliasler " ·ith Astropec len. Recuruaster steuensensis a nd R. echinatus 
ar e identi cal ,Yith R . rctdiatus ( = Metopaster tumidus Yar . racliatus) . 
Pycinasler lamberli is id entical with P. crassus, Choma/aster briinnichi 
with C. acules, 0phium fit chii with 0phiomusium subcylinclricwn, 0phi­
um paruisentis with 0. serra ta, and, possibly, 0phiomusium stephensoni 
with 0. danica. 

The following sp ecies are n ew to science: Recuruasler blackmorei, 
Choma taster spenceri, Choma taster wrighti, 0phium ? hagenowi, 0phi­
urn ? substriata and Asteronyx? ornatus. 





Asteroid ea. 

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 grooYc, the ambulacral groove, into which 
the tube feet protrude. 

Anatomy and Onotogeny of the Asteroids. 

Asteroids possess a skeleton composed of calca'reous ossiclcs. 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 clem ent of the skeleton constitutes an 
individual unit from the beginning. Only exceptionally can a skeletal 
element be produced by the fusion of several oth ers. 

The actual skeleton can be made up of several thousand oss iclcs. 
Above the ambulacral groove arc found the amb ul acral ossic lc s. 
These ossiclcs are arranged in two series and the series touch one an­
other over the ambulacral groove. They m eet the a clambul acra l os­
s icl cs below, and these form a complete series along each side of the 
ambulacral groove. There are just as 1nany ambulacral as adamb ulacral 
ossiclcs, and in the majority of asteroids they alternate. The peristome 
is formed of specially d eveloped innermost ambulacral and adam­
bulacral ossicles, together with interradial ossiclcs. In a five-armed 
starfish the peristome is composed of t en adambulacral ossicles ( ad1), 

twenty ambulacral ossicles (the fused a 1 +a2) 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 ofsupcromargi nal 
and a series of infcrom argina l ossiclcs. In some forms (Spinulosa, 
Forcipulata) these ossiclcs arc reduced, while in others (Paxillosa, 
Valvata) th ey arc well developed, and form a distinct margin. In the 
latter, the snpero- and inferomarginals normally tou ch one another, 
and arc generally opposite, more rarely alternate. There ar e just as 
many supero- as inferomarginals. The recent gen era Pentagonaster and 
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Tasia together with the Cretaceous genus Melopasler are, howcYer, ex­
ceptional. In these the ultimate superomargina l is large and in contact 
with several in f'eromarginals. 

By the l engt h of a marginal is u sua lly understood its extension in 
the directi on of the m a rgin. The h e ight is the extension at right a ngles 
to the co ntact sur[acc between supero- a nd. infcromarginals , a nd the 
breadth is th e direction at right angles to the oth er t\\·o dimensions. 
This terminology is in agreem e nt with the u se of correspo nding terms 
fo r the 1nargin and the arn1 as a whole, and is stressed h ere because it 
can be tempting to employ the te rms othe rwise when only single os­
s iclcs arc co ncerned , as a few palaeonto logists have actually done. The 
uirectio n of the arm is correspondingly the lengt h direction of the am­
bulacral ossiclcs. 

"--- Te,m/nol oss/c/e 

~ 
Ossie u/ar 

angle 

· - Super om arg,nal 
' J17/erom or.91oal 

___ Ac/1nal oss ,cle 
----- Adom bu!acral ossicle (ad ) 
--- -- Ambulacral ossicle (a) 
-----First ambulacra/ os.s1cle la,ra,) 

>!!!-==---------.Jnl errodia( oss,"c.le 
,,;t...=--- -------Oral ossicle (ad,/ 

Figure 1. 
Recurvaster radiatus. Reconstructed arm 
and median superomarginal of Individual 
14. X 1. 

Figure 2. 
Recurvaster radiatus. Ossicles from on e 
individual. White Chalk, Stevns Cli ff. x 1. 

On the actinal surface of the disc, apart from the ossicles already 
m ention ed, are found small superfic ial ossicles, act in a l ossicles, 
which cover the remainder of the actinal surface. 

The abactinal surface is similarly coYcred by small superficial os­
sicles, the abac tin a l oss i c l es. There are eleven primary abactinal 
ossiclcs which are establish ed before the remainder, and these may 
difTer by being larger . In the centre lies the centrale, and a primary 
ossicle occurs in each radius and inter-radiu s. Secondary ossicles arc 
often developed in the adult, both within and without the primary os­
s icles. These primary and secondary ossicles often form distin ct r adi a l 
series. 
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The m a dr epo rit e occurs either as a specia lly d eveloped inter­
racli a l primary actin al ossicle, or as a n independ e nt ossicle distal to 
this. 

In som e sp ecies th e abactin al oss icles fo rm a close m osaic, while in 
others there ar c small ar eas of skin , p ap u l re, am ong the ossiclcs. 
Supp lem entar y ossicles, which unite the ahactinal ossic lcs into a n et­
w ork, occ ur. Th e ab actin al ossicles ca n be fl at , polygo na l plates, or 
they can have the form of tall column s with h air-like spin es on the 
upper surface giv ing them a brush -like appearance. These are called 
p ax ill ae. 

E xtern al ap pendages in th e fo rm of pe di ce ll a ri ae a nd sp in es 
( often in the form o f setae) are attach ed to th e asteroid skeleton . Ped icel -
1 aria e are only seen in fo ssil forms when they arc attach ed in p its in the 
surface of an ossicle. 

:\lost asteroid s h ave a complete metam orphosis, a nd possess a cili ­
ated , p elag ic larval stage without d efinite sk eleton . The first oss icles are 
laid d own during m etam orp hos is, an d a small star fis h p ossessing the 
first two pa irs o f am b ulacr al ossiclcs, som e or all of the primary ac tin al 
oss icles t ogether with the termin al ossiclcs, is p rodu ced . Am b ulacral , 
adamhu lacral a nd m arginal ossiclcs are thereafter laid d own a t the tip 
of the arm proximal to the te rminal ossiclc, so that th e vo un gest ossic les 
ar c always n ext the terminal. At the same t ime as n ew ossic les ar c fo r­
m ed , the previously formed on es increase in siz e and t heir appeara nce 
can b e som ewh a t ch a nged. The h e ight of th e oss iclc often in creases in 
proportion of the b readth , which is best expressed as a n increase of th e 
ossicular a ngle (text fig. 1. ). The oss iclcs of the m arg in a n d amb ulacral 
system are often n umber ed in accorda nce w ith their age sequen ce. In 
the adult individu al of those species of astero ids which only possess a 
sm all nu m b er of m arginals in the arm, this number seem s to b e con ­
stant or n carl_v cons tant . Thi s is so in the gen er a Me topaster a nd possi­
b ly Recurvas ter fro m Cretaceous d eposits. 

That ch a nge in appear ance which occ urs in the co urse of the gr owth 
of a n asteroid from a sm all individu al with only a few ossicles to the 
ful ly grown starfish is often ve ry m arked, a nd it h as h appened in 
several cases that zoologists h ave establish ed several d iffer ent sp ecies 
b elon ging lo difTerent genera on th e b asis of indiYidu als which h ave 
la ter b een sh own to b e only growth stages of one spec ies (I. LIEBERKIND, 

1935). 
The s ize of an ind ividu al is given b_v the dista nce fr om th r ce ntre of 

lhe disc to th e ap rx of an arm ( R), a nd to the m argin betwee n two arm s 
(r); i. e. hy th e len gth s of the radiu s and inter -radiu s. 
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Historical. 
Occ urrences of asteroids in Cretaceous d eposits ar e n ot uncom mon , 

but th e material is difficult to work with as m ost often only dissociated 
ossicles , which only give a very u n certain irn.pression of the a nimal's 
ap pea ran ce, ar e found . The liter ature con cerning these organism s is 
consequently r ather sli gh t. 

That work which has h ad th e greatest importance for our k nowledge 
of th e Cretaceous asteroid s is SLADEN & SPENCER'S grea t m onograph , 
which was p ubli sh ed dur ing the year s 1891- 1908 . 

In 1913 SPENCER p ubl ish ed a n invest igat ion of the evolution of the 
Cre taceo us asteroids. In this arc included brief descriptions of new 
forms, am o11 g which ar e a nu mber from the Sen onian and Danian of 
Denmark and Swede n . T he m aterial is arranged in seri es w ithin which 
parallel evo lution appears t o h ave taken p lace. An increase in m argina l 
h eight , and a ch a nge in orn am entation of th e m arg in als from setae 
th rough ru gosity to a smooth surface is fo und . T hi s sch eme of th e evolu ­
tion seem s, h owever , only to re fl ect th e coarsest features o f' its co urse , 
and th ere arc several divergen ces. 

A series of works on Cretaceous asteroids in spired hy SLADEN & 
S PENCE R'S m onograph, a nd SPENCER'S in vestigation of asteroid evolu ­
ti on, app eared in the fo llowing year s. Esp ecial attention mu st h ere b e 
drawn to VALETTE's w orks of 1902 , 1915 and 1925, the last of which 
also includes Tertiary fo rms. A m onograph of the Mesozoic Asteroids 
from the Pari s Basin by MERCIER appeared in 1935. C. \V. & E . V. 
\VRJGHT, in E ngland , h ave continued the study of Cretaceo us asteroids ; 
in 1940 they publish ed their investigation of a series of n ew find s . A 
number of faunal lists, which have r elied upon th e E ngli sh m onographs, 
have appeared in Denmark (R AvN 1918, Ros EN KRANT Z 1920, J ESS EN 
& O ouM 1923, Oo uM 1926 a nd K. BR UNNICH NIELSEN 1917, 191 9, 1926 
and 1937). Finally in 1943 cam e t he p osthumus p ublication ofK. BR UN­
NICH NIELS EN'S monogr aph of the Aster o ids in th e Sen onian and Da­
nia n of Denmark . In 1945 the a uthor p ublish ed his investigat ion of 
som e Danian asteroids. 

Only a few investigations of the fossil r epresentatives o f the p resent 
animal gro up h ave been puhlish ed in extra-E uropean co untries, a nd 
ther e is only r eason h ere to menti on two w orks. In 1876 GABB, described 
an asteroid from the Vincentown Lim esand in New J er sey, a nd this 
p artic ular form seem s also to be r epresented in the Da nish Danian . 
LORJO L publish ed an investigation of Sen onian aster oids from Egypt 
in 1909 . In thi s h e m ention s a sp ecies ·which Bn . NIELSEN compares 
with the genu s "Ravniasler", hut which F o RT EAU (1914) has 1.1sed as 
the b asis of a sep arate genus, Spenceria. 
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Material. 

The compact asteroid skele ton is particularly well suited for preserva­
tion in rocks, just as is the case with the remains o f o ther echin oderms. 
Since the classification is based upon skeletal features, it w ould be 
reasonable to attach considerable value to these fossils. There arc, 
h owever, several factors which make work with them difficult. The 
marked change in appearance ·which can occur during the growth of a n 
individual has been described in the previous section ; this feature 
seems n ot to have been taken sufficiently into consideration in the trcal­
ment of fossi l 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 \Vhitc Chalk (Scnonian), on the other hand, 
there arc 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 reconstrnct the original appearance 
of the animal from such material (text figs. 1-2). 

K. l3RUNNICH NIELSEN mentions in his monograph ele-vcn occur­
rences from the \Vhite Chalk, and two from the Danian where several 
ossicles from a single individual were found together. By examination 
of the collections of the ivlineralogical Museum, and t he Geological 
Survey of Denmark, the presence of the remains of fifteen more indi­
viduals h as been determined. In his collect ion of new material the author 
h as been particularly interested in obtaining such associated remains. 
H e 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 ClifI, north of Kulsti Rende, where the associated rema ins 
of about forty additiona l individuals have now been found. Associated 
remains of ten individuals have also been found on Mon Cliff. These 
specimens h ave been found because the individuals have been exposed 
in the profile either by weathering, or by cl iiI fa ll. A number of ossieles 
have also been lost for the same reasons, but all the same, tlw mater ial 
h as given consid erable new information concerning the Danish asteroid 
fauna. Single asteroid ossicles are of much more frequent occurrence, 
and in many cases they arc very characteristic. Jt is, h owever , gen er ­
ally only possible certainly to determine them i ( one is acquainted 
with the appearance and variat ion of the species from specimens from 
the same zone. 
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N urnerous occurren ces of single asteroid ossic les arc known from 
the Danian. Knowledge of th e Da nian asteriod fauna is nevertheless 
scanty, because we have only the associa ted •r crnains of six individuals. 

It is worth str essing that the specimens include individuals of all 
ages, and th at the actual size of the individual is without taxo nomic 
importa nce. In some cases one finds a fossil species only represented 
by lar ge, fully-grown individ uals . VOIGT writes ( 1929 p. 121), " Die 
fur die Erklarung d cr Feursteinbander von Dccckc und Klahn vertreten e 
Hypothese eines jcdesmaligcn Absterbens d cr Fauna kann schon aus 
dem Grunde nicht zu treffcn, da z. B. halbcrwachsenc Ec hinocoryten 
und Gryphaeen auf Riigen kaum vorkornrn.en. Ein i\.lasscnstcrben miis­
ste seinen Ausdruck in der Fauna durch Excmplare a ller Altersstadien 
finden". It is, however , by no means all animals that die of old age. 
W. IC SPENCER also writes (19 13, p. 11 4), " The ossicles from Maestricht 
include numerous terminal supcromarginalia, and these sh ow clearly 
variations in height corresponding to those of the m edian series .... 
These variations may to some extent correspond to the age at which 
individual Astero id s perished .. . ". 

One find from the \.Vhite Ch alk of Stcvns Cliff, north of Kulsti Rende 
d eserves particular mention. Apa rt from the finds of individuals and 
s ingle ossicles which h ave been made here, one mass of ossiclcs has 
been found r epresenting several species, and indiYiduals. An investiga­
tion of these oss icles gave the following data: 

Melopasler poulsenii (young stage) . ... . . . . .... . .. . 
Melopasler lr.eu is ( at least three individuals) . .... . . . 
Melopasler un dulalus . .......... . .......... . .. . . 
R ecuruasl er radia l us ( distal oss icles of small indiYi-

duals) ........ .. ... . ... . ....... . ... .. ..... . 
Recuruasler and Jfe lopasler, various ossic les ....... . 
Chomalasler wrighli ... . ... . ...... . ..... . .... . . . 
Aslropec /en ? pygmceus . . .. . ........ . .. . . . ..... . . 
Indeterminab le, m ostly damaged , ossic lcs . . ...... . . 

89 ossicles 
178 

40 

71 
235 
2:32 

7 
110 

Tota l . . . . . 962 oss iclcs 

A similar occ urren ce is m enti oned by \\'FuG11T ( 1940 . p. 233). The \" 
d escribe their find as" . . . a large number of ossicles of Len spec ies o[ 
astero id s, form ing, almos t ce rtainly , a p e ll et of indigestible parts 
ejected by a starfish -eatin g fish or othr r animal. " It is obvious that the 
particular starfish-eatin g an imal at Stevns h as not chosen its food at 
random , but has exclu sively taken small individu als . None o f the large 
oss icles from adults o[ Me lopasler or Recuruasler , which ar c otherwise 
common at the locality, was present in this pellel. 
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A similar, but sm a ll er assemblage of ossicles has b een found 111 th e 
Danian of Jutland . (p . 75) . 

Palaeontology. 

As the classification of the Astcroidea is based niainly on sk eletal 
characte rs, and as these can easily b e obsen-ed in fos s il sp ecimens , it 
is p oss ible to arran ge fo ssil a steroid s in ge nera a nd species according 
to the p rincipl es whic h a re appli ed to r ecent forms. The insufficien cy 
of the material co nstitutes , h owever , a n importa nt difficulty . In the 
case of several species onl y a single individual , or a few ossicles are 
all that is known . Representati ves of only a few r et:enl gen er a are known 
from the Cretaceous. It is , however , possible that by the inves tigation 
of n ew m aterial , and by compariso n with r ecent sp ecies one will b e 
able to r efer som e o l' the fo ss il sp ec ies to ge nera whi ch ar c known 
from the present clay. 

That ten species shou lcl be r epresented among the eleven individuals 
which BH. NIE LSEN m entions from the Da nis h White Cha lk , eight b ein g 
from Stevn s Clifl, is both striking, a nd suspicious. If on e examines 
the m arine bottom fauna of a r estri cted area a t the present clay on e 
always finds that there are a few spec ies which dominate as far as num­
b ers arc con cerned; these sp ecies being represented b y m any individuals. 
If one looks throu gh the r esults of the Ch allenger Expedition (S LADEN 
1889) one will sec that ther e the as teroid faun a only r each es ten species 
at a single station , while at the majority of station s from on e to six 
sp ecies w er e found . 

The 78 Sen oni a n individuals now known from Denma rk compri se 
12 sp ecies, the two domina ting species b ein g r eprese nted b y 28 and 
17 indiv idu a ls. The n ew finds indicate tha t several of the "sp ecies" 
forme rly d escribed from Denmark ar c m erely individual s of varyin g 
size, and ornament within a single sp ec ies. Thu s the r evision of the 
species gives the fa una a m ore natu ral character. 
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Order Valvata P ERRIER. 

Family Goniasteridae FoRBEs. 

Genus Metopaste1· SLADEN 1893. 

Synonym: Mi/raster SLADEN 1893 . 

Ravnias/er BR. NrELSEN 1943. 

Diagnosis.-Astcroids whose body is pentagonal, limited by straight 
or slightly concave sid es. Margin formed by a small number of l arge 
supero- and inferomarginals w hich are provided with a depr essed 
border covered by a number of rows of delicate, closely placed setac. 
·within the border the ossicle is smooth or provided with scattered 
setae. In adults the ultimate supcromarginal is the largest of all th e 
ossicles; it contacts several inferomarginals of distally decreasin g size. 
The abactinal surface is covered by large more or less rounded ossiclcs 
whose surface is smooth, or provide< l with granules or delicate setac. 
The adambu lacral ossicles are provided with from four to eight mar­
ginal spines. Tall bivalved pcdicellariae ar c often present on the m argi­
nals. 

Genotypc. - Melopaster parkinsoni (FORBES). Scnonian. 
Historical.-Thc genu s Melopaster was establish ed by SLADEN m 

1893 for Cretaceous asteroids close lo the recent genera Penlagonasler 
and Tosia. He writes, concerning the relation of the genus to Penla_gonas ler 
(including Tasia), page 31, "Melo paster 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 examinat ion of the genotypes, of Penta_gonasler as well as Tosia , 
sh ows, however, that these gener a agree very closely with Metopaster, 
particularly in th ose ch arac ters which SLADEN stated should separate 
them .. That SLADEN found differences must b e b eca use the genus 
Penla_gonaster formerly h a d a wider d efinition than now, including 
gen era su ch as Ceramasler and Plintlwster. 

Affinity with Pentago naster and Tosia.-These two genera 
were es tablish ed by GH AY in 1840, an<l inc lude a few species from 
Australia a nd New Zealand.. The gen otypes arc P. pulchellus GRAY, 
and T . auslralis G1uY. These two gen er a arr very close to one another, 
and sh ould perhaps be regarded as a si ngle gen us (FISHER 1911, p. 
166 ; LIVINGSTONE 1932, p. 375). 

The o ut 1 i n e in Pen lagonasler a nd. Tosia is p entagon al with straight 
or slightly concave sides, l ess commonly with strongly con cave sides 
and projecting arms . Likewise in Melopas ter 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. 

Th e margin in P entaganaster a nd Tasia may b e composed of as 
many as e ight superomarginals in each side of an arm. In most species 
the re are three or fo ur superomarginals. The numb er is n ormall y 
cons tant for the species. To each of the m edian superomarginals there 
is an inferomarg inal of about the same size, but somewhat less swollen. 
Ther e are several inferomarginals of distally diminishing size cor­
r esponding to the ultimate superomarginal. In Nfelopaster there are 
found from two to four sup eromarginals in each half arm. In this case 
also, the ultimate superomarginal is larger than the others, and corres­
p onds to several inferomarginals. ln P . pulchellus and several species of 
Metapasler the ultimate s uperomarginal of adults can attain a n extremely 
large size. The most proximal of those inferomarginals which corre­
spo nd to the ultimate superomarginal is often of the sam e size as the 
m edian inforomarginals, but in P. pulch ellus and M. carinatus it is of 
ab out th e san-ie size as the corresponding superomarginal, and distal 
to it ther e 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 superomargina I is small er than usual , as though the extra 
marginal h as arisen by the divi sion of a normal ultimate sup eromarginal. 

Th e o rnam e nt of the marginals in P entaganasler and Tasia is 
composed of a single row of closely placed setae wh ich encircle the 
otherwise smooth ossicle. In 1'vfelopaster there is a border of several 
rows of closely placed setae, and the central area is covered by sca t­
tered setae attached in small p its. There can a lso be a slight granula­
tion of the surface. In a single species (M. uncatus) there is only a granu ­
lation , and one species (M. lreuis) h as quite smooth ossicles. 

Th e a ba ctinal s urfa ce in P enlaganaster , Tasia, and Meta­
pas ter is covered w ith large, more or less rounded ossicles with a 
s lightly stellate base. Ther e surface is in Pentaganasler a nd Tasia smooth 
or with only an extrem ely fine granulation, and is encircled by a single 
r ow of delicate setae. In most species of Nfetop as ter the whole exposed 
surface of the abactinal plates is covered by a granulat ion , and there 
a re small setae a ttached in pits. A single species (M. lreu is) has quite 
sm ooth abactinal ossicles. 

The ac tinal s ur face is covered by obliqu e polygonal ossicles 
whi ch in P. pulch ellus h ave a border possessing a single row of closely 
placed setac, while in Tasia they ar c wholly or partly covered by 
close ly placed setae, the amount varying within the species. In Nfeto­
p asler the whole surface is covered by closely placed setae. 

2 
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Th e a dambula cra l ossicles b ear a row of spines on the margin , 
and a parallel row on the actinal surface, toge ther with small er spines 
or setae on the abradia l portion of the actinal surface. Jn Penlaganas ter 
and Tasia there ar e only two spines on the margin , while th e re arc from 
four to eight in Metopaster. 

P e di cc ll ariae, of a tall bivalved type, arc commonly fo und at­
tach ed in shallow furrows on the act inal ossicles of Penlagan as ler, and 
on the marginals a nd a few other ossicles of Me lapas ler, whereas they 
seem to b e want ing in the typ ical representatives of the ge nu s Tasia . 

0 

~ 
Figure 3. 

Fig. 3. La teral view of arm . x 1. 
a. Pentagonas ter pulchellus. b. Tosia aus tralis. 

Fig. 4. Impressions of pedicellariae. x 5. 
a-b . Penl agonas ter pulchellus (after ~forlensen) 
c-d. Metopaster lumidus . e-g. M. pou lsenii . 
h . ~I. undulatus. i . M. kagstrupensis . 
j . M. spencerii k . M. elevatus. 

Figure 4. 

Affinit y with Ceramaster.- The r ecent genus Ceramasler differs 
from Melapas ler in not possessin g large ultim a te superom arginal s cor ­
r esponding to several inferomarg in als. Abactinal , actin al , and adam­
bulacral ossicles agree with Me iopasler bo th in appearan ce a nd orna­
m ent, a nd the sam e is tru e for the pedicellariae. Th e orn am entati on 
of the marginals also corresponds in some cases to that in Metopasler. 

Con c l usion.- Melapaster seem s thus to b e quite close to the genera 
named , and it is doubtless their ancestral form. It seem s to be distingu­
ished from Penlaganas ler and Tasia by the greater number of spines on 
the a dambulacral ossiclcs, and by h aving several rows of closely placed 
setae on th e depressed bord er of the margin als and on the abactin al 
ossi clcs . It seems lo b e distin gui sh ed from Ceramaster by the large ulti ­
mate superomargin a l. But it is, however, possible that new discoveri es 
will make it necessary to unite some o f these genera. 

Young ind i vi du als o f i\I e t opas t c r.- Th e two most obvious char­
acter s in Melopas ler are the ornamenta ti on , a nd the arm stru cture 
with th e special d evelopm ent of th e ultimate superomargin al. The latter 
ch aracteristic is, h owever, only present in adu lt individuals. Young 
individuals of species o f Pentaganasler and Tasia are no t m e nti oned 
in the zoological literature. From our knowled ge of astero id ontogeny 
we kn ow, however, that the very _young Metopas ler, just after metamor­
phosis, h as onl y h ad a single oss iele, th e termin al oss icle, in each arm . 
During growth the marginals are formed proximal to the terminal os-
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s icle, and numbered in order of appearan ce. Small as teroids with onl y 
very few ann oss icles, and an orn am entation as in Afelopaster ,have, 
h owever , been described as a genu s, Rauniasler. 

The fo rmation of inferomargin als at the apex of the arm in Melopas/ er 
co ntinues for a while after the full complc:ment of superomarginals is 
formed, so th at several small inferomarginal s 1neet the ultimate supero­
rnarginal. This is the case in a ll those asteroids belongin g to the gen era 
Mitraster, Me lopasler, Tasia and Penlagonasler. It is gen eral th a t in the 
literature the number of infer omargin a ls corresp onding to the ultim ate 
superomarginal is stated. Examin ati o n of the fossil material confirms, 
however, tha t t he number of infer om arginal s b ears a c lose rela tion to 
the size of the individu al , and therefor e undoubtedly a lso to its growth­
stage. As long as the ultima te superomargina l has not r each ed the same 
siz e as the preceding superomarginal s the a nimal will have a rou nded 
outline like Mi/raster . After growth h as ceased the individual will have 
the ultimate superomargi nal as the largest oss icle, and w e have the 
typ ical adult Me lopasler or Pen lagonasler. 

Fossi l l\Iater i al.- The new co llection of as teroids whi ch h as been 
m ade from the Danish ·white Chalk sh ows with cer tainty that su ch an 
ontogeny as d escribed abo-ve r eally has taken p lace . Those forms from 
the Danish \\ 'bite Chalk described as Rauniasler and 1vle topasler are 
co nnected by a complete series of tra nsition fo rms: from small Rauni­
asler-like individuals throu gh Mi/raster -like forms to the adult Melo­
pasier. The tumidity of the s uper omargina ls increases during gro,vth, 
as also d oes the h eight of the m argin in rel a tio n to its breadth. 

This o ntogeny is b est illu strated by the Senonian spec ies Melopaster 
poulsenii and J\lle topaster lr.euis, but material has also been found which 
appears to represent the Rauniasler-stage of Me lopasler tumidus a nd 
M. kagslrupensis. Individu a ls at the Rauniaster-stage have b een found 
in the Cretaceous material from Eng land and Denmark , a nd further­
more sin gle ossicles in Sweden and France. 

T h e ge nus l\ litr as ter. - The o ntoge ny sk etched above, and the 
investigation of th e growth of J\felopasler poulsenii, desc ribed in d e tail 
la te r, make it des irable m ore close ly to con s id er th e gen era J\ll itraster 
a nd Rcwnir1sier, ancl the species referred to them. 

The gen us Jfitrnsler was established by SLADEN 1893 a nd is descr ibed 
thus (p. 57): 

" Body d epressed and cyclo id, or cyclo -pc ntagonoid in contour . Mar­
gin a l p lates with co-ordin a ted gra nulose e levation s and punctations, 
a nd a surrounding na rrow <leprcssed border w ith very minute puncta­
tions for the articu lation of setae. Supero-mar gin al plates few in number 
and all subequal in size, formin g a broad uniform border to th e disk . 
Abactina l area coYered with polygonal p lates, som e of which may h aYe 



20 

steilate or substellate bases, and upon the tabulae are borne small, more 
or less co-ordinated granules. lnfero-margina l 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 
b e 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 Mitraste1· agrees with Melopastel' 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 that the ultimate supcromarginal 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 co nvex sides. 3. The marginals 
in Miiraster may bear a granulation as well as spine-pits with sctae. 

From our knowledge of ontogeny in Melopaster 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 supcromarginals . 2. The want of a large, and protruding 
ultimate superomarginal will give the not fully grown individual a more 
rounded appearance. 3. In Melo paster poulsenii it is seen that the margin­
als of young individuals of Metopasler 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 
Melopaster, it is to be assumed that those asteroids described as species 
of Mitraster are really the young of species of Melopasier. 

The following species have been classed in the genus Mitrasiel': 

Mitras ler hunteri (FORBES) 
Mitraslel' huntel'i lreuis BR. NIELSEN 
Milrasler compactus (FORBES) 
Nlitrasier nzgatus (FORBES) 

An investigation of the specimens referred to these species has given 
the following result: 



21 

1. Mitraster hunteri lceuis BR. NIELSEN . "\¥ell preserved individuals 
of this form have b een found during th e co llec tin g of new material. As 
will be seen later it has shown itself to b e a typ ical r epresentative of the 
genus Metopaster, and n ot Mitrnster. 

2. Mitrnsler compaclus (FORBES). In the diagnosis of this sp ecies 
SPE:\1CER states (1905, p. 67) that the outline is slightly rounded penta­
gonal , but corrects this on the following page, where h e writes , " The 
supero-m arginal plates app ear to have been straight and the inferior 
ser ies but slightly cycloidal. This, together with the large comparative 
size of the ultima te p a ired plate, would bring the sp ecies very near to 
the genus Melopas ter. FORBES r ema rked upon the fact that it appeared 
to b e intermediate between Goniaste r (lltfelopas ter, SLADEN) unca tus a nd 
Goniaster (LVfitrn ster , SLADEN) rngrdus. I h ave therefore considerable 
d oubt as to the valid it~- of the separat ion of these two genera." 

The bod~r is straight-sided. There ar e four sup erom arginal s in each 
side of the arm , the last being not quite as large as those preced ing. The 
m arginal s h ave a clepressed border within which they ar e sm ooth , or 
provided with a few sp ine-pits . This species is quite close to the genus 
J\llelopas ter ; its appearance and the number of m a rginals make it likely 
that it represents young individuals of Melopaster parkinsoni (FORBES) . 

3. Milraster hun teri (FO RB ES). According to SLA.DEN (1893, p. 59) 
the body h as a rounded p entagonal outlin e. An examination of the 
material sh ows that the sides h ave been straight o r very slightly convex. 
There have b een three superomarginals in each side of the arm, the 
ultimate superomarginal gene rally being of the same size as the others. 
The sup eromargin als are highest near the outer side of the ossicle, but 
there is h ere no su ch marked ahactin al swelling as in Metopaster unca lus. 
The ornament of the marginals is composed of a depressed border and 
scattered spi ne-p its, togethn with a generall y rather strong granulation 
on the abactinal part of the superomarginals. 

Mi/raster lwnteri d ocs not give the impress ion of being a yo ung stage 
of a n other species, and there are no species of Metopasler to whi ch on e 
reasonably can refer it. H owever, it d oes not seem to differ from Melo­
pas ter , and it would therefore not he r easo n a bl e to refer it to any genus 
other than Metopasler. 

Some individua ls w ith a distinct])' narrower margin, and only two 
superomarginals on each side of the arm should , as SLADEN stated, b e 
co nsid ered as a distinct species or va rietv (SLADEN 1893, p . 62, pl. 9, 
Ilg . 3.). 

4. Milrasler rn,qa lus (FORBES). The ho<lv has straight sides. There 
a re three super omargina ls in each s id e o f the arm. The last of these is 
somewhat smaller than the others, and h as a tria ngular 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 on e a noth er , a nd are connected by a sh ort 
c urve. The ornament of the marginals is composed of a d epressed 
border, and within this a stron g granulation, and sometimes scattered 
spine-pits. SLADE N writes of thi s spec ies (1893, p. 66), "Although at 
first sight the differen ces b etween Milrasler Hunteri and Milrasler rug­
alus appear well marked, I am n ot perfectly sa tisfied as to the sp ecies 
b eing altogether independ ent. " After an investigation of the material, I 
find it likely that at least some of the individuals called Milrasler rugalus 
are yo ung individuals of Melopaster hunleri. Other individuals whose 
superomarginals possess n o sp in e-p its, and h ave a distinct abactina l 
swelling on the outer part of the ossicle ar c, in palaeontological collec­
tions, referred to Milrasler rugatus . These individual s a r e strongly 
r emini scent of Melopaster unca tus, and Melopasler cingulalus. Su. DEN 

(1893, p. 55) writes of M. cinguln lus, "Melopas ler cingula lus is readily 
distinguished from J\Jelopasler uncalus by its very sh ort broad s up ero­
marginal p lates, by their more limited a nd more conical tumidity, by 
their greater h eight as see n in the margin, as we) I as b y their different 
ornamrntation. The ultimate plates are trian gul ar, and do n ot present 
the peculiar form characler isli c o f' Melopasler uncalus. In m a ny r esp ec ts 
Jvfetopasler cingulalus appea rs to h o ld an intermed iate position between 
Mitrasler rugalus and Nl elopasler uncatus." After an inves tigation of 
these forms ther e can b e no doubt that a number of the individuals re­
ferred to Mitraster rugatus , together with Metopaster cingulatus, ar e 
young growth-stages of Metopaster unca lus. 

Conclusion. The res ult of th e inves tigatio n of Mi/raster is thus that 
Nlilrasler rngalus and Mitraster compaclus may b e s upposed to b e young 
individuals of species of Melopasler. The fol lowing ser ies showing the 
ontogeny can b e drawn up : 

Mitrasler rugalus --+ Melopaster hunteri 
"Nlilras ter rugalus" --+ Melopas ler cingulatus --+ Me lopaster uncatus 
Mitrasler compactus --+ Metopasler parkinsoni 

NI. hunteri lceuis is a typical Melopasler. M. hunleri is a n indep endent 
sp ecies, which, h ow ever, does not differ from the genus Melopaster in 
such a way that it w o uld b e justified to m aintain the genus Milrasler. 
It sh ould ther efore b e call ed Melopasler hunleri, a nd in agreement with 
this, the name Milrasler is raised as a synonym f'or Melopasle r. 

Th e gen us Ra vniastcr.- Thc genu s Rauniasler was es tab li shed b y 
BR. NIE LSEN in 1943 for small as teroid s h aving Yery few marginal s 
with an ornamenta tio n as in lVl elopasler , and genera ll y with equal 
numbe rs of supcro- and inferom arginals . As a lready shown, it may 
b e cxpeded that asteroids with these ch arac ters r eally a r e y oung 
individuals of species of Melopasler. BR . NIELSE ' d escribed three 
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species of Ravniasler fr om the Scnonian, a nd three from the Danian . 
T h e Scno ni a n spec i es o r Ra v ni as t cr. The abundant as tero id 

material from the White Chalk of Stcvns Cliff, no rth o f Kulsti Rende, 
sh ows tha t the re is stead y a nd continu o us change in the size a nd 
appearance of the individual s. They r a nge from very sn-ia ll fo rms which 
arc like Rauniasl er uirgineus, through Rrwniasler simplex, Nlilrasl er-likc 
inclivicluals a nd Melopas ler p oulsenii to Me lopasler sleuensensis . 

Lt does n ot seem possible to distinguish the sm a lles t of the individua ls 
from Rcwniaster uirgineus. But as that sp cc- ies has b ee n established on 
the basis of a sp c- cimen fr om the \ Vhite Ch alk of Mon , where Me lo­
paster poulsenii is not found, but whe re, on the oth er hand, the very 
s imil a r Al elop as lcr lumidus occurs, lhcre is r eason to b ~licvc Lhat the 
individu al descr ih ~d as Rauniaslcr uirgineus is a yo un g Nle topas ler lu ­
midus. The indiv idual cl es<:r ibcd as Rauniasler simplex is witho ut doubt 
a yo ung exampl e of tha t sp?c ics which is h e re in cluded under the 
name Me lopaslcr 1ioulscnii BH . N IELSEN. 

There is a lso a p ~rfeclly uniform clevdopm en t l'rom Rauniasler lreuis 
to a J'vlP lopas /er with smooth m argina ls, ilfelopasler lreuis, o f which BH. 
NIE LSEN h as d escribed a ma rgin al und er the name Mi/ras ter hunleri 
var. lreuis. 

The very yo ungest as ter oid gro wth stages , w her e o nly one or two 
s up ero- a nd in fer om arginal s a re present in each sid e of the arm , have 
ri. o t yet b een found in the Da nish \Vhite Chalk. They a re, h owever , 
known from the Da nian in De nmark (BH . NIELSEN, 1943, pl. 3, fig. 9.), 
and from the Senonia n in England (pl. 3, fig. 9- 10). 

T h c D an i an spec i es o fR av n i as t er. BH. NIELSEN ch ose the Dania n 
species Rauniasler p lcuws as the gen otype fo r Rauniasl er . The m a teria l 
d esc ribed of this spec ies inclmles a Ycry small individu a l, a nd ma rginals 
of a ,llelop as ter-like type. The small indiv idual (R = 2 mm) is th e sm a l­
l est fossi l individual kn own ; it has o nly one supcro- a nd one infero­
margina l on each sid e of the arm, and ther e ca n be n o d o ubt tha t it is 
a very young individu a l o f a sta rfish proba bly a ilfelopas ler. It is, h ow­
enr, n ot possible to mak e a species d ete rmina ti on o f such an indi­
vidu al , as thi s would require r eferenc-e m a teria l represe nting a ll age­
gro ups, and, furthermor e, species c harac- lers a re often only slightl y 
d eve loped in very yo u ng asteroids. This individu a l is thu s o f doubtful 
affinity, and therefore very unsuitabl e as a type. As BH. NIELSEN has 
not put forward a ny t_vpc for Rrwniasler planus the author has ch osen a 
pair of co nn ected oss ides figured by BH . N 1ELSEN as the type. The os­
sicles dcsni bed as Rcwniasler plarws a rc a ll ultima te supcromargi nals 
each of whi ch m eets two in fcromargina ls . They agree w ith Me lopasler , 
both in the structure or the tip of the arm a nd in the ornamentation, 
which is made up of a d epr essed border and scattered spine-pits. Ac-
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cording to Bn. NIELSEN, Ravniaster should differ from Melopaster in two 
in1portant character s, namely, 1. There ar c only on e or two sup ero­
m arginals in each side of the arm, a nd 2 . The ultimate superomarginal 
corresponds to only one ( or two) inferomarginal. Concerning the first 
of these character s, it is of importance that several species of Melopa­
ster, with on ly two superomarginals in each side of the arm, ar e found, 
and w e know nothing of the number of ossicles in Ravniasi er planus. 
Concerning the other character, it is important that only in very young 
individuals are there normally equ al numbers of supero- and infero­
marginals, while in the genotyp e, Ravniaster planus, there are two, 
and perhaps sometimes three in feromarginals corresponding to the 
ultimate superomarginal. 

Several other species, ap art from Ravniaster planus have been d es­
cribed from the Dania n, they are: Ravniaster carinatus, R . m aculallls 
and R . granulatus. R . carinatus and R. maculatus h ave a stru cture very 
similar to that of R. planus. H owever , in most individuals of R. carinatus 
there is one large inferom ar ginal corr esp onding to the ultimate supero­
marginal. R. grarwlatus is a diver gent form , and presumably belongs 
to the ge nu s Ceramaster. 

C o nclu s ion. The result of the investiga tion of Ravnias ter is that the 
genotype, Rcwniaster planus, is a species v,,ith th e sam e arm-structure 
and ornament of the m arginals as Melopaster , but ·with an unknown 
number of marginals. Rcwniaster carinalus and R. maculatus are sp ecies 
of similar appearance. These sp ecies ar e therefor e r eferred to the genus 
Metopaster. All the individuals of Ravniaster described from the ,vhite 
Chalk, together with one from the Danian , referred to Rauniaster 
plamzs, are young individuals of species of Melopaster. 

O cc urr e n ce.- Melopnster is representecl by a large numb er of 
sp ecies in the Cretaceous, ancl a single Terti a ry marginal h as also b een 
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 r epresented at the 
present time, or that it is identical with r ece nt genera. 

Metopaster cf. thoracifer (GErNITz). 

Plate 3, fig 18. Text fig. 5. 

191 8 Melopasler parkinsoni (FORBES), RAvN, p . 18. 

Material.- A badly preserved starfish individua l, a nd an isolated 
marginal from the Turonian Arnager-limestone in Demnark were de­
termined by SP ENCER as Melopasler parkinsoni, and m entioned b y 
RAvN in 1918. 

The individual is very worn and damaged b y having b een rolled 
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on the b each . The a uthor h as later found a n other individu al at the 
sa m e locality; this is s imil arly b adly p reserved , a nd it is p artly in- rolled . 
It is , h ow ever , possible on b oth individu a ls to m eas ure b oth the length , 
a nd c urvature of th e sides, a nd the length, b readth a nd h eight o f the 

Figure 5. 
Metopas ter cf. thoracifer. x 1. 

m arginals, so that it is p ossible to r econ stru ct 
the original app earan ce of the a nima l. 
On the other h and , the ultimate superomar­
ginals and a numb er of the o ther m argin als 
in b oth individuals ar e so damaged that their 
sur face ca n n ot be ob served . The single 
m a rginal found in the Arnagcr limestone is, 
h owever, a well p r eserved ulti1nate sup cr o­
m ar ginal , and it ca n thu s supplem ent our 
knowledge of the fo rm. 

Colk·ction of the Miner alogical Museum. 
D esc ri p ti o n.-Thc outline is p entagon a l, with o nly slightly con ­

ca ve s ides. In indiv idual n o. 1 R :r as c. 24: 19 mm. , a nd in individual 
no . 2 as c. 18: 14 mm. The re arc on ly two superom a rgina ls in each side 
of the arm. The fir st ( o r m edia n) s uperom arginal h as ab out the sam e 
length as breadth ; it is not ver y ta ll. The sur face is even a nd slight!~· 
tumid . Thi:: second , or ultimate sup croma rginal is m a rkedly longer , b 1..1t 
of the sanv-· h eight. T he cii<;talha l f of this oss ic le h as m et the correspo nd irg 
ossicle o f th e othe r side of the arm in the mid -lin e. The oss icle h as 
fu rthermore b een in co ntact w ith three or fo ur infc rom argina ls, as w ell 
as the snn ll u npa ired t~rmin a l. Inf"r om a rginal no. 1 is o f the sam~ 
siz e, or sli ghtly la rger tha n the corresponding superom argin al. Ossicle 
no. 2 is o f the same s ize, a nd h as been in contact with a long facet on 
the underside of the ultimate super om a rginal. Ossicles n o. 3, 4 a n d 5 
ar e srn.a ll a nd obliq ue, they h ave contacted sm all facets on the dista l 
p art o f the ultimate sup er om ar ginal . The outer surface of the m argin a ls 
is pro vided with a narrow depressed b order which h as borne delica te, 
closcl_y-p]aced setae . The central area is prov ided with seatter ed , w ell­
sep a ra ted , round spine-pits . The m argin of th e super omarginals is strongly 
depressed . In the w ell p r eserved ultimate superomar gin al , the jun c tion 
betwee n the a bactina l, a nd lateral p arts of the ossicle is rounded in the 
p roximal part of the arm, but sh arper towards the dista l ap ex, wher e 
it forms a slight p rotub eran ce. 

Affinit y with sp ec i es of M e t opas t e r .- The present form differs 
fr om J1. park insoni in h aving o nly two superomar ginals instead of 
four in eac h side of the arm. It a lso diffe rs from M. park insoni in that 
s up 2rom a rgina l no. 1 h as ab out the sam e b readth as length , in the 
strongly d epr essed b order , a nd in the tend ency to fo rm a protuberance 
o n the ullimate supcrom a rgina l. On ly two sp ecies of Metopas ter with 
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only two sup erom arginals in each side of the arm ar e known , they ar e 
M. thoracifer , a nd a n undescribed spec ies which h as b een r eferred b y 
SLADE N ( 1893, p . 62) to Melopaslcr lwntcri on the b asis of the ch ar ­
acteristic form , and granulatio n of the ossicle, and b y \VnrGIIT (1940, 
p . 237) to M. quaclralus b ecause of the sh ap e and ab ac tinal swelling of 
the superomarginals. The present fo rm is strongly r eminisce nt of M . 

thoracifer , not only in the number and h eight of the ossicles, but also 
in the stro ngly d ep ressed b order of the supcromarginals; the le ngth , and 
tenden cy of the ultimate s up cromargina l t o form a protuberance to­
grther with the size of in fcro m argin a l n o. 2. The r eason fo r m y not feel ­
ing full y justified in r e ferring it to this sp ecies is that typically d eve lop ed 
powerful pro tu ber a nces, such as ar e fo und on the grea ter p a rt o f the 
ultimate sup cromarginals of this sp ecies, arc w anting. It is, however , ap­
p a rent from the d escrip ti ons, a nd from the co ll ection s in the Sedgwick 
Mu se um, that this ch arac ter ca n b e wa ntin g. The species S tellas ter 

plauensis, describ ed by GE1N1Tz ( 187 1) is interp reted b y LE HNE R ( 1937, 
p . 173) as such individu a ls of M . Lhoracifer without h orns ; this d oes 
not , h ow ever , seem to ag ree \\"ith the sh ap e of the margin als . 

Oc c urr e n ce .- Metopas ler thoracifer is previous ly known from Ce­
noma n ia n to Lower Turonia n . The prese nt occ urrence is from the Up ­
p er Turonian. Arn ager , Denmark. 

Metopaster poulsenii Bn . NIELSEN. 

Plate 1 and 2. P la te 3, fig. 1-8. T ext fig . 4 e-g. 

1943 Melopasler poulsenii BR . NIELS EN, p. 27, pl. 1, fig. 2-9 . 

1943 Melopasler slevensensis BR . N IELSEN, p. 30, pl. 1, fi g. 10 . 

pars 1943 Mi/raster lwnleri S P ENCE R var. lcevis B R. N IE LS EN, p. 38. 

1943 Ravnias/er simplex B R. N IELS EN, p . 46, pl. 3, ng. 1-2. 

Di ag n os i s.- A Metopas ter with three sup eromargina ls in each s ide 
of the arm ; these ossicles ar e stro ngly tumid. The ornamentati on is 
that typical o f the ge nus, but a w ea k granulation often occ urs, partic ul ­
arl y in yo unge r individua ls . The m edian supe ro- and inferomarginals 
are all of about the same h eight. . 

T y p e.- The h o lotyp e is the individu al d escribed b y K. BR uNNICH 
NIELS EN, 19-13 pp. 27 - 28, pl. 1, fig. 2- 8. It originates from the Upper 
Sen onian \Vhite Cha lk of Stevns Cliff, north of Kulsti. Collection of the 
Mineralogical Muse um. 

D es cripti o n .- The b ody is p entago nal with straight, or almost 
straight s ides. The m.argin is fo rmed of large, p owerful m a rginals. In 
the adult there are three sup eromargina ls in each side of the arm. The 
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number of in fcromarg in als is greater, as several (up to six) inferomar­
ginals of di stally d el'. r eas ing s ize correspo nd to th e ultimate s upero­
marginal. The sup cromargin als h ave a swel I ing of the central abactin a l 
area. The m arginals h ave a d epress ed bord er with small , closely­
placed se tae, a nd within the bord er sca ttered , somewhat larger setae 
a ttach ed in pits in the surface. The s up cromargin a ls- particularly in 
their aba<.:t inal part- can also b ear a granulati on ; this is most often 
the case in yo ung individuals. In the adult Melo paster p oulsenii the 
length, breadth a nd h eight of the m edian superomargina ls are abou t 
the same; the ossicle n o. 2 is, howeve r, o ft en slightly shorter, a nd 
slightly oblique . The medi a n inferomarginal s have abo ul the same 
dime nsions. The inferomarginals ar c slight ly obliqu e, a nd their s ize 
decreases evenl y toward s Lh e tip of the arm. BB . .NIELSE N states as a 
spec ies t:h aractc ri stic o f ,\lelopa;; /er pou/;;enii that the ultimate supero­
m a rginal is small er than Lhe othe r s up eromargin als. As h as b een n1en­
ti oned aboYe, however, this will h e Lh e case with every starfish at acer­
ta in s tage of gro \\th . Th ese phenomena will be further illu strated dur­
in g the examination of the sep ara te individu a ls. The s up eromarg in als 
have a large su rface direc ted towa rds the body cavity , and abact inally 
to this a surface w hi ch has b ee n in contac t w ith the ossicles o f the ab­
ac tinal s urface. This la tter surface has no grea t h eight , being mu ch 
lower tha n in the very similar ossicles of Recuruasler radia lus. The 
terminal ossicle is very small ; it is almost p yramidal with a furrow on 
the act inal surface in continuation of the ambul acra l groove . It h as 
borne two obliqu e facets which h ave b ee n in contac t with the two ultim­
a te sup2romarginals, and it has n ot possessed spin es or setae. 

The abactina l surface h as been cove red by lo,Y, prismatic, generall y 
h exago na l ossicles. The free abactina l surface bears a strong granul a­
tion, a nd in some cases also spine-pits. The sides of the ossicle are co n­
cave, a nd the corn ers of th e base ar e slightl y drawn out. The primary 
abactina l ossicles are very la rge. 

T h e actinal su rface is covered b y low, obliqu e, polygonal ossicles, 
w h ose fr ee surface b ears large well separated spine-pits. 

T h e adambu lacral ossic les have borne a r ow of ftve or six spines on 
the edge, a nd three rows on the s urface. 

The ambula cral ossicles are large and sli ghtly c urved . The impres­
s ions of pecl icell ariae are see n on the marginals o f a number of indi­
viduals. They are composed of sma ll c irc ul ar depressions from which 
two or three sh ort furrows orig in ate, each e nding in a new c irc ul ar d e­
pression . 

Affinit y with o lh e r spec i cs. - Me lopasler poulse11ii, with its mark­
edly tumid marginals is reminiscent of M. tumidus from the Senonian , 
a nd J.l!l . k ags trupen sis from the Danian. 
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It seems to d iffer from M. tumidus in h aving only three superom ar ­
ginals in each side of the arm; in that the margin in M. tumidus is 
relatively high er , and n arrower , and in that the ossicu lar angle is 
larger. 

W RIGHT (1940, p . 236 , pl. 13, ftg. 13, p l. 16, fig. 6) m ention a r econ ­
structed individual of a Me lopaster , whi ch they interpret as an early 
form of M. tumidus. The indiv idu al is reco nstructed with three su pero­
marginals on each s ide of the arm, and it is very sim ilar to JI. poulsenii, 
but at the present it is not p oss ible to say a nything concerning this simil­
arity , or the correctn ess o f the r econstruction . 

M. kags trupen sis h as th e sam e number of marg inals as 1Vl. poulsenii 
and the difference b etween the two sp ecies is extremely slight . It seems, 
h ow ever, to b e possibl e to separ ate them, sin ce in M. kagstmpensis 
the ossicular angle is la rger, th e marginals shorter a n d th e inferomar­
ginals d istinctly high er than the superom argin als. Furtherm ore, the lateral 
surface of the ultimate superomarginals is as a r ule slightly concave in 
M. k agstrupensis, an d the arm tip therefor e slightly projecting. 

M a t e rial.- In order to illustrate the ontoge ny of the sp ecies, and 
its variation , a number of the specimens which m ay b e r eferred t o this 
sp ecies ar e n ow m ention ed in greater detail. The individu als are ar ­
ranged a ccording to their size (R). 

All the sp ec imens are in the collection of the Min eralogica l Museum. 
1. Rem ains of a very sm all individual in White Chalk, with a number 

of the ossicles in their n atural r elative p ositi ons. R : r as c. 8 : 6 mm. 
Ossicular a ngle c. 20 °. A very sm a ll wedge-sh ap ed third sup ero­
marginal is found ap art f rom two s up ero - a nd inferom arginals 
on each sid e of th e arm. There has p erhaps also been a newly 
formed third infrromarginal prese nt. The first two m arginals cor ­
respond exactl,v in appear a nc e w ith the individu al described as 
Raunias ter uirg ineus. This comes, h ow ever , from a locality w h er e 
Me topaster poulsenii is unkn own , but where, on th e other hand , 
the very similar M. tumidus occurs, a nd it is th erefore r easo nable 
to assume that the indiYidu a l described as R. uirg ineus is a yo ung 
J1. tumidus. The m argin a ls h ave th e usu al narrow depressed 
b order. Th e suprrornargin als hear a gr anulation ; the infer om ar­
ginals ar c sm ooth. The surface of the ah actinal oss icles h as a 
di stinct gra nulation . 

Pl. 1, ftg . l. Pl. 2, fig . 3a. Pl. 3, Ilg. la , 3a, 4a, 5a a nd 7. Upp er 
Scnonia n . Stevns Cliff, n orth of Kul sti Rende. 

2. Associated ossicles of a n individu al d escribed by B R. N IELS EN as 
Rauniaster simplex. R :r as c. 9 : 7 mm. Ossicul ar angle c. 20°. This 
individual is som ewhat lar ger tha n the previous, an d the m argin 
is broader. Only the firs t and second m ar ginals ar e p r eserved , and 
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the individual thereby gets a robust and rounded appearance. 
That there has also been a third supero- and inferomarginal in 
each side of the arm is shown by the large distal facet on supero­
marginal no. 2. Ornamentation is as in the preceding individual. 
Bn. N1ELSEN states that there is no d istinct ion between the border 
and the central area, but a c loser examination shows, however, 
that a small depressed border can be seen, although it is only 
distinct at a few places on th e sma ll ossicles. 

Pl. 1, fig. 2. Pl. 2, flg . 3b. 
Upper Senonian, Stevns Cliff, Eskelund . 

3. Remains of a slightly larger individua l than the preceding. Four 
marginals forming the tip of the arm were found in their natura l 
re lative positions, while the remaining ossic les ,Ycre dis located . 
H. : r as c. 10 · 5: 8 mm. Ossicular angle c. 20 °. The first two supero­
marginals are of practically the same shape as in the preceding 
individual , but in this case the small third supe romarginal is also 
preserved. Ju st as in the preceding individuals , there have been 
just as man y superomarginals as infcromarginals , and the indi­
vidual has similarly been a typical "Ravniasler". The marginals 
have a distin ct d epressed border. The superornarginals b ear a 
strong granulation on the abactinal part of the outer surface, but 
there are, furthermore, scattered sp ine-pits on both the supero­
and inferomarginals. 

Pl. 1, fig. 3. Pl. 2, fig. 3c. PJ. 3, fig . 8. 
Upper Senonian. Stevns Cliff, no rth of Kulsti Rend e. 

4. A few associated marginals from an individual of the same size 
and appeara nce as the preceding. Upper Senonian. Stevns Cliff, 
Eskelund. 

5. Rcrnai ns o f a n individual. H. : r as c. l 5: 12 mm . Ossicular angle 
c. 27 °. This indiYidu a l d oes not at first sight differ from the pre­
vious . It is slightly larger, and the spine-pits ar e more prominent. 
Only a slight granulation can be discerned on the abactinal part 
of the superomarginals, but othenYise the shape and appearance 
of the individual oss icles is very nearly the same. The third, or 
ultimate superomarginal is slightly smaller than the others. 
There is , however, one distinctive feature: the ultimate supero­
marginal m er ts n ot one, but two inferomarginals, and therefore 
has two facets on its ac tinal surface . It must therefore be con­
sidered as a Metopasler , or rather, as a" JI itraster", since individuals 
of Metopaster-type, but with small ultimate superomarginals, and 
often bearing a granulation on the superornarginals, are some­
times refrrred to this particular genus. A revision of the collec­
tion left by Dr. Bn. NIELSEN shows that it was m edian supero-
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m arginals of the type found in this, and preceding individuals, 
which , toge ther with smooth ultima te superomargin als, formed th e 
basis for the va ri ety Nlilras ler hunteri var. lceuis , whi ch wi ll be 
r eferred to in th e fo llowin g. 

Pl. 1, fig. 4. Pl. 2, fig. 3d. 
Upper Senonia n , Stevns Cliff, nor th of Kul sti Rende. 

6 . Two superomarginals fou nd together in the White Chalk . R :r as 
c. 20: 16 mm. Ossicu lar a ngle c . 22 °. The ultim ate superom argina l 
is of abo ut the sa·,ne size as the m edian marginals ; it has contacted 
three inferomarg inals . Spin e-pits are dominant, but ther e is a lso 
a well deve loped granulati on on the abactinal p art of the outer 
surface. 

Pl. 1, fig. 5. 
Upper Senonian . Steyns Cliff, n orth of Kulsti Rende. 

7. Remains of an individua l descr ibed by BR. NIELSEN (1943, p l. 1, 
fig. 9.) as Melopaster poulsenii, H. :r a s 26: 20 mm. Oss ic ul ar 
a n gle c. 25 °. The ultima te supe rom argin al is similar in size to th e 
m edian margin a ls ; it h as contacted four inferornarginals. The 
orn amentation consists of spine-pits; th ere is n o apparent granula­
tion . There are a few abactin al oss icles present ; they have a 
strongly granulated surface, without spin e-pits. The ac tinal os­
sicles possess large spin e-pits. 

Pl. 1, fig. 6. Pl. 2, fig. 3e. 
Upper Senonia n . Stev ns Cliff, north of the li ghth ouse. 

8. R emains of a n individu al slightly larger tha n the p revious . R :r as 
c. 27: 22 mm. Oss icular a ngle c . 28 °. The ultimate s uperomarginal 
is s imilar in size to the m edian marginals; it has contacted four 
inferomarg inal s. Apart from spine-pits, there are granules present 
on the abactina l p art o[ the superom arginals. The abac tinal os­
sicles are strongly granulated, and som e or them arc also provided 
w ith distinct sp ine-pits . The act in a l ossicles p ossess sp ine-pits. 

Pl. 1, fig. 7. P l. 2, fig. 3f. P l. 3, fig. 1 b, 2a, 3b , 4b, 5b. 
Upper Se noni a n . Stevn s Cliff, north of Kul sti Rende. 

9. Ren1ains of an individua l o r th e sam e s ize as th e previous. Os­
sic ular angle c. 32 °. Spine-pits a re dominant, but ther e is also a 
gr a nul a tion o f the abact inal p art of the sup erom argina ls. The 
ultimate sup cr omargin a l h as co rresponded to fo ur small er in ­
fer oma rgin a ls. Upper Scno ni a n. Stevns Cliff, north of Kulsti 
Rende . 

10 . Remain s of an individua l. R :r as c. 35: 27 mm. Ossicular angle 
c. 35 °. On this indiv idu al th e ornamenta ti on of the marginal s co n­
sists exc lu sively of spine-p its, there b ein g no granul a ti on . The 
ultimate superomargin als of two anus sh ow a divergen ce in shap e. 
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In the tip of one arm the ultimate superomargin al is distinctly 
sm a ller on the o ne s ide than on the other. In a noth er a rm tip the 
ultimate supcrornarginal is divi<lccl into a larger , proximal, a nd 
a smaller, dista l oss icle, which together correspond to the ultimate 
superomarginal on the oppos ite side of th e arm . Such abnorma li­
ti es, w hi ch SPENCEH callecl a "breaking-down" of the ultimate 
superomargin a l, ar c a not un comm o n va ri at ion in spec ies of th e 
ge ner a Mclopnsler, Tasia and Pentagonasler. 

The individu a l h as been reco nstru cted (Pl. 1, fig. 8) with equal 
numbers of oss icles on each si d e of the arm , and it is not quite 
r egul arly pen lago nal. It is n ot unlike ly th a t that arms icle which h as 
a very short ultimate superom a rgin al has ha d an extr f!. supero­
m arginal. Th e abactinal ossic les are provided with spin e-pits, and 
a strong gra nulat ion ; the act in a l ossicles b ear sp in e-p its. 

Pl. 1, ftg. 8. Pl. 2, fig. :3g. Pl. 3, fig. l e, 3c, 51.:. 
Upp e r Senon ia n . Stcvns Cliff, n orth of Kulsti Rende. 

l l . Ho lotypc. Remains of an individual d esc ribed by BR. NIELS EN 
( 1943, pl. 1, fig. 2- 8) as Me lopasler poulsenii. R: r as c . 35: 29 mm. 
Ossicular angle c. 37 °. The ultimate su peromargin al is very sh or t, 
and the size of the an im al (R) is thus small as compared with the 
size of the marginals, which arc hcigh er than in th e fo ll owin g 
individual. Ju st as in the previo us indiYidual, on e arm shows a 
divergence, in that the ultimate superomargin als of the two sides 
o f the arm arc not eq ually large. The ult imate supcromargin als 
h ave contacted four in feromargina ls. The ornament co nsists of 
sp ine-pits. Th e abactin a l oss iclcs have a strong granula ti on and a 
few sp ine-pits; the actinal ossic les have spin e-pits in the surface. 

Pl. 1, fig. 9. Pl. 2, fig. 3h. 
Upper Senonian. Stcvns Cliff, north of Kulsti Rende. 

12. Co nnected r emai ns of an indiYidual, " ·ith the ossides 111 their 
natural r ela tiYe positions in thr \\'h ite Chai k. R: r as <.:. 40: 33 mm. 
Ossicul ar angle <.:. 40 °. The superomarg in a ls are all of about th e 
same size, but th e ultimatr sup r romarginal is, h owever , the largest. 
It h as been in con tact wilh fore inferomarginals. Th e o rn amenta­
tion consists of a distincl granula tion o n th e abac tin al part of the 
superomargina ls, as w e ll as the ge n eral p resence of spin e-pits. 
The abactin al oss ic les bear both spin e-pits a nd a stro ng granul a­
tion; the ac tin a l ossic les bear on ly sp in e-p its. 

Pl. 2, fig. 1, :~ i . Pl. 3, fig. ld , 2b, 3d , 4c, 6d, 6. 
Upper Scnon ian . Stcvns Cliff, nor th of Kulsti Renclr . 

13. Co nn ected r emains of an indiv idual. R :r as c. 55: 45 mm. Os­
s icular a ngle c. 50 °. Th e ulti rnatc super omarg in al in thi s individu al 
is the largest of the marginals. It has a marked abact in al swelling, 



32 

just like the other superomarg inals, and has been in co ntact with 
six inferomarginaJs. The shap e does n ot differ importa ntly from 
the corresponding ossic le in the prev ious individual, but con ec; ­
ponds at the sam e time exactly with that single ultirn at -2 supero­
marginal which BR. NIELS EN d escribed as Me lopnsler sleu:, nsensis. 
The ornamenta ti on is composed of spine-pits. 

Pl. 2, fig . 2, 3j. 
Upper Sen onia n, Stevns Cliff, north of Kulsti Rend e. 

Growth in M. pou l se nii.- The above account of the m ost import­
ant , and b es t preserved individuals r eferred to M. poulsenii shows that 
wh en these individuals are arra nged according to size they form 
a p erfectly co ntinu ous series. Both the h eight of the margin , and 
the ossicular angle increase during growth . The superomargina ls 
of the smallest individuals possess a dominant granular ornam ent , but 
during growth sp ine-pits gradu ally become dominant. All transitions, 
from a p owerful gran ulation of t he abactinal surface of the supero­
m arginals, through forms wher e the granulation can only b e seen on a 
few of the ossicles when the lighting is favourab le, to individuals where 
no gran ulation can be detected, ar e found among individuals of inter­
mediate size. 

The smallest individuals found of this species, h ave two normal, and 
a small , wedge-shaped third superoniarginal in each side of the arm. 
The size of m arginal no. 3 increases during growth, so that it becomes 
the largest of all. Although ther e are no more than three superomarginals 
on each side of the arm, the formation of small inferomarginals prox­
imal to the terminal oss icle continues. When the third superomarginal 
approach es the median marginals in size, it correspond s to two infero­
marginals (pl. 1, fig. 4). During the co urse of gro,vth the number is 
increased so that in the largest individual found (pl. 2, fig. 2.) there ar e 
six inferom arginals corresponding to an ultima te superomarginal. 

Those stages which M. poulsenii thus passes through during growth 
h ave previously b een described as independent species, namely, Ravni­

aster simplex, JVlilraster hunteri var. lcevis (pars), Metopaster poulsenii 
and Me topaster sleven sen sis. The youngest stages of this sp ecies, with 
only one or two upper and lower marginals in each side of the arm, 
have so far not been found. 

O cc urr e n ce.-Upper Senonian , Upper Maastrichti an, Stevns Cliff, 
Denmark. 
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l\ietopaster tumidus SPENCER. 

Plate 4, fig. 1-5. Text fig. 4c-d . 

1913 Melopasler tumidus SPENCE R, 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 Melopasler tumidus, UMBGROVE, p . 207, fig . 1-27 . 

1935 Melopas ler lumidus, M ERCIER, p . 30, pl. 1, fig. 17 a-f. 

? 1940 Metopasler tumidus, WRIGHT, p . 233 , pl. 13 , fig. 13 . Pl. 16, 
fig. 6. Text fig. 6. 

1943 Melopaster 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. 

Typ c.- As the holotype SPENCER chose the ultimate superomarginal 
which h e 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 .). 

D escription .- The body has straight or nearly straight sides. BR. 
NIELSEN (1943 , p. 27) distinguishes brtwecn 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 do es not justify such a 
distinction . The margin is formed of tall, powerful ossicles. In a re­
construction, SPENCER h as 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 (FonBES ), is not ap­
parent, as the only individual which SPENCER has known is not further 
mentioned . Those individuals which have b een found in Denmark 
show, ho,vever, that there have lived Metopasters in that part of the 
Danish ·white Chalk which is of the same age as the White Ch alk of 
Ri.igen, which, both in regard to the number of ossicles, and other 
characters, agree with SPENCER's reconstruction of NI. tumiclus. The 
ossicular angle is large, and the margin relatively narrow. The median 
supero- and inferomarginals arc o[ about the same height. The margi­
nals are provided with a marked abactinal swelling, which includes 
on ly a part of the length of the ossicle. The ultim.ate supcromargina l 
has contacted as many as six smaller infcromarginals . The tip of the 
arm (the terminal ossicle) is to b e 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 b eing as a rnle a little larger than the remainder. 

BR. NIELSEN, 1943, p. 26, writes, "Th e terminal supero-m arginal of 
SPE NCER, figured on plate 15 , fig. 1, the profile of plate 10, fig. 15 and 
the r econstrnctcd individual plate 14, figs. 1- 2 together give the impres­
sion of a well defined and well founded species, whereas the r emaining 
plates, which SPENCER refers to Melopas tei- tumidus, should be referred 
to some other hitherto undescribed species". 

An examination of the ossicles figured by SPENCER sh ows, however, 
that while pl. 15, fig. 3 and 5 , have belonged to Recuruaster radia tus, all 
the other ossicles h ave 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 twnidus , which, together with M. undulatus is the 
only species of Metopaster known from Ri.igen. 

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 , rc­
latively narro,v margin with large ossicular angle. It must be stated, how­
ever, that superomarginal and inferomarg inal no. 2, in the left arm of 
the r econstruction sh own in fig. 2, arc ossiclcs of Recurnasler radiatus . 
This is shown by the obliquity of the sup eromarginal , its lesser swellin g, 
and larger facets towards the body cavity; together with the low, broad, 
compact form of the inferomarginal. SPENCEH's figure, pl. 10, fig. 8, 
sh ows an ultimate superomarginal with two swellin gs. This appearance 
is also seen in the ossicles of this species figured by UMBGROVE (1925), 
but h er e there are in several cases also developed small powerful pro­
tuberances . 

J AN MERCIER ( 1935, p. 30) mentions Metopas ter tumidus from the 
zone of Micrasler cor- tes tudinarium (Coniacien) in France. NI. lumidus 
is, however , n owhere 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. 

WRIGHT (1940, p. 236) m ention a recons truction of a Metopas ler 
which they consider to be an early form of M. tumidus. The ossicles 
seem to b elong to a r ather yo ung Me lopasler individu al. \Vh ether there 
r eally have been three ossicles in each side of the arm is not qu ite cer­
tain . As M. iumidus has four superomarginals in each side of the arm, 
and is presumably descended from M. parkinsoni, whi ch has the same 
number of oss iclcs, it is not like ly that an early form of NI. iwnidus 
should have had three superomarginals in each side of th e arm. 

Affinity w ith other species.- Melopasler lumidus is distinguished 
from M. parkinsoni by its marked abactinal swelling; from M. poulsenii 
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by the number of superomar ginals in each side of the arm , by the tall , 
n arrow m a1:gin, a nd large oss icular angle. It is furthermore di stingui s­
h ed from M. k agstrupen sis by the number of superom argin als, and 
presumably also b y the fact that sup ero- and infcrornarginals are of 
ab out the sam e h eight. 

Ma t e ri a l.-BR. NIELSEN ( 1943, p. 26, pl. 1, fig. 1) m ention s a n 
ultimate super omarginal from Mon . During the r evision of the mat­
erial from the 1\Iineralogical Mu seum associated r em a ins of on e indi­
vidual from Mon , and two from Aa lborg h ave b ee n fo und . Furtherm or e, 
the r em ains of an adult and two you ng ind ividu als fro m Mon have later 
b een found, together with a large number of sin gle m arginals represent­
in g all growth- stages. 

All the specimens m ention ed ar e in the collection of the Mineralogical 
Museu1n. 

1 . Som e m arginals of Melo pastel' , found in the coll ection of the 
Mineralogical Muse um, h ave been shown on closer examination 
to corresp on d so closely that th er e can be n o doubt that they 
originate fr om a single individu a l. W h en they ar c arr anged they 
form the tip of a n arm, with adjacent parts of the sides . R :r as 
c. 63: 47 mm . Ossicular angle c. 50 °. T h e appearan ce of the 
ultim ate superom ar gin al is identical in all d etails with the oss icle 
figured by BR. NIELSEN, a nd this seem s to h ave b elonged t o the sam e 
individual. The inferom ar gin als b ear scatter ed sp in e-pits . On the 
superomar ginals ar e fo und ver y few scatter ed spine-pits, and a 
number of som ewh at larger spine-pits, which cover th e swollen 
portion . The apical a ngle of the arm h as been c. 90 °. The impres­
sions of b ivalve pedicellar iae are seen on several oss icles. 

Pl. 4, fig. 2. 
Upper Sen oni an . Mon Cliff. 

2. A collection of asteroid oss icles from Frederiksmind e near Aal­
bor g was shown by closer examination t o be made up of oss icles 
from two indiv idu als, n o . 2 and no . 3. Particularly those ossicles 
b elonging t o individual n o. 2 sh owed quite clearly, b y small ir ­
r egularities of the articulat ion surface, how the ossicles h ad b een 
connected . R :r as c. 58: 41 mm. Oss ic ul ar a ngle c. 50 °. Ther e 
h ave clearly b een fo ur superom argin a ls in each side of the arm. 
T h e s ides of the body h ave been slightly concave, and the apical 
angleofthearmis80 °-90 °. The m argin h as b een tall. The ultim a te 
superomarg inals are sh ort , and of som ewh at varying s ize. The tip of 
the arm (the terminal ossiclc) h as b een almost on a level with the 
abactinal surface of the disc. The ornam entation consists of the 
scattered spine-pits ch ar acteristic of the species; these b eing lar ­
ger, and more closely placed on the ab actinal swelling. The os-
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sicles are very similar to som e of the oss icles ·which ar e in­
cluded in SPENCER'S r econstruction p l. 14, fig. 1. Th e impression s 
of bivalve p ediccllariae ar e seen on several of the ossic lcs. Pl. 4, 
fig. 3. Upper Sen onian. Fred eriksminde n ear Aa lb or g. 

3 . The ossiclcs lay , together with those of the p r eviously m ention ed 
individual, in a jar in the collection of the Mineralogical Museum. 
Th ey ar e from a slightly smaller individual. R :r as c . 55: 40 mm. 
Ossicular a ngle c . 45 °. The m argin is n ot quite as narrow , or the 
ossicular an gle as large as in the previou s individual. T here is the 
sam e ornamentation , with scattered spine-pits which ar c larger, 
and m or e closely p laced on the swollen areas of th c superom argi­
n als. Ther e ar e impression s of pediccllariae on a n umber of th e 
ossicles . 

Pl. 4, fig. 4. 
Upper Sen onian . Frederiksminde n ear Aalborg. 

4. A large number of connected ossicles of a young Melopas ter , fo und 
in the White Chalk of Mon . An investigation of the m arginals 
shows with certainty that there h ave b een fo ur supcromarginals 
in each side of the arm. R :r as c. 33 : 25 mm. Ossicular angle c . 
30 °. The sides of the body ar e slightly con cave . The margin is 
evenly rounded , but, h o,vever, equ ally as tall , and with equ ally 
as large an ossicular a ngle as ossicles of the sam e size of M. 
poulsenii. Only on e ultimate superomar gin al is preserved ; this h as 
corresponded to two inferomarginals and ther e is a rath er large 
terminal facet . This d evelopment can , h ow ever, very w ell b e a 
characteristic of the individual. A single ultimate superom argin al 
found on Mon shows the sam e stru ctu re, the other s h ave, h owever, 
been in contact with several inferomarginals and a very sm all 
terminal ossicle . Ornamentation consists of a d epressed border 
and very few scatter ed spine-pits. The abactinal surface h as b een 
covered b y r ather tall , p olygon al ossicles, possessing spine-pits 
and a granulation of the surface. The actinal surface has b een co­
ver ed by flat, obliqu e, p olygonal ossicles b earing spine-pits. Am­
bulacral, adambulacral and oral ossicles ar c also p resent among 
the r em ains of thi s individu al. The ad arnb ul acra l ossicles h aYe 
3-4 spines on the margin , and on the actinal surface a sh ort fu r­
row, as w ell as the impressions of ab out four spines. It will b e 
natural to r egard the present individual as a youn g example of 
M. lumidus, since thi s sp ecies, and M. undulalus, are the only 
species of this genus whi ch ar e known from the ·white Chalk of 
Mon; this is also confirmed by the single ossicles found . 

Pl. 4 , fig. 5. 
Upper Sen onian. Mon Cliff. 
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5. Two connected marginals from an individual of abo ut the same 
size as the preceding, a nd with the same sm all number of spine­
pits , fou nd a t Dronningestolen , i\Ion. 

6. A number of ossicles of an ad ult , in flint , found at Dronninge­
slolen , 1\Ion . They co rrespo nd to the oth er specimen and give no 
information co ncerning the number o [ marginals. The abactin a l 
oss icles possess sp ine-pits a nd h ear a granulation. The adam­
bu lacra l oss ic les have fo ur or fo,e m a rginal sp ines a nd four ac­
tinal rows , each of thr rr spinrs in shall ow furrows in the s urface. 

7. F o ur co nnec ted oss ic les of a small inllividual , from Mon. De­
scribed by BR. NrELSEN as Rauniaster uirgineus. As previo usly 
mentioned, t hose astero id s from th e Da nish \Vhite Chalk described 
as Rauniaster seem to h e young indiv iduals of species of J\lleto­
pasler. Rauniasler uirgineus is exac tly s imila r to the previously 
m r nti on r d individt1 al n o. 1 of' Me topas /er p oulsenii. As M. poul­
senii is not known from Mon , it is likely that Rauniaster uirgineus 
is a young indiv idua l of the ve ry similar M. twnidus. 

P l. 4, fig. 1. 

Upp er Senon ian. lVIon Clifl. 
8. There is mate rial of J1etopaster lumidus from Hi.igen in the collec­

tio n of the .\Iineralogical Museum; it has been collected and de­
termined h y SPENCER. T h e oss ic les concerned agr ee w ell in ap­
pearance both with SPENCEH's holotype, and with the Danish 
materia l . 

9. B n . ~TELS EN (1943, p. 27, tex t fig. 17) me nti ons an ultimate 
s uperomarginal of a n individual from Basta cl in Sweden. Thi s 
osside is , howeve r, d ivergent in its sl ight h e ight , and low ossicular 
ang le, and is perhaps a M . poulsenii. 

Occurr e n ce.- Upp er Senonia n , Lower .\1laastrichtian, in Denmark . 
.\Iu cro nata zo ne in England, Germany, France, Belgium and Holland. 

Metopastcr lrevis (BR. NIELSE N) . 

Plate 3, Jig. 11-14. 

pars 1943 J\lli lrasl er hunleri FORBES var . /ceuis BR. N1ELSEN, p . 38 . 

19J3 Ravniasler /ceuis BR. NIELSEN, p. 47, pl. 3, fi g. 4. 

Diagn os is.- A Jlclopasler with three s uperom arg in als in each sid e 
of th e arm. The m a rgina ls have h eL'll complete ly smooth . 

Typ e.- As the re is no typ e-specimen of lVli lras ter hunleri lceuis , the 
yo ung individual described as Rauniaster lceuis, from the Upper Seno-
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nian of Stevns ClifI, is the holotyp e for the present species. Collection 
of the Mineralogical Museum. 

Histori ca l.- BR. N IELS EN (1943, p. 38) mentions some m edian 
superomarginals which, in their shap e and orn am entation , are like os­
sicles of "Mitrasler" hunleri. It h as been s hown (p. 30) that these os­
sicles h ave b elonged to young individuals of Melo paster poulsenii. BR. 
NIELSE , however, p laced them together with a pair of smooth ultimate 
sup erornarginals of Melop as ler-type from the same locality, and es tab lis­
h ed on this basis a new variety of ForrnEs's species. This varie ty should 
thus h ave median marginals with spine-pits and granules, while the 
ultimate superomarginal shou ld be complete ly smooth . It is unlikely 
that such a combination was correct, and new specimens show that a 
completely smooth species of Metopasler lived in the White Ch alk 
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 fou nd in 
the \Vhite Chalk of Stevns. Furthermore, the r emains of several indi ­
viduals, representing difierent growth stages, a re included in the collecl­
ion of ossic les interpreted on p. 14 as a pellet of indigestible matter. 
A very young individual of this spec ies must h ave h ad the ch aracter 
of a smooth Rauniaster . BR. NIELSEN h as described just su ch a one 
under the name Rauniaster frevis. 

D escr ipti o n.- Metopaster lceuis is, even in adult specimen s, only a 
rather small species . The largest individual so far found has R :r as 
26: 20 mm., and there are no s ingle oss icles available which indicate 
that it co uld a tta in a markedly greater s ize. The body h as n ot, as BR. 
NIELSEN ass umed on the basis of a n ultimate superom arginal , and as 
is given as a ge neric character for Mitrasler , been evenly rounded, but 
has been limited by s traight or slightly co ncave sides. There h ave been 
three superomarginals in each side of the arm. The length and h eight 
of the marginals is less than the breadth (small ossicular angle). The 
inferom arginals have about the same height as the sup erom ar gin als. 
The marginal s are provided with a very narrow d epressed border 
which, particularly in adults, can only be seen with difficulty, or is even 
wanting. They are otherwise quite smooth , ther e b eing n o spine-pits 
present . 

The abact inal s urface h as been covered by rather tall , smooth , 
prismatic oss icles; the primary abactinal ossicles being distinctly larger 
than the r em a inder. 

The actinal surface has b ee n covered by low, oblique, p olygo nal 
ossicles, whose surface has b een provided with spine-pits . 

The adambulacral ossicles have had four or five spines on the edge 



39 

a nd parallel to this on the actinal surface there is a furrow and t"·o 
rows of three spine-pits eac h . 

Neither ambulacral or oral ossicles, nor impressions of p edicellariae 
have b een observed. 

Affinity with other spee i es. - This sp ecies is c learly to be se­
p arated from a ll hitherto kn own sp ecies by its ornam entation , but it 
agrees otherwise in all ch aracters with the genus Metopas ter ; especially 
in the outline, and the s tru c ture of the margin . 

lV[ a t e rial.- Apart from single marginals the associated remains of 
three individuals have been fo und in the Upp er Scnonian. 

All the specimens arc in the collec tion of the Min eralogical Museum . 

1. The connected remains o f a small individual d escribed b y BR . 
N r ELS EN as Rwmiaster lceuis are tlw hololype for Lhe present species. 
I{ :r as c. 5.0 : 3.5 mm. There are only two supero- and inferomar­
ginals present in each side of the arm, hut it is, however, likely 
that there has h ee n a small, disc-shap ed third m arginal. A narrow 
depressed bord er is visible on the inferoma rginals. 

Pl. 3, fig . 11. 
Upper Senonian. Stev ns Cliff, Eskelund. 

2. Among the ossiclcs m entioned on p . 14 , from a p ellet ejected by 
a starfish-eating a nimal , are the remains of at least three indivi­
duals of Melopaster lceu is. A part of one individual has been re­
co nstructed from som e of these ossicles. R :r as c. 15: 11 mm. Os­
sicular angle c . 20 °. There have b een three supcromarginals in 
each side of a n arm. The ultimate superomarginal has been in 
contac t with two sm aller inferomarginals, so that there have been 
fo ur inferom argin a ls on each side of the arm. 

Pl. 3, fig . 12. 
Upp r r Senonian. Stevns Cliff, north of Kulsti Rende. 

3. Remains of a n individual. The shape a nd appearance of the mar­
ginals made it easy to unite them so that they form three sides of 
the animal. R: r as c . 19: 14 mm. Ossicu lar angle c. 25 °. The sides 
a re slightly co ncave. The tips of the arms are slightly c urved up­
wards. The m arg in is l ow est (5.5 mm.) in the middle of the side, 
a nd highest (6.5 mm.) at the ultima te s up cromarginal. Three 
in fcrom arginals h ave corr esponded to the ultimate superomargi­
nal. The terminal oss icl c h as been quite sm all. 

PJ. 3, rtg . 13. 
Upp er Senonian. Stevns Cliff, north of Kulsti Rende. 

4. Remains of a slightly l a rger individual. R :r as c. 26: 20 mm. Os­
sicular angle c. 30 °. The margin has a h e ight of c . 8 mm . in the 
middle of the side, and 9 mm. in the distal p art, which is only 
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slightly swollen. There a r c three superomarginals, the ultimate 
superomarginal corresponding to three infcromarginals. The term­
inal ossicle is small. 

Pl. 3, fig. 14 . 
Upp er Senonian. Stevns Cliff, north of Kulsti H. ende. 

Oc c urren ce.-Upper Senonian, Upper Maastrichtian. Stevns Cliff, 
Denmark. 

Metopaster undulatus SPENCER. 

Plate 3, fig. 15-16. Text fig. 4 h. 

1913 Me topasler undulatus SPENCER, p . 118, pl. 10, fig. 19, 20, 
pl. 15, fig. 20-24. 

? 1935 Metopasler undulalus, MERCIER, p . 29, pl. 1, fig. 15 . 

? 1940 Melopasler undulalus, WRIGHT, p. 238, pl. 14, fig. 5, 6. 

1943 Melopaster undulalus, BR. NIELSEN, p. 31. 

1943 Melopasler granulalus BR . NIELSEN, p . 32, pl. 1, fig. 12 . 

Diagn os is .- A Melopaster whose superomarginals h ave an undu ­
lating surface . The ultimate superomarginal h as a short, broad and 
rounded appearance. The ornamentation co nsists of an oft en d epressed 
border, which passes more or less evenly over into the central 
area, which is cover ed b y scattered, rounded spine-pits of varying size. 
A granulation ca n also occur on the abactinal part of the superomargi­
n als. 

T y p e.- The ossicle from the Upper Senonian of H.i.igen, figured by 
SPENCER, 191 3, pl. 15, fig. 20 , is the h olotype for this species. Collec­
tion of the British Museum (N. H.) . 

D esc ripti o n .- This species is known only from find s of very in­
complete individuals and single marginals. It is therefore impossible to 
say anythin g concerning the exact outline of the a11imal, or the number 
of marginals . On the b as is of the frequency of m edian marginals and 
ultimate sup eromarginals , SPE NCER comes to the conclusion that there 
have only been two marginals on each side of the arm. H e states, how­
ever , that a n individual with three is to b e found in BRYDO NE's collec­
tion. This particular individu al proved, however , to b e a small, very 
badl y preserved Metopas /er, whose affinity with the present species is 
not q uite certain . \VRrGrIT (Hl40, p. 238 , pl. 14 , fig. 5, 6) mer:ition an 
individua l from the middle Mu cro nata Zon e in England. This individ ­
ual is interpreted as an early fonn of M. undulatus. It has three supero­
marginals on each side of the arm, but since it is, as suggested , n ot a 
typical M. undulatus , it gives no sure clue as to the number of marginals 
there has b een in the species. The profile of the superomarginals shows 
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two protruding portions, an abactinal a nd a lateral , and b etween these 
an embayment. The in [eromargina ls s lope more evenly . The m edian 
margin a ls, p articularly those of the sup er ior series, are quite short. The 
ultimate superomarginal h as a compact , rounded appearance, which 
gives the whole anima l a rounclecl outlin e . 

The ornamentation is peculiar in that the sp ine-pits are of ver_v vary­
ing size, the la rgest being found o n the lateral pro truding portion. \\Then 
a depressed border is present , it often passes eve nly oYer into the cen ­
tral area. A granula tion of the abactinal swelling is frequently found . 
SPENCER (1913, pp. 119 and 168) (listinguishes between a younger, 
normal, form, a nd an older , ru gose variety . As th e relationship of the 
older specimen from Dorset is d o ubtful , and the ru gose form has now 
been fo und in the upp ermost \Vhitc Chalk of Stevns, su ch a distinction 
is harclly justified . Spencer states th a t at Trimingham the normal form 
is th e m ost commo n , however, all the oss iclcs from this locality preserved 
in the Sedgwick Museum b ear gra nul es, even though there are in some 
cases only a few, or eve n only single gra nu Les prese nt on eac h ossiclc. 

The impression of a p c(licellari a is seen on a single marginal from 
Aalborg. It has th e form of a depression from which two short, slender 
furrows stretch out in opposite directions. 

?\IEHCIEH (1935, p. 29) r ecords this spc(" ies from th e Jlicmsler cor­
tes ludinarium Zone in France. [t is , however, impossibl e to d e("id e from 
MERC11.rn's d escription a nd figure whether it rea ll y is this sp c("ies which 
is conc-erned. 

BR. NIELS EN ( 19-13, p. :n ) mentions this species from Lile \\ 'hite 
Chalk o f Denmark. He furthermore establish es (p. 32, pl. l , fig. 12) a 
new species, Me topaster gra,wlalus, on the b as is of typical oss ic les of 
M. undulalus. The s imila rity b e twee n the two species is obvious, a nd 
is also stressed b _v B11. NIELSE N, who at the same time states that M. 

granulatus diffe rs in that, "the ante rior a ngle of the ( ultimate super o­
marginal ) pl ate is very large, l a rger than in kf. 1Lndulatus. 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, h owever , h ardly possi­
bl e lo ta lk of an a nte rior angle, as the ultimate superomarginal has a 
ver_v rounded outline. That ther e is no possibility of separating the two 
sp ec ies on this ch a rac ter is best see n by comparing the outline of the 
typ e specime n for M. grruwlatus (pl. 3 , fig. 16, in the prese nt work) 
with the corresponding o utlin e in SPEi\"CER's reconstruction o f M. unclu­
lalus. Since BR. :N IELSEN himself stresses the identity of the other 
ch arac te rs, there is no r eason h ere to r epeat th em. 

Affinit y with ot h e r spccies.- Me topas/er undulalus is c harac t­
eristic, b oth in its ornamentation, and its m ar gin al profile , a nd is eas ily 
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 b etwee n the margin a nd the central area in this 
species, and the profile of the ossicles also separates the two species. 
The variety triminglwmensis established b y WRIGHT (1940, p . 238) 
differs both in ornamentation and in the length and curvature of the 
ultimate superomarginals. 

Mat e rial.-SPENCER states (p. 169) that M. undulalus is rare in the 
Senonian and Upp er Danian of Denmark. No specimen of this species 
from the Danian h as, however, b een found during examination of the 
Danish collections. A number of marginals of this species are available 
from vVhite Chalk localities around Aalborg. Those oss icles upon which 
BR. NIELSEN based his descripti on of M. granulatus are from R0rda l 
near Aalborg. The ossicles used in this reconstruction possibly originate 
from a single individual. The ultimate sup eromarginal has corresponded 
to three inferomarginals. There is on e further old ftnd of presumably 
associated ossicles from the sam e locality: the associated ossicles of a 
very small individual from Blegkilde , near Aalborg. This individual 
does not differ from the r emainder in other than s ize. It b ears a very 
powerful granulation on the abactinal part of the sup_eromarginals. The 
ultimate superomarginal h as 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 vVhite Chalk of Stevns Cliff, Mon Cliff, 
Eerslev and Aalborg. 

The specimens m entioned are in the collection of the Mineralogical 
Museum. 

Occurrence.- Upp er Senonian, England, Germany and Denmark. 

Mctopastcr angulatus BR. NIELSEN. 

Plate 3, fig . 17. 

? 1940 Metopasler undulatus var. triminghamensis WRIGHT, p. 238, pl. 14, fig . 11.J 

1943 Metopasler 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. NIELSEN from the Upper 
Senonian White Chalk near Enegaarde, Prresto, is the holotype . Col­
lection of the Mineralogical Museum. 

Description.- Metopas ter angulatus is established on the basis of 
a single ultimate superomarginal. This differs from all other known 



43 

Danish sp ecies b y its long, slender and cu rved fo rm. In spite of its 
small size, it gives the impression of having b elonged to a n adult , and 
it has corresponded to four inferomargin als . The exposed surface is 
evenly arch ed, and the ossicular angle small. The proximal part of the 
ossicle shows a tenden cy tow ards the undulating surface whic h char­
acterizes NI . undulatus . The ornamentation co nsists of a d epr essed border 
with r ather few scatter ed spine-pits . 

Affinit y with oth e r s p ec ies. - WRIGHT (1940, p. 238, pl. 14, fig. 
11) described a form, Metopasler undula tus var. trimingham ensis, from 
the upper Mucronata b ed nea r Trimingham, E ngla nd. This species is 
similarly described from single ultimate superomarginals. It d oes not 
seem possible certainly to distin guish these two sp ecies on the basis of 
the available material . 

Mat erial.- Only a few ultimate superomarginals of Jvl . angulatus 
ar e known fr 01n E negaarde , Denmark . 

Collection of the Mineral ogical Muse um. 
Oc c urren ce.- Upper Sen onian , Maastrichtia n .? E ngland, Denmark . 

]\l[etopaster Jrngstrupensis B R. N I E LSEN. 

Pl ate 5, fi g. 1-4. Tex t fig. 4 i. 

pars 1913 Melopasler mammillalus ( G ABB), SPENC ER, p . 115. 

1943 Metopasler kagslrupensis BR. N I ELSEN, p. 33, pl. 1, 
fig. 13, 14, 15. 

1945 Me lopasler kagslrupensis, W . R ASMUSSEN, p. 418. 

Di ag n os i s. - A Me topas ler with three superomarginals in each side 
of the arm ; they ar e strongly tumid . Ornam entation is that common for 
the genus . T h e ossicular a ngle is large. The m edian inferomarginals 
are taller tha n the superom arginals. The tip of the arm (the terminal 
ossicle) is generally situated at about the level of the animal's abactinal 
surface. 

T y p e.-The individual from the Lower Dania n of Stevn s Cliff figured 
by BR . NIE LS EN ( 1943, pl. 1, fig. 13. ) is chosen as the typ e. Collection 
of the Mineralogical Museum. 

D e s c ripti o n.- The sides of the b ody ar e stra ight or n early straight ; 
the m arginals large, a nd powerful. Ther e are three superomarginals 
in each side of the arm . The infer om argin als arc- at least in the avail ­
able individuals- taller than the superomarginals . This is, however , 
n aturally n ot the case with the sm all distal inferom arginals which m eet 
the ultimate sup eromargin al. Just as in M. twnidus the ossicular angle 
is rath er large. The mar gin als ar e tumid , a nd the sup eromar­
ginals h ave a swelling of the central , ab actina l ar ea. 



44 

The ornam ent of the marginals is that typ ical of th e genus, with scat ­
ter ed spine-pits withi n a d epressed border. T he ultimate superom ar ­
ginal h as , a s see n from the ab actinal side, the tr iangular outline u su a l 
in sp ecies of the genus Me topaster. It h as m et several sm aller infero­
m argina ls which , in co ntrast to the s uperomargina ls, are of distally 
decreasing size. The actual tip of the arm (the terminal ossiclc) h as 
been situated r ather high up on the ultimate s uperom arginal. BR. 
NIE LSEN (1 913, p . 34) states tha t Lher e have b een fou r in fcrom ar ginals 
corresponding to the ultimate sup erom arginal. T hi s is also tru e for the 
large ossiclcs figured by BR . NIE LS EN. Even la rger ultimate snpero­
m arginals o f this sp ecies, sh owing as many as six facets correspon ding 
to inferom arg inals, ar e, h ow ever , foun d . On e m ay presume th at in 
younger individu a ls of t he sp ec ies the num ber of facets h as b een sm a l ­
ler, a n d that the very sm all ind ividuals have b ee n "Rauniaster"-li ke, 
with just as man~, supero- as infer om arg in als. BR. NIELSEN ( 1943, p. 
34, pl. 1, fig. 15) m ent ions two ultimate superomar gin als o f diffe r ent 
size, on e h aving correspon ded to three, and th e other to tw o in fer o­
m ar ginals. H e tak es this differ ence as an example of the differ en ce in 
size and number of the m ar ginals whi ch on e som etimes can m eet 
within a single Metopaster indiv idual. From that knowl edge of the 
ontogeny which has b een gained from the investigation of Me topaster 
poulsenii, ther e can h e n o d oubt that th ese differ ences are directly 
r elated to the growth- stage of the individual. One diver gent ossicle, an 
example of th at irregularity whi ch SP ENCE R h as called "th e breaking­
down of ultimate superom arginali a", h as b een found. This ossicle h as 
contacted three inferomarginal s, and h as two facets sh owing that it has 
m et two superom arginals of the opposite s ide o f the arm. Sm all ultimate 
sup eromarginals b elongin g to a "Rauniaster" -like stage o f Me topaster 
have h een found at localities wh ere M. k agslrupensis is common . That 
part o f the superomarg inal directed toward s the oss icles of th e ab actin al 
surface is quite narrow as in other Melopas fer sp ecies, sh owin g tha t 
the ahactin a l surface h as b ee n covered by rather low pri sm atic ossicles. 

The r em a ining parts of the sk ele ton of this sp ecies, and impressions 
of p edicell ariae a re n ot know n with certainty. 

Affinity with oth e r s p ec i es .- B R. NIELSEN ( 1943, p. 34) stresses 
the gr eat s imil arity b etw een M. poulsenii, and M. kags trnpensis. H e states 
that they difTer from on e an other in the sh ape of the ultimate supero­
m ar ginal. Refer ence is presumably h ereby made to the sm all size whi ch, 
according to BR. NIELSEN, ch ar acteri zes the ultimate superom arg in al 
of M. poulsenii. Since it h as b een sh own ab ove that this sm all size is 
only a n expression of the age of the inclividual , and ther e can thu s b e 
no differ en ce b etween the species in this r espect, the obvious thin g to 
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do is to unite them into a single species. JVJ. kagslrupensis seems, h oweve1', 
to be distinguish ed from M. poulsenii in that the infcromarginals arc 
taller than the superomargina ls, the ossicular angle is la rger, the mar­
gin als shorter, and th e ultimate s uperomarginal less rounded, the arm 
tip in M . k ags trnpensis having as a rule been sli ghtly projecting. lt 
differs from M. Lwnidus partl y in the relation between the h eights of 
the supero- and inferomarginals, and partly in th e numb er of marginals . 
It differs from M. cleua lus in that the margin is l ow er, the ultimate 
s uperomarginal is longer, and the tip of the arm is placed h igher in 
re lation to the ultimate superomarginal. The greater breadth of the 
margin , and the fact that the ultimate sup er omargin a l is more compact 
and witho ut a distal swc , lin g distin gui sh es the present species from M. 
spencerii. 

Materia l.- Two individuals of this species h ave b een found, apart 
from a large number of single marginals. The firs t indiv idu al is ch osen 
as the typ e. H :r as c. 35: 28 mm. This individu al sh ow s th e numb er of 
marginals, and also the relation between the h eights of the supero- and 
infcromarginals, this bein g as 8: 10 mm. It was fo und in the Lower 
Danian of Stevns Cliff. The o ther individual was found in a flint er ­
ra ti c in Denmark, but is presumell also to come from the Danian. This 
specimen also shows the great h eight of the in fcrom arg in a ls; th e 
he ights of the supcro- and inferomargin als in this case are 9 a nd 12 mm. 
The ultimate superomargin al has contacted five in fcromarginal s . A few 
abactinal ossicles arc seen; they h ave a strongly gra nulated surface. 
The act ina l surface is covered b y oblique, pol ygonal ossicles, whose 
surface bears spine-pits. The adambulacral ossicles arc short and 
broad ; they a re provided with about six spine-p its on the edge, and 
several rows of less distinc t sp ine-pits o n the actin al surface . The impres­
s ions o f pcdicellar iac arc see n on a few of the marginal and actinal 
nssicles. Pl . 5, fig. 1- J s ho,Ys three marginals from individual s o f dif­
ferent size. The first is from an individual of "Rcwniasler"-type , as it 
h as correspond ed to only one infrro1narginal. The second has b een in 
contact with two infcromargin als , and the last is from an individual 
whose ultimate supcrornarg ina l has been in contac l with four infcro­
marginals , apart from th e termin al ossicle . 

The specimens figur ed arc in the coll ect ion of the Mineralogical 
Museltln. 

Occurrencc.- Lower Dan ian. Dcm11ark . 
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Metopaster spencerii BR. NIELSEN. 

Pla te 5, fig. 5-8. Text fig. 4 j . 

pars 1913 Metopasler mammillatus (GABB), SPENCER, p. 115, pl. 15, fig . 11. 

1943 Melopasler spencerii BR. NIELSEN, p . 35, pl. 1, fig. 16, 17 , 
pl. 2, fig. 1. 

Diagnosis.-A Melopaster whose sides are concave, and whose mar­
gina ls 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 de cription of 
this species, is chosen as the type. Collection of the Mineralogical 
Museum. 

Des c rip ti o n.-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 
sh ows that M. spenceI"ii 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 superomargina ls 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 superomargina ls, and the abactin al 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 
encl 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 a rm , and therefore governs the shape of the mesial 
facet. BR. 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 oss icle, 
have corresponded to the superomarginal. There have been three 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 ar e slightly larger 
on the swelling than over the rest of the surface. A d epressed border is 
o nl y visible on some of th e ossicles. 

The other skeletal parts of this species are unknown . 
The impressions of pedicell ariac ar e seen on some marginals; ther e 

is a depression from which two grooves ex tend in opposite directions , 
ending in smaller depressions. 

Affinity with ot h er spec i cs.- The present species is clearly dis­
tinguished from all other known species by the n arrow margin, the 
ou tline, and the s,vellin g on the distal part of the ultimate supero­
marginal. There arc generally one or more marked swellings in M. 
th oracifcr from the Ccnomanian and Lower Turonian. These are, how­
ever, latera lly placed on the much broader marginal, and th erefor e do 
not influence th e mesial facet . The same applies to Melopasferpcrrkin­
son i ccr lccrr SPENCEfl which occurs in the Swedish Scnonian. 

Material.- As mentioned, only single ossicles of this species have 
been found. The median as well as the ultimate superomarginal s are 
easily recognizable. It is on the other hand more difficult with certainty 
to refer inferomargin als to this species. 

The ossicles figured are in the collection of the l\lineralogica l Museum. 
Occurrence.-Lower Danian. Denmark. 

Metopaster elevatus BH. NIELSEN. 

Plate 5, fig . 9-10. Text fig. 4 k. 

pars 1913 Metopas ler mc.rr.n;i/ldus (GAEB) , SPENCER, p. 115, pl. 10, fig. 9. 

1943 Melopasler eleva /11 s BR. NIELSEN, p. 36, pl. 2, fig. 2. 

Dia g n os i s.- A Melopasler whose ultimate superornarginal is very 
short and tall , with a strong abactinal swellin g. The tip of the arm (the 
terminal ossicle) is on ly sli ghtly elevated above the lower edge of the 
superomarginals. The ornamentati on is composed of a depressed bor­
der, and within this scattered sp in e-pits, which ar c largest on the abac­
tinal swelling. 

Typ e.-The h olotype is the ultimate superomargin al from th e Upper 
Danian of Herfolge, figured by BH. NIELSEN , pl. 2, fig. 2. Collection of 
the Mineralogical Museum. 

Description.- Only a few occurren ces of single ultimate supero­
marginals are known with certainty. The angle between the outer side, 
and the mcsial facet is c. 50 °, corresponding to an angle of c. 100 ° for 
the arm apex. This shows that th e sid es of the body h ave been straight 
or nearly straight. Furthermore, the shape of the proximal facet shows 
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that the margin has been rather tall, and evenly rounded . The ossic le 
is itself short and tall. A powerful swelli ng includes the whole abactin EI 
surface. The largest ultimate supcromarginal so far found h as corr es­
ponded to four infe romargina ls; the smallest sh ows three downwardly 
directed facets, a nd has th erefore met three infcroma rgina ls , apa rt 
from the small terminal ossic le. The tip of the arm has been only s lightl y 
upturned. The am ount of upturn is greatest in the large oss iclc m enti­
oned above; here the apex has been s itu ated on a leve l with the middle 
of the s upcromargina ls. In the r emaining specimens the apex is only 
very slightly elevated, or not at all . As a r esu lt of this shape th e m esial 
facet of the ultimate superomarginal is oval in outline with its ends at 
the top of the ossiclc above, and at the arm-tip below. The ornamenta­
ti on is composed of a depressed border, and within this scattered spinc­
pits, which are largest on the abactinal swelling. The impression of a 
pedicellaria of Metopasler-type is seen on a single ossiclc. 

Affinity with other spcc i es.- Metopasler eleualus is mainly r e­
miniscent of M. kagstrupensis, but differs fron1 this and other species by 
its tall, short ultimate superomarginals, and the onl y slightly upraised 
tip of the arm. lt differs also in the ornamentation, which is distinctl y 
coarser on the abactinal sw elling of the ultimate supcrom argin al th an 
on the remainder of the ossicle. 

Mat er i a l.- Only fifteen ultimate superomargin als of this species arc 
kno,vn. 

Collection of th e Mineralogica l Museum. 
Occurrence.- Middle Danian in Denmark. 

Metopastcr planus (BR. NIELSEN). 

Plate 5, fig . 11. 

1943 Ravniasler plam1s BR. NIELSEN, 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. 

Di agnos is.- A Nfetopas ler whose marginals bear a depressed bor­
der, and within this scattered spine-pits which ar c particularly num­
er ous along the often rather sharp boundary between the ahactinal an d 
later al parts of the outer surface of the ultimate superomarginal. The 
ultimate supcromarginal has met an almost equally large infc rom ar ­
ginal , and distal to this, one or two small inferomarginals. 

Type.- Thc fragment of an individual from the Lower Da nian of 
Korporalskrocn , figured by Bn . N IELSEN 1943, pl. 3, fig. 10, is chosen 
as type. Collection of the Mineralogical Iv[u seum. 

Historical.- M . planus is established on the basis of a number of 
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superomarginals, or corresponding infcroma rgina ls. A nUlnber ·o r m e­
dian marginals ar c also found in the Danian J cposits , but it has not 
been possible to make a certain reconstruction by using them. \Vhcn 
B R. N I ELSEN founJ a very yo ung asteroid (.H. = 2 mm) in the Uanian, 
with one supero- and one inferomarginal in each side of the arm, h e 
con cluded that there had existed a species which (when fully grown) 
only had a single supero- and inferomarginal in each side of the arm. 

D cs er iption.- Judging by the size of the marginals, M. planus seem s 
to b e a small species. The number of margina ls in each side of the arm 
is unkno,-vn. The ultimate superomarginal is mosl oft en nearly tria n ­
gular, with about the sam e len gth as breadth, while the h eight is distinctly 
less . It has met the correspondin g 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 ossiclc is only slightly 
tumid . In the proximal part of the arm the ab ac linal and latera l sur­
faces pass evenly into on e another; in the distal part they meet in a 
more or less sharp edge. The proximal end-surface is almost as Lall as 
the ossicle as a whole, rather narrow and arch ed with the concavity 
directed towards the body cavity. The ultimate supcromarginal has 
b een in contact with on e infcromargin al of nearly equal size. Distal to 
this is founJ one, or, in a very few instances, two or non e inferomar­
ginals. The large infcrom arginal has a triangular outline; its proximal 
articulation surface is n arrow, a nd cu rvecl s imilar ly to that of the supc­
romarginal. The inferior series of marginals b ear the impressions of 
the adambulacral ossicles. That parl directed towards the b ody cavity 
has the character of a furrow a long the length of the ossicle. The distal 
articulation surface is very small, and triangular ; it h as met the very 
small distal infcromarginal. Th e exposed su rface is m or e evenly arched 
than in the superomarginal . 

The ornamentation of the marginals is composed of a narrow de­
pressed b order , and scattered spine-pits, which on the ultimate su­
p er omarginal are most comm on on the lateral part of the surface, and 
parti cularly along the juncti on between the lateral and abactin al parts. 
Pedicellarian impressions h ave not been observed . 

Affinity with oth er spccies.-This, and especially the following 
species are r eminiscent of the re cent Pentagonaster pulch ellus in the 
large infcromargina l correspondin g to the ultimate supcromarginal , but 
they dificr from this m arkedly, both in shape, and ornamentation. 

The a uthor stated in 1944 that it was n ot possible to distinguish be­
twee n the present species, and "Rcwniaster" carinaius on the b asis of 
the typ e of the former, and th e ctescri_ption of the latter. A later i1wcstiga­
tion o f the h olotype of R. carinalus h as, h owever, sh own that thi s agrees 
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very badly with the d escription . This question w ill therefore h ave to 
b e r eferred t o again (see b elow). 

Mat e rial.- Single ossicles of this sp ecies h ave been found at the 
majority of Danian localities in Denmark . The fragm ent ch osen as 
typ e, and an infer omarginal with a few attached ad ambulacral ossicles 
are all that is known of connected r em ains. Those ossicles which ar e 
included in t he r econ struction figured by B R . NIELSEN, 1943, pl. 3, 
fig. 13 agr ee well with the typ e individual. Supero- and inferom arginals 
are, h owever, exch anged in some p laces. The correctness of th e re­
construction without m edian marginals is extrem ely doubtful. Th e os­
sicle figured by BR. NIELSEN, pl. 3, fig. 12, is not a superom arginal , 
but an inferom arginal. Whether the very sm all in dividu al figu red by 
BR. NIESLEN h as b elonged to this species cannot b e determined. The 
inferom argin al figured b y the author, 1945, pl. 9, fig. 8, h as presum­
ably b elonged to an other species (see p. 55) . 

The oss icles figured ar e in the collection of the Mineralogical Mu seum. 
O cc u r r e n ce.-Danian . Denmark. 

Metopaster carinatus (Bri . NIELSE N) . 

Plate 5, fig. 12-13. 

1943 Ravniasler carinalus BR . N 1ELSEN, p. 52, pl. 4, fi g. 34. 

pars 1945 Ravniasler planus, W . R ASMUSSEN, p. 421. 

Dia g no s i s.-A .Melopaster wh ose ultimate superom argin al is long, 
and m or e or less curved . Only the distal h alf m eets th e correspo nding 
ossicle from the other side of the arm in the mid-line . The surface is 
evenly curved. Ther e is a nar row d epr essed border , and ·within thi s 
spine-pits which ar e evenly di stributed over the whole surface . The os­
sicle has contacted an equ ally large inferom arginal. 

T y p e.-The m arginal from the Upp er Danian of Her folge figured b y 
BR. NIELSEN, 1943, pl. 4, fig. 34, is the h olotyp e. Collecti on of the 
Mineralogical Museum. 

Hi s t o ri ca l.- This sp ecies was d escribed by BH . NI ELSEN in 1943. 
Only one oss ic le is figured. The auth or sh owed in 1945 th at thi s species 
could n ot b e di stin gui sh ed from. M . planus on the b asis of the descrip­
tion. The holotyp e h as been found later , h owever , and it sh ows itself 
to b e ver y differ ent from th e d escripti on . It r epresents a typ e of ossicle 
which h as only been found in abundance at a single _locality, H er fo lge. 
In spite of the difficulty of" orking with sp ecies only known from single 
ossicles, it seem s to b e possible to· k eep the sp ecies separate . Their cli f-
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ferent frequencies at the difTercnt Danian localiti es make it likely that 
M. carinalus is an indep endent 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 b een concave. 
Only in the distal half h as the ossiclc met the corresponding ossicle 
from the opposite side of the arm. The free surface is evenly curved 
without any suggest ion of a ridge. The ornamentation consists of a 
narrow depressed border , and spine-pits which ar e uniformly distribu­
ted over the whole surface. The proximal articulation facet, which 
has b een in contact with the median superomarginals, is rather small , 
low and broad. This surface is p eculiar in about half of the ossic lcs; 
being divided into two or three smaller facets. This peculiar appearance 
will be understood by compar ison with the recent P enlagonaster pul­
ch ellus, where secondary ossiclcs are often interposed between the mar­
gin als- espec iall y proximally to the ultimate supcrom arginal , and the 
corresp ondin g inferomargin al. Th ese ossiclcs are therefore som etimes 
in contact with several ossicles at their proximal end , and thu s obtain 
an app ear an ce which agrees exactly ·with that which we ftnd in JVJ. 
carinatus. In the great major ity of cases th e ultimate superomarginal 
has been in co ntact with a s in gle, equally large inferomargin al. In only 
a few cases is there found a very small distal inferomarginal. M. cari­
natus is thus also reminisce nt of P . pHlchellus in this fea ture. Th e infero­
m ar gin al is consequ entl y trian gular in outlin e, and en ds in a terminal 
point. lt h as been in co ntact with the adambulacral plates over the 
greater part of its length . The free surface is evenly curved, provided 
w ith a narrow d epressed border, a nd nurn.crous, uniformly distributed 
sp ine-pits. 

Affinity with other s p ec i es.- Me/opasier carinalus differ s from 
1\/ . p i anus in the even curvature of the ultimate suprromarginal , with­
out any sugges tion of a ridge; in the distribution of th e spine-pits, and 
the long, slightly curved form of the ossicles. As m entioned above, it 
is r eminiscent of P. pHlchellus in often having on ly a sin gle inferomar­
gin a l corresponding to the ultimate superomar ginal , and in that the 
sm a ll surface directed toward s the m edian superomarginals is often 
subdivided into several facets. 

~I a t e r i a l. - Only single margin als from the Upper Dania n are kn own . 
Th ey are common in m a terial from Herfolge, but are, h ow ever, also 
found at other localities. 

Co llection of the :Mineralogical Museum. 
O cc urr e nce .-Upp er Danian , Denmark . 
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Metopaster maculatus (BR. NIELSEN). 

Plate 5, fig. 14-15. 

1943 Ravniaster maculatus BR. NIELS EN, p . 50, pl. 3, fig. 5-8. Text fig. 30. 

Di ag n os is.- A lVle lopasier , whose. orn am e nta tion is m a d e up of a 
d epressed b order-zone, and a very limited central ar ea b earing scat ­
ter ed spine-pits. One or two infcromarginals corresp ond to th e ultimate 
superomarginal . 

T y p e .- The ossicle from th e Upper Da nia n of F ak se, figured by 
BR. N IE LSEN, 1943, p l. 3, fig. 6, is ch osen as type . Collection of th e 
Mineralogical Mu seum . 

D esc ri p ti o n .- T his sp ecies is only kn own from single marginals. 
The outline of the animal , and the number of marginals is not known . 
B R . NIELSEN assumed th at there h ad been two superom arginals in 
each side of the arm . T h e ultimate sup eromarginal generally corresponds 
to a l arge, p roxima l , and a rather small dista l ossicle . T h e margin als 
a r e rather low, obli que and evenly tumid . The ultimate superom ar ginal 
m eets th e corresp ondin g ossicle from th e other side of th e arm in the 
mid-line; it h a s ther efore a trian gular outline when seen from the dorsal 
side. The ornamentation is r eminiscent of that gen eral in the genus 
Metopaster , but it is peculiar in that th e sli ghtl y raised central area is 
very limited , and can even b e complete ly wanting. 

Affinit y with o th e r spec i es.- The ornament of Metopaster m acu­
latus is r emini scent of Me top as ler exsculplus SPENCE R , a nd esp ecially of 
M. decipien s SPENCE R , but it difiers by h aving a sm aller number of 
inferomarginals corresp onding to the ultimate superomarginal. 

Mat e r i a 1.- A lar ge number of m arginals of this sp ecies h ave b een 
found in the Middle Danian , particularly in the limeston e at F ak se. 

Collection of the Mineralogical Mu seum. 
O cc urr e n ce.- Upper Dani an . Denmark . 

Metopaster sp. 

Plate 5, fig . 16. 

Typical fo rms of lVl elop asier, w ith several infer omarginals correspond­
ing to the ultimate s uperomarginals, h ave n ot p r eviou sly been known 
from the uppermost Da nia n . Typical ultima te superom ar ginals from 
a rather s1nall , unknown species of Me topaster are, h owever , now 
available from several localiti es with uppermost Danian. T h e ossicles 
are r ather low, evenly tumid a nd p ossess n o con spicu ou s ch ar acter s 
that could b e u sed for a specific diagn osis. It would b e difiicult to dis-
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tinguish this from the yo ung of other typical sp ecies of Metopaster m 
material from localities where such occur . 

Occurrence.- Upper Danian . Denmark. 

Genus Ceramaster VERRILL 1899. 

Diagno s is.-Astero ids whose body is p entagona l with only slightly 
proj ecting arms. The abactinal ossic les ar e covered by closely placed 
setae. The m arginals b ea r se tae, w hich are sometimes restricted to a 
border while the central , slightly elevated area is smooth , or provided 
with a few scattered setae. 

Geno typ e.- Ceramaster granularis (RETzws) 1783. Recent . 
Affinity with oth e r ge n era .- 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 & 

TROSCHE L) h ave an ornam entation composed of a border b earing fine , 
closely placed setae, and a central slightly elevated area bearing a few 
scattered setae attached in small pits . [n this it is strongly r eminiscent 
of Cretaceous individ uals of Metopaster . Concerning this species 
FISH ER (19 11 , p. 205) writes , " placenta is in many r esp ects a n aber­
rant m ember of this group", and later, " C. placenta seems to tend to­
wards Tasia" . Two other species, bourgeti (PERRIER), a nd ammophilus 
(FISHER), have very similar m arginal s (but fewer of them) and are 
referred to a sep arate genus , Sphaeriodiscus FISH ER. 

Foss il spec i es of Ceramaster.- Several species whic h h ave been 
referred to Me to paster differ from the normal appearance of this genus 
b y not having a large ultimate superomarginal corresponding to seve­
ral inferomarginals. Some of these sp~c ies a re , in appearance, close 
to C. placenta, a nd partly a lso to the two spec ies of Sphaeriodiscus; th ese 
are mentioned here under the genus Ceramasler . 

O cc urr e nc e .- The genus Ceramasler has hitherto only b een k n own 
r ecent , but it seems a lso to be represented in the Danian . Ther e is a lso 
a n (undescribed) species from the Danish Oligocene which must b e 
r eferred to this genu s . 

Ceramaster dividuus ( \ V. RAS MUSSEN) . 

Plate 5, fig . 17 . 

1945 Metopasler dividuus W. RASMUSSEN, p . 419, pl. 9, fig. 3, 4, 5, pars fig . 6. 

Diagn os i s.- A Ceramaster with a p entagonal out line, and nearly 
straight sides. The margin is formed of just as many superomarginals 
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as inferomarginals . The marginals arc provided with a depressed bor­
der b earing fin e, closely placed sctac, and within this , scattered setae 
attached in spine-pits. ln the outermost part of the arm the supcromar­
ginals n1eet in the mid-line. This prod uccs an ossiclc which , seen from 
the abactinal side, has a characteristic p entagonal outline. 

T ypc.- Thc penultimate superom argina l from the Upper Danian 
n ear Svanem01lcn, in Copenhagen, figured by th e author, 1945, fig. 3a 
and 3b, is the type. Collectio n of the Mineralogical Museum. 

D esc ri pt i o n .- This species is only known from single m arginals, 
and it is there fore imposs ible to decid e h ow many marginals there have 
been in an individu al. The sides of the body have only been slightly 
con cave . The m a rginals h ave a b o ut the same length, breadth a nd 
h eight. The s uperomarginals h ave a n a bactin al swelling. The margi­
n als in the dista l part of the arm have met each other in the midline 
over the length o f at least two marginals. An oss icle with a ch aracteris ti c 
p entagonal o utlin e is produced wh ere the marginals from the two sides 
of the arm m eet. 

Affinit y with other spec i es.- This species differ s from other 
species o r Ceramasler in the narrow, and uniformly setaceous d epressed 
border , a nd the sca tter ed setae on the ce ntral area. 

Mat e rial.- Singlc marginal s are known from most Dan ish Upper 
Dani an localiti es. 

Collection of the Mineralogical Muse um. 
O cc urr e n ce.- Upper Danian , Denmark. 

Ceramaster granulatus (W. R ASMUSSEN). 

Plate 5, fig. 18. 

1945 Rauniasler granulalus W. R ASMUSSEN, p. 422, pl. 9, fig. 9 . 

Dia g n os i s.- A Ceramaster with equal numbers of superomarginal s 
and inferom a rginals. In the outermost part of the arm the m arginals of 
the two sides m eet in the mid-line, producing an ossicle whose outline, 
seen from the d or sa l side, is characteristically pentagonal. Th e free 
surface o f the ossiclcs is eve nly tumid , without an abaclin a l swellin g; 
it is provided with a depressed b o rd er within which spine-pits a nd a 
marked granulation arc found. 

T ype.- Thc characteristic p entagonal s uperomarginal in the left side 
of the recon stru ction figured by the a utho r, 1945, pl. 9, fig . 9 is chosen 
as type. Itis from the Upper Danian ofFaksc. Collection of the Mineralo­
gical Museum. 

D cs er i pt i o n. - 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 111 Ceramaster diui­
duus, there b eing equal numbers of s up ero- and inferomarginals, 
and the ossicles of the outermost part of the arm have met each other 
in the mid-line producing a characteristi c pentagonal ossicle. There 
may have been small marginals distal to the pentagonal ossicle. The 
ornamentation consists, just as in most species of Melopaster, 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 r emini sce nt of Ceramasler diuiduus, but it differs in the sh ape and 
ornamentation of the marginals, and especially in the even tumidity 
of the surface. 

M ateriaL- A large numb er of isolated marginals from Fakse, and 
also a few from other localities. 

Collection of the ~lineralogical Mu seum. 
Occurrencc.- Uppcr Danian. Denmark. 

Ceramaster cf. granulatus (\V. RASM USSEN). 

Plate 5, fig. 19. 

pars 1945 Ravniaster planus BR. NIELSEN, W. RASMUSSEN, p. 421, pl. 9, fig. 8. 

A large number of marginals from the limeston e at Fakse are avail­
able; of these the superomarginals arc just like C. granulalus in shape, 
while the inferomarginals agree with tha t figur ed by the author in 
1945 as R. planus. These ossicles, which probably originate from one 
and the same spec ies, have possibly belonged to C. granulalus, and 
they diITer from the typ e of this species only in not possessing a granula­
tion. The inferomarginal differs from M. planus in its short, broad form, 
and rather la rge dista l facet. 

Occurrence.- Upper Da nia n. Denmark. 

Genus Rccm·vaster BR. NIELSEN 1943. 

Di a g no s i s. - Asteroids whose bodies pass evenly into the upturned 
arms. Just as in Melopaster the ornament consists of a narrow depres­
sed border covered b y fine, closely placed spine-pits, and within this 
scattered, somewhat larger , c ircular spine-pits in which small spines 
or sctae have been attached. There arc equal numbers of supero- and 
inferomarginals . They d ecrease 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.-Recw·uasler radialus (SPENCER). Upp er Senonian. 
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D e s er ip tio n .- This genus w as establi sh ed by BR. NIELSE N for aster ­
oids whose m arginals, like the ossicles of Me topaster , h ave a d epressed 
border, and scatter ed spin e-pits on the central part of the free surface , 
but which do n ot h ave the gc nera ll_v straight-sided, pentagonal outline, 
and large ultima te supcrom arginal w hi ch is ch ar acteristi c of the genus 
Metopaster. The body p asses r vcnly into the pointed , upcurved arms, 
whose m ar ginals decrease in size tow ards the tip of the arm. \Vhile th e 
ftrst (m edian) m arginals ar e almost I ikc the corresp onding ossicles of 
Me topas ter, the ossicles of the arm ar e without or nearly w ithout spine­
pits. B R. NIE LSEN states that these ossicles arc also without a d e ­
p ressed b order . Thi s is, h owever , not the case, b u t th r b ord er on the 
dista l ossicles is very narrow and inco nsp icu ous. The m a rginals of 
the arm ar e m arkedly oblique. The s uperi or ser ies ar c curved , and 
the inferio r long a nd n arrow. The ab actinal surface is covered by tall , 
prism ati c, h exagon al oss icles. 

A ffinit y with o th er ge n era.-Am ong recent genera Recurvas ter is 
r eminiscent of Ceramasler, and esp ecially Plinthas ter . The Cretaceous 
species of Metopaster ar c like Recurvas fer in that the first marginals h ave 
about the same shape , and ornam entation . This similarity is ver y con ­
spicuous when one is co ncerned with singl e ossiclcs, but if one sees the 
distal marginal s, or the whole a nimal , they are clearly two v er y dif­
ferent typ es. In 191 3 SP ENCE R described the Recurvaster-ty pe as radiate 
varieties of sp ecies of Metopas ter . H e thought that the ultimate supero­
marginal in J1etopaster is formed b ,v the fusion of several ossicle rudi ­
m ents (191 3, p. 108), and that the radi ate varietir s wer e produced when 
this fu sion did n ot take place. The new , w ell-preserved sp ecimens 
which have b een found in the m eantime show , h owever , that the 
differ ence includes far more than just the s uperom ar ginals of the arm . 
The inferomarginals , a nd the terminal ossicle ar e also of a typ e quite 
different fr om Metopaster. "Meiopaster fumidus var . radia tus" is, as will 
be shown later , identical with the species o f Recurvaster d escrib ed by 
BH . NI ELSEN from the Senonian. Concerning Metopaster qiwdratus 
SP ENCE H, the fact is that the two individuals whi ch ar r kn own sh ow 
irregularity in the number and shape of the sup eromargina ls , but , how­
eve r, without the re fore b eing like Recurvaster. Similar irregularities are 
also known in a few other sp ecies . \VRIGHT, in 1940, d escribed two 
species, Metopnster stainforthi a nd M. icenicus, b oth of which diverge 
from the typi ::al Metopaster in not having a n enlarged ultimate super o­
marginal. \Vhilc the last m entioned form is very much Like Metopasler 
or Ceramastu, M. stainforthi b ear s a considerable likeness to Recur­
vaster. 

Occurr c nc e.- Recurvas ter is only kn own from the Senonian and 
Danian. 
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Recurvaster racliatus (SPENCER). 

Plate 7. Plate 8, fig. 1-2 . Plate 9, fig. 1-3. Tex t fig . 1-2 . 

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

1935 Metopaster lumidus var. radialus, l\.lERCIER, p . 30. 

? 1940 Metopasler lumidus ? var. radialus, WRIGHT, p. 236, text fig . 6 a-b. 

1943 Recuruasler sleuensensis BH. NIELSEN, p . 39, pl. 2, fig. 3, 
text fig . 26-28. 

1943 Recuruasler echinalus BR. NIELSEN, p. 41, pl. 2, fig. 4-9. 

Di ag n os is.- A R ec11ruaster whose median s upero- and inferom.ar­
gina ls arc of about the sam e length as height , and arc provided ·with 
scatter ed sp ine-pits , a nd a depressed border bearing very fine, closely 
p laced sp ine-pits , but without a granulation. The abactinal surface has 
been covered by polygonal ossicles b earing sp ine-pits . 

T ypc.- The arm fragment from Trimingham in England included 
in the r eco nstruction figured by SPENCER in 191 3, p l. 14, fig. 3, is the 
typ e. Co llection of the Sedgwick ~[use um , Cambri dge. 

Hi stor i ca l.- SPE NCEH. (p. 11 3) d escrib es this sp ec ies thus, " .... . 
Co rms o[ ,Vfelopast er lumidus in which the termin a l s up 2ro -margin a lia 
a rc brok~n down into sm a ll oss icles. Th e extremity of th e a rm is thus 
straightened and the arm app ea rs longer . A " radiate" app earance is 
thu s given to the sp ~cimen. Furth e r, whereas the gr ea t majority of the 
s up ero-m arginalia of' Jlf. lumidus "proper" are apparently regularly 
uni form in h eight on Lhc same sp ~cimcn, the oss icles of these r egr essed 
forms gradua lly tap er to the extremity and thus bring about an asym­
m etry in the articulating facels for neighbouring plates, an important 
distinctive charac te r. " BR. NtELSEN established the species Recuruasler 
steuen sensis on the basis o f a very similar individual from the " Thite 
Chalk of Stevns Cliff. His con currence with SPENCE R'S opinion , and hi s 
acceptanc e of the indiv idu a l ftgured by SPENCER as a variety of JVleto­
p as ter tumidus arc du e to his misinterpretation of SPENCEH.'s fig . 3 on 
p l. 14. BR . ~! ELSEN writes concerning this (p. 23) : "The arms, which 
arc slra ightly extended, without a curvature at the extremity, have four 
hraehia l jo ints in the row of sup ero-marginalia. They are very n early 
of the same size and terminate in a comparatively la rge supcro-marginal 
pl a te , th e shape of which is like the fourth part of a sp her e" . An investiga­
tion or the typ e specimen shows, h oweve r, tha t this co nsists of disarticul­
a ted R ecuruaster marginals, togeth er with an arm fragment comprising 
fou r superomarginals a nd fo ur infcromargina ls on each side. These 
sixteen arm ossicles arc in their natural positions a nd b elong to a single 
individual. The arm fragment has b een pressed d own 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, Lhat, in order to join with the remaining ossicles, it must 
have curved just as in the Danish Recuruasler-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 figur e. It 
seems h ere, as though the arm is terminated by a quadrant-shaped os­
sicle, while in actual fact the termination o[ the arm is not even present. 
The arm fragment, as well as the s ingle ossicles, corresponds for that 
matter very well with the Recuruasler sleuensensis described by BR, 
NIELSEN. The similarity between R. radialus and Melopas ler lumidus 
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 stevense n sis and R. ec hin at u s.- On the basis of 
the two Recuruasler individuals which he knew, BR. NIELSEN established 
two species, s ince h e 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. sleuensensis the spine-pits on the marginals are 
often connected by short furrow s, those of R . echinatus are well sepa­
rated, and one, in which a small spin e has b een attached, is larger than 
the others . Another difference should be that the terminal ossicle in R. 
steuensensis has borne three spines, while in R. echinatus there have 
been more. It has not b een possible to observe any difference in 
the appearance of the adambulacral ossicles . More than twenty 
individuals h ave been obtained since BH. NrnLSEN's publication 
appeared; these show that there has been marked variation in those 
characteristics which were Lo sep ara t the species. In the following 
table are shown examples of how those ch aracteristics which should 
sep ara te the two species vary independently among individuals from 
Stevns Cliff. These characteristics are also treated in the subsequent 
examination of the material. 

Individua l 
No. 

13. (R. sleuensensis) 
8. (R. echinalus) 

9l 
12 
11 
14 

Character of 
spine-pits. 

con nected 
separate 

)) 

)) 

)) 

few connected 

Larger spine-pits on Number of spines on 
median superomarginals. terminal ossicle. 

0 3 
1 2 

0 2 

2 unknown 

0 1 

1-3 1 

Description.-Recuruaster 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 express ion of the o utline; the ratio is , however , 
stated for each indiv idu al. The m argin is fo rmed of powerful supero­
and in feromarginals, whose size decreases evenly towards th e tip of 
the arm. BR. NIELSEN estimated the number o f supero- and infero­
marginals in each side of the arm (calculated, as usu a l , from the middl e 
of the side to the tip of th e arm) as eight. It has been sh own that, both 
in the individuals ment ioned by BR. NIELSEN, as well as in the later 
collected a dults where the number o f plates could be determined, this 
number h as b een ten . Five di sta l s uperomarginals of b oth sides h ave 
m et in the mid-lin e. A more exact impression of th e individual ossicles 
is given by pl. 8, fig. 1. It is see n that th e first supe romarginal is almost 
completely symm etrical , with a regu lar and powcrfu l abactinal sw el ­
ling over the whole length u l' Lhe ossicle. There is a rather broad de­
pressed m argin, within which ar e scattered spine-pits. No. 2 is slightly 
lower , a nd obliqu e. No. 3 is onl y slightly tumid. No. 4 is only very 
slightly tumid , and has fewer spin e-p its. No. 5 and those closely follow­
ing, are wedge-s haped in correspondance wi th the upturning of the arm ; 
they have o nl y a few spine-pits , or n on e . The di sta l part of n o. 5 has 
met the corresponding oss icle of the other s id e of the arm. Ossicl es no. 
6- 10 h ave about the sam e appearance, but are of diminishing siz e. 
The last ossicle is, h ow ever, qu ite sh orl, a nd di scoid in those individuals 
which a rc not fully grown . The ultimate superomargin al h as met the 
te rmin a l oss icle in a n ob lique facet. The profile of the m ed ia n supero­
marginals sh ows that the facets directed towards the body-cavity a nd 
towards the abact in a l oss ic les fo rm a n angle of nearly 180 ° with each 
other. ln the first ossiclcs Lhese two face ts are of about th e same size. 
Ossicle n o. 5 forms the transition to the arm, where the superomarginals 
m eet their co unterparts over most of their height in the mid -line, leaving 
no room for abactin al ossicles. The three first inferomarginals h ave a 
very broad depressed border, and within this eve nly scattered spine-pits. 
The margin b ecom es more narrow o n the su cceeding ossicles, a nd the 
sp ine-pits a r c more con centrated towards the actinally, disappearing 
completely o n the last ossicles. The ftrst inferom arginal is nearly sym­
m etrical ; it is sh ort a nd broad. The parts directed towards the body­
ea vity , a nd the actinal oss iclcs form almost a right a ngle with each 
other. The following ossic le is s lightly oblique. Ossicle no. 3 is longer 
and slightly wedge-shaped, in correspondence with the curvature of the 
arm whic h begins with the next ossicle. No. 4, a nd the fo llowing os­
sicles a rc r e lat ively long a nd narrow. The adarnbulacral ossicles have 
m et no . 4, which b ears facets directed both towards these and the actinal 
ossiclcs . There have been no aclinal oss icles in the fo llowing part of 
the arm, the adambulacral ossicles having b een in contact with the 
inferomarginals over the whole of their h eight. The h eight and ossicular 
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angle increase during growth , b ut are for that matter d iffer ent at d if­
ferent p a rts of the m arg in in a si ngle individ ual. In young ind iv idua ls 
the margin is lowest in the interradiu s; it is high est h ere in older individ­
uals . 

The termina l oss ic le is r elatively large a nd co ne-shaped ; it h as m et 
the ultima te superomargina ls in two obliq ue facets. On the u nder surface 
there is a furrow in continua tion of the amb ulacral groove. T here h ave 
b een fr om one to four sh ort , power ful con e-shaped spines on the os­
sicle. 

The abac tina l oss icles ar e ra ther ta ll a nd s ix-sided, w ith spin e-p its 
on the su rface, a nd with drawn-out corners on the under-side. 

The madrcporitc h as b een observed on a single individual ; it h as a 
tria ngular outline. The adj acent abac tinal ossicles ar e obli que, a n d 
extend under the mad reporite. 

The ac tinal ossicles are lower, obliq ue, polygonal oss icles w ith spine­
p its on the outer surface. 

The adambul acral ossicles h ave h ad a r ow of spines o n the edge, 
and three r ows on the surface. This ornam entation co ntinues on the 
very lar ge, triangular oss icles which have bo und ed the m outh. 

The ambulacral ossicles ar e large a n d sl ightl y curved. T hey decrea se 
in size tow ards the tip of the arm without cha nging shap e; while the 
adambulacra l ossicles b ecome ta ll er , and more slender towards the 
arm, r eaching their grea test h eight a t the b ase o f the arm, after which 
their s ize s teadily d iminish es. 

The interrad ial oss icle is lar ge, a nd shield-sh aped. 
The impressions o f p edicellari ac h ave b ee n observed on the m ar­

ginals of two individu als. They h ave the form o f a circular d epress ion 
from which two fur rows extend in opposite directions. 

Affinit y with o th e r s p ec i cs. - Recurvaster radiatus is d istinguish ­
a bl e fr om the spcc i2s fo und in the Da nia n by the tumidity and slight 
height o f the sup 2rom a rginals; from R. blackmorei by th e sh ap e and 
orna-nn ntation of th e superorna rgina ls, and th e ornament of the abac­
tina l os-; icles . The me di a n sup 2roma rgin a ls ca n be distinguish ed from 
the v2 rv s imilar ossic lcs of Jletopasler by the m or e eve n tumid ity, and 
the greater height o f the fac et directefl towards the abac tina l ossicles. 

M a t e r i a 1.- Apar t from single ossicles , the associated r em ains of 
twenty-e ight individuals have b een fo und in Denmark . Those finds 
which a rc p a rticularly use ful in elucida ting the app earance, a nd varia­
tion o l' the species wi ll b e m enti oned in greater d etail. 

The Dan ish sp ec imens are in the collec tion of the Mineralogical 
Musemn. 

1. The remains of a ve ry sm all individua l . Ther e have been a t least 
fi ve supero - and inferomar ginals in each side of the a rm. R :r as 
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c. 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. 

2. 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 c. 1 7 : 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 met 
their corresponding ossiclcs 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. \\T. K. 
SPENCERhaslabelledthespecimen "M. tumidus.(youngspecimen ?)". 

Pl. 7, fig . 2. 
Upper Senonian. Mon Cliff. 

3. Remains of an individual of about the same size and appearance 
as the preceding. A number of the marginals and superficial os­
sicles bear impress ions of pedicellariae. 

Upper Senonian. Mon Cliff. 
4. Remains of a small individual. There have been at leas t seven 

supero- and inferomarginals in each side of the arm. R :r as c. 
20: 13 mm. The h eight of the margin increases greatly from the 
middle of the side to the base of the arm by the third marginal, 
where it r eac hes its greatest height. The most distal part of supero­
marginals no . 3, and the succeeding superomarginals, have met 
each other in the 1nid-line of the arm without allowing room for 
abactinal ossiclcs. 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. 

5. Remains of an individual. There have been at least seven supero­
and inferomarginals in each side of the arm. R :r as c. 27: 17 mm . 
In superomarginal no. 1 the ossicular angle is c. 20 °. The margin 
reaches its greatest h eight by marginal no. 3. The superomarginals 
from no. 4 have met each other in the mid-line. The inferomargi-
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n a ls from n o. 3 h ave m etthe ad amhul acr al ossicles. The m a rgin als 
h ave a depressed b order , a nd scatter ed , w e ll separated spin e-pits. 
Mar ginals n o. 3 and 4 h ave only very fe w sp in e-p its, a nd ll10sc 
su cceedin g ar e smooth. 

Pl. 7, fLg. 4. 
Upper Senonia n, h ard en ed \Vhite Cha lk . Stevn s ClifT, north 

of Kulsti Rende. 
6. Rem ains of an individual similar to the preceding in size a nd 

ornament. Margin als n o. 1-4 ar e of ab out the sam e h eight. 
Upper Senonia n. Stevns Cliff, n orth of Kulsti Rende. 

7 . Remains of a n individual. Ther e h ave b een nin e super o- and 
inferom argin als in each side of the arm. R :r as c . 50 : 32 mm. T h e 
h eight of the margin decreases slightly, but steadily from the middle 
of the side towards the ti p of the arm . The first superom argin als 
are strongly tumid; the fo llowing are less tum id. From su pero­
m arginal n o . 5 these ossicles h ave met in the mid-line o f th e arm. 
The infer om arginals from n o . 4 h ave m et the ad ambulacral os­
sicles. Superomarginal no. 8 ends with a slightl y obliqu e, 
curved facet, which suggests that ossicle n o. 9 h as b een very sm all 
and wedge-sh ap ed , and th at ossicle n o . 10 h as n ot b een formed . 
The spine-pits ar e well sep arated ; th ey ar e largest on th e first 
m arginal s. On th e distal m argin a ls of the arm ther e ar e onl y few 
spine-pits. 

Pl. 7, fLg. 5, pl. 9, fLg. 1. 
Upper Sen oni a n . Stevn s Cliff, n orth of Kulsti Rende. 

8. Rem ains of an individual d escrib ed b y Bn . NIE LS EN as R . echina ­
ius. It is of ab out the sam e size and appearan ce as the preceding 
individual , but on each of the m edi an superom argin als a p articul­
arly large spine-pit is found, apart from the usual spine-pits. The 
terminal ossicle seem s to have p ossessed two spines. The a dambul­
acral ossicles d o n ot differ in appearance from those of the other 
individuals. 

Upper Senonian. Stevns Cliff, n orth of Kulsti Rende. 
9 . Remains of an individual. There ar e ten super o- and infero ­

m ar ginals in each side of the arm. R :r as c. 60 : 35 mm. Th e os ­
sicular angle of superomargin al no. 1 is c. 40 °. The m edi an 
super om ar gin als ar e evenly, and strongly tumid . Sp ine-pits ar e 
well sep ara ted . Th e s uperomargin als from n o. 5 h ave m et in the 
mid-line of the arm, and the infer om ar gin als from no. 4 have m et 
the adambulacral oss icles. Superom arginal no. 10 is very sm all 
a nd wedge-sh ap ed . The termina l oss icle h as p ossessed two spines. 

Pl. 9 , fig. 3. 
Upper Sen onian . Stevns Cliff, n orth of Kulsti Rende. 



10. 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. 

11. An arm in vVhite 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 ClifI, north of Kulsti Rende. 

12. 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 Kuli-iti Rende. 
13. Remains of an individual described by BR. NIELSEN as Recurvasler 

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 p eculiar in tha t 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 distal margi­
nals. There have been three spines on the terminal ossicle. 

Upper Senonian. Stevns Cliff, north of Kulsti Rende. 
14. The associated remains of a very large individual. A number of 

the arm-ossicles were in th e ir natural relative positions in the 
vVhite 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 b e found distal to it; this is presumab_ly 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 c. 40 °. The arms are 
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very strongly upturned . The supcromarginals from no . 5 have m et 
in the mid -line of the arm. lnferomarginals no . 3 and 4 h nY,' 

touched the adambu lacra l ossicles abact' nally to the actinolr tera I 
ossic lcs. From no. 5 the inferomarginals have been complete ly in 
contact with the adamhulacral ossicles wilhout giving room fo r 
actinolateral ossiclcs. 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 th a n 
the rest. The terminal ossicle has possessed on e spine. 

Pl. 8, fig. 1, pl. 9, fig. 2. Text Figure 1. 
Upper Senonian. Stevns Cliff, north of Kul sti Rende. 

15. Remains of an individual of about the same s ize as the preceding. 
Pediccllarian impressions arc seen on a number of the marginals. 

Upper Senonian. Skelclcrvig, Stevns Cliff. 
16 . Single ossicles of this species have been found at all the more 

prominent Senonian localities in Denmark , such as the cliffs of 
Stevns and Mon, Aalborg and Eerslcv. Furthermore, a term inal 
ossicle with three small, rounded spines has been found in the 
Senonian at a depth of 79- 80 m in a boring at Fakse. 

17 . A number of ossicles of this species are available from Riigen . 
Among these are the oss icles 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 ossiclcs of this species from 
Riigen are to be found in the coll ections of the i\lin eralogical 
Museum. 

18. The type for the species is from the English Upper Senonian, n ear 
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 Scnonian. Germany, England and Den­
mark . 

Recmvaster blackmorei n. sp. 

Plate 6, fig.1-7 . 

Diagnosis.- A Recuruaster, in which those surfaces of the median 
superomarginals which arc directed towards th e body-cavity, and the 
abactinal ossiclcs form an obtuse angle with each other, and whose 
superorn.arginals are provided with a few granules on the abactinal 
border. Th e surface of the abactinal ossicles bears a strong granulation. 
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Type.- The presently described individual from the Lower Seno­
nian of England is the holotyp ~. British :\1useum (N.H.). 

Des cr iption .-Thc outline is stellate pentagonal, with c urved sides 
and upturnec l arms. R :r as c . 55: 40 mm. There have been ten supero­
margina ls , and presumably the same number of infcromarginals in 
each side of the arm . The marginals d ecrease evenly in size from the 
middle of th e side towards the tip of the arm. Superomarginals no. 1 
and 2 have about the same length as breadth (squarish) . They are evenl y 
a nd strongly tumid. Their profile differs from the profile of the corres­
ponding ossicles in Recuruaster radialus in the obtuse a ngl e formed by 
the surfaces directed towards the body-cavity and towards the abactinal 
ossiclcs. Ossicle no. 3, and those following, are less tumid, slightly 
oblique and curved, and the part directed towards the body-cavity 
b ecomes lower towards the tip of the arm (pl. 6, ftg. 2. ). Superomar­
ginals 5- 10 have m et the corr esponding ossiclcs from the opposite side 
of the arm in the mid -line, just as in Recuruasl er radialus . The marginals 
are thus strongly r eminiscent of the corresponding ossicles of this 
species. The underside of the ultimate superom arginal is not preserved. 
This ossicle is of similar l ength to the preceding one, and seems to have 
had the same appearance as th e corresponding ossicJe in an adult Re­
curvasier radiatus. The ornamentation consists of the d epr essed border 
of the marginals, and th e scattered spine-pits which arc general on the 
slightly raised area of the median marginals in the genera NI elopasler and 
Recuruaster. The marginals of the arms have no- or at most a few­
spine-pits . There ar e sm all rugosities on th e abactinal border of a ll the 
superomarginals. The abactinal ossicles arc covered b y strong, closely­
placed granules, which form a uniform, n ot stell ate ornamentation . 
There arc spine-pits on the actinal oss icles. 

Affinit y with oth e r s pcci cs.- R ecuruas fer blackmorei is remini­
scent of Melopaster quaclralus in that the median superomarginals are 
n early quadrate, a ncl furthermore in that n either of the two previously 
ftgured individuals of M. quadralus 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 distinguish ed fr om Recuruaster radiatus 
by the proftle of the m edi a n ossicles, and furthermore by the granula­
tion of the superomarginals and abactinal ossicles. It may apparently 
b e considered as a separate species of the genus Recurnaster. 

Ma terial.- An individual in Dr. H. P . 13LACKMOHE's collection in 
the British Museum (N.H.) is all that is known of the spt'cies; it comes 
from East H arnham, near Salisbury, and on the label it is r eferred to 
"Metopas ler cf. quadratus SPENCER". 

5 



Occurrenc e.- Lower Senonian. Zone with Actinocamax quadratus. 
East Harnham, Salisbury , England. 

Recmvaster mammillatus (GABE). 

Plate 8, fig . 3-13. Plate 9, fig. 4. 

1876 Goniasler mammillala W. M. GABB, p.178, fg . 2, 2b . Non fig . 2a . 

1893 Goniasler mammillala, W. B. CLARI,, p . 32, pl. 5, fig . la-b . 

1907 Pycinaster mammillalus, SPENCER, p . 110. 

pars 1913 Melopaster mammillalus, 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, fi g. 10-14, 
text fig. 23, 24. 

Dia gnos i s.-A Recw·uasler whose median superomarginals are tall 
and strongly tumid, the h eight b eing greater than the len gth , and the 
breadth. 

T y p e.- The inferornarginal from the Vincentown Iimesand of New 
J ersey, U.S. A., figured by GABB in 1876 , is the holotype. Apart from 
this ossicle, GABB figures a median superomarginal, 2b , and an other 
ossicle, 2a. The lasl differs in its ornamentation and probably b elongs 
to an other species. 

Description.- CLARK d escribes the find thus: " GABE m entions th e 
discovery of about thirty d etach ed marginal plates of this species. They 
differ widely in shape by r eason 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 th a t cross one another at 
right angles''. 

The appearance of the ossicle figured, together with the description, 
in which it is stated that the marginal s vary according to their position 
on the animal, seems to cstabl ish the present species as a Recuruasler . 

Affinit y with other spec ic s.- Recuruasler mammillaius differs 
from other known species of this genu s by havin g tall , strongly tumid 
median superomarginals. 

Mat er i al.- Recuruasier mammillalus is from th e Vincentown limc­
sand, New Jersey. This deposit is referred by som e to the upperm ost 
Cretaceous and b y others to the Eocene; the fo ss il s are in a number of 
respects similar to those of the Danian. 

A part of a Recuruasler individual has been found in the limeston e 
of Saltholm. SP ENCER described thi s in 1913 as a typical "Metopastu 
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m ammillatus". There ar e fo ur supero1narginals an d fo ur infero m ar­
ginals from the middle of the s ide (ossicles n o. 1 and 2) . SPENCER 
characterizes the sp ecies thu s: " Body high . Supero -margin ali a pron o­
uncedly asymmetric, generally with a promin ent tumidity which stret­
ch es well over the level of the abactin al surface of the disc and occupies 
the wh ole of the upper sur face of the ossicle. Ornam ent coarse, that of 
the supero-marginalia often confined to the tumid portion of the plate". 

The similarity b etween this and the Am erican specimen is marked , 
and i t is probably justified to r efer them to the sam e, or to very closely 
rela ted species. H owever, the spine-pits in the Danish ossicles ar e m ore 
ir r egular ly distr ibuted than is stated in the d escrip ti on of the American 
ossicles. 

Ap art from the individual m enti oned by SPENCER, sin gle ossicles of 
Recurvaster h ave been found in all zones of th e Danian , n ot only as 
B R. NIELSEN stated , in the Upper Da nian . They ar e particularly comm on 
in the Upp er Danian . Both m edian and distal ossicles of Recurvas ter­
typ e h ave b een found. Th e med ian superomarginals sh ow a distin ct 
variation in shape and ornam ent , from tall , slender, slightly swollen 
ossicles, with very few spine-pits, to sh orter, m ore tumid ossicles with 
numerou s spine-p its . These types seem to be connected by transition al 
form s, and it h as n ot b een possible to distinguish m or e than on e 
species in th e available m aterial. 

The distal arm ossicles whi ch h ave been fo und , sh ow that the 
s tructu re of this species h as b een very similar to that of the Se nonia n 
species. The superomargin al seri es of the arm h ave m et in th e mid- li ne, 
without giving room fo r abactin a l ossicles . Th e median in feromarginals 
of b oth the American , and the Danish specimen are very low a nd broad, 
almost cu boid. 

A number of term in al oss icles very simil ar in appearan ce to those of 
the Sen onian Recurvaster radialus, h ave also b een found in th e Upper 
Danian o r Saltholm , w here oss icles b elonging lo the present species ar e 
particul arly common . T hey h ave bee n provided with 1- 3 powerful 
spin es. 

The Dani sh specimens ar c in the coll ecti on of th r Min eralogical 
Mu se mn . 

Occ urr e n ce.- Vin centown lim esan d (Da ni an ?), New J er sey, U.S.A. 
L o,ver and Upper Danian in Denmark . 

Recurvaste1· communis Bn. NIELSEN. 

1943 Recurvaster comnwnis B R . NIELSEN, p. 45, pl . 4, fig. 33 . 

Slightly obliqu e m argin als of Recuruaster-type with the orn am enta­
ti on ge neral in Recuruas ler a nd Me topasler. Th e ossicles ar e low, and broad . 
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BR. NIELSEN figures two oss icles from the Upper Danian of H er­
folge . The ossicles are glued together as though they have been supero­
and inferomarginal. They are, h owever, both inferomarginal s. These 
partic ul ar ossi cles do not differ visib ly from th e numerou s infrromar­
ginals of about the same size which are fo und in the Dani an , a nd of 
which a t l east a number r epresent young individu als of those species 
of Metopasier and Recuruasler known from the Danian. The extent to 
which the present oss icles represent a separate sp ecies, as BR . NrnLSE 
m eant , can hardly be d ecided unless a fortunate specimen of assoc iated 
ossicles from a single individual should b e found, throwing light on 
the problem . 

Genu s Teichaster SP ENCER 1913. 

Di agnosis .- Asteroicls whose tall margin is limited by regular m ar­
ginals whi ch meet each oth er ,vith parallel, or nearly p ara llel surfaces. 
The ornament of the outer surface consists of large, unifonn, rath er 
closely-placed spin e-p its. 

G enot y p e .- Teichasier fauo sus SPENCEH, Senonian. 
Affinity with other ge n er a. - Teich aslu is similar to the genus 

Cra teraster , from which , accordin g to SPENCER, it is descend ed. It h as 
not, however, the characteristically lipped sp ine-pits of Cralerasler, a nd 
it is also- al least in adults- without any gra nulati on, whereas this orna­
m ent is common on th e abactinal surface of m argi n als of Cralerasler. 

Oc c urr e n ce .- One species from th e Upper Senonian , a nd two from 
the Dani a n have b een described. 

Teichaster favosus SPENCER. 

Plate 10, fig. 1-2. 

1913 Teichasler favosus SPENCER, p . 122, pl. 12 , fig. 14, 15, 16, 18, 
pl. 16, fig. 14, 15, 16. 

1940 Teichasler favosus , WRIGHT, p . 240, pl. 14, fig . 12, 13. 

1943 Teichaster favosus, BR. NIELSEN, p . 53, pl. 3, fig. 16, text fig. 7-8. 

Dia g n os i s .- A Teichaster with rather sh ort arms , and a rather 
broad , evenly rounded interradial part. The s urface of the m argin als 
is cover ed by large, uniformly distributed spine-pits, which do not 
touch on e another. In the outermos t part of the arm the two seri es of 
superomargina ls h ave m et in the mid-line . 

T yp e .- The individual from the Upper Senonian of Stuclland, Dor­
set, figured by SPENCER ( 1913) pl. 12, fig. 14, is the holotype. Collec tion 
of the British Museum (N.H .) . 
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D escr iption .- Teichasler fauosus has rather short arms, which a re 
connec ted h y C'VPnly curved sidC's. There is no sharp junction b etween 
the arm and the interradius. ThC' superomarginals in the outermost 
part of the arm have m et abactinally, ,vithout giving room for abactinal 
ossiclcs. This is see n in the holotypc and also in the individual figured 
(from the actinal side, and laterally) by \VRIGI-IT (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. fauosus. 

The type for this species is a small, badly preserved individual. The 
remains of distinctly larger individuals arc figured by SPENCER (pl. 12 , 
fig . 16 , and pl. rn, fig. 14) , and by WRIGHT (1940, pl. 14, fig . 12- 13) . 
\¥RIGHT state, p . 2-l-0 , that both a larger and a smaller form are found 
at Trimingham. The remains of both large and smal I individuals arc 
also known from the Danish \Vhitc Chalk. It is, however, not impossible 
that these ca n h ave b elonged to the same speci es. The small, younger, 
individuals show a distinct similarity with Cralcraslcr quinqucloba from 
whi ch this species is thought to h e descended, but they have, however, 
not the typica l nater-shapC'd , or lipped spine -pits on the margin als. 
The pair of oss ic lcs figured by SP ENCEH (1913, pl. 12, fig . 16, and fig . 
15?) co nsists of an infcromarginal above, and a superomarginal b elow­
thi s ca n clearly be seen b y comparison with \VRIGI-rr 's specimen of this 
species. The ossicles sh own by Spencer in fig. 14- 16 , a lso on pl. 16, 
are all inferomarginals . The in1prcssions 01· the adambulacral ossicles 
with which it has b ee n in contact are clearly seen on the inner side of 
the marginal shown in fig . 16. 

The differen ce in shape, and appearance of' the supero- and infero­
marginals is often slight . However, the infcromarginals 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 spccies.- Tcichaster fauosus differs from the 
genus Craterasler by its ornamentation, and from other species of Tei­
chaster in the shape of it'> m arginals , especially the superomarginals. 

Material.- Teichasler f'auosus is not common in the Danish \Vhite 
Chalk. The associatell remains of an individual which were m entioned 
by BH . NIELSEN (1943, p. 54, text Jig. 8), and which may presumably b e 
interpreted as a yo ung individual of this species, h ave b een 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 h ave been more evenly curved. The ornamentation consists 
of closely placed spine-pits , but on the abactinal part of the super omar­
ginal s there arc also a few gra nul es; this differen ce from the normal 
adult Teichas ler is reminiscent of Crateras ler . The abactinal surface h as 
been covered by polygonal ossicles which are sm oo th , or bear a fine 
granulation. The ac tinal surface is covered b y fl at polygonal ossicles 
bearing spine-pits . The adambul acral ossicles have had a row of spines 
on the edge, and on the actinal surface there has been a powerful long­
itudinal k eel provided with spines . Single marginals of larger, more 
typical individuals, have been fo und in the White Chalk. 

No remains have been found in the Danian d eposits, v,,hich can with 
certainty be referred to this species. 

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

O cc u rr e n ce.-Upper Senonian in England, Germany and Denmark. 

Teichastel' anchylus BR . NIE LSEN. 

Plate 10, fig. 3-4. 

1943 Teichasler anchylus BR. NIELSEN, p. 54, pl. 3, fig. 14, 15, 17 , text fig. 9. 

Diagnosi s.- A Teichaster whose margin is high and whose ossic ular 
angle is large. Both the supero- and inferomarginals are tall, slender, 
rather sh ort and not robust. 

T y p e.- The inferomarginal from the Lower Danian of Kagstrup , 
figured by BR. NIE LSEN, 1943, pl. 3, fig. 14 , is chosen as the typ e. 
Collection of the Mineralogical Museum. 

D esc ription.-Only single marginals ar e known of this species. 
There is only slight variation. The median part of the margin is formed 
of rather shor t, tall , slender ossicles of large angle; the end faces are 
parallel or nearly parallel. The superomarginals can , however, b e 
slightly wedge -shaped: slightly longer above than b elow. The m edian 
sup eromarginals often b ear a slight abactinal swelling. The facets tow­
ards the abactinal ossicles are concave , forming a sharply m ark ed 
furrow along the abactinal bor d er. The inferomarginal h as a tall slightly 
concave lateral surface which curves round towards the actinal surface. 
The parts of the m edian superomarginal s, and infero m arginals which 
are directed towards the body-cavity arc very closely conformable with 
the outer surfaces of these ossicles. The ornamentat ion is composed of 
large, uniform, rather closely placed spine-pits which ar e slightly deeper 
on the abactinal and actinal surfaces. 
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Affinity with other speci es.- The tall , slender, not robust os­
s iclcs distinguish this speeics from other species of Teichasler . 

Material.- A large numb er of marginals of this spec ies have been 
round at Lower Danian localities. 

The specimens figured are in the collection of the Min e ralogical 
Museum. 

0 cc u r r c n c e.-Lower Danian of Denmark . 

Teichasler retiformis (SPENCER). 

Plate 10, fig . 5. Text fig . 6 h. 

1913 Teichasler (avosus var. reli(ormis SPENCER, p . 122, pl. 12, fig. 17, 19 . 

1943 Teichasler reli/ormis, BR. NIELSEN, p. 55, pl. 3, fig . 18-19, lexl fig. 10. 

Dia g n os is. - A Teichasler, whose supcromarginals arc tall , slightly 
tumid, and ca n be slight l_v w edge-s haped (longer above than below) . 
The free abactinal-lateral surface slopes eve nl y. The m edian infero­
rna rginals in the adult arc very large, hroad , and with a very compact 
appearance. The ornamentation is composed of large, uniform, closely 
placed spine -pits , which coYer the whole su rface. 

T y p c.- Thc inferomargin a l from the Upper Dani an of Annetorp in 
Sweden, figured by SPENCER, 191 3,pl. 12 , fig. 17,is c hosenasthe type. 
Collection of the British Museum (N .H.). 

D es c rip t ion .- This species is established on th e b as is of isolated 
ossicles o[ which the robust inferomargin als arc particul arly char­
acteristic, a nd r ecogn izabl e, and therefor e ebosen h ere as the typ e . This 
species ca n attain a n appreciable size. The largest inferomarg inal which 
has been round h as a height a nd breadth of about 12 mm. (Text fig.6h) . 
While the superomarginal s form an in c lined upper edge to the animal, 
the inferom argin als are more angular, or even protruding, b eing bounded 
by lateral , and actinal outer surfaces which arc almost at right angles. 
The lateral part of the surface can, especially in large specimens, b e 
rather co ncave and r ecurved . The compact , r elatively low inferomar­
gina ls, and the tall , slightly tumid superomarginals clearly separate 
this species from T. fauosus. That similarity which is apparent from 
SPENCER 's pl. 12, fig. 16 a nd 17 is clue to the factthat in fig . 16 the supero­
and inferomarginals arc exchanged (see p. 69). On the other hand both 
the shape of the ossic le, a·nd the appearance of the arti c ulation facet in 
SPENCER'S spec imen pl. 12 , fig. 17, a nd the appearanee of the ossic le in 
a find of connected ossicles from the Danian near Legind in Denmark, 
confirm that SPENCER's figure of the present sp ecies is correctly orienta­
ted. \Vhen the ossicles of spec ies of Teichasler 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 SPENCER'S pl. 12 , fig. 15- 17 . 

The associated r emains of a rather small individual of this species 
have b een found in the Danian n ear Lcgind. These r em a ins only con­
stitute a small part of the individual , but give, h owever , certa in informa­
tion concerning the appearance of the species, just as they confirm the 
mutual connection between the supero- and inferorn.arginals. The me­
dian supcromarginals are tall , slender and slightly tumid. The median 
inferomarginals are of about the sam e height , but more robust . The 
lateral surface is steeply inclin ed, and plane or even slightly concave; 
it passes rather sharply over into the actinal, slightly tumid part of th e 
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 s uperomargin als of the arms sh ows that 
these have m el in the mid -lin e. Their outer surface is evenly curved, 
n ot tumid. The inferomarginals of the arm arc steep sided and slender, 
but more evenly curved than the m edian infcromarginals . They have 
met the ossicles of the ambulacral system in a plane surface w ithout 
any ridge . The ornamentation is l'omposed of rather large, uniform, 
close ly-placed spine-pits . The abactinal surface has b een covered b y 
polygonal ossic les bearing rather large, round spine-pits similar in ap­
p earanc (; to thos e of th e marginals . The actina l surface has been covered 
by oblique, polygonal ossicles with the same ornamentation . The adam­
bulacral ossicles have a con cave surface towards the ambulacral groove. 
The act inal surface b ears two extrem e ly weak longitudinal furrow s. 
Only very weak tracrs of smal I spines are seen on the edge o[ the ossic­
les. A single short and robust ambulacral ossicle from the distal part 
of the arm is present. 

Affinity with o th e r s p ec ies .- The very large and robust media n 
inferomargi nals distin guish this species from other species of Teich­
aster. 

M ateri al.- A s ingle individual, and a number of marginals of this 
species have been found. 

Th e individu al figured is in the collection of the Geologica l Survey, 
Denmark. 

O cc urr e nc e.- Upper Danian . Sweden and Denmark. 

Genus Pycinaste1· SPEi\CER 1907 . 

Synonym: Pycnastcr SLADEN 1891. 

Diagnosis .- Asteroicls with a relative ly sma ll disc and slender , but 
robu st arms. The margin is broad , and formed of very tall, powerfu l 
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oss icles, whi ch are often slightly irregular , a n rl m ore or less wedge­
sh ap ed in ap pearance. The surface directed toward s th e b ody-cavity 
is rough . The in fcromarginals a rc often di splaced in re la ti o n to the 
s uper om a rgin als ; th e lin e of jun cti on b etwee n supero- and in fero m ar­
gin als b eing a zig-zag. Polygon al ossic iC' s cover the ab actin al sur face. 

G e n o t y p e.- Pycinas ler anguslalus (S LAh EN) is the genotype. 
Se no nian . 

Hi s tori ca l.- The genu s Pycinas ter was esta blish ed as a n ind e­
pe ndent genu s b y SLADEN ( 189 1) und er the na m e Pycnaster ; this was, 
h ow ever , p reoccup ied , and \\·as r eplaced by th e nam e Pycin as te r by 
S PENCE R in 1907. 

0 cc u rr e n ce.- The genu s is reprcsentcll by three Ju rassic a nd seven 
Cretaceo us sp ecies. 

Pycinaster crassus SPENCER. 

Plate 10 . Fig. 6-7. 

1907 Pycinasler crassus SPENCER, p. 96, pl. 29, fig. 1-5. 

1913 Pycinasler crassus SPENCER, p . 125, p l. 11 , fig. 16-17, pl. 16, fig. 1-6. 

1915 Pycinas/er Lamberti V ALETTE, p. 35, fig. 11. 

?1915 Pycinasler crassus, VALETTE, p, 38, fi g. 13. 

?J 935 Pycinasler crassus, MERCIER, p . 12, pl. 1 , fig. 4. 

?1943 Pycinasler crassus, BR. NIELSEN, p. 56, pl. 3, fig. 20-21. 

Di ag no s i s.- A Pycinasler with powerful m a rgin als , t he breadth of 
whic h is m or e tha n half the h eight. Th e m a rgin a ls ar c sn1ooth. T h e 
dista l m arg in a ls h ave a pair of m ark ed projections on the latera l sur ­
face. 

T ype.- Th e pa rt of a n arm from the Upper Cha lk of Ke nt , figured 
by SPENCE H ( 1907), p l. 29, fig. 2, is th e holotype . British i\luse urn (N .H .). 

D cs<.: ription .- The rema ins of a few individu als of thi s sp ec ies arc 
kn own , th ey show that the arn1s have b ee n rather narrO\\' , but powerful. 
The m argin a ls a r c large, b roa d a nd mass ive . O n the ab ac tinal surface 
of th e arm the m a rgin a ls h ave o nl y b ee n srpar atcd by a s in gle r ow of 
a b ac tin al ossic lcs (SPENCER 1907, p l. 29, ng. 2). The medi a n m arginals 
are tall a nd w edge-sh aped , with a slight ab actinal swellin g. Th e a rm­
oss iel es a re lowe r, with a sl ightly curved surface. Th e m a rginals ar c 
sm ooth , but in the a rm the_v ar c ge nerally p rovided w ith two or three 
la rge spin e-pits. Th e super om a rgina ls arc m or e slend er , and rounded 
b elow, while the inferom argin a ls ar e simil a r , hut m or e slender and 
ro und ed ab ove, so tha t th e margina ls of the two ser ies h ave not m el 
each other in a sim ple facet ; they h ave b een wedged in between on e 
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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 h exago na l oss icles has 
covered the abactinal surface, these have met the superomarginals 
which taper h ere above a nd b elow. 

P. lamb erti. -VALETTE (191 5) described a new species , P . lamberti, 
and stated (p. 37) that thi s sp ec ies differed from the type-sp ecimen of P. 
crassus in the following characters: " l. les marginales brachiales de 
cet individu sont bicn plus petites que celles du Pycinaster Lamberti. 
2. Elles ont d e rares rugosites snr lcur face s uperieure qui n e sont pas 
a comparer avcc cell es de m on espece. 3. De plus, cntre Jes d eux ser ies 
de marginales, on voit un e ran gee d e petites plaques en ovates irreguli ers 
dont je n 'aperc;ois pas les moindres traces sur le bras du Pycinasler 
Lamberti, cepcndant bien plus cleveloppe. 4. L'epaisseur d es marginales 
de cc dernier es t incomparab]ement plus grande que dans le type du 
Pye. crassus represente par SPENCER". 

The diITcrcn cc in app earance of the two rows of oss icles in V ALETTE's 
specimen , and particularly the appearance of the two lowermost (me­
dian) ossicles in his fig. 11.1 show, however , that the inclividual is on 
its side, so that the ossiclcs on the Jeft of VAL ETTE's figure are supero­
marginals, and these on the right infcromarginals. The following ob­
jec tions to V ALETTE's interpretation can be made: 1. The absolute size 
of an individual can have no value as a species charac teri stic when one is 
not certain of the anima I's gro wth- stage . 2. According to V ALETTE's 
figure, the rugosity of the French specimen agrees very well with that 
of the English and other specimens which I have h a d occasion to exam­
ine . 3. As the French specimen only includes one side of a n arm the large, 
abactinaJ ossicles are n ot seen. 4. The breadth of the marginals as stated 
by VALETTE, is r eally their h eight. After b eing correctly orientated P. 
Lamberti seem s to agree very exactly, even in d eta ils, with SPENCER'S 
typ e-sp ecimen of Pycinasler crassus. 

Affinity with o th er s p ecies.- Pycinasler crassus is, p ar ticularly 
in its smooth, very broad and robust m edian marginals distinguishable 
from other sp ecies of this genu s. 

Ma terial. - Only a few ossicles of Pycinasler have b een found in the 
Danish \Vhite Chalk. Among these are a few large, smooth , r obu st os­
sicles which must b e referred to P . crassus. The r emains of two indi­
viduals with a n ornamentation of weak spine-pits have b ee n found. 
BR. NIELSEN (1943 , pl. 3, fig. 20- 21) figures two ossicles from one of these 
individuals. It must b e sa id co ncerning these, as well as the single ossicles 
ftgured b y VALETTE (1915), and ME R CJER (1935) thatthe ornamentation 
makes it doubtful whether they have b elonged to the present species. 

The ossicles figured arc in the coll ection of the .Mineralogical Museum. 
O cc urrenc e.- Senonian. France, England, Denmark . 
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Pycinaster danicus BR. NIELSEN . 

Plate 10, fig. 8. 

1943 Pycinasler danicus BR. NIELSEN, p . 57, pl. 4, fig . 1-5. 

Diagnosis .- A Pycinas ler whose marginals arc covered on the o uter 
surface by delicate, closely placed spine-pits. The median marginals 
are slender, tall and wedge-shaped (longest a bove); they can bear a 
few larger spine-pits on the abac tinal part. The m argin a ls of the arm 
are slightly tumid , constricted above and below. The supero- and 
inferomarginals have b ee n partly wedged in b etween one ano ther. One 
or two large raised spi ne-pits can be found on the surface of the arm 
marginals . 

T ype.- Thc ossicle from the Upp er Danian of Fakse, figured by 
BR. NIELSEN (1943) p l. 4, fig . 1- 2, is c hosen as the typ e for this species. 
Collection of the Mineralogical Muse um. 

D esc ripti o n.- This species was described by BR. NIELSEN from 
single ossicles b elonging to the ge n us Pycinasler. Together , they give 
a natural p icture of a Pycinasler , and there is r easo n to b eli eve that this 
combination is correc t. There is a piece of limestone containing a large 
numb er of asteroid ossiclcs in the co ll ec ti on of the Geological Survey 
of Denma rk ; it comes fr cnn He lligk ilde in Jutl a nd. Th e m ajority of 
these ossicles are fr om a Pycinasler danicus, but th ere arc a lso a few os ­
sicl es of othe r spec ies and gen era . It is th erefo re poss ibl e tha l lhis ac­
cumul ation of oss ic les, like that m entioned previously (p. 14) , must 
b e interp reted as a p ellet of indiges tibl e parts. This find confirms BH. 
NrnLSEN's description of Pycinasler danicus; it includes a number o f 
marginals from the arm ancl two from the interradius. The arm marginals 
ar e strongly r eminiscent of those of Pycinaster crassus. The surface is 
slightly tumid, and covered b y delicate, closely placed spine-pits, and 
on e or two larger protuberan ces, or spine-pits . The inferomarginals are 
evenly rounded actin a lly, while they are constri cted towards the supero­
marginals. The sup eromarginals and infero m arginals m eet each other 
in a zig-zag line, and are partly w edged in b etween on e another. The 
s uperom arginals of the arm are like the inferomarginals, bul ar e con ­
stricted both above and b elow. 

The median margin als are tall , oblique, ·wedge-shap ed ossicles, longer 
above tha n b elow, a nd more slender than in Pycinas ler crassus . The 
surface is provided with delicate spine-pits , or is nearly smooth. Several 
large spine-pits can h e found on the nar row dorsal surface. 

The surface of the marginals which is directed tov,1ard s the body­
cavity is uneven. 

Impressions of p edicellariae are seen on some of the m arg in als. 
Affinit y with ot h er s pecics.- Pycinaster danicus differs from P. 
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crassus in having narrower marginals, and d elicate spine-pits covering 
the surface. It differs from other species of Pycinasler in Lhc large raised 
spine-pits on the marginal s of the arm. 

Mat erial.- The associated marginals of a single individual , and a 
few marginals from the Upper Da nian arc a ll that is kn own of this 
sp ecies. 

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

Oc c urr e nc e.- Uppe r Danian in Denmark. 

Pycinaster cornutus \V. RASM USSEN . 

Plate 10, fig. 9. 

1945 Pycinasler cornulus W . RASMUSSEN, p. 423, pl. 9, fig . 12-14. 

Diagnosis.- A Pycinasler whose tall marginal s are broader above, 
and h ave borne a single extraordinarily large spine which h as been 
atta ched in a spine-pit which h as covered a ll, or nearly all of th e abac­
Linal part of the ossicl e. 

Typ c.-Thc ossicl e fro1n the upp ermost Danian nea r Svanemollen , 
Copenhagen, figurc<l by the a uthor, 19--15 , pl. 9, fig. 12, is chosen as the 
typ e for this species. Collection of the Mineralogical Museum. 

D c s c ription.- Only single ossiclcs of the above described typ e, and 
their corresponding spines arc kn own. It is therefore difficult to form a 
conception of the original app earance of the whole animal. The os­
sicles arc as a rule oblique or w edge-s haped , a nd arc r cmin isccnt of the 
ossicles from the b ase of the arm in Chomatastcr. H ow ever , the m edian 
ossicles in Pycinasler also have a similar obliqu e appearance . The part 
of the ossicle directed towards the b ody-cavity is somewhat uneven , 
and is thereby r eminisce nt of the genu s Pycinaster. 

Affinit y with others p e ci c s.- Pycinaster cornulus differs distinctly 
from all other known asteroids by its large abactinal spine. 

M a t er ial.- Single superomargin a ls of this species have b een found 
at a number of Upp er Danian localities . 

Collection of the Mineralogical Muse um . 
O cc urr e nce.- Upper Danian. Denmark. 

Pycinaster aff. cornutus W . R ASM us SEN . 

Plate 10, fig. 10. 

A few ossicles of a Pycinaster which is very mu ch like P. cornutus 
from the Upper Danian have been found in the White Chalk of Mon 
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Cliff. They differ , h owever , in that the outer surface is q uite sm ooth, 
a nd witho ut spine-p its except fo r the lar ge face t which covers the gr e ­
a ter p art of the abactin a l surface, and has b orn e a very pow erful spine. 
The uneven surface towards the bod y-cavity ag rees exac tl y with that 
gen er ally found o n ossic les of Pycinasler. 

O cc urr e n ce .- Upp er Senoni a n . Mon Cliff. 

Pycinaster? rosenkrantzii (Bn. NIE L SEN). 

Plate 10, fig. 11. Text fig. 6 f. 

1943 Pycinaster rosenkrantzii BR. NIELSE N, p. 58, pl. 4, fig. 6-9. 

Dia g no s is.- An aster oid wh ose interradial m argina ls h ave been tall , 
evenly tumid, m or e or less wedge- shaped and abac tinally swollen. The 
m a rginals of the a rm h ave been distin c tly lower , evenly tumid, and 
not w edge-sh ap ed . The outer sur face of the m ar ginal s h as b een cover ed 
b y closely p laced sp in e-p ils . Ther e is often also a la rger facet for th e 
attachment of a spin e at the jun cti on b etween th e lateral and a bactinal 
parts o r the o uter s urface. The surface directed t owards the b od y 
cavity is evenly c urved and witho ut irregul ariti es. 

T y p e.- The oss iclc fr om th e Upper Dani a n of T eglh o lmen , Copen­
h age n , figured b y B n . N I ELSEN, 1943 , pl. 4 , fig. 6 is c hosen as th e typ e 
for thi s spec ies. Coll ection of th e Mineralogical Museum. 

D esc ri p ti o n .- Only sin gle m arginals with the ab ove described ap ­
pearance ar e kn own . There is a distinct differ ence b etween the margina ls 
of the arm and those of th e interradius on the disc, as is the case in 
species of the gen era Pycin aster and Clwmalaster. P. ? rosenkranlzii is 
like the genus Pycinas ler in the som ewhat w edge-shaped outline of the 
m edian super om argin als, w hich are longer ab ove tha n below . On the 
other hand , none of the marginals have that uneven s urface directed 
toward s the body-cavity whi ch is characteristic of this genus . The arm 
m arginals are very mu ch like the marginals of Chomataster , and the 
oss icle ch osen as the typ e is som ewha t reminiscent of the ossicle at the 
b ase of the arm in the Clw mataster individuals r econ stru cted by \ V RIGHT 

( 1940 , p . 243). It is therefor e possible that the p r esent sp ecies sh ould 
b e referred to the genu s Chom alas ter. 

Af finit y with o th e r spec i es .- P. ? rosenkranlz ii differ s m arkedl y 
from other spec ies of Pycinaster in the shape of th e m a rgin als. The arm 
m arginals ar e r emini scent of the corresponding ossi clcs of Chomalaster 
acules, whil e the m edian superom arginals are m or e strongly tumid than 
in lhis sp ecies. Th e m edi a n s uper om arginal s ca n som etimes b e r e­
m .inisce nt of Teich as ler anchylus, but ar e most often 1nor e tumid . 
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M a t er i a l.- Only a few m argin als h ave been found whi ch can w ith 
certa inty be referred to thi s species. 

Th e ossicle figured is in the co llec ti on of the :"llinera logical 1\1u se urn . 
O cc u rre n ce.- Upper Da nia n , Denmark. 

Genu s Chomataster SPENCER 1913. 

Di agnos i s.-Asteroids with long slender arm s which are relatively 
sharply demarcated from the d isc. The marginals are tall , and the 
ornam ent of the outer surface consists of closely placed spine-pits. 
Paxillae h ave supposedly covered the ab actinal side. 

Ge n o t ype.-SPENCER ch ose Choma tas ter acules as the gen otype. 
Sen onia n . 

D escript i o n.- This gen us was established by SPENCER (19 13, p. 
128) on the b asis of single ossicles which could not be described in 
greater detail. WRIGHT ( 1940, p. 243) h as later described two individ­
uals which h e r eferres to the sam e genus. They h ave long slend er arms . 
The super omarginals m eet each other ab actinally over the ·wh ole length 
of the arm, with out giving room for abactinal oss ic les. There is a rath er 
broad inter radial portion b etween the arm s . 

Af finit y w ith o th er ge n e r a.- SPENCER consider ed the genu s Ch o­
m atasler to b e closely r elated t o the also recen t genus Calliderma. It 
seem s to differ from thi s in the r ela tively sharp d em arcati on of the nar ­
row arm s from the b ody. The outline of the animal in \VRIGwr's r econstruc­
tion sh ows similarity with the genera N ymph asler , Ophryas ler and Hw·re­
aster . The first two are distingui sh ed from on e another by the stru cture 
of the ab actinal side: the ab actinal ossicles in the r adiu s of N ymph as ter 
d o n ot m eet com p letely, but allow the passage of papulae, whereas the 
abactinal ossicles of Ophryasler are stated comp letely to cover the 
abactinal side without permitting the passage of papulae. The abactin al 
side is not known in the gen otyp e for Chom a tas ter. The genu s Calliderma, 
from which Choma tasler is presumed to b e d escended , h as typi cal p axil ­
lae . The ab ac tin al side of Chom atas ler wrighti, to b e described below, 
h as sin1il arl y b een cover ed by typi cal paxill ae, and the sam e is tru e of 
Chomataster m arg inatus ( SLA DEN). The genus Hw·reaster is s ta ted by 
VALETTE to b e c har acteri zed by h aving a n unpaired termin a l ossicle. 
Su ch a n oss icle is, h owever , found in all asteroid s, althou gh il h as n ot 
yet b een fo und in som e of the in complete ly k now n foss il species . Ton e 
of th ese other gen era h ave th e sh arp di stin cti on b etween the disc a nd 
the arm whi ch ch ar acterizes \VR rGHT's r eco nstru cti on of Ch om alaster . 

O cc urr e n ce.- Five spec ies o f thi s ge nu s ar e kn own fr om tl1e Sen o­
ni an and Da nia n . 
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a-f. Profile of superomarginals. x 1. 
a. Chomataster pnecursor. b . C. marginatus. c. C. spenceri. 
d . C. wrighti. e. C. acules. f. P.? rosenkrantzii. 
g. Chomataster marginatus. Sketch of paxilla from the 

type-specimen. 
h . Teichaster retiformis. Profile of inferomarginal. Hansted . x 1 

Chomataster acules SPENCER. 

Plate 10, fig . 12 . Text fig . 6 e. 

1913 Choma/aster acu/es SPENCER, p. 128, pl. 12, fig . 28, 31, pl. 16, iig . 8-13 . 

1943 Choma/aster acu/es, BR. NIELSEN, p . 59, text fig . 12 . 

1945 Choma/aster briinnichi W. RASMUSSEN, p. 422, pl. 9, fig. 10-11. 

Diagnosis .-A Chomataster 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 ossiclc 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 \Vhite 
Chalk near Aalborg, and on Stevns, Mon 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 indistinct and diffic ult to see, according to the state of preservation, 
but they seem never to b e wanting. An investigation of the ossicles from 
Riigen described by SPENCEH (1913) gave the following result: the 
inferomarginal pl. 12, iig. 28, has distinct spine-pits, the superomar­
ginal has weak, but distinct spine-pits. vVeak 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, distinct 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, h owever, to h ave had long, slender arms, and 
h as presumably h ad a similar outline to \VRwwr's r econslrn ction of 
this genus . 

A ffinit y ·with o th er sp e cies .- Chomalaster acules differs from 
other species of Chomalasler in the height , and steep-sidedness of the 
m edian superomarginals, and by th e powerful abactin olateral spine. 

Mater i a 1.- Single marginals of this species ar e known from the 
majority of Danish Senon ian and Danian localities. 

The ossicle figured is in the collec tion of the Mineralogical Museum. 
Occurrence.- Upper Senonian in England and Germany. Upper 

Senonian and Danian in Denmark. 

Chomataster prmcul'sor SPE NCER . 

Text fig. 6 a . 

pars 1913 Choma/aster prrecursor SPENCER, p. 128, pl. 12, fig . 27. 
non pl. 12, fig . 26, 30. 

non 1943 Choma/aster prrecursor, BR. NIELSEN, p. 59. 

Diagn os is.-A Chomataster ,vhose short and compact margi n als 
have an evenl y tumid surface which is covererl by closely placed spine­
pits. 

T yp e.- The pair of marginals from the Senonian of Kopinge in 
Sweden, described by SPENCER, 1913, pl. 12, fig. 27 is the h olotype. 
Collection of the Geological Institute, Lund. 

Affinity with other spec i es.- This species is establi sh ed on the 
basis of single ossicles from Kopin ge; they unfortunately d o not permit 
a more exact description of the animal. Asteroids from England anrl 
Denmark, with m.arginals which have a quite different profile, and 
·whose connection v,,ith this spec ies is very doubtful, h ave been referred 
to it . These ossicles arc described below a-s Chomatasler spenceri. 

O cc ur re n ce.- Chomatasier prcecursor is only kn own with certainty 
from Kopinge in Sweden . Upp er Scnonian, Campanien . 



Chomataster spenccri n. sp. 

P late 10, fig. 13-14. Text fig. 6 c. 

?pa rs 1913 Choma/as/er pnecursor S PENCER, p . 128, pl. 12, fi g. 26. 
non pl. 12, fig. 27 . 

1943 Clwmalaster prrecursor, IlR. NIELSEN, p. 59. 

Dia g no s is .- A Chomntas ler whose sup(' romar ginals h ave a low , but 
steep la teral surfa ce whi ch p assrs sh arpl y oyr r into a b road slopin g 
a b actin o latcral surface. The o utC'r surfa ce is onl y slightly tumid ; it is 
cover ed by d e li cate' , closely p laced sp in e-pits. The surface directed 
tow ards th e bocly-cavity conforms to th e o uter s urface of th e oss icle. 

T ypc.-The supr r om argin al from lhe p r ox im a l p art o f a n arm shown 
o n pl. 10, fig. 13 is th e hol otyp c. It is from the Upper Sen onian of Mon 
ClifT. Collecti on of the Mineralogical Museum. 

D escri p ti o n .- Th e super om argin a ls h ave a steep latr ral , and a 
long, s lopin g a b actinolater a l outer surface. The surface directed to­
w a rds the hocly-ca-v ity is con formahl r with th ese. The s upero- a nd 
infer om argin a ls meet in a rather n arrow fa cC' t, a nd th e m edian s uper o­
m argin als also meet th e ab actin al oss ic les in ra th er narrow face ts. The 
superom argin als o f the arm h ave m et each oth er in the mid-lin e with 
a low p la ne surl"ace. Thr o rn an H' nta ti on is com posed of close ly placed 
c in.:ul a r spine-pits. 

Thr appearan ce o f thr p latrs cl<- se ril>ecl is so characteri stic th at they 
will a lways b r ras ily r ecog niza bl(·. Most o f the ossicl<' s from th e E ng­
lish Cretaceo us \Yhich SPENCEH determ in ed as Chomalasle1· prrecw ·sor 
seem to b elong to thi s sp ec ies, a ncl th e sam e is tru e of the oss icles from 
th e White Ch alk of Denmark me nti on ed by Rn. NIELSEN, 1943, p. 59. 

The ossicl<·s an' ver_v sim il ar to th r ossides o f thC' indiv idu al fi gured 
h _\' \\' HI GHT , 1940, p l. 15, ftg. 3, a nd p l. 16, ftg. 5, whi ch is interpreted 
a s a tra ns iti on al fo rm helwee n Ca /lidernrn smilhiae a nd Chonwlasler 
" prrecursor" (C. spencerii of thr p rese nl w ork) . 1t is likely th at th e Chn­
m a las/er h er C' d escribed h as ha d a vr r_Y s imil a r stru cture. 

Affinit y w ith o ther spec i rs .- Thi s spec ies is di stingui shed from 
the ab,we m enti o ned fo rm d escribed hy \\ ' HI GIIT, in th at thC' supero­
m argin a ls h ave n o abactin a l port ion formin g an anglr with th e sloping 
a b ac tin ola teral part or the s ur face. 

Ma t n i a l. - A fe w assoc iated r em a ins of a sm a ll indiv idu al of this 
sp l'c ies, togeth er w ith single oss ic lcs, h aYC' b er n founcl in th e Whitr 
Chalk of Denmark. No ne of th ese ftnds gives th e possibility of makin g 
a certa in r eco nstru cti on of the a nimal. 

The sp ecimen s figured :ne in th e collC' cti on of the Min eralogical 
i\ lu se um. 

0 cc urr r n cc.- Upper Sen oni an . E ngla nd , Denm ark . 

6 
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Chomataster wrighti 11 . sp. 

Plate 11 , fig. 1-2. Text fig. 6 d . 

Diagno s is .- A Choma/aster with long, slencler arms, whose supcro­
marginals .m ect eac h other in th e mid-lin e of th e arm over its whole 
length. Th e disc is b ound ed h y a n intcrra di aJ m a rgin which is rath er 
sharply ckmarca tecl from the arm. Th e inter ra di a l superorn a rgin a ls 
ar e h ardl y tumid , but th e o lhcr superom argin als ar e stron gly tumid . 
The orn am entati on is com posed of spine-pits. A gr a nu la ti on , and la rge·, 
cr ater-like depressions can a lso occur on the super om arginals. 

T ype.- The individu al sh own o n p l. 11 , fig. 1, is t he h olotype. l t 
com es fr om the Upp er Sen oni an White Chalk o f Stevns Cliff. Coll ec­
tion of the Min eralogica l Mu seum . 

D esc ri p ti o n .- The outline agr ees w ith that w hi ch ch arac teri zes 
WRIGHT's reconstru ction of tw o individu a ls o f thi s species, and it is on 
the basis of thi s very ch aracteristi c shape that the p r ese nt species is 
referred to th e ge nu s Chom aiasler . The sp ec ies is n amed a fter C. \\' . 
\\!H IGHT. 

In the interradius there arc lwo supcrom a rgin als (n o. 1), wh ose- a lm osl 
square outer surface is not curved , a nd is onl y slightly tumid (T ext fig. 
f\d ) . They h av e m et the' ah ac tin al surface ah ovc with a som ewh at co n­
cave facet . The foll owing supcromarginal ( no. 2) has m et th e ah actin a l 
oss ic les in the sa1ne way , bul it is m or e stro ngly tum id , obli q u e a nd 
wedge-sh ap ed, a nd has formed the tra nsiti on t o Lh c arm . In some indi ­
v idu als it is larger th an the other supcrom argina ls, a nd is reminiscenl 
of the corresponding oss icles in vVmG1-n's reco ns tru c ti ons. Th e su pero­
m ar ginals of the arm ar c all ta ll and stro ngly tumid , a lth ough the s ize 
and d egr ee of tumidily d ecrease tow ard s th e tip of Lh e arm . Th e arm 
has b ee n almost quadrati c in cr oss-secti on. Th e supero- and infero­
marginals are direc tl y ab ove on e an oth er , an d th ey m eet in a r a th er 
narrow fa cet. The infr r 01n argina ls ar e CYenl y curve d ; the_v ar c nar row 
on the arm, and h ave m et th e adamhula n al ossicles over th e wh o le 
length o f the arm. The infer om ar gin a ls ar c large r an d h roac!Pr a long 
the interradi al m a rgin of th e Jrnciy. 

The orn am entati on is com posed o f cl ose ly pl aced , circul ar sp ine­
pits , whi ch can h e slightl y lar ger on th e ab ac tinal swellin g of th e s upero­
m ar ginal th an on the r em a ind er of the sur face. A stro ng granul atio n is 
furtherm or e founcl amo ng the spine-pits of som e individu a ls, and 
la rge , cra ter -like spine-pits can b e found on th e swoll en porti on o f th e 
superomargin als . The ab actin al side h as b ee n covered by paxill ae. Th e 
actinal side has been cover ed h y f1 a l , obliqu e , p olygo nal ossic les with 
spine-pits. Th e a d ambul acra l ossic lcs h ave a r ath er ch aracteristi c ap­
p earan ce as the p roximal and di sta l ends ar e slop ing, and th er e is a 
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poinlcd p rocess on thr proximal r nd , whi ch h as protruded into the 
ambulacral groove. The orn am entation of the outer s urface is difficult 
to see, but ther e seem s to b e a row of six spines o n the edge . A furrow 
and a k ee l run on the ve ntral surface parall el with th e erlge. On the 
k ee l, a nd on th e rest o f the sur face thn-e have b ee n a few spines or setae 
in two rows . The ambulacral ossicks h ave n o r em arkab le ch ar acteri­
st ics. Impressions of pecl icc llari ae h ave b een observed on a few of th e 
marginals. 

Aff init y with o ther spcc i cs.- Thc pec uli ar outline of Chomatn­

sier w righli is r emini sce nt of \VntG1-1T's re constru ction of two individ­
u als whi ch are rrfrrrr d. to this ge nu s . O n the other hand , the orna ­
m enta ti o n is diffnent from th at 1n th e other spec ies referrrd to thi s 
genus, a nd the s upcromargina ls of th e arm are more tumid than in 
t hese spec ies. 

Matc ri a l.-S in glc oss icles of thi s species h ave been found in the 
White Chalk of Mon , St<'vns, near Aa lhorg, a nd at sevrral other Dani sh 
localitic-s , as w<•ll as o n Riigen in Gc-rrn a ny. Th e r em a ins ofsi x incliv id ­
ua ls have a lso h eC'n l"oun<l on Stevns Cliff. These indiv idual s have b ee n 
fo und partly as associated ossie les, a nd partly as small arm fragm ents 
with m ar gin als, amlnil acr al and a d an1bul anal ossie les 111 th eir 
natural pos iti o ns . O n th e basis o r this material it h as he rn a simple 
m atl<' r to reco nstru ct the a nimal in spite of the great difff'rrn cr between 
the ossicles of the di sc an d the arms. 

All the specimens a rr in th e coll ection of the Mineralogical ~fuseurn . 
Occ urr e nc e.- Upper Se noni a n . Germa ny , Denmark . 

f.homalast1w mar!Jinatu s (Sr.., nr:;s;). 

T ext fig. (i b , (i g. 

1891 Nymphasler marginalus SLADEN, p . 18, pl. 8, fig. 4. 

1907 Nymphasler margina/11 s, SPENCER, p . 1 IG, text fig . 1 l. 

1913 Ophryasler marginalus, SPENCER, p. 1:30. 

n i a g no s i s.-~-\ Choma/aster w ith I ong, slen der arms, and an eYf'n ly 
rounded interradius. T he superornargin a ls h aYr rnrt each other in the 
mid-lin r over the whole' length of th e arm . Th e ornamentat ion of the 
marginals con sists of wid el_\' separated spin e-pits . The a bactinal sidr 
is cover<'d by typ ica l paxill ar . Pedicell ariae arc u ncommon. 

T ypr .- The indiYidu al from th e Lower Scnoni a n of Ke nt , E ngl a nd , 
figured h y SLADEN, 18\H, pl. 8 , ftg. 4, is the hol otype. Collcc-tion of thf' 
British Museum (N.H .). 

D escrip tion.- SL.\ DEN (1891) wr ites in th e d f'snipti on of thi s 
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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 arc all small and out of 
position, and are not available for description" . 

An examination of the holotyp e has , however, shown that there have 
been typical paxillae on th e abactina l side. The species can th er efore 
neither b e r eferred to Nymph aster nor to 0phryasiel'. The outline of the 
animal, and the profile of the s uperomarginals with a short, steep 
lateral side, a long sloping abactinolateral portion and a narrow h ori ­
zontal abactinal portion are very strongly reminiscent of th e reconstruc­
tion of a Chomataster individual sh own b y WRIGHT (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. 

Occurr e nc e.- Lower Senonian. Broml ey, Kent, England. 

Genu s 0phryaster SP ENCER 1913. 

Diagnosis.- Asteroids ·whose long slender arms pass evenly over 
into the broadly rounded interradial part. The marginals are evenly 
curved, and slightly tumiJ . They h ave an obliquely placed facet direc­
ted towards the abactinal ossicles; this forms nearly a right a ngle with 
the facet directed towards the body cavity. The ornamentation is com ­
posed of spine-pits , which are, h owever , wanting in a zone along the 
abactinal border of th e superomarginals. The abactinal side is cover ed 
by closely placed , polygonal ossicles which only extend in a narrow zone 
into the arm. Paxillae are not present. Long, low, biva lve pedicellariae 
are common. 

Genotype .- 0phryasler oligoplax (SLADEN). Senonian. 
Affinity with oth e r genera.-The genus 0phl'yaslel' is stated by 

SPENCER to differ from Nymphaslel' in that the ab ac tinal ossicles a re 
closely placed, giving no room for papulae. 

Occurr e nc e.- Apart from 0. oligoplax (Su.DEN), the species 0. 
magnus SPENCER and poss ibly 0 . hznalus (S. vVoonwAH n) also b elon g 
to this genus. 0. marginatus (SLADEN) is mentioned here under th e 
genus Chomataster, because of th e character of the abactinal , and m ar ­
ginal ossicles . Senonian . 
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Ophryaster magnus SPENCEH . 

Plate 11 , fig. 3. 

191 3 Ophryasler magnus SPENCER, p. 130, pl. 16, Jig. 20-27. 

1943 Ophryas/er oligoplax, BR. N IELSEN, p. 60, pl. 4, fig. 10-23, 
text fig. 13-15. 

Di ag n o s is .- An Ophryasler, with superomarginals whose ornamen­
tation co nsists of rather large , close ly placed spine-pits, which a r e only 
wanting in a n extreme ly narrow zone a long the abactinal b order. 

Typc .- The oss icl c from th e Upper Senonia n of Riigen , figured by 
SPE NCJ:: 11 , 191:1 , pl. Hi , Jig. 25, is the holotypc. British Museum (N.H.). 

D c seription.- Thcrc is a l'omp ll'Le ly even transition from the nar­
row a rm to the hroadly ro und ed inl.Prradial part of the hody. R:r is 
1neasurPd as c. 90: 4!) 111111 . The supcr01nargin a ls in the o utPnnos t part 
o r the a rm ( from no. 10) have m et in thP mid - lin e of the arm. The me­
dia n supcromargin a ls arP lo ng, low a nd rather narrow with a slightly 
c urved , squarish o uter surfaee . The surfaces direell'd towards lhe abac ­
tin a l oss ie les, and towards the hod_v-l'avity are typical for the grnu s, 
and thPy form a lmost a right angle " ·ith Paeh othe r. The supcromargi­
nals of the ann have a rounded o utline towards the mid-line of lhc arm , 
and a more vrrtica l faec t towards the ahacl in a l ossieles. The distal 
supcromargin a ls arc markedly shorter , and 1nore tumid than the prox­
imal. They a rc r e lative ly broader, a nd the ahactin a l part of the outer 
s urfal' c is larger than the la tera l. The surfan, or the inferomargi nal s is 
evenly c urved , a nd no l tU1nid . The ornanw nta tion is con1posed o f 
c lose l.v p laced spi ne-pits which a rc o ften rather large parti cularly on 
the superornargina ls. On the distal m a rginals the spine-pits are replaced 
by a granulation on the a bactin a l a 11d actina l sid es. There is o nly a 
narrow smooth zone along the abacti11a l bordn o r the superomargin a ls. 

The abactinal side has been covr re(l by rather tall , m or e or less 
six-sid ed ossie.lcs with a smooth su rface. The aclinal sid e has been 
covered by largP , ll at, oblique , po lygona l ossicl(·s bearing spine -pits. 
At the Lip of the arm thne has been a termin al oss i('le with an irregular 
granul a tion of the surfal'l', a nd spi ne s at the apt·x. The a d ambu lacral 
oss icles arc irregularl_,, beve ll ed al the e nd s, and a rc provided with a 
strong proxima l , p o inted extens ion whid1 has protruded into the am­
bulacr a l groove. The.\· hear a row of ten spines 0 11 thP ed ge. Th er e is a 
furrow in the adina l surface parall e l with lhe edge, hut othe rwise this 
s urface has bee n perfectly sn10oth. Th e amhulac ral oss icl es have had a 
1na rkecl extens ion where these ossiclcs have 111et on e a nother over the 
ambulacral groove. The uss iclcs of the or al region arc unknown. Long, 
hivalvcct ped icell ariac arc fo und o n a numbe r of the inforornarginal 
and actinal ossicles. 
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Affinit y with 0. o li gop lax.-Ophryaster magnus is establish ed on 
the basis of sing le oss iclcs which only differ from oligoplax to an ex­
tremely slight extent. Only the coarser ornarn.entation of the marginals , 
and the narrow abactinal border of the supcromarginals seem to sepa ­
rate the two species. In none of them is the variation s ufficiently we ll 
known. 

Materia l.- The remains of thre e individuals, which agree w ith on e 
a nother in appearance, and s ingle ossiclcs of Ophruasler have hcen 
found in the \Vhitc Chalk of Denm.ark. The most complete of the 
individuals is m e ntion C'< l as Ophryaster oligoplax by Bn. NIELSEN. The 
orna1nentat ion of the ossicles seems, h owC'ver, better to ag ree with the 
single ossic les dcscrihc<l as Ophryasler m agnus. B1c N IELSEN showed 
(1943, p l. 4, fig. 1 H) a rcconstrn ction of the outermost part o[ the arm. 
The author has und.c rtakcn a rnor C' complete reconstruction of the Danish 
individual , which gives a heltc·r impress ion of the appt•arancc of the 
animal an<l fonns the basis of the present d eseription. 

The individu a ls arc in the rnllcelion of the Mincralogiral Museum. 
Oc('u rr encc.- Upper Sc11onian. Hiigcn in (icrmany. Mon a nd Aal ­

borg in Denmark . 

Family Stauranderasteridae SPENCER, 

Genus Stauranderaster SPE NC EH 1907 . 

Diagnosis .- Asteroids whose oss icles have an ornan1<·11tatio11 c01n­
poscd. of scattered spin e-pits restri cted lo the central part of the outer 
surface of the ossic lc. The primar_v ahactinal ossiclcs arc Yery large and 
strong ly t umid . 

G c no t_vp c .- Slauranderasler boysii (Fo II BES). Scn o nian . 
Aff i nit y \Yith other genera.- Staurwiderasler is simi lar lo Valell ­

asler in the powerfu l development o f the ab actinal ossicles, hut has a 
"Jnargin of we ll dE've lop ed sup('ro- and inf"eron1argina ls. 

Oecurre 11 ce.-Tc11 species arc known , ranging fro1n Ce110111ania11 
lo Dan ia n. 

Staurandcraster gibhosus SPENCER. 

1913 Slauranderasler gibbosus SPENCER, p . 135, pl. 13, fig. 11. 

?1943 Stauranderasler gibbosus, BR . NIELSEN, p. 62 . 

Diagnos is .- A Slauranderasler whose arms arc clista lly swo ll e n. 
T h e primary ahactina l ossic les arc large with a strongly tumid o u ter 
surface whose ornamentation consists of a d epressed border, and scat-
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tcrr d spi ne -p its . The supcromarginals uf' tlw arm a r r lar gr a nd evenly 
tumid , the inf'ermnargi na ls arc vl'!'_v low. The o rmnnrnt of th e margina ls 
is, as in Afetopasler, (.' Ompose d of S(.'a ltcr ed spin e-pits a nd. a drpressed 
hordcr. 

Typc.- As the L_vp e f'or this sp r l'ies SPENC.EH c hose an individual cul­
lel'lcd h y F .\B EH and preserved in Lhc British Museum (N.H.). The 
indivillual is unf'ortun a lc l_v not figur c< l, hut a n ann frag1ncnt of an 
olhn individual is s how n by SP ENCEH ( 1913) pl. J 3 , Jig. 11. 

Malerial.- SPENCEII do :·s not l11l' ntion thi s sp ee il's fro1n Dcrnnark, 
but s01ne ossil'ies of S lrwNwclcrns ler fron1 Denma rk are, according to 
B11 . NI ELSE:'\ ( 19-i3) p. 62, rd'l'!'rcd lo this spee ics. These particular os­
sieles are of a divergent app earance, and no astnoid rrnrnins have been 
f'oun<l in Denmark which n m with l'ertai11ty h e rel'l'I'I' ed. lo this species. 

Oecurrcnec.- Se no nian . England. 

Sta11ra11dtiraster pyramillalis SPENCEII. 

Plate 10 , fig. 15 . 

191:3 .'ilauranderasler gibbosus ,·a r. pyramidalis SPENCER, p. 135, pl. 13, 
fig. 12-13, ? pl. 16, ftg. 30. 

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

Dia g nosis .- A Sla urwulernster whose large aliaclinal ossic les have 
a scmi-splwrical or , 1non· c·01nm onl _v b ell -sh aped oute r surface. The 
ornamentation of' th e s urf'acc is 11snally co1nposr d of scattered spin c­
pils , \\·hil'h may IH' lippl·d. Thne l'an a lso he a weak rugosity on tlw 
pnipheral part of the oss iC' ic , logl·Llwr with a nar ro \\· smnewhat depres­
se d bonier. 

T vp c·.- Th c oss iclc from thl' Lo,n·r Danian ol' Sll·Y ns Cliff figurl'cl 
i>v S PENCEH, 1913 , pl. I ;l, fig. 12- 1 ;3 is chosen as Llw tvpe. Collection 
of Lhe Mineralogical i\lluseum . 

Dl'sl'riplion.- Oni)' Lhl' large dorsal ossi cks arl' known with cer­
lainl_v . The t_vp ~· sp c'l'ime n ag rc l'S cxactl _v with this diagnos is, and the 
sanw is lnw of lhl' 11wjorit.Y o f' ossil'lrs fro1n the Dani :-u1. On ly in a Yery 
frw l'asrs arc thr sp in e -pits without lips , or the ossicles without a rugo­
sity . 

A l'f'inity with other S])l'l'il·s.- Sla11randemsler pyrr1111ida[is differs 
from S. gibbosus in the much morl' p owerful tumidit_v ol' the abactinal 
ossi rl e a nd presumably also in Lhe ornan1entation. 

Mater ial.- There arc only rather frw single· 1na rgi11als fro1n the 
Dan ian which can with enla inty be rd'crrcll to this species. 

Collect ion of the Mineralogical Museum. 
Occurrence.-Lower and Upper Danian in Denmark . 
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Staurandcrastcr mixtus BR. NIELSEN. 

Plate 10, fig. 16. 

1943 Slauranderasler mix lus BR. NIELSEN, p. 63, pl. 4, fig. 26-28. 

Di agnos is.- A S tauranderas ler whose oss ic les have a nar row d e­
pressed border a nd within Lhis are smooth , or p r ovided with very few 
spine-pits. Tall marginals, w hi c-h arc pres umab ly from th e swoll en 
di sta l part of the arm, ar c fo u nd . Abact in a ll y rounded , or strongly 
tumid ossiclcs do not seem to h ave b een prese nt. Long, bivalve p ediccl ­
lariac arc commonl y present 011 the margin als . 

T y p c.- Thc indiv idu a l from lhc Upp er Scnonian o r SlcYns Cliff 
figured by BR. N I ELSEN ( 194:3) p l. -le , fig. 26- 28 is the h ololyp c. Co llec­
tion of thc Mineralogical :Museum . 

D esc riplion .- It is n ot possibl e Lo r eco nstruct the a nim a l from th e 
individu a l a nd oss icles known. Apa rt from thC' ossiclcs desc ribed b y 
BR. NIELSEN t here arc fo un cl a few small amhulacra l, and adarnbuJacral 
oss ic lcs, which do not, ho\\"cver , permit description . 

Affinit y with ot h <' r spccics.- S lauranclerasler mi.x lus is , like the 
species coronatus, senonensis an d speculum , smooth , b ut il is separated 
from thcsc by apparen tl y n ol havin g h a d st rong ly s" ·oll cn , or " breas t­
plate-shaped" oss ic lcs. 

Ma t cr i a !.- Onl y very few single oss icl cs, a nd the r em ains o r o ne 
individual h ave b ee n found o f thi s spec ie s . 

Coll ectio n of the Mineralogical Muse um. 
Occurr c nce.- Uppcr Scnon ia n. Stcvns Cliff, l\Jo n Cliff an d Eerslev 

in Denmark. 

Stauranderaster miliaris BR . N1 ELSE:\' . 

Plate 10, fig. 17 . 

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

Dia g n os is.- A Strwrandem sler wh ose oss iclcs h ave a n o rnam en ta­
ti o n consisting of a narrow d epressed nrnrgin , a nd wilhi11 lhi s an area 
bearin g a c lose and d eli cate granu lat ion of the ecntral ar ea. 

T_vpc .- Th c supc romargi na l from the Upper Da nia n or Herf'olge, 
figured by Bn . N I ELSEN ( 194:3) pl. 4, fig. ;33 , is Lh c l10lolypc of this spe­
cies . CoJJ cc Li on of the i\Jin cralogic a l Museum . 

D cst.: ripti o n .- Only sin gle p lates of thi s species ar c kn own ; they 
give n o certain informa ti on concerning the appearance of the species. 

Affinit y with o th e r spccirs .- S lauranderaslcr milinris is r eminis ­
cent of S. squamosus in its ornament , this fo rm also b earin g a gr a nula -
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tion . The marginals of S. squruno.ms arc, howe ver, im.bricatc, while 1he 
ussicles in<licate that this h as n ut be en the case in S. miliaris. 

\1 atcrial.- A number o f single ussiclcs of this sp ecies haYe been 
founcl. 

Colkdion o[ th e \1in eralogieal Museum. 
O <..:c urren ce.- Lower and Upper 0anian in Demnark . 

Stauranderaster speculum BH . N 1E LS EN. 

Plate 10, fig. 18 . 

1943 Siauranderasler speculum 1311. N rELSEN, p. 04, pl. 4, fig. 36. 

Di a g n os i s.- A S tcu1mndcmsler \\·hieh has had oss ieles of a peculiar 
irregular outline, " hreastpl a tc -sh ap ccl'". The outer s urface of the ossiclc 
has formed a small , smooth proj ecli11 g portio n. 

Typ e.- TJw ab ae linal ossielc from lhc Upper 0ani a n of H. ejstrup, 
figured by Bn . NIELSEN (194;l) pl. 4, Jig. ;rn, is the h olotype . Collection 
of the J\lin cral ug ieal i\luseum. 

Aff inity with other sprcies.- S/aurw11/cmster speculum is like 
S. corona/us in ils smooth ossides of \'ery va ri abl e shape, but it diffe rs 
in the limited exlenl of lhe strongly rais ed, smooth, ce ntral portion . 

\I a ter i a l.- A numb er of single margina ls of this species have been 
found. 

Collection of the J\lincra logical Muse um. 
Occurr c n cc.- L owe r and Upper Danian . De111nark . 

Order Paxillosa PERRIER. 

Family Astropectinidac Gn.H . 

Genus Astropcctcn GnAY 18+0. 

Synonym : Lophidiasler SPENCE R 1913. 

Dia g n os i s .- Astcroids \\·ith ra lher long and sl ender arms, the mar­
ginals short, and o ften pro\·id ed ·\\'ilh a powerful ridge. The ab actin al 
side is covered bv paxillac. 

G e n otvpc .- As lropeclen 1111rn1tlincus (LI N;\' E). H.ec cnl. 
Description .- -Thearrnisrathc r s lender, a nd Lhe a darnl>ul aeral os­

s il"l cs m eet the infcromarginals over the greater p a rt of the length of 
lh e arm . The abactinal sid e is covered hy typical paxilJac which also 
extend into th e arm . 

Th e Cretaceous indiYidual \\'hich SPE NCE !l used as the foundation for 
the genus Lophidiasl er in 191 J was originally referred to this genus. 
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Lophidiaster was sta ted to differ from Astropec ten 111 that the abactin a l 
surface is covered by closPly p laeed ossiclcs, not paxillae . Accord ing to 
VALETTE ( 191 5, p. 62) the genotype for Lophidiasler is L. ornrdus. The 
holotype for this species is the individual figured hy SPENCER 1905, pl. 
25 , fig. 2. In this individu al " Practically onl,v th e marginal plates are 
preserved". No ossicles·, which could b e abacti n a l ossicks ean b e seen 
in the figure. Of the remaining four individuals of Lophidiasler ornalus 
which I h ave had the ch a nce ol' seeing, only two show a badinal os­
sicles. In both of these thcv have the form of typ ical paxillae, a nd I 
find it there fore d a ngero us to r efer these individu als to a ny ge nu s o1l1cr 
than Aslropecten . SPENCEn's view of the str ucture of the a lrnc tin a l si d e 
is based upo n a n individual of A.? pyymceus , which has, however, not 
)Jl' c n chosen as th e genotype. MEncrnn ( 1935, p. 45) ch aracterizes 
Lophidiaster as species of Astropcctinidac with a very narrow keel on 
the marginals. Such a diagnosis wouhl, however, n ot he practical , as it 
w ould necessitate a division both of the rece nt genus Aslropecle11, and 
the genus Lophidiaster as SPENCE!\ conce ived it , and it would for that 
matter not form a sharp b oundary. lt seem s tlwrcfore to b e necessary 
lo regard Lophidiasler as a synonym of thr ge neri c nam e Aslrop ec ten. 

O cc urr e nc c .- This genus is repn.'st·ntcd hy a number of spt·cies 
from the Jurassic to Reeenl. 

Astropcctm1 ornatus (SPENCEM). 

1905 Aslropeclen sp. SPENCER, p. 90, pl. 25 , fig . 2. 

1913 Lophidias/er ornalus SPENCER, p . 138, pl. 11, fig. 19 a nd 22 . 

?1937 Aslropeclen belzensleinensis LEHN ER, p. 171 , fig. 1. 

1940 Lophidiasler ornalus, vVnrGI-IT, p. 245. 

1943 Lophidiasler ornalus, BR . NIELSEN, p. 66, text fig. Hi. 

Di ag nosis.- An Aslropeclen whose short m arginals have a p owerful 
ridge, whi ch- al least on some of th e ossic les- forms a la teral wing. The 
surface of the ridge on the inferomarginals h ea rs a granulation. There 
arc spine-pits on the superomarginals . The superomarginals reach thei r 
greatest h eight nearest the disc . 

Tvpe.- SP ENCER c hose the individual l'rorn th e Upper Grccnsand 
Jigurrd by SP ENCEH 1905, pl. 25 , Jig . 2 a s the holotypc for Lophidi­
aster ornatus. Collection of the Sedgwick Museum. 

D cs c ri pti o n.- Thercar e several fragments of individu als in \VHI Gl-ff's 
rnllcction which may be r eferred to this species. They show that the 
arm h as b een narrow. The superomarginals hav e also made romn for 
abactinal paxillae in the arm. 
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O cc urren cc.- Thi s spcc it's is known from muc h or th e Eng­
li sh chalk , a nd is also fo und in the Scnonian nea r IH1stad in Swed en. It 
1s not known froin Jk1nnark . 

Astropcclen poslornalus (W. ll .\sMussr:N). 

Plate 10, fig . 21. 

1945 Lophidiasler puslornalus \V. RASMUSSEN, p. 424, pl. 9, fig. 16. 

I) i a g no s i s .- An Aslropcc lcn whose sh ort margina ls h ave a rather 
powerful ridge which d ot's not form late ra l \\·in gs. The s urface of the 
rid ge bea rs a granul ati on o n the inl'cromarginals, an d is provided with 
spine -pi ts on th e superom a rgi na ls . Thl' supl'l'o:m a rg inals reacJ1 the ir 
greatest h eight n l'a r the o ull'I' m arg in . 

Type.- Thc infl'l'omarginals from the Uppl'I' Dan ian , nl'ar Svanc-
11101lcn , Copenh agen, fi gun·d l>y th e a uth or , J 044, pl. !:I, fig. 16, is the 
type . Co llect ion of the :\Ji neralogical :\l use ulll. 

Dcsniption .- Thi s s pec il's was dl'snihccl IJ,v 1h r a uth or (1!:1+5) 
thu s, p . -!2-!: " Supra-ma rginalia: the prnportions lt'ngth/ wi dth/ height 
arc ml' as urcd at 1,7 /-!,0 /2,8 nun . The fr ee surface cons ists o f a latera l 
a nd abaeti n a l part , whi c h unite in an al'l'h. The o rname ntation consists 
o l' large rather d eep spine-pits. 

Infra-margina lia ar c of the same dimensions or a little lower. The 
fr ee s urface has a n eve n and stra ight l'ou rs<· from the ac tinal to the 
latera l hor<IPr. Th e heigh ! of t he ridge is about 0.5 mm. T he or nanw nta­
li o n l'Onsists of a rather pronounce<l gran ulati o n". 

Aff init y wi th other spccies.- This sp ;'c ies seems to be very close 
lo A . ornalus, but diffe rs by lacking the wing-like latera l extension of 
lhe rid ge, a nd a lso by lh e ra lh cr grPat br<'ad1h. T h at the superomargi­
n a ls a rc hi ghes t near lhe outer niargin is also a dill'ere1H·e . The sanw 
c haraclns separate the s pt' l'ies froin A. mirabilis (VALETTE). The Lown 
:\liol'<' n l· Asirop cc /en :mlo11111censis \ 'A LETTE has marginals of similar 
fo rm IH1l diffe rin g in tht' l'Xtrao rdinaril_v Iitll' gra nul at io n of the ridgt·. 

~I a Leri a 1. - Halhcr a la rge number of single marginals or this species 
a re ava ila ble. 

CollPetion of the :\fincra logical T\ h1 sl·um. 
On: u r re n ce.- Uppcr Danian . Denm ark. 
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AslrOJJecten punctatus (BR. NIELSEN). 

Plate 10, rig. 20. 

1943 Lophidiasler pl!nclalus BR . NIELSEN, p. 67, pl. 4, flg. 38. 

1945 Lophidiasler punclaills, W. R ASMUSSEN, p. 423, pl. 9, fig. 15. 

Dia g n os i s.- A n Asiropeclen whose super o- and infcromarginal s h ave 
a n o rnam enta ti on of sp ine-p its . 

T ype.- The marginal from the U pper Danian of Salth o lm figured h y 
BR. NIELSEN, 1943, pl. J, fi g. 38, is th e ho lotyp e. Collection of th e r.linc ­
ralogical Mu se um. 

Desc ripti o n. - As pract it:ally a ll the s upcro- all(l in feroma rgi na ls 
of Lophidiasler-typ c which arc found in the Danian h a ve spi ne-pits , but 
n o granul ation , the~' were referred to a n ind ep end enl sper ies, Lophidi­
us lcr punclulus. Apart from s in gle ossici l'S, lhere is only one spec im en 
o [ associa ted oss ic les from a single individu al , thi s is, h owever, so 
b adly presc r\' ed th a l it h as not b een p oss ibl e to o bser ve the character 
of the a b al'linal oss icl es or those of the a mbul acra l system . Only m a rgi­
n als and the tennin a l ossic le ar c kno"·n. 

;\l ater i a l.- The rc is a rather large numuer of margin a ls of this 
sp ecies from th e Da nian of Denmark. 

Colleclion of the ;\[in eralogical Museum . 
Occurr c n t:c.- L ow er and Uppe r Danian 1n Denmark . 

Astropeclen? pygmams (SPE NCE R). 

Plate 10, flg. 19. 

1913 Lophidiasler pygmceus SPENCER, p. 139, 150, pl. 11 , fig. 20, 21, pl. 16, fig. 17- 19. 

1915 Lophidiasler pygmceus, YAL ETTE, p. 62, fig. 21. 

1943 Lophidiasler pygmceus, BR. N IELSEN, p. 66. 

Diagnosis.- Astcroids whose marginals arc prov ided with a rid ge, 
a s in the genus Aslropeclen. Or11a:m c ntatio11 is weak, or wanting. Both 
supcro- a nd i11fc ro1na rgin als 111a_y, howeve r, he rugose . 

T _ype.- Th e pair o f ossicl es from the Upper Sc11 011ian of Hi.ige n , 
fi gured h _v SPENCEH, 19 13, pl. 1 t , fi g. 20, is the h olotype for th e speci es . 
Both the s upero- a nd the infer omargin a l have a distinct rid ge. The 
ornam ent o n th e s uperomargin al consists of sp in e-pits toge ther with 
a granulation 011 the uppermost part of the oss icl c. Collection of the 
British Museum (N .H.) . 

D e s c ripti o n .- This spec ies is desc rib ed on the basis of m a tC' ri a l 
from Riigen. A numhcr of singl e oss icks fr om th e same locality , and 
from Da nish vVhitc Chalk localities must be referred to this species . 
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Where ornarn.e nt can be discerned o n these oss icles, it seems to h ave 
b een ru gose b oth on supero-, and o n infrrornarginals. SPENCER (1913, 
p . 139) sta tes that there is a specirn.en in the BRYDON£ Co llec ti o n ( Cam­
bridge) which s hows th a t th e ahadin a l s id e h as h een cover ed b y Ilal os­
sicles, n ot pa x ii lac. There is th er efor e the poss iJ>il ity th at this species h as 
not b elo nged to the genu s Astropec len. It is unfortun a te ly not possible 
to base the genus Lophidiasler o n lhis spec ies as accordin g 1n VALETTE 
( 191 5, p . 62) A. ornalus is the ge notype. 

Malcrial.- A small number of marginals of this species from th e 
\\'hite Chalk of Denmark. 

Co ll ec ti on of th e ~lineralogical ~fuseurn. 
Occurrcnce.- Uppcr Senonian . Gcnnany and Denmark . 

Order Spinulosa PERRIER. 

Family Sphaerasteridae Sc110NooRF. 

Ge nu s Valcttaster LurnEHT 1914. 

Synonym: Tho /asler SPENCER 1913. 

Di agnos i s.- The horly is covered by large irregular ly round ed os­
sicles, which h ave heen a lmost embedded in the body so that only a 
ve ry small Il attened portion forms th e c•xposc d surfa ce. The sides of 
th e oss icles form irregularly s lop in g surfaces so that th e oss iele has the 
fo rm of a truncated ir regu lar co ne'. 

Genotype.- Va lellas ler occellalus (FoRBL-: s) is ch osen as the type 
for this genus Sen on ian. 

His to ri ea 1.- Th.c ge nu s Va lellaster was establi shed as an indepen ­
d en t genus under the name Tholas ler by S PENCEH in 191:L This name 
was, however, prcoccupi e< l and was replaced by lh e name Va lt' llasler 
by LAMBERT in 1914. 

Description.- O nl _v s in gle oss iclcs, and ver)' incomple te r0main s 
of individu a ls of this ge nu s arc avai la hle. The arms and lhe out lin e of 
the body arc the refo re unkno\\"n. There do not appea r lo ha-vc been 
distin ct marginals present, an d lhc genus is therefore referred to th e 
order Sp inulosa. 

Oecu rr e n ce.- Thrce species arc known frmn th e Se noni an and 
Danian, a nd one from the .Ju rassic.. 
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Va]ettaster oeeHatus (FoHilES). 

Plate 10, fig. 22- 23. 

1848 Greasier ocellalus FORBES, p. 468. 

1850 Greasier ocel/alus FORBES ( in DrxoN), p. 329, pl. 21, fig. 13. 

1905 Penlaceros ocel/alus, SPENCER, p. 8.5, pl. 25, fig. 4. 

1913 Tho/asler ocel/alus, S PENCE 11, p. 138, pl. 13, fig. 24. 

1915 Valellasler ocel/alus, VALETTE, p. 57 , fig. 19. 

1943 Va lellasler ocel/alus, BR. NIELSEN, p. 65 , pl. 4, fig. 29. 

Di agnos is .- A Vn leltas lcr whose act ina l a nd ahact in a l oss ic lrs bear 
a fin r gran ul a ti on on the na ttened Stff facr . On somr of Lh c ossic lrs thr 
granulation becomes (!Pveloped as a I inral ornament, but most 
often the arrangement is more irregular, giving the impression of a 
madreporite. 

Type.- Thr indiYidual ftgurrd hy FonBES, 1850, p l. 21, ftg. 1:3, is 
th e h o lotype. 

D rsrr iptinn .- Thrre arr a number of specimrns of V. ocel!olus; 
th ey only sh ow :rn ex treme ly slighL vari a ti on . The oss icics h ave brrn 
p a rtl y imbri ca tr, and th e s lop ing sides oflen bear eye lik e depress ions . 
Th e above n1enlione<l va ri at ion in ornamentation ea n h e rnrl with in 
Lhe same indiv idu a l. The ambul acr a l oss ie lcs are very short and brond. 

Material.- Numer o us oss icl es of Lhis species h ave been found both 
in th e Senonian a nd Danian of Denm a rk . The remains of fiw individ­
ua ls h ave in a dditi on bern found in the Da nish \Vhitc Cha lk. 

Co llecti o n of the Mineralogical Museum. 
Occurrrnce.- Lower and Upprr Srnonian in Engla nd . UppPr Sr­

nonia n a nd Danian in Drnmark. 

\ 'ah\Ua sf.(w gran11Jat11s 11n. Nrr-:Ls1,N. 

Plate 10, fig. 2-L 

1943 l'alellasler granulal11s Bn. NIELSEN, p. G5, pl. 4-, fig. 37. 

Di ag no s is.- A Vnlelinsler whose oss ic les bear largr scallrred 
n11les on the nattened outer surface. 

T ypr .- The ossick from the Upprr Danian o f Saltholrn, figurr d hy 
13H. NIELSEN, 1943, pl. 4, fig. 37 is Lh c hololypr. Co ll ect ion of Lh r ?\linr­
r a logical Museum. 

Description.- Only sin gle oss ic lC' s arr known; th ey do not allow a 
more exact d escripti o n . 

Affinit y w ith o th er sprc ies.- Vn lel/nsler ocellatus can also have 
a simple gra nula ti on of th r exposed surfacr, but th r gr a nulati on is much 
coarser in Lhe case of V. granulatus. 
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M ate ri al.- Only a sm all number of oss iclr s of !his sprcies h ave been 
found. 

Co ll ection of the Min eralogical Museum. 
Occurrence.- Va/etlaster granu la fus is now known n ot only from 

the Upper Dania n , but also from th e Lower Da ni a n. That it is not found 
in th r SPnonian confirms thr im pression lh a l iL is an ind epend ent 
spec ies. 

Order Forcipulata PERRIER . 

Famjly Asteriidae GnA v. 

(; t• 11us Astcl'ias L1NNE 176n . 

Asterias ? sp. 

Pla le 10, fi g. 25. 

194:l Aslerias sp., BR . NIELSEN, p. 67, pl. 4, rig. :rn- ~t. 

In Lh e ge nus Asfcrias and several oth er recent gc nna th e abactinal 
surfacl' is covered by a n etwork formed of irregul ar ste ll ate abac lin a l 
ossi ck s. The marginals ar e only poorly developed and inconsp icuous. 
The onl y larger ossicle is th e terminal oss ic le, which forms the tip of th r 
ann. 

A number of irregular stellale abacti nal oss iclcs of the above mrn­
tionecl type have been fou nd in th e Dan is h \ ,Vh ite Ch alk. Jn additi on 
there have been fou nd a number of ra ther la rge tPrminal ossicles, which 
may have belonged to a species without large marginals. The proxim a l 
articulation facet o n some of tlw term in a ls h as m et fo ur oss icles on each 
side w h ose size has decreased actin ally. The actin al sid e is made up of 
a large furrow which forms the outermost part of th e ambu lacral groovr. 
The oss iele is egg-shaped , w ith a delicate and r egular gra nul a Lion of' 
the surface. A few s lender sp ines seem sometimes to have been atlaclwd 
at th e tip . These oss ic les h ave been mentioned by BR. NrFLSEN as 
Asl erias sp.; ver y s imilar ossicles have b een found in th e Lower Da ni a n 
near Kagslrup. In the coll ecti ons of the Briti sh Musrum simi lar ossic lf's 
from Lown· Cr elaceous deposits are found. 

Occurrence . Upper Se nonian. ~Ion, Aalhorg. 



Ophiuroidea. 
Ophiuro ids arc free- living, star-shaped, genera ll y ftye-armed echino­

d erms, whose long thin arms arc sharply d em arca te( l from th e round 
disc-shaped bocly. The arms are joi nted, and proYidC'd with tube-fret 
which project th rough two ro-ws of pores on the ventral sid('S of the a rms. 
There is no open arnbu lacral furrow. 

Anatomy and Ontogeny of the 

Ophiuroids. 
The ophiuroids, like th e asteroids, have a sk eleton composed of 

calcar eo us plates, whi eh , und e r th e microscope are seen lo h ave a 
spongy, reti c ul a te structure. 

The arms are supportr d within h y a row o f ca lcareous plates r emini s­
ce nt of a vertebral column. Each of Lh c v c rt c b ra c is th e product of the 
fusion of a pair o f arnhul ac ra l pl a tes. The vertebrae h ave a more o r 
less di sc-shaped appeara nce, a nd arc provided with bosses on the ce n ­
tra l part of th e articulating surface, while on the outer part muscles 
have been a ttach ed which h o und th e vertebrae two an d two. The ap­
peara nce of the vertebrae is different in th e differ ent groups of 13rittlc 
Stars. In individu a ls belonging to the ord e r Eur_va lac th er e is found a 
r a ised ho ur-glass sh aped hoss on th e ce nt ra l parl of Lh e a rti c ul atin g 
surface; thi s is ve rti cally placed on the proximal face, a nd horizo nta ll y 
o n the di sta l. This fo rm of joint makC's both hori zon ta l and vntic a l 
movement a nd in rolling o f the a nns possible for th e a nim a ls eo nc,· rncd . 
In th e rema inin g Brittle Stars, Ophiurae, th e co nn ecti o n l><--twce n the 
joints is m or e complica ted and a ll ows mainly h ori zonta l arm m ovcmc·nt:. 
The elevated centra l portion which h as m ade up th e vertebral articu la­
tion in th ese forms is compose d o f three' b osses a ncl three sockets . On 
the proximal face a r c founcl a median upper, ancl two lateral low er 
bosses . On the distal face, inYersely, ar c found a median lower a ncl two 
lateral upper bosses. Oppos ite lhc bosses on the one face ar c found 
sock ets in the other. On th e d ors al ancl ve ntral s id es of the vertebrae 
are found two furrows, the dorsal and ventral furrows. Each of the two 



latera l p orti ons of th e vertebra form a n attac hment fo r upper and lower 
muscles whi c h conn ec t th e \'Crtcbr ac of a<' j acent joints. Vrrtebrae ·ar e 
fo rmed at th r tip of the arm , a nd it is ther r fore h r re that the youngest 
vert eb rae ar e found. fn the co urse of gr owth th e appeara nce o f th e 
vertebr a is ma rked[_\' c ha nge d . T hi s cha nge can b r detrrmined by 
fo ll owing thr change in appea ra nce of the v r rlebrae fr om th e tip to th e 

~ 
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Text F igu re 7. 
Ophiura tex tura tn. Dorsal, ven tral, la tera l, and la teral w ith th e disc oss icles removed. Partl y 
a fter Li.i tk en and Berry. x 2. 
:i, dorsal :irm pla te. b, lateral arm pla te. c, ven tral a rm p la te. cl, rad ial shield. e, geni tal 
plate. f. oral shield. g, adora l shield. h , jaw. i, vertebra. 

base of an arm of a single indi v idual. The sm all distal verteb rae ar c 
r c la tivelv long a nd m o re or less cylindri cal , whil e th e large ve rtebrae 
from th e p rox i1na l p orti on of th e ar111 a rc r ela ti ve l_v 1nuch sh o rter a nd 
di sco id , w ith thin wing- li ke la teral parts. T h e p r ox imal face of th e 
innermost vertebr a diverges a littl e in app ear a nce from th e arti cul a tio n 
faces of th e other vertebrae, and h as fo ur bosses. It arti culates with· a 
comp li cated pair of p lates, th e j a '" p lates, whi ch b ound Lhc m o uth a nd 
bear small ca lcareo us spin es, teeth . 

Th e b o<l_v a nd ar ms arc as a r ule cover ed by a dermal sk e leton of 
ca lc a reous p lates. Each arm joint is e ncirc led b y four p lates, a d o r sa l 
a r m p l a t e, a ve n t r a l a rm p l ate, a nd o n eac h sid e of the a rm a 
l a t e r a l arm pl a t r . The lateral a rm pl ates gen erall y he ar sp in es on 
th eir di sta l edge, and th e spin es ar c m ost o rten di rec ted out,rnrd s, but 
in some fo rms they ar e d epr essed. Th e p lates ar e im bri catc a nd lik e th e 
vertebrae are formed a t th e tip of the arm . The sm a ll , yo un gest, la teral 
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arm plates are long and slender, while the old er , which are found in 
the proximal part of the arm, are r elative ly shortr r. The innermost arm 
plates are p artly covered h_v th e disc skeleton, and have therefor e a n 
appearancr which differs som ewh at from that of the oth r r arm plates. 

The aboral a nd ad oral surfaces of th e di sc ar c genera lly cover ed b_v 
a number of plates. The most conspicuous amo ng the aboral p lates arr 
th e two r a cl i a I s hi e l cl s which l ic at the b ase of eac h arm. Th err arr 
furth er found a cr ntral pl a tr :rnd onr or two c ircels of prim ar y ahora l 

a b C d 

F ig. 8. Isola ted oss icles of Op hiu ro id s 
from Denmark. x 5. 
a , jaw. Senonian , Eerslcv. h, 1. vcrtchrn. 
adoral surface. Dani :rn , Saltholm . c, 
oral ossicle . Danian, Kagstrup , cl. verte­
bra , ,, Platyar lh.ra"-lik c. Srnonian, Aal­

borg. 

plates w hi ch often, rsprc ia ll y in young in dividua ls, arr di stinguished 
by their s izr. Th e gr nital plat e , whi ch li rs nrar th r margin o f thr 
disc, is separ ated from th e arm by th e gen ital sli t. On th e adoral surfacr 
ar r srcn, apart from thr j aw plates alread y mrntioned, two a d ora I 
s hi r lcl s m argina l to each jaw, a nd b etween th esr arc sren thr o r a l 
shirlcls , on e of w hi ch is the m a cl repor it c. 

In some species parts of the superfici al skr leton arr vestig ial. This 
is so, for exampl e , w ith thr dorsal an d -vrntral arm p la tes in sprcirs of 
Ophiomusium, as we ll as with thr arm plates and most. of the di sc pl a tes 
in sp ecies of th r order E uryalar . 

The larvae of t he Brittl e Stars arr small , ge nr rall y prlagic animals 
whose appearancr dors not disclos r th r ir r e lati on to th r adults of th r 
a nimal group ltndrr di scuss ion . Metamorphosis occurs after thr larva l 
stage, an ll the ~•ou ng ophiuro id apprars, but rvrn thi s hrars on ly sli gh t 
resembl a nce to th e adult an ima l. During growth both thr numhrr of 
the arm joints a nd tlw s ize of th e sk e leta l parts ar r increased, a nd a l thr 
sam e Lim e th e form o f the ske leton is a lter ed , but, at thr apex of th C' 
arm joints of juvenile form continu e to h e d evelope d. The adult ophi ­
uroid thu s has arm joints represr nting nll the growth-stages through 
whi ch th e o ld est j oint h as passed . 

Historical. 
Ophiuroids occ ur on]~, infreq uently in most of th r de-pos its of thc­

past, and thi s app lies not least to thos C' of Cr etaceo us and T ertiary 
times wh ere they ar e n owhere common in even to lerably well preser ved 
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condi t io n. Th ey h ave ther efor e lrfl rvr n lrss tracr th a n th r Astrro id s 
in th e litrrature of palaro ntology. 

In a n account of th e foss ils of the North Grrma n Cretaceous in 1840-
41, F . A. HOEMEH desnibcd two Brittl e Star s, Ophiura sermfa a nd 
Oph iura granulosa, both from the H a n ove r llistr ict. These ar c the ftrs l 
d escribed sp ec ies of ophiuro id fr om th e Cretaceou s , but in thr sam e 
vear ( 1840) F. YON H AGENOW publi sh ed part 11 o f his m on ograph ofthe 
Cn •tac-eo us fo ssils of Riigen. Jn thi s h r s im ilarly d escribes two Br ittle 
Sta rs, Ophiura (Aspidum) granulosa a nd Ophi11rn (Aspid11m) suhcylin ­
rlricrt. As will h e see n , on e of th ese n am es h a d alread y b een empl oyed 
by RoEME n , a nd H AGENo,,·'s spec ies Ophiura granulosrt is th er efore 
invalid . 

In 1869 L uTKEN m a d e a cr iti cal rYal11 a ti on o fth e gen eri c <l r tt' rrnin a­
li on of foss il ophiuroicl s. 

In thr fo llowin g years Crr taceo t1 s oph iuroid s were tr rated in several 
work s, both in E urope a nd in Am er ica. 

Par t IV of SLADE!\ a n<l SPENCE H's m o nograp h o f nrili sh Fossil 
Ec hin od erm s fro m th e Cr etaceou s appear ed i n l 907 . Jn thi s SPENC EH 
di sc usses srYe n ophi11 roid s from B ri tish loca liti es, and of th ese six 
fo rm th e b as is of n ew sprcirs. 

VALETTE, in 1915, desc ribe <[ seven sp ec ies from th r ch alk around 
Srns in Fra nce, a n<l fi ve of these spec ies wrr r n rw. 

Th e rtrs t r efcrC' nce to Brittl e Stars in Da ni s h geolog ical literature is 
in 1926 w hen 13H. NIELSEN desnihr d a new species, Ophionwsium 
drtnicum , in a paper on thr limes tone of Sa lth olrn . 

In 1932 KLING II AHDT p ubli sh ed a bi olog ica l in vestigati on of liv in g 
and fossi l Brittle Star s, an d in thi s di scu sses a. Cr etaceo us fo rm . KuNG-
11 A1rnT attem p ts to C'xp lain th e regul ar, S_\1rnmetri cal p laC' ing of the arm s 
in lh ese indi vidu a ls, b ut t llC' investigati on is o [ a pro visi o na l ch arac-tr r 
a nd d ocs n ot res ult in a ny co nclu sion . 

CII AHLES T . B1rn 11 v pub li shed ( 1938) an in vC'st iga ti on o f Up per 
S<'n on ian Brittle Star s from Holl a nd . T h C' rn a tC'r ia l con cern ed is com ­
p osed exclu s ive]_\' of s ingle sk e leta l eleme nts, whi ch ar c d escribed with 
grea t p r ec isio n. Th ey ori gin a te fr om fo ur zones o f th r ch alk , a nd on th r 
bas is of the ir rela ti Ye freq ur n C'_y in these zo nc•s BE H HY draws con clu s io ns 
as to the ir m utu al relati o ns. T hi s me th ol l is, h owever, for SC' Yer al r ea­
so ns, not directl y practi cablr. l . Both arm plates a nd vertebrae va ry 
\'C'rv m uch in appC'arancc [rom th e p roxim a l Lo Lh e di sta l part o f th e 
sa me a rm . 2. SC'Yrral sprC' iC's a n<l gen er a can h aYr s kC' letal parl s whic h 
ii is diffic ul t or imposs ihlr to sc•parate fro m on<' a n oth er. Thi s can appl y 
both to Ye rte brae and to arm pl ates, an d ca n giYc ri se to a fund am erita l 
<li splacernent of the rela ti ve fr eq uency . 3. Jn som e gener a certa in 
skeleta l parts h ave been ves tig ia l or absent. T hi s ap pli es, for insta nce, 
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to the ventral and dorsal arm plates in species of Ophiomusium, and arm 
plates in species of the orrler Eu ryalae. The radial shi elds of many 
Ophiuroids ar c a lso quite small and inconspi c uous, and would scarcely 
b e r ecognised as radia l shie ld s if found fossi l. 4. Lastly, th e m or e robust 
plates would b e more eas ily preserved and, particularly, more eas ily 
found and r ecognized than the small , delicate plates. lt is in fact the 
case that lateral arm p lates of Ophionmsium ar c commonly found in 
the Dani sh Cretaceous depos its, whil e the rather small vertebrae of 
this genus are only occasion ally found. In accumulation s of associated 
plates from an individu a l it h as been possible eas ily to identify 
and isolate the robust lateral arm plates, but extremely difficult to 
find an even tolerabl y com plete and recognizable vertebra. Jn one 
instance I broke open a well preserved arm in order to extract th e 
vertebra, but found this to he almost unrecognizable because of crystal ­
lization. The tendency to crystallizati on in Ech in oderms is due to the 
single-crystal character of the ossiclcs. These sources of error will 
make 111.ost difftcult any work for which only single plates ar c available . 
B E HHY was not sufficiently attcntiYr to th ese sourrcs of error , when he 
combin ed th e plates from th e Dutch chalk on a stati stical basis. In thr 
species Asteronyx ua.lkenburgen sis vertebrae of th e type found. in Aster­
onyx (Eurya.lae) arc combined w ith a radial shield (only three speci­
m en s found), and with latera l arm plates, in spite of th e fact that such 
are wholly vestigial among th e rrce nt representatives of this group. In 
Plalyarihra j ekerica later a I arm p lates of th e type found in Ophionm­
sium ar c combined with a type of vertebra which co uld not possible fit 
between these latera l arm plates. To the same species arc also r eferred 
large, well deve loped dorsal and ventral arm plates, in sp ite of the fact 
that the lateral arm pl a tes ar c of a type which has completely encircled 
th e arm, and a t most allowed qu ite small, vestigial dorsal a nd ventral 
arm plates. In the sp ecies Dolicharthra belemnica one finds a vertebra 
of a type ·which possihl y can h ave hel onged to Ophionmsium combined 
with rather smal l radial shields in spite of the fact th at Ophiomusium at 
th e present time has very large, well developed rad ial shields . To this 
spec ies are further r eferred both d orsal, Yentral and lateral arm plates 
of types which are not found in Ophiomusium. From our knowl edge of 
recent ophiuro id s it mu st he rrgard ed as more lik ely that arm plates 
which h ave b elonged to th e vertebrae referred to Asleronyx h ave never 
b een identified, and th at th e p lates signified by BEHHY as D, M and 
poss ibl y T, have b elonged to a species of the genus Ophiomusium. In 
1942 BERRY clescrihed, simi larly on th e hasis of singl e plates, an ophi­
uroicl, Ophiomusium slephensoni, from the Vincentown limesancl in 
Amer ica. Also in this case plates are united which can scarce ly hav0 
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origin a ted in the sam e spec ies. Th e spec ies will h e further di sc ussed 
in the fo ll owin g under Ophiomusium cla nicu111. 

From th e Da ni sh si(le Bn . N rn L S EN in h is last years r es umed the 
s tud _v of Cretaceo us ophiu ro ids, but ne ith er concl ud ed his investiga­
tion s, nor left notes on t his subj ec t. T h e i nvest igat io ns of which the 
fo ll owing is an acco un t a rc based c hiefly upon the foss il m ateria l col ­
lected by Dr. K. BRUNNICH NIELSEN. 

Material. 
T he occ urrence of uphiuroid pla tes in Da nish sediments h as previo us ly 

bee n regarded as ve ry infrequ ent , and a significant m ateria l w as Jirs t 
p ro du ced by Bn. ~ I ELSE:s: b v s_vs tnnat ic co ll ectio n [rum the Crctat:co us 
d ep os its over a pe ri od of m a n~· yea rs. This t:o lledi o n is m ainly compose d 
of sin gle p la tes , b ut indu (les a !"cw acc umul a tio ns of di sa rtic ul a ted 
pl ates from sin gle indiv idu a ls, a nd a lso a fc ,y fr agments of a rms w ith 
th e p lates still in thei r na t ura l re lative p os iti o ns . O nly h y usin g m ate ri a l 
of the last me nt ioned type as a sta rtin g p o in t is it p oss ib le to obta in a 
clea r impression of th ose sp et: ies whi ch h ave lived in the Da nish 
ch a lk seas. 

Th e reaso n fo r the re h c in g p ropo rti o na te!_,, so few sp ec i1ne11 s of 
Brilll e Sta rs ava il a b le is their sma ll s ize. \'.o rmally o ne wo uld n ot 
not ice t hese sm all ske ll'La l fr agm ents whil l' co llecting foss il s, a nd Bn . 
N11::1.st::N's m ateri a l is t he r es ult o f t he h a 11dpickin g of large sam p les 
a ftn t hn· had hee n \\' as hed a nd s ieved . There is th e refo re reaso n lo 
h L· licve that a m ore cop iou s mate ri a l will h e avai la ble w hen the n1.icro­
fos sil s o f these d c·p osits h a Ye bee n eo ll ected ancl invest igated . 

A la rge am o unt of \V hite Cha lk \\'as s ubjected to a na tura l process 
of washing h:' wa ve a el io n a ft e r a t: liff-fall on :--1 011 in l U-!8, and m a n:' 
foss il s w er e th en wash ed o ut o f the c ha lk . :\lr. K. SI\OU, while co llectin g 
fo ss il s in this m a teri a l fo r Pro f<·sso r A. HosEi\' I\II ANTZ, fo und a p art o f 
a n a rm of a Brittl e Sta r , a nd at the sam e place the a uthor fo u nd scYe ral 
rn ll ection s of pl a tes origin a tin g in s in gle indiYidu a ls . 

A nun1bcr o [ rather w ell preserve d r eina in s o f Brittl e Sta rs h a ve b ee n 
fo und in the E nglis h c halk , a nd a n i1wcsti ga lio 11 of thi s mate rial has 
co ntributed large ly to the id entification o f the rem a ins from Da nish 
loca liti es. 
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Palaeontology, 

An investigation of fossil Brittl e Stars shows that these form char­
acteristic species ,Yhich it is possible to find and recognize from p lace to 
place. The shape and ornament of the skeletal parts a rc admirably 
suited to the application of p a laeontological m eth od. lt is markedl y 
more difficult to arrange the fossil spec ies in na tural genera . Those 
features on wh ich on e bases th e zoo logical class ifica tion arc particul­
arly the sk e leton ab o ut the m o uth , and the armament of teeth and papil­
lae. These eharac tcristie s can praelically never he observed in fossil 
forms, and a ll ge nni c <letennin ati ons of BriUle Stars must therefore 
he accepted with the greatest reservation. Diagnoses a nd d eta il ed dc ­
seri ptions of the genera wil l thercl'orc h e omitted. There t.:a n , however , 
in smn c genera, he secondary c haracte rs ,Yhich a re so charaetcristic 
tha t one may a ttac h i1nportancc lo them, a n<l these arc 1nrntioned in 
the fol lowi ng. The introdu ction of special ge nera, Jrnscd 011 the appear­
anc e of arm vertebrae o r oth er frr<1urnll _v found parts o f th e skeleto n , 
for fossil spe<.: ies , will ha rdly Jw a< h- antageous as long as lhe number of 
fossil spceies is so small and the re is 11 0 possibility of r elating such a 
dassifieation to ret.:ent ophiu ro ids . 

It is a notewo rthy fact that in the three granulated species disc ussed 
in the following the gra nul ation shows strongly va rying <.:oarsencss . 

Order Ophiurae J. M OLLl~H. 

Family Ophiolepidae L JUNGMAN. 

Genu s Ophiomusimn LYMAN J 8(ViJ. 

Di sc and arms covered b y la rge, s trong p lates . Dorsa l and ,·e nlra l 
arm p lates and sp ines arc small a nd \'l'stigial. T entac le p ores ar c not 
found on the free portion of th e a rrn . The structure or the a rm in lhis 
ge nu s is so eharade ri stic that it is cnta inly \\·ith justifica tion that a 
nurniJe r of fossi l spe<.: ies arc referred lo the genu s. Jurassi c- H.c t:cnl. 

Ophiomusium dani('lllll Bn . N 1 ELSE!\'. 

Plate 12, Jig. 1- G. 

1926 Ophiomusiwn danicum BR. NrnLSEN, p. 11 , fig. 2- 4. 

?pars 1942 Ophiumusium slephensvni C. BERRY, p. 393, pl. (iO, fig. 1, 4, 11 , 22, 23, 24 . 

1942 Ophiomusium rahbeki nom. nud ., BR. NIELSEN, p. GG. 

Dia g nosis . - An Ophiomusiu111 with smooth p lates . The radial 
shields are large, rounded triangular. Dorsal and ventral arm plates arc 
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quite small and vestigial. The lateral arm plates arc very w e ll d eveloped 
and have encircled the arm, near the tlislaJ edge they bear the impres­
sions of four weak spines. 

Type.- Tlw remains of a n individual from the Uppe r Dani:rn of 
Sa llholm, Denmark dt'pil'ted by BH. ~lELSEN in 1 \J2G is l11e hololype. 
Colledion of the :\lineralogieal i\lusl'lllll . 

Hislory.- Ophiomusiw11 clunirnm ,ms eslablished J,y 1311. NtELSEN 

in l \J26 on the bas is of the remains ol' a single individual. It has not 
s in ce been m cntionl'd in the litnalurc. 111 1942 Bn. NtELSEN 1nentio11l'd 
(p. HG) the discovnv of a flinl impression of an Ophiomusium which he 
named rahbcki. This specil's has, htnVL'\'C'J', not heen desnihed, and the 
indi,·idual in question seems lo have belonged lo Oph iomusium clanicwn 
(Pl. 12 , fig . l.). 

l11 lhe saml' Vl'ar , l\J --12, C. BEnt\Y eslahlislwd a spel'ics, Ophion1usium 
slcphensoni, on the basis or single plates. Some of tlH·se p lates seem to 
rqwcsrnl a spel'ies \Yhich is idenlil'al with , or vny closely related lo 
0. clanicwn. 

Dcscription .- The greall'r part of thl' ahora l surfal'e has lwen 
cu,Tred hv the large radial sh ield s . These h a ve a triangular outline 
with rnunded corners, and lhe length is about one and a half lin1es 
the breadth. The plate is s li ght ly tumid , and arched round lhc short 
axis. The surfact' is smooth . It has a depressed margin and bevelled 
edge . The inner, or adoral surface is nearl:' s1nooth , but can, however, 
hear a weak longitudinal ridge, and there is a prominent portion alon g 
the ahoral margin whieh Jwars l\Yo bosses; it is here that the plate has 
its grealcsl thickness . No othn disc plates are known with certainly. 
There have, however, been found oth er disc plates at localitirs where 
only this species is common (Sallholm and Svanernollen). These arc 
supposed to belong to the species, and are, from comparison with the 
species Ophio111usi11111 grcuwlosun1 , deseribed below, interpreted as inter­
radial marginal plates. The interradial margina l plate is short an d 
broad, with a strong!_\' roundt'd, triangu lar outl in e. It is tumid, and 
slrongly arehed so thal the adoral (?) part forms nearly a right angle 
with the lalcral. The sides :in' slightly convex . The lower (?) margin is 
straight, or with a ,,·ea k emha _vrn ent. The inwardly directed surface 
conforms to the oute r, or is a little less eurved, so that the plate has its 
greatest thicl<ness in the middle. 

The arm has an almost circular cross-section, and is eompletcly 
encircled by the strong lateral arm plates which have been in contact 
011 both dorsal and ventral sid es , leaving roo111 for o nl y quite small 
dorsa l anti ve ntral a rm plates. It appears from the shape of the lateral 
arm plates that these small, vestigial plates have b een present, but the 
p lates themselves have n ot 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 b e found isol ated , and identified, but on the flint impres­
sion referred to b y Bn. NIELSEN in 1942 there is confirmation that the 
plate has b een present. 

The lateral arm plates are semi-cylindrical in form; the plate being 
curved about the arm. The slightly d epressed proximal margin has b een 
hidden by the precceding plate . The free part is smooth and slightly 
tumid. The distal margin is sharp, and near it arc seen the weak impres­
sions of four spines. The lateral arm plates from the right and left sides 
meet d orsally and ventrally in large arti culation s. Only the distal ends 
diverge slightly giving r oom for the vestigial d orsal and ventral arm 
plates. The two a rti<.:u la ting surfaces lie in the same plane. The upper 
articulating surface is very large, and of nearly tri a ngular oulline as it 
stretches well in t owards the centre of the arn1. The ve ntral articulating 
surface forms a narrower b o rder a lo ng the ventra l margin of the plate. 
The co ncave inn er s urface of the p late, which faces the vertebra , is 
separa ted into two by a strong comb which stre tch es from the projection 
of the dorsal to the distal p art of the ventra l articulating surface. In the 
distal concavity, just b ehin d the edge of the plate, is found a row of six 
small bosses which have b een in contact with co rresponding bosses on 
the d epressed proximal part of the outer sid e of the followin g plate. 
Bn . NIELSEN has erroneously given the number of these bosses as ten , 
and interpreted them as the impressions of spines. 

If one holds two lateral ann plates together in their natural position 
it is seen that there has only been room for a very small vertebra be­
tween the robust plates. The vertebrae must have b een 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 h e thought to have b elonged to this species have been 
found, in spite of its fr equ ent occurrence. This is , however , hardly 
surprising when one takes into consideration that no similar small 
vertebrae which can have b e longed to the dista l p arts of the arms of 
other species in the Dani an have b ee n found. On the other hand large 
vertebrae from the proximal parts of the arms of these spec ies occur 
with the exp ected frequ ency. Even in th e Senonian \Vhite Chalk, where 
th e condition of preservation is 1nuch b etter , only very few w e] I pre­
servc1l vertebrae of this small size have b ee n found. 

Affinity with Ophio1nusium stcphensoni.- Ophiomusiwn sle­
phen soni was established b .v C. BEirnv on the b asis of finds of single 
plates of ophiuroids in the Vinccntown limesand of New .J ersey . Among 
these plates arc a radia l shi eld, a lateral arm plate, and an inter-radial 
marginal plate all of which , according to l3EH1w's description and 
figures , correspond exactly with the r esp ective plates of 0. danicum in 
appearance, and it may therefore b e assumed that the two species are 



105 

identi cal ur very closc l_v related. 13Ennv l'urth er refers large, well devel­
oped do rsal and ve ntral ann plates, ve rtebrae and j aws l'o unll in the 
Vincenluwn limesand Lo this species. lt clea rly follows, however, from 
the shape of the latera l arm pl a tes that th e species ca nnot have had 
dorsal or ve ntral ann pl a tes, o r vertebrae of the given appearance, and 
these plates mu st therefore h ave belonged tu other spec ies. \Vhether 
the j aw plates have belonged to this species ca nno t be d etermined . 

The Vincentown Limesa nd h as been r eferred by various geo log ists to 
the uppermost Cretaceous, but m ost American geologists now include it 
in the Eoce ne . 

Affinit_v with other s p ec il· s .- Ophiomw;iu111 dunicum differs from 
those species ol' the genu s ,Yhic h a rc discussed in Lhe following in the 
sharp distal margin a nd evenly a rch ed surface of the la tera l arm 
plates \\·hich is nol sharply dilforenti a tcd from Lhe pro ximal part en­
c losed by the preceding joint ; furth er b y the sm ooth s ur face ,Yithoul 
gra nulation . 

:-. ·Ja te r i a l.- Thc Danish specimens arc in the co ll ectio n of the Minera­
logical l\Juseum. 1. J-lololypc . Hcm a in s of an individual showing a rm 
fragments a nd a r a di a l shi eld . Upp er Danian, SalthoJm in Denmark. 
Pl. 12 , fig. 2. 

2. Flint impress ion s howing th e dorsal surfai.:e of a sma ll individual 
wJ1i c h has presumaJJl_v l> e lon gcd to this species. Found b y HAIIBEK, a nd 
m enlioni.:d by 13n . Nn:LSEN in 1942 as Ophionwsiwn mhbeki. Dull black 
flint , presumably Da 11 ia n. E rral ii.: in Denmark . Pl. 12, fig. 1. 

3. Several isolated late ra l arm p lates a nd radial shi e ld s found in 
Denma rk. Upp er Da nia n , Saltholrn, Cope nh age n (Sva ncm i:i ll e Bay). 

4. To the same spci.:ies possibly b elong late ra l arm p lates, r a dia l 
shielu s a nd inter-ra dia l margin a l plates from Lh c Vin centown limesand 
in New Jersey. They are descr ibed oy C. BE1111v as Ophiomusium sle­
ph enso ni. 

Occurrence .- Upper Da nia11 in Denm a rk . Da 11ia11 '? New Jersey. 

Ophiomm;ium gra1111losum ( Hoi::~1En). 

Plate 13, fig. 1- 4.. Plate H, fig . 1- 3. 

1840 Ophiura gra,wlosa H OEMEH, (non HAGENOw), p . 28, pl. (i, fig . 22 . 

1847 Ophiura pus/ulosa J . MOLLER, p. li. 

1850 Ophycoma gra1111losa, d ' ORBIGNY, p. 274 . 

18(j\) Ophicoma granulosa, Lum EN, p. 77. 

1907 Ophiura grnnulosa, SPENCER, p. 111. 

Dia g nosis.- An Ophiomusiu111 whose arms arc co mpl e tely e11e ircled 
by strongly swollen la teral arm p la tes which give the arm joints a more 
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or less globular appearance. Do rsa l and ventral arm p lates arc quite 
small a nd vestigial. The late ra l arm plates and radial shie ld s h ear a 
scattered g ra nul atio n . 

T yp e. - Thc arm fragment d esnihcd by llOEMEn in 18+0 from the 
Quadrat11s zone, Lindcner Br rge n ea r Hanover in Gennanv. 

History.- Ophiura granulo:;a was described J,y HoDIEH in h is mono­
graph or the fossi ls in the No rth German Cretacrous area, 18-1-0- -1-1. 

The description is fou nd in the first part , puhlished iu 1840 . In !h e same 
year, 18-HJ , HAGEi\'OW puhlished the second part of his monograph of 
the fossi ls or Hi.igen in ·which he simi larly established an Ophiura 
grruwlosa. In this eon 1H·<.:tion J . ?\ l uLLE H writes , (18-1-7, p. (5) "\'011 

Hagcnow hat die Prioriti.it des Namens granulosa fiir sich, die vo 11 
Hormer beschriehne Art Jnochtc daher u111 Verwirrun g zu ve rn1L' id en, 
pustulosa zu benenne n sein." An investigation shows, howevl'r, that ii 
actuall y is Hoi::~1c11 's name \Yhich has priority, sinee HOEMJ•:11's work 
was published so ea rl y that it is riled o n page 59 1 of Ne ues .la lubueh 
1840, whil e HAGE No w's publication appears on page (j(j() of the same 
volume of this periodical. 

On the basis or RoE~IEH's illustration d ' O11111G NY establislll'd a lll'W 

genu s, Ophycon/(/ , ch aracte ri sed h ,v th e small dorsa l arm plall's . L UT l, li :\, 

on the other ha nd , objects (p . 77) tha t one can not es tablish a gen us on 
so slight a basis. S PENCEn, in 1907, interprl'lcd th(' san1c arm fr ag 111('1tl 
as lhe dis1 a l part of a n a rm supposedly be lo ngi ng lo the gen us Ophioli­
lunos. 

D escr ipli ou.- OJJhiom11siw11 yrrrn11los11111 has bitlwrlo JH·en known 
only l'r01n o ne spec ime n , a nd is thu s described : '· Die Anne s ind wal ­
zenformig und hes leh cn a us gewolblen, scit lich durch C' inc Fun-he 
gctrcnnll'n, deutlich gekornten Scite nse hild crn ; wo sich deren vicr he­
riihrrn, li cgt ei n kl c in cs, dreieck igcs Schi lrl chen dazwisc hcn ." It is seen 
from this description that a species with sma ll : Ycstigial dorsal an d 
\'l' nlra l arm phrtes is co ncern ed , a nd it is therefore I ike ly that il h as 
belonged to the ge nus Ophiomusiwn . 

During a sludv visit to En gla nd I notie ed in th e eo ll eet ion of' lh e 
Sedgwick ~I use um in Cambr id ge a n arm l'ragme nl from th e L cwn 
Scnonian of Kent ·which exact ly rnall'hed RoE~IEH's figure. A s hort 
w hile later Dr . A. C. I31uGIITO:\ sent m e an u nusu a lly fine individual 
from the Senonian of Suffolk. This individual shows not on ly t he 
appeara nce of the arm, but the oral surface of the disc as well. Finall _v, 
the con nected r emains of an individu al from the Senonian of lhe Isle 
of Wi ght w e re fo und in the co ll ect ion of the Mineralogical Museum in 
Copenhagen. On the basis of these indiv idu a ls it is now possible lo g iv e 
a more exact description of the species. 

The ahoral su rface is unknown. Among the remains from the Is le 
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of \Vight is a large radial shield; it has a triangular outline with s trongly 
rounded corners, a nearly sn10oth surfan·, bevell ed 1nargins and scat ­
Lncd, \\·ell developed granules. 

The oral surface is seen in the W('li prt•st· rved individual from Suf­
folk, in this spec ime 11 the plates a re somewhat disturbed , hut in the 
sketd1, plate 14, fig. 2 , they arc shown in their natura l positions . The 
arms are prolonged. on the oral surface hy Lwo well developed shieJd­
shape(l ventral arm plates with cm-responding lateral arm plates . l3e­
Lwecn the ventral and Jalnal ann pl ate s is found a large tentacle pore. 
111 continuation of the innermost lakral arm plate li es the adoral 
shield. The genital platl' lies in the inll'rradius al the side of the arm; 
it 1ncds a large , Lumid inlerradia l marginal plall' . Adoral to this arc 
found Lwo smaller plates . Bl'tween the adoral shields lies the oral 
shield. The jaws arc unknown. 

Th\' anns have an ahnost cirndar cross sel'.lion and are co111pletely 
encireled 11" the po,Yerful lateral arm plales which meel each other 
hoth d o rsall _v and ,·e ntrally . Dorsal and ventral arm platt•s are quilt• 
sinall and triangular. Tentacle pores do not occur on the free part o[ 
Lhc arm. The lateral a rm plates arc rathn Lumid , so that the indivi\lual 
arm joints arc n10re or less spherical. The distal joints are, boweYer, 
more slendn, nearly l'\lintlrical with a slight (listal swelling. The prox­
imal part of the lateral ann plate, which has h ec1 1 enclosed by the 
p1T ceeding joint, is nut sharply d ema rcated from the remainder of the 
plalc. Near Lhc distal margin of Lhe plate arc found the weak impres­
s ions of four spines. The free surface hears scattered granules. This 
g ranulation is slight on the in(lividual from Suffolk ,Y11ile it is prominent 
on thal from the [sic of \\'ight . The late ral a rm plates from the two sides 
meet each other in two large articulations of which the upper , and large r , 
has a nearly triangular outline. From this a comb extends down towards 
the distal portion of the lown articulation leaving only place for a small 
,-crte i>ra . Four s·mall hosses ol'.cur on the proxi1nal outer, and distal 
inner margins of the lateral arm plalcs where these overlap. The distal 
arm joints arc slender and cylindrical or with a slight distal s,yeJling .. 
The vcrlehrac have hee n small an(l slender, but none suitahk for n101-e 
exal'l description has been observed . 

A[finily with otl1cr spccics.-Ophio111usiw11 yranuloswn agrees 111 

tl1c structure of both arm and disc wilh the genus Ophiomusium; it 
differs from other species of this genus in the l'.oarsc granulation and 
swollen form of the lateral ann plates. 

\laterial .- 1. H o lolyp e . Arm fragmcnl. Upper Scnonian. Zone uf 
...\.clinocama:r q11adra/11s1 ) Lindener Berge nea r Hanovn, (~erman_y . 

2. Individual showing ventral side of disc an\l arms. Upper Senonian, 

1) Prof. dr. E . Vo1GT informed m e of the s tratigraphical posi tion. 
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lower part of Belemnitclla 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 Belemnilella mucronata. Isle of 'vVight. 

Collection of the Mineralogical Muse um. Pl. 13, fig . 3- 4. 
Occurrencc.-Upper Senonian, Germany. Lower a nd Upp er Seno­

nian, E ngland . 

Ophiomusium subcylindricum (HAGENow). 

Plate 14, Jlg. 4- 6. 

1840 Ophiura ( Aspidura) subcylindrica HAGENOW, p. 661, pl. \J, fig. 7. 

1869 Ophiura ( Aspiduru) subcylindrica, LOTKEN, p. 7 8 . 

?1907 Ophiura fitchii SPENCER, p . 103, pl. 27, fig. 2. 

Diagnosis.- An Ophiomusiwn whose a rm joints ar e n early cylin­
drical. The cylindri cal fr ee s urfa <.:c is sharpl y demarcated from the 
con stri cted proximal portion enclosed by the prc<.:ceding arm joint . The 
distal m argin of the lateral arm plates is rounded, and there is no tra<.:c 
of spines. The dors al arm plates are ltuite small and vestig ial. Ventral 
arm plates arc vestigial or \\·antin g. 

T ype.- The arm fragm ent fr om the Upper Scnonian of Hiigen de­
scribed by HAG ENOw in 1840 is the holotype . 

D es er i pti o n .- Ophiurn (Aspidura) subcylindrica was d escrihed hy 
HAGENOW as follows: " Di e Ann-Stucke di eser Art s ind ein w enig 
s<.:hwacher a ls die dcr v origcn ("O. granulosa" HAG .), l'ast zylind ri sch, 
und ersch ci ncn starker gegliedert, indem die Seiten-Sd1Uppen als sehr 
vortreten(le gcschlossc ne Ringe, von den sehr kleinen r autenfi::i rmigen 
Bauch- und Hiick en -Schuppen nicht unterbro <.: hen werden." 

Neither J-1 .. \G ENO\\' S descripti on nor his figu r e makes it possible to 
id entify this species with certainty. The re have , h owever, been founcl 
r emains of an Ophiomusium in the Senonian of Denmark and lhigen ; 
these agree rather well with l-IAG ENow's description a nd presumably 
arc identi cal with Ophiura subcylindrica . 

The b ody is unknown , but radial shielcls of similar appea rance Lo 

those of other species of Ophiomusium have been found in the \Yhite 
Chalk. It is therefore possibl e that they belong to the same species as 
the arm fragment a nd lateral arm plates which h ave been found. The 
radial shields h ave a rounded triangular shape, a nd are slightly arched; 
they h ave 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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h as he0n found in th r \Vhite Ch alk ; ju st as in 0 . danicwn it is tri angul ar 
with rounde<l co rner s; it is tumid a nd arc hed so that th e al>oral (?) 
portion is nearly at ri ght a ngles to th r lateral. 

The arm is a lmost circular in cr oss -sertion; it is complete]>, encircle<l 
by the strnng lateral arm plates whose fr ee portion forms a cylinder 
\Yhich is sharp!>· clcmarcatrd from the stron gh· constri c ted proximal 
portion whi ch has h cc n overlapped b_v the proceeding jo int. The distal 
m argin s of the lateral arm plates <livergc on th e dorsa l side m a king 
room for a vestigial dorsa l arm plate of trian gular outlin e . The lateral 
arm plates m rd ventrally over their \\·h ole length, an<l th ere appears lo 
havr hr en n o ventral ann plate. Th e broad di sta l margin is even ly 
rounded a nd there arc n o impr ess ions of sp in es. On the co nstri cted 
proximal porti on , and on the inner surface of th e di stal porti on of th r 
plate• occur ftve w eak bosses . The lateral arm plates from the lwo sides 
have met in lar ge articulations co nn ec ted by a strong comb on tlw inn er 
surface; they onl y permit the presence of a very small vertehra. This 
has h ee n observed hy breaking open an arm jo int; i1 is lon g and slendrr, 
cyli11drical or s lightly conical with the greatest thickn ess a l th e proximal 
end . Crystallization rend ers difftcult any detailed investigation of the 
ven· sma l I vertebra. 

Affinit y with o th e r spec i cs.- Ophiomusium .mbcylindricum is 
di st in guish ed particularly by the n early cylindric al arm jo ints whose 
frr c po rti on is sharpl_Y d emarcated from the strongly const ricted prox­
im al portion. Thi s species is further clist in gui sh ed from others of th e 
same gen us hy the broad, blunt dista l margin o f th e lateral arm_ plates. 

In 1907 SPE!'\CER described a species, Opliiura /il chii, which a lso 
appears to he an Ophiom11sium. ll h as apparentl y h a d arm joints s imil­
a rly cylindri ca l to th ose of 0. subcylindri cum and ventral arm plates 
appear to h ave been wanting, even in that part of the arm which is 
includ ed in th e or a l sid e of the di sc. lt is possible th at this spec irs is 
identi ca l with Ophiomusi11m subcylindricum . 

:\l ater i a l.- The specimens mentioned belong to th e coll ecti on of 
the Mineralogical ~luscmn. 1. Arm fragment. Upper Srnoni a n , :\faa ­
stri e htian . Rord al , near Aalhorg, Denmark. Pl. 14, fig . 4. 

2. Isolated plates. L'pper Scnonian, Maastrichtian. Aalborg, :\I o n, 
Da ni a nrar Mariager, Stevns Clifi a nd Encgaarde near Prresto. 

3. A s in gle large p late from the proximal part of an arm is aYailahlc 
from Rugc n. It h as presumably b e lon ged to the sanw species a s th e 
oth er plates de scrib ed her e. Upper Senonian , i1aastriehlian . 

Occurrencc.- Gpper Srnonian in Denmark, and on Hugen in 
Gcrmanv . 
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Ophiomusium sp. 

Plate 15, fig . 1- 5. 

Both in the Scnonian an d Danian of Denmark are found a nrnnlwr 
of radial shields which it docs nol seem possible to separate f'rom th e 
radial sh ie lds of Ophionwsiwn grnn11/osum . In the same places are also 
found lateral arm plates of th at t.ypc wh ich occ urs in Ophiomusi11m; 
thry have a coarse granulation , but arr not tmnid and havr a much 
morr sle nd er form th a n in th e spec ies m e nti oned . The granu lation is 
most often r ather conspicuous. The proximal margin of the l a teral a rm 
plate, which h as been hidden b y the clistal portion of 1.he nrxt older 
plate, is n ot sh ar ply separated from the exposed cy lindrical surfac e. Thr 
dista l margin of th e lateral arm plate h as projecte(l slight ly and is often 
parti cularly well supplied with large granules. On the margin, di stal 
to this gr a nulati on , ar e often seen three or four weak spine imp ress ions. 

Material.- Isolatcd plates fro111 Aalhorg (Norr(' Uttrup , Rordal and 
Norden), Encgaarde n ea r Prms1.o , Fakse, Kn gstrup , Korporalskr,wn , 
R <:'jstrnp an d Saltho lm . 

Co ll ect.ion of the Mineralogical Museum. 
Occur r e nre .-Srnoninn and Dani a n in Dr nmark . 

Genus Ophiura L1MAR CK 181fi . 

Synonym: Ophioglypha LYMA N 1865. 

Th e body is covered with scales and oflrn provided with a marginal 
embavmcnl over the arms. Thr ventral ann platrs arc most often tri ­
angu lar, heing broader than long and th ey do not touch one another . 
Arm sp in es arc small, vestigia l and compressed. Th r maj ority o f lessr r 
known m.csozoic Brittk Stars have been r e ferred to this genus, and 
simila rl y two species which ca nnot cer1.ninl_v he r efPrrrd to nn _v grnus 
are m enti on ed h er e . .Jurassic- Recent. 
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Otlhiura scrrata RoH1ErL 

Plate lG, fig. 1- 8 

1840 Ophi11m serrala 11oEMER, p. 28, pl. G, fig . 23. 

1843 Ophi11ra serrala, FORBES, p. 234, fig. 2. 

1846 Ophi11ra serrala, n Euss, II , p. 58, pl. 20, fig. 2(\. 

1850 Ophiura serrala, FORBES ( in D1xoN), p . 3:17, pl. 2:1, fi g. 2, 3. 

1850 Acroura sermla , d 'ORBIGNY, p. 27 4. 

18(i9 Ophioglypha serra /a, L iiTI<EN, p. 73. 

1907 Ophiura serrala, SPENCE !{, p. 102, pl. 27 , fig. 3. 

1907 Oph iura paruiserttis SPENCER, p. 10:1, 134, pl. 27, fig . 4. 

1915 Ophioglypha paruisenlis, VALETTE, p. 7, fi g. 2. 

?1915 Ophioglypha gracilis VALETTE, p. J 1, fig. 3. 

Diagnosis .- Th e di sc and arm s a rc cover ed hy thin , smooth plnlrs. 
The rn di al sh ields arc rather large a nd pl'::n -s hape d . Th e d orsn l arm 
plaks arc large and broad ; they touc h o nt· another. Th e Yentra l a rm 
plalcs arc narrower, Lhey a lso tou('h one ano th er; !h ei r distal :m a rg in s 
a re l> road l_Y bowed. Lateral arm plates arc nol prominent, their indented 
dislal margin has carried 4- 8 spi nes; these arc comp ressed, an d aho nt 
half as long as an arm jo int. 

T _vpc.- Thc arm fragment figured h~· TioE~IEH in 1840 is th e holo ­
lvpe; it o ri ginates from the Quadra tu s zo ne, Lindener 11nge near 
HanoYer in Genna,w. 

H is to r v.- Op/iiurn serra/a was es ta bl is hed hy H ot-:ME H in 18--l-0 011 
th e bas is o r a sma ll a rm fra g1nent from Lpper Sl• 11 on ia 11 of J-IaiwY<'r . 
Thi s was d escril>l'd thus: "D il' ArnH' sind wa lzcnfonn ig, du 1111 , etwas 
zusannnengedriic kl und habcn ohen groh gl'za lrnle und klc-ine Staelwln 
tragcndc Seitenschilder, welch r e in ersc· its Yo n e irunden, l<lc·ineren Schil ­
d cT 11 sl'i lli <'h getrl'nnt werdcn. " 

FonAi-:s, and late r SPENCEH have g ive n more cornp le tr d esn ipli ons 
of the spccirs, which is therefore now fairl_v we ll known. 

Desc ri ption.- A part of the di s(' showi ng the largl' pear-shaped 
rad ia l sh iel d s is seen only in a single indiv idu a l (SPE;->;CEH pl. 27, fig.:{). 
011 this are a lso seen lhe remains of sma ll scale- like p la tt>s which have 
presumahl y eoYered th e grcatc•r parl of the disc. 

The arms, which are cover ed hy t hin , even lv arc h ed , smooth , com­
pn·ssed p lates, ean he as ml!c h as :1.5 mrn. wide at lh c hasc with a 
IH' a rl_v c irc ul ar cross-seelion. The dorsal arm plates, la tera l arm plat·es 
and prox im a l ventra l arm plates arc imbril'atC'. The proximal d orsa l arm 
p lates arc ve rv lar gl' and th e ir breadth is greater than th eir le ngth ; tlw 
dista l m a rgin forms a broad , even bow. Distally th ese p lates a r e re lati -
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vely smaller. The ventral arm p lates arc small er than th e <Lorsal arm 
plates, shield sh ap ed, with a strongl y h owecl di stal margin and weak]_\' 
concave sides which form a long narrow V taperin g proximally to a 
point, n ctween the distal margin and the s ide of the plate is found a 
quite small excision which has limited the tentacle pore, The proximal 
ventral arm plates arc on ly slightl y imhrirate; only the proxi1nal apex 
being covered by the preceding plate, The distal ventra l a rm p lates 
a rc quite separ a te, Th e lateral arm plates are evenly arched about the 
arm and flt closely without a protruding m argin . The margin is smooth 
where it m eets the dorsal and ventral arm plates, while the fr ee portion 
of th e distal margin is ind ented . From four to eig)1t indentati ons occur, 
the gr eatest number occurring on plates from the proximal part of the 
arm, Between the indentation s on the di stal margin a r c seen round 
impress ion s of spines, The sp in es are in sever a l insta nces preserved , 
and their length is from on e to Lwo thirds of the length of a n arm joint . 
Below the lowest indentation on th e di stal m arg in of th e lateral arm 
p late is found a sma ll embaymc nt whi ch, togeth er with the co rres­
ponding cmbayment in the ventral arm p late h as formed th e margin of 
the sm.al I tentac le pore . The lateral arm plates ar c complet ely separatrd 
dorsa ll y by th e d.orsal arm plates , hut ventrall y their proximal api ces 
meet under cover of th e ventra l arm pl ates, In th e distal part of th e arm 
where the sma ll ventral arm p lates do not meet one a noth er the latera l 
arm p lates m eet in a suture proximal to the vent ra l plate. On the inn er 
surface of the lateral plate occu rs a flange which run s from the proximal 
margin of the tentacl e pore obliqu ely up towards the ripper proximal 
corner of th e pl ate . The arm p lates arc thin and allow th e presen ce of 
a Large vertebra, whose ventra l furrow is deep , hut whose dorsal furrow 
is shallow. The latter cuts slightly down into th e adoral surface whi ch 
here has also an emha_vment such that , when th e vertehra is seen from 
thr dorsal s i<Lc the dorsal furrow appears to ori gin ate in a V- shaped 
depr ession. The dorsal p art of the vertebra proj ects po intedly over the 
bosse s of thr aboral surface. 

Affinity with Ophiura parYiscn ti s and other spcc i es.- Tn 
1907 SPENCER <Lcscribed a n ew spec ies, Ophium prrruisentis , on the 
basis of a sin gle individu a l which w as sa id to differ from 0. serrata in 
that th e radial shields were small and in co nsp icu ous, and that the dorsa l 
arm plates were narrower. An invest igation of this individual has 
shown that thi s is a n in correct interpretation . That sid e of the an imal 
which is seen in the spec imen is not the dorsa l, but the Ycntral, and the 
tentac le pores arc clearly see n on each sid e of the ve ntral arm p lates. Thi s 
is also seen in SPENCER'S pl. 27 , Hg. 4 a, where they can at ftrst sight he 
mistaken for those ind entations which nro found in -the dista l margin s 
of the later a l arm plates. The id entity of this species with 0 . serrala has 
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been esta bli sh ed by a compari so n of th e actu al specimens, a nd those 
characters which should separate the two species are a n atural conse­
quence of the faulty orientation . 

In 191 5 VALETTE r eferred two arm fragm ents to 0 . pal'Visentis, both are 
quite close to 0 . serrata , but differ, according to V ALETTE, in their n ar­
rower dor sal and ventral arm plates. An investigati on of the British 
examples sh ows, however, that the two French specimens fall within 
the range of variation exhibited by the species, and it is therefore 
r eason able to r efer these two fragments to 0 . seITata. 

A separate species, 0phioglyplia gracilis, is based by V ALETTE on 
an other arm fragm ent. According to the descrip tion this is close to 
0phiura serrata , and strongly reminiscent of a dista l arm fragment of 
this species. It seems to b e distinguished , however, in the more proximal 
position of the tentacle pore on the arm joint, so that the lateral and 
ventral arm plates m eet in a suture b oth distally and proximally to the 
pore. 

Dani s h Occurrences.-A large number of isolated plates are 
known from the Senonian and Da nian of Denmark. These were inde­
terminable on the b asis of published descripti ons, but by com parison 
with the well preserved English specimens of ophiuroids it h as been 
d etermined that they wholly agr ee with 0 . serrata. It is the thin arm 
plates with srn.ooth surface, the evenly cylindrical arching, the ind ented 
dista l margin with the impressions of 4- 8 spines, and the weak, obliq u e 
flange on the inner surface of the lateral arm plate whi ch make these 
plates so ch aracteristic and r ecognizable. 

M ate rial.- 1. Holotype. Arm fragment. Upper Senonian, Quadratus 
zone. Linden er Berge n ear Hanover in Germany. 

2. " 0phiura paruisentis", type specimen. Oral surface of an indiYidual. 
Lower Senonian, Cor-anguinum zone. Kent , England. Collection of the 
British Museum (N.H.). 

3. An individual and arm fragments fron1 the Lower Senonian, Cor­
anguinum zone, Kent. An arm fragment from the Cenomanian n ear 
Cambridge, England. British Museum (N.H.). 

4. Arm fragments of " 0phioglypha pal'Visentis". Lower Senonian, 
Coniacian. Rosoy, France. Upper Senonian, Campanian . Sen s, France. 

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

6 . Isolated arm plates. Upper Senonian. Riigen , Germ a ny. i\linera­
logical Museum. 

O cc urr e n ce.- Cenomanian t o Lower Senonian in England; L ower 
and Upper Senonian in France; Upper Senonian in Germany; Upper 
Senonian and Dania n in Denmark . 

8 
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Ophima ? hagcnowi n. sp. 

Plate 17, fig. 1-5. 

?1840 Ophiura ( Aspidura) granu/osa HAGENOW, (non ROE MER), p. 660, pl. 9, fig. 6. 

1900 Ophiura (?subcylindrica 1-IAGENOW), BnYDONE, p. 12. 

Diagnosis.-Brittlc Stars , whose arms have a strongly rounded 
triangular cross-section and arc 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 pro1nincnces. 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 Triminghan1 in 
England is the holotypc. 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, wh il e 
the sides and dorsal surface are evenly arched. The plates arc imbrica le. 
The dorsal arm plates arc large and broad with an evenly arched 
surface; their proximal margins arc covered by Lh c dislal margins of 
the preceding plates, while the s id es arc concave and have met Lh c 
upper margins of the latera l arm. plates . This distal margin forms a 
broad, median, distally directed tongue which is separated from th e 
lateral projections which meet the distal margin of the la teral arm plate 
by weak embaymcnts. The ventral arm plates are rather lar ge a nd 
broad, with a slightly undulating surface, there being a wC'ak median, 
a nd two lateral depressions . The sides ar e straight and h ave 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 
uppermosl six of these are opposite the dorsal arm plate. Spines h ave 
b een a ttach ed between the lowermost indenlations, and the impressions 
of the lowerm ost of these spines are the most pronounced. The weaken­
ing of th e impressions upwards has prevented the certain observation 
of more than six, a lth ough there may have been more. The di stal margin 
is narrow dorsall y, and broader ventrally; it has a smooth , bevell ed 
portion distal to the spines. The proximal portion of the lateral arm 
plate is cover ed dorsally by the dorsal ar)n plate, on th e sid e by the 
di sta l margin of the proximally next plate a nd ventra ll y by the ventral 
arm plate. On the proximal margin, where lateral and ventral portions 



115 

m eet, are found a pair of bosses, and below these a d epression which 
extends into the fr ee portion of the plate. Granular ornament is only 
found on the exposed portion of the surface. T h e distal portion of the 
ventral margin of the lateral arm plate m eets 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/ 3 to 2/ 3 that of a joint. The ornament 
of the arm plates is composed of granules, which seem to vary consid er­
ably in coarsen ess. This variation is seen both in the Engli sh material 
( arm fragments) belonging to this species, and in the isolated arm plates 
from Denmark and Riigen. On the lateral arm p lates the granulation is 
often m ost coarse dorsally. The inner surface of the lateral arm plates 
bears a weak con1b which extends from the proximal dorsal corner to 
Lhc ventral margin just proximal to the tentacle pore. On the distal 
co ncave portion arc found a pair of b osses which h ave been in contac l 
with bossrs on the proximal margin of the succeeding lateral arm plate. 
The cornh is much weaker than in the species r eferred to Ophiomusium, 
and the platrs from the two sides of the arm have, moreover, not nwt 
each other; there is room for a vertebra whi ch is much larger than that 
of Ophiomusium. 

The vertebra is, see n from the aboral side, high and narrow: nearly 
wedge-shaped , with the greatest breadth ventrally. Seen ad orally the 
vertebra appears to have about the sam e h eight as breadth; this is 
cau sed by the wing-like expansio n of the proximal margin of the 
vertebra. The upper canal furrow is sh allow, but it extends with about 
the sam e depth to the distal end of the vetrebra. The median upper 
articulation boss on Lhe adoral surface is very large and is divided into 
right a nd left h a lves by a weak furrow. On each side of the ventra l 
canal furrow is found a proximal and a distal concavity. In this species 
the distal concavity is of q uite small s ize. 

Affinity with o th e r s p cc i es.-F. VON HAGENOw establi shed a 
species Ophiura (Aspidura) granulosa in 1840, from the W hite Ch alk of 
Riigen . It was described thus: "Sehr ahnlich der bei Goldfuss abgebil­
deten 0 . loricata ; die bi sher nur gefundenen Bruchstiicke der Arme 
geh oren lndividuen an , welche jcne um das Doppeltc und Dreifache an 
Grosse und Starke iibertreffen; sie sind ziemlich plattgedrii.ckt und ihre 
Oberflache ist zart gek ornt. Die Riicken-Schuppen aber laufcn nach 
vorne in 3 Spitzen aus. Die Bauch-Schuppen sind q u cerrhomboidal , 
nach vorne eb enfals etwas au sgczackt. Gelenk-Flachen abgefall ener 
Stacheln sind ni cht bcmerkbar." The description and figures of "O. 
granulosa" do n ot make it possible to ident ify this species with certainly. 
The granulati on 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 0. hagenowi of which remains have also been found at 
HAGENow's locality, Riigen. As m entioned on p. 106 the name 0. 
granulosa is not valid for this species. 

0. hagenowi differs from 0. substriata, both in the form of th e arm 
plates and in the ornament of the ventral arm plates. There is no sure 
evidence for affinity with the gen us 0phiul'a. 

The Danish Finds.-Apart from a series of isol a tC'd arm plates, 
there has been found an arm fragment of this specirs in the \Yhite 
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. 

M aterial.-1. Holotype. Arm fragment. Mentioned by BRYDONE, 
1900, p. 12, as 0phiul'a (? subcylindrica H AGENow). Upper Scnonian, 
Maastrichtian. Trimingham, England. Sedgwick Museum Collection. 
Pl. 17 , fig. 1-2. 

2. Arm fragments . Upper Senonian, Mucronata zone. England. 
\Vmc11T's Collection, London. 

3. Isolated arm plates from th e Upper Scnonian, Maastrichtian. 
Denmark, and Riigen in Germany. Collection of the ?viineralogical Mu­
seu1n. 

4. An arm fragment possibly b elonging to this species. Upper Seno­
nian, Maastri chtian, Mon Cliff, Denmark. Collection of the Mineralogical 
Museum. 

0 cc u rre n ce .-Upper Senonian, England, Germany and DC'nmark . 

Ophiura ? substl"iata n . sp. 

Plate 18, fig. 1- 9. 

Diagnosis.-Brittlc Stars whose arms are o-val 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 
clistally 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. 

T y pe.- The presently described individual from the Lower Senonian 
of ICC'nt, England is the holotype. Briti sh Museum (N .H.) . 

D esc ription.- The body is unknown. The arms are oval in cross­
section, b eing markedly broader than high. The dorsal surface is 



11 7 

nearly fl a t while the ventr al arm plates p roject som e,vhat as a narrow 
longitudinal k eel on the ventral side of the arm. 

The dorsal arm plates ar e very broad and imbricate , particul arly 
in th e proximal par t of the arm ; they h ave a distally directed , ro unded 
apex. The distal dorsal arm p lates ar e rhomboidal. 

The ventral arm pla tes ar e wedge-sh ap ed or shield-sh ap ed, q uite 
n arrow and tumid , a nd they a re in contact . The distal margin is very 
strongly arch ed and is p rolon ged into a la teral ap ex at ab out the middle 
of the p la te opposite the juncti on of two lateral arm plates . The ventral 
arm plate has a rath er sh ort con cave side proxima l to thi s ap ex. The 
proxim al m arg in is V-sh ap ed , b ut in th e greater part of Lhe arm it is 
cover ed by the di stal m argin of the ador ally n ext pl ate . T h e plate is 
p rovid ed with oblong granu les fo rmin g a lineal orn am ent. 

The later al arm p lates arc evenly arch ed , without any abrupt flexure 
b etween lateral and ventral portions. The latera l arm p la tes from the 
two si d es are wi(lely separated dorsally, while ve ntrally they ar e only 
slightly sep arated and in the distal portion even in contact proximal lo 
the ventral arm plate. Th e distal margin of the later al arm plate is 
som ewhat projecting , th e edge is r ounded a nd has b orn e about e ight 
sp ines. T h e free distal p orti on of the lateral arm p late is evenly ar ch ed 
a nd closely b ese t with granules; i t grades into the prox imal p art whi ch 
is covered b y the distal m ar gin of th e preceding plate. Near the ventral 
edge of the proximal m argin ar c found a pair of weak bosses, and a 
d epression which extends distally to the fr ee p orti on of th e plate . Just 
proximal t o the di stal m ar gin, b elow the lowest spine, is a notch , which 
together with th e concave sid e of the ventral arm pla te has formed the 
m argin of th e tentacl e pore. T he co ncave inn er s urface of the lateral 
arm plate is divided by a blunt comb w hich extends from the proximal 
(lorsal cor ner to the ventral margin just below the tentacle p or e. 

A s ingle vertebra h as b een observed : the adoral and ab or al surfaces 
ar c m arkedly sloping, so th at the d orsal side d oes not extend over the 
aboral articulati ons . 

Affinit y w ith o th ers p e c i e s .- In its granulation 0ph iura substriata 
is r eminiscent of 0 . hagenowi, but th e later al arm plates are mor e 
tumid a nd h ave a round ed distal ma rgin w ithout indentations; it di­
verges further in the breadth of the dorsal ar m plate, the form and 
ornam ent of the ventral a rm plate and in the app earance of the vertebra . 

Ther e is no basis fo r a certain gen eric determination . 
Th e Dani s h s p ec im e n s .- A large number of granula ted la teral 

arm p lates similar to the corresponding pl a tes of 0. substriala have 
b een found in the \Vhite Chalk n ear Aalborg. They differ from the 
E nglish sp ecim en in a coar ser granul ation . The pla tes aTe evenly ar­
ch ed and slightly tumid . Th e dor sal margin is straight , and the v entral 
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h as a notch which has bounded the tentacle pore, close to the distal 
m arg in . The distal margin is evenly bowed, and the exposed surface is 
closely beset with ve ry coarse granules. The proximal portion of the 
lateral arm plate is smooth; it has been covered b y the di stal margin 
of the preceding plate . There is a suggestion of a pair of bosses on the 
proximal margin, the distal margin is smoo th. At the juncti on between 
the outer surface and the distal margin, a rc eight particularly powerful 
double gr a nules which have formed the points of attachment of eight 
spines . There is a weak furrow on the inwardly directed surface; it 
r uns from the tentacle pore n otch up towards the proximal part of the 
dorsal margin of the p late. Proximal to the furrow is fou nd a weak 
keel , h ere the plate has its grea test thickness and from here it slopes 
steeply towards the proximal m argin, more gently toward s the distal. 

Apart from these lateral arm plates, shield -shaped ventral arm 
plates with the characteristic longitudinal str iation of thi s species, and 
also broad, V-shaped dorsal arm plates are found in the chalk near 
Aalborg. These plates collectively show with certainty that Ophiura 
subslriata h as lived in the Senonian sea about Aalborg. Isolated arm 
plates haYe also b een obser ved in the White Chalk of Riigen. 

~l ater i a l.- 1. Holotypc. Arm fragment. Dover , Kent , England. 
C. F. COCKBURN Bequ est. British i\Iuseum (N.H .) . 

2. Arm fragment. Lower Senonian, Cor-anguinum zone. High Stack 
Bay, England . , v 1uG1-IT's Collection, London. 

3. Iso lated arm plates. Upper Senonian, l\laastrichtian . Riigen, Ger­
many. Aalborg (N . Uttrup, Blegkilde) , Denm ark. Collection of th e 
Mineralogical Museum. 

Oceurrence .- Lower Scnonian, England. Upper Senonian, Ger-
111an y an d Den1nark. 

Family Amphiuriclae L rnNGMAN. 

Genus Amphima FoHB ES 1842 . 

Brittle Stars ,Yith long thin arms provided ·with short uniform errcct 
spines. Cretaceous- Recent . 

Amphiura (?) scnoncnsis (VALETTE). 

Plate 15, fi g. 6- 10. 

1915 Amphiura senonensis VALETTE, p. Hi, fig. 6. 

Di ag nosis .- A Brittle Star whose arms arc oval rn c ross-section, 
the breadth b eing distinctly greater than the height. Dorsal arm pl ates 
are large and broad; ventral arm plates shield -shaped, widespread 
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d istall y. The la teral arm plates arc broad proxima lly, and meet the 
obliq uc proximal margin of th e Ycntral arm p lates, the distal portion 
projects and has borne three ou tward ly directed spin es. 

Typc. - Amphiura senon ensis is es tabli shed on th e basis of the indi­
\·i<luaJ from the Campanian at Se ns, figured by VALETTE, 191 5, p. 16, 
fig. VI , 1. This individual is the type. 

Dcscription.- Apart from t he two arm fragments d escribed by 
\'ALETTE, an arm fragn1cnt from the Upper Sc nonian in England, and 
ano ther from th e Uppe r S<·nonian of Denmark are known. Associated 
skeletal parts and single arm plates are furthermore fo und at a num­
ber of Danish JoeaJit ics. 

The disc is unknown . Th e arms are oval in cross-sec tion, the b read th 
being greater than the depth, but the degree of d epression is, h o\\"cvc r, 
very diiicrc nt in the t\YO incliYiduals figured by VALETTE . The individu a l 
fron1 Aalborg li es be t,\·een these two extre1nes of arm depress ion . The 
dorsal arm p lates are large, broad and more or less wedge-shaped, 
with a bowed distal margin; they are imbrica te. The ve ntra l arm 
plates are shie ld-shaped and tum id ; in the Engli sh specimen they are 
weakly ridged . The distal margin is strongly bowed an d produced in 
latera l processes; the sides are markedly co ncave, and the proximal 
margin broadly V-sh apecl. The plate is arched abo ut the long axis of 
th e arm, the inner surface haYing the form of a furrow. The ventral 
ann p lates are slightly imbricatc. The lateral arm plates arc divided by 
a dep ression parallel to the proxim a l margin into a broad proximal 
port ion and a more n arrow, p rojecting, distal portion . The broad 
proximal portion meets the proximal margin of the Yentra l arm plate; 
the narrower distal portion, togl't:hcr w ith the concaYc sid e of the ven ­
tral ann plate has limited the large tentacle pore. Along the distal mar­
gin of the lateral arm plate arc a ttached three strong spi n es. VALETTE 

states that the impression of the mid1Lle spine is the stron gest, b ut n o 
marked diflerc ncc has hee n d etermined in th C' material investigated b y th e 
a uthor . The sp in es h aYe Jwen strong and as long as one or two arm 
joints . The Yertehra agrees ·with the arm in being rath er broad and 
shallow. The upper ca nal furrow cuts rather deeply on th e proximal 
art ic ula ti o n surfal'c an d interrupts the projecting edge of th e upper 
muscle attachment. This interruption is also dearly seen on the distal 
articulation s ur face. 

Affinity with others p cc i cs, an d with th e ge nus Amp hi u r a.­
Amphiura senonensis is referred lo the ge nus Amphiura on the b asis of 
a ce rtain similarity ,vith A. crelacea S PENCE !\ . Th e long, p owerful arm 
sp ines are, however , an argument aga in st this reference, for they are 
n ot known in thi s genus. The presentl y d escrib ed species differs from 
the rather older A. cre lacea in onl y possessing three arm spines v,,hile 
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A. cretacea has five according to SPENCE R (1907, p. 107). During an 
investigation of A. cretacea, the author could , however, only observe 
four spines. 

Mat e rial.-1. Two arm fragments described by VALETTE, 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 n ear 
Aalborg in Denmark. Collection of the Mineralogical l\ilu seum. Pl. 15, 
fig. 9. 

4. Associated remains of individuals from the Upper Senonian, 
Maastri chtian, in Denmark. Aalborg (Rordal, Blcgkildc, "Danmark", 
Norden and Norrc Uttrup ), E erslev and Stevns Cliff. Min eralogical 
Muscun1. 

5. Single plates from the Upper Senonian , Maastrichtian. Riigen in 
German y . Aalborg, Eerslev, Stevns and Enegaarde in Denmark. Min e­
ralogical Museum. 

Occurr c nce .- Upper Senonian of France, England, Germany and 
Denmark. 

Family Ophiacanthiclae PERRIER. 

Genus Ophiacantha MULLER & TROSCHEL 1842. 

Brittle Stars whose lateral arm plates arc provided with powerful 
errcct spines, of which the uppermost arc general ly the longest. Tent­
acle pores are small. Cretaceous- Recent. 

Ophiacantha ? sp. 
Plate 18, fig. 10. 

A number of lateral arm plates belonging to a hith erto unknown 
Brittle Star have been found in the Senonian and Danian deposits of 
Denmark. I will only describe the appearan ce of the plates sin ce so 
far only lateral arm plates (most of which have b een d amaged) have 
been found. It would not be advantageous to establish a species on so 
slight a basis. 

Description .- Thc 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 s urface 
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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poi'nts of attachment of projecting spines. In the adoral part of the arm 
the lateral arm plates h ave met in a suture both d orsally and ventrally, 
,vhil e aborally they have diverged sufficiently to allow the presence of 
dorsal and ventral arm plates. A notch for the tentacle pore is seen in 
th e ventral margin of the plate just prox imal t o th e distal projection. 
The inner surface of the plate bears a w eak rid ge just proximal to the 
tentade pore and parallel with the proximal margin . From this the sur­
face slopes steeply t owards the proximal margin, and more gently 
towards the distal . 

Certain gen eric determination is not possible. 
Jvl ateri a l.- 1. Lateral arm plates. Upper Senonian , Maastrichtian. 

Aalhorg ( Ti orcl a l and N. Uttrup), Mon. Mineralogical Museum. 
2. Latera l arm plates . Danian . Fakse , H erfolge and Stevns Cliff. 

l\Iineralogical :\I use um. 
Occurrcncc.- Scnonian and Danian in Den1nark. 

Order Euryalae .J . MOLLER. 

Family Asteronychidae VERRILL . 

Genus Asteronyx MuLLER & THosc11EL 18--!2. 

Brittle Stars with unbran checl arm s. Vertebrae with hour-glass shaped 
articulation facets. Large radial shi e ld s . Dorsal arm plates wanting; 
lateral arm plates vestigial. Cretaceous- Recent. 

A number of vertebrae which must b e referred to the order E uryalae 
because they bear h our-glass sh aped artic ulation facets have been 
found in the Danish Cretaceous deposits. There h as n ot h cen found 
any trace of those h ooks which occur on the arms of one of the farn.ili cs 
referred to the Euryalae. Also, there have n ot been found any vertebrae 
which sh ow that the arms h ave been branch ed, as is the case in some 
of the genera of E uryalae. Only simple vertebrae arc known, and no 
corresponding arm plates h ave been found; this agrees with the fact 
that r ecent r epresentatives of this order have quite small , vestigial arm 
plates. The vertebrae fou nd in the Cretaceous deposits can , with re­
servation , b e referred to the genus Asleronyx. 

Astcronyx ? ornatus n . sp. 

Plate 18, fig. 11. 

Diagnosis .- A llrittle Star whose vertebrae h ave hour-glass shaped 
articulation facets and an irregular coarse granul ation on the outer ni.argin . 

T ype.- The presently d escribed plate from the \Vhite Chalk of Stevns 
Cliff is the holotype. Mineralogical Museum, Copenhagen. 
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Des c ripti o n .- Thc outline of the vertebrae is circular to oval, 
height b eing greater tha n breadth. The adoral s urface bears a vertical 
hour-glass shaped articul at ion facet on the central slightly rai sed por­
tion. The aboral articulation surface slopes proximally below so that 
the length of the vntehra is greater d orsally than ventrally; it is provided 
with a horizontally plaecd h our-glass shaped articulation facel. The 
nearly cylindrieal o uler surface is broken onl y by the dorsal and ven­
tral funows; ii is provided ·with a strong, coarse ornamentalion of ir­
regular round and oblong granules. 

No other plates have been found which ca n he presumed to belong 
to this spec ies, a nd it is likely that the s uperficial plates of the disc and 
arms have been vestigial as they arc in recent speeies. 

~Iaterial.- l sola lcd vertebrae. Upper Senonian, Maastrichtian. Rii­

ge n in Germany. Aalborg (N. Uttrup, Hi:irdal and " Danmark"), Ecrslev, 
Enegaarclc an d ~ion in Denmark. 

Colleclion of the ~lineralogical Museum. 
O cc urr e n ce.- Upper Senonian, Germany, Demnark. 

Asteronyx ? sp. 

Plate 18, fig. 12. 

Only a few vertebrae of the type occurring in Asteronyx have b een 
found in the Danish Danian dep osits . It is, however, remarkable that 
they arc al_l clearl y differenl from the common type in Danish Sen onian 
\Vhite Chalk, and there is therefore r eason to believe thal they have 
belonged to an other species. 

D esc ription.- Thc adoral surface of the arm vertebra is n early 
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 o f the surface , on each side of 
the ventral furrow notch, occurs a large, often deep socket. The ahoral 
surface has an outline similar to that of the adoral, on the central part 
is found a projecting hour-glass shaped, horizontal articulation faccl, 
whose two projecting portions continue downwards into a weak eleva­
tion on the surface of the vertebra on each side of lhc 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 h,v 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 
acloral surface. 

Collection of the Mineralogical Museum. 
0 ccurrcnec.- Scnonian and Danian in Denmark. 



Stratigraphy. 
The infrequent occurrence of Brittle Stars, and th e ir rath er grea t 

YCr tical distributi on in Cretaceous deposits ea use the majority of them 
to be un suitable for the stratigraphical determination of Cretaceous 
zones. On the other h a nd, asteroids seem to b e particularly valua ble 
in this respect, as SPENCER (1913) has stressed. 

In practice , h oweYer, they seem to h aYc been Yery litll e used in 
stratigrap hic al work. This is without doubt due to the fact that the di­
agnoses and cliscriptions of these complicated an imal s have not been 
very satisfactory, just as kn ow ledge of their morphology, growth and 
variation h as been very incomplete. 

The occurren ce of certainly determined asteroids and ophiuroids 
at a series of well known Danish localiti es is sh o\\·n in T able 1. It is 
seen that only two species of asteroid s, and one ophiuroicl , are common 
to the Senonian and Danian. The Senonian includ es only ~laastrichtian 
(with Discoscaphiles conslriclus), while there have as yet neither been 
co llected asteroids nor ophiuroid s from th e small occurrence of Cam­
p anian (with Boirychoceras polyplocum and Arnnthoscaphites lridens). 
There ca n be distinguished between a Lower a nd an l pper Maastrieh­
tian, or Mi:inian and Stevnsian (TROELSEN, 1937. BRoTzEN, 19-!5, p. 
59), on the basis of the faun a. Metopasler ium idus gives way in the Upper 
J\faastrichtian to NI. po11lsenii, and there seems to be a few oth er dif­
ferences in the asteroid faun as of these two zones, bnt the material is 
n ot sufficient to draw sure t"o nclnsions. It docs not seem, as was previ­
ously thought (SPENCE II, 1913 , p. 119), as thou gh a smooth, yo unger 
variety of Melopaster undulalus ex ists, but thi s spec ies continu es with 
its cmnmon gra nnlous form right to the top of the Scnonian. 

No asteroids are kn own froJn the lowennost zon e of the Danian, the 
Cerithium-lirnestone (OouM's zonr A) . Thr rema ind er of the Lower 
Da nian and thr Middle and Upp er Danian (OouM's zonrs B, C a nd D) 
arc ch aracterizrcl b_v th e eehinoids Tylocidaris o<lumi + ahildgaardi, T . 
briinnichi and T. uexillifera. Thr clistribution of asteroids is in full 
agreement with this division of the Dania n . 

A series of Dani a n localiti es, whose stratigraphical position is d eter­
m ined on the basis of the asteroids, is shown in Tablr 2. The majority 
of the loca lities given in the tabl e have b een d escribed by Oo uJ\I (1926). 
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It is of inter est that the only asteroid and the only op hiuroid which 
ar e known from the Vincentown limesand in New Jersey seem to b e 
identical with , or ver y closely r elated to species from the Danish Dani an. 
This, and s imilar co ndition s in other elem ents of the fauna , indicates 
that the Vincentown limesanct. should b e r efer red to the Danian , and 
not , as is n ow gen er all y the case, to the Eocen e. 
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'fable 1. 
Distribution of certainly determined Asleroidea and Ophiuroidea in the Danish 

Cretaceous depos its') 

Asteroid ea 
Metopaster cf. thoracife r . x 

poulsenii ... . ... . .. . . 
tumidus .. . . . .. . .. . .. . 
lrevis . ..... . . .... .. . . 
undula tu s ........ .. . . 
angula tus .... . .. . .. . . 
kagstrupensis . ... . .. . 
spencerii ...... . . . . . . 
eleva tu s . . . . .... ..... . 
planus .. . . . . . ....... . 
carinatus . . .... . . ... . 
maculatus . ..... .. ... . 

Ceramaster dividuus .. . . 
g ranulatu s ........ . . . 

Recurvaster radiatus . .. . 
mammillatus ... . . . . . . 

Teichaster favosus ... . . . 
a nc h ylus . ...... . .. . . . 
retiformis .. ... ..... . . 

Pycinaster c r assus .... . . 
danicus .. . . . .... . .. . . 
cornutus . .. ... . . ... . . 
? rosenkrantzii ... .. . . 

Ch omatas ter acules . . ... . 
spen ceri ...... . . . . .. . 
wrighti . . ... . . .... . . . 

Ophryaster magnus . . . . . 
Stauranderaster 

pyramidalis . . ....... . 
mixtus . ... . ......... . 
mili a ris ........ . . .. . 
s peculum . .. .. .... . . . 

As tropec ten postornalus .. 
punctalus ..... .. .... . 
? pygmreus . ..... .. . . 

Valettaster ocell alus 
gra nul a lus .... ...... . 

Ophiuroidea 
Ophiomusium d ani c urn 

subcylindri cum .. .. .. . 
Ophi ur a serrala . ...... . 

? h age nowi .. . ....... . 
? subs lri a la ..... . .. . . 

Amphiura ? senon ensi s . . 
Asteronyx ? o rn atus . .... 

X X 
X X 

X X 
X X X X 

X X X X 

X X X 

X 

X X X 
X X 
X X X X 
X X 

X X X X 

X X X 
X X X X 

X X X 

X X X X 
X X X X 

X X X 

X X X X 

X X X X 

X X X X 

X X X 

X X 
X X 

X X X 

X X X X 

X X X 
X X X 

X 

X 

X X X 

X X 

X 

X X X 

X X 

X X 
X X 

X X X 

X X X 

X X I X X X X X X 

X X X 
X 
X X X 
X X X 

X X X 
X X 

X X X X X 

X X X X X 

X X 

X X X X X 
X X X X 
X X X X X 
X X X X 

X X X X 
X X X 
X X X 
X X X 

X X X X X 
X X X 

X X X X 

X X 

2 
17 

7 
3 
4 
0 
2 
0 
0 
0 
0 
0 
0 
0 

28 
1 
1 
0 
1 
2 
1 
0 
0 
0 
1 
6 
3 

0 
1 
0 
0 
0 
1 
0 
5 
0 

~I" 
l.<: 

1 
0 

'12 ' O 

J6 
1 ) The Lower Cretaceous, Cenomanian , Campanian, and th e Lower Danian Ceri ­

thiumLimestone have yielded no determinable Asteroids or Ophiuroids and are not 
included in this table. 
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'!'able 2. 

Some Danian localities zo ned by characlcrisl ic Asteroidea. 

Lower I M. 
I 

Upper 

----

"' ·;;; ·_g "' i:: ;::l 
0) 

"' i:: ~ 
0. ... "' "' ::, "' c,; i:: ::, 0) 

::, ::, ::, .2 .... ... 
.;::: '-' ;::, ~ ~ ::, ..s:: .3 
"' i:: ..c: ;,- i:: 

i:: 
"' "° <l) '-' .::: <l) 0 c,; 0. 

<l) 5 "' ..s:: i:: c.) "O 2 0. 
"' c,; <.) .... .... .... .... .... .... .... ~ .8 .8 .8 .8 .8 .8 .8 u "' "' "' "' c,; c,; "' c,; c,; "' "' <l) c,; a c,; c,; 0. 0. 0. ..c: 0. i:: .s 0 0 '-' 0 c,; ·u 0 

" c3 -~ c3 .... <.) .b .,.. 
~ ~ "' ;,-, ;,-, "' "" E-< u i:i... i:i... ..,,-: 

Aggersborg I . . . . . . . . ... X 

Aggersborggaard . . . . . . . X 

Banner I .......... . .. X X X 

Bjerge I ............... X 

Bredslrup J{)inl X 

Ilriindum I . . . . . . . . . . . . X 

Bulbjerg . . . . . . . . . . . . . X X 

Farslrup . . . . . . . . . . . . X 

Hulcmiill e, Nibe . . . . . . . X X X 

Kastbj erg I .......... X 

Kjiilby II .. .. . ........ . X X 

l{]im I. ............... X X 

Klim Iljerge I . . . . . . ' . . . X 

Lundgaard I . . . . . . . . . . X X 

Liigstcd I .............. X X X 

Lonn erup I .. ...... . . . X 

Miinslcd ..... .. . ...... X 

Nystrup .. .. ....... .. . . X 

N. Bjergcgaard T . . . . . . . X 

Ove I ..... .. .. . .... · . . . X X 

Raasled ......... ... X 

Sangslrup Klinl X 

Torup Kliiv I ..... . . . X 

Torup Strand X X X 

Veggerbro I .. .... . ... . . X X 

Vorm ark ......... .. X 

Voxlev .. .... . .... . .... X 

b . Hornum I ......... X 



Dansk sammendrag. 
Kridttidcns sostjcrner og slangcstjerner mccl smrlig hcnsyntagcn til 

clc i Danmark fondne arter. 

Ved studi et af engelske og danske samlinger og et stort nyindsamlet 
d ansk materiale er kendskabet til kridtticlens s0stjerner og slange­
stjerner udvi det, og det er blevct muligt at give mere 110jagtige be­
skr ivelser og cliagnoser end hidtil, ligesom det er muligt at fa et indtryk 
af vrekststadierne og den individuelle variation hos enkelte arter. 

Pa gruncllag af de nye iagttagelser gennemgas de danskc og enkelte 
udenlandske s0ststjerner og slangcs tj erner fra kridttidens a Jl ejringer. 

Foruden isolerecle skeletdde kendtes tidligerc rcster af 11 inclivider 
fra Danrnarks skrivekriclt. Disse var beskrevet som 10 arter. Nu kcndcs 
fra skrivekridtct r ester af 78 individer ford clt pa 12 arter. De to clorn.i­
nerencle arter er repncsenterel med 28 og 17 individer. De nye fund 
viser, at Here af de tidligere beskrevne "arter" kun reprresenterer indi ­
vicluelle variationer i st0rrelsc og ornarnentering. Vccl den nye tolkning 
af arterne far ogsa faunaens sammcnsretning et mere trovrerdigt prreg. 

Der beskrives 39 ticlligcre kenclte og tre nyc artcr samt restcr af yder­
ligere tre arter af s0stjerner. 5 af de beskrevne arter kencles ikke fra 
Danrnark. 

I de sencre ar er beskrevet en clel arter af slangestjerncr pa grundlag 
af isolerecle skeletdele, som er kombinerel i overensstcmmelse med 
deres relative hyppighed. Denne metode syncs ikke umidclelbart an­
venclel ig. Flcre af de kombinerede skeletclele er anatomisk uforenclige, 
og yclerligere viser det dan ske materiale, at skeletdelenes relative hyp­
pighecl afhrenger ikke blot af arternes hyppighecl, men tillige af hvor 
store og robuste skeletdekne er. 

Der beskrives 5 tidl igere kendle og 3 nyc arter samt rester af yderl igere 
tre arter af slangestjcrner. Een af de beskreYne arter kencles ikke fra 
Danmark. 

Stratigrafisk er b ade s0sljerner og slangestjerner egnede til at ad­
skille senon og clanirn. Sostjernerne er tillige ve legned c til at aclskille 
nedre og ovre maastrichtien og nedr<' , mellem og 0vre danien i Danm.ark. 

Den fra Vincentown limes and i New J ersey beskrevne s0stjerne og 
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slangestjcrne syncs at vrere id enti sk 111ed eller ganskc nrert beslregtct 
111ed arter fra danien i Dan111ark og ta ler for at henfore Vincentown 
li111esand til danien. 

S0stjerner. 

Metopastcr.- De til dcnne slregt h enregnede artcr star de r cccntc 
slregter Pentagonaster, Tasia og Ceramaster ganskc n rer. Arterne Meta­
paster diuiduus og Rauniasler gramzlatus henfores h er til Ceramaster. De 
0vrige som arter af Rauniaster og Mitraster beskrcvnc s0stjerner er 
enten selvstrendige arter af slregten Metopaster (Rauniaster planus, R . 
carin atus, R. maculatus, Mitrasier lwnleri og delvis M. lwnieri lceuis) 
eller er unge individer af allerecle kcndte artcr af d ennc slregt og kan 
indordnes i nedenstaendc vrekstrrekkcr: 

Rauniasler simplex -+ d elvis Mitraster lwnteri lreuis -+ Metopasier 
poulsenii -+ Metopas ter steuen sensis. 

Rauniaster uirgineus -+ Melopaster tumidus. 
Rauniasler lceuis -+ Nfe topaster Trevis. 
Mitraster compactus -+ Metopaster parkinsoni. 
,,Mitrasler rugatus" -+ Melopasler cingulatus -+ Melopaster unca tus. 
Mifrasler rugatus -+ Metopaster lwnteri. 

Cera 111 as t e r.-Til slregtcn M etopaster har vreret hen fort enkelte 
arter, som afviger fra clet nonualc udseende hos denne slregt ved ikke 
at have nogen stor sidste 0vre randplade svarende til (lcre n edre rand­
placler. Nogle af disse artcr m.incler i tHlseende om den r ecente Cera­
master placenta og tildels 0111 slregten Sphceriodiscus. De 0111tales her 
under slregtcn Ceramaster. 

Re c urvast e r.- Unders0gelsen af et stort nyindsamlet materiale vi­
ser, at arternc R. steuensensis og R. echinaius b egge er identi ske m ed den 
tidliger c b eskr ev11e Metopaster tumidus radiatus. Der beskrives en ny 
art R. blackmorei fra Englands senon. De to som R . communis beskrevne 
nedre randplader kan ikke p a grundlag af det foreliggende materiale 
skclnes fra tilsvarende plader af arter af Mefopaster og Recuruaster. 

T e i c ha ste r.- Den rnere relation til slregten Craterasfer b ekneftes 
vcd fundet af et ungt individ a f T . fauoSlls. Den af SPENCER pavistc 
sirn.p lc udv iklin g fra T . favoS11s til T. retiformis hviler pa en fejltagelsC', 
idet skeletdelen c af forstn revnte hos SP ENCE R er forkert orienteret. 
Sa111l10righeden 111ellem de so111 T . retiformis beskrevne 0vre og nedre 
randplad cr b ekrreftes vecl et nyt fund . 

P y cinast er.- P. lamberti er id entisk m ed P . crassus, og de tilsyne­
lad ende forskelligheder b cror p a en fejl orientering af forsteningen. 
Et nyt fund af P. danicus b ekrrefter og supplerer BR. NIELSEN'S beskri­
velse af clenn e art. I skrivekricltet p a Mon er funclet randplader af en 
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Pycinaster , so1n star P. cornulus fra det 0vcrste cl::rnien n rer. P. rosen­
krantzii minder i fl cr c hcnse~ndcr om slregtcn Chomataster. 

Chomataster. - Dc som C. ncules b cskrevne randplaclcr er ikke 
glatte, men har barc-t skrelfonnedc pigge og er s[dedcs idcntiske mcd den 
senere beskrevnc C. bri.innichi. C. prcecursor ken des ku n fra Ki:ipingc­
sandstenen i Sverigc, og d e til clcnne art henforte randplader fra Eng­
land og Danmark b eskrives som en ny art , C. spenceri. Der er fund et 
flere velbevarede individer af en ny art C. w righli i clet danskc skrive­
kridt. Den som Nymphaster (scnere 0phryaster) marginatus beskreYne 
engelske s0stjerne hcnfores ti I slmgtcn Clwmatas ter. 

Ophryastcr.- 0. marginntus henfores til slregten Choma/as/er. Den 
til 0. oligopla.T henfortc s0stjerne fra Danmark henforcs her til 0. mag­
rws og clanner grundlag for en ny bcskrive]se af dennc art. 

Staurandcrastcr. - S. gibbosus er ikke mecl sikkerhcd kcndt fra 

Danmark. 
Astropecten.- Slregten Lophidinsler er blevet opstillct for artcr, som 

angaves at afvige fra Aslropec ten vcd dorsalsidens flad e, tmtstilledc 
plader. Imi(llcrtid har typearten typiskc paxiller og SYarer ogs[t p[t 
andrc punkter til Astropecten. 

Valettaster.- Der er fundct restcr af flcre inclivider af V. ocel/afus 
visende formen af kroppladerne og ambulakralplaclcrne. 

As tcr i a s.-I tilknytn ing ti I dennc sl regt orntales rcster af en enke]t art. 

Slangcstjerner. 

Ophiomusium.- Dc som 0. stephensoni b cskrevne skcletclele hid­
rnrer fra flcrc artcr, hvoriblandt er een , som synes at vrere identisk n1ecl 
0 . danicum. Nyt cngelsk materiale clanner grundlag for en beskrivelse 
af 0. granulosum, cler hidtil kun kendtes fra RoEMERS frgur (1840). 
0phiura filchii er antagc li g identisk rned 0. subcylindrica og till10rer 
slregten 0phiomusium . 

Ophiura.- 0. paruisentis er idcntisk mcd 0 . serrata. 0? substriata 
og O? hagenowi er nye arter. Siclstn::evnte er formentlig identisk rned 
HAGENOWS ugyldige art "O. granulosa" . 

Arnphiura.- Til clenne slregt er henfort den franskc A. senonensis, 
der nu ogsa k cndes fra England, Tyskland og Danmark. 

Ophiacantha.- I tilknytning til dennc sh:egt omtales armsicleplader 
af en slangcstjerne fra Danmark . 

Asteron_vx.- Dcr er i Danmark fundet to typer af arrnhvirder af 
slangestjerner h0rende til ordnen Eur_valac og antagelig til shegten 
Asteronyx. 

9 
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Plate 1. 

Melopasler pou/senii BR. NIELSEN. 

Upper Senonian. Stevns ClifT, Denmark. 

Fig. 1. Individual 1. a, abactinal; b, lateral. 
» 2. Individual 2. "Ravniaster simplex" . a, abactinal; b, lateral. 
» 3. Individual 3. a, abactinal; b, lateral. 
» 4. Individual 5. a, abactinal; b, lateral . 
» 5. Individual 6. Superomarginals 2 and 3. a, abactinal; b, lateral ; c, actinal; 

d, profile. 
» 6. Individual 7. a, abaclinal ; b, lateral. 
» 7. Individual 8. a, abactlnal; b, lateral ; c, internal; d, actinal. 
» 8. Individual 10 . a, abactinal ; b, lateral. 
» 9. Individual 11. Holotype. a, abaclinal; b, lateral. 

All figures x 1. 
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l'late 2. 

Melopasler pou/senii BR. NIELSEN. 

Upper Senonian. Stevns Cliff, Denmark. 

fig. 1. Individual 12. a, abact inal ; b , la teral; c, internal. 
» 2. Individual 13. a, abactinal ; b , lateral ; c, internal. 
» 3. Marginal profile. a, individual 1; b , 2; c, 3; d , 5; e, 7; f, 8 ; g, 10 ; h, 11; i, 

12 ; j, 13. 

AJI figures x 1 . 
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Fig. 1. 

)) 2. 

)) 3. 

)) 4 . 
)) 5. 

)) 6. 
)) 7. 
)) 8. 

Plate 3. 

Melopasler poulsenii BR. NIELSEN. 

Up per Senonian. Stcvns Cliff, Denmark. 

Abactin al and la teral Yiews of abactin al oss icles . a, individual 1 ; b, 8; c, 10 ; 
d, 12 . X 5. 
Abactin al and la teral views of primary abactinal ossicles . a, individ ual 8; 
b, 12. x 5. 
Actinal vie\\' and profile of act inal oss i..::Jes. a, individual 1 ; b, 8; c, 10 ; d , 12. 

X 5 . 
. .\mbulacral ossicles. a, individu a l 1 ; b , 8 ; c, 12. x 5. 
Actinal and lateral views of a cl am bulacral oss icles. a, individual 1 ; b, 8; c, 1 0; 
d , 12 . X 5. 
Lateral and terminal views of a term in al ossiclc. Individual 12. 
Abact inal view of on e side of an arm. Individual l. x 5. 
Abactinal view of one side of an a rm. Individual 3. x 5. 

Young Stages of Astero ids. 

» 9. Individual from Upper Chalk. Margate, Kent. Abactinal view. x 5. 
» 10. Individual from Upper Chalk. Margate, Kent. a, abactinal; b, actinal. x 5. 

Melopasler lcevis (BR. NIELSEN). 

Upper Senonia n. Stevns ClifT, Denmark. 

» 11 . Individual l. " Ravniaster hcv is". Holotypc. a, abactinal ; b , lateral. x 1. 
» 12. Reconstructio n . Specimen 2. x 1. 
» 13. Indi vidual 3. a, abacti nal; b , lateral ; c, profile. x l. 
» 14. Individual 4. a, abactinal ; b , latera l; c, pro(i]e. X l. d, abactinal and lateral 

views of abact in al ossicle; e, ab ac tin a l and la teral views of primary abactinal 
ossicles; f, actinal a nd lateral views ol' actinal ossicle; g, actinal view and profile 
of adambulacral ossicle. X 5. 

Melopasler undu/a/11s S P ENCEH. 

Upper Senonian. Aalborg, Denmark. 

» 15 . Small individu al. X 1. 
» 16. Hrconsl ruction. Holotype of " Melo paster gra n ulatus". a, abactin al ; b, profile 

of supcromarginal. x l. 

Melopasler angulalus BH. NIELSEN. 

Up per Senonian. Enegaarde, Denmark. 

» 17. Ultim ate superoma rginal. Holotype. a, abactinal ; b , later al ; c, actinal; cl, 
profi le; e, internal. x 1. 

Melopasler cf'. I horncifer (G EINITZ) . 

» 18. Ultimate supcrom a rginal. a, abactin al ; b , la teral ; c, actinal ; d , profile; e, 
internal. x 1. 
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Melopas/er lumirlus SPENCER. 

Fig. l . "Havni as ter Virgineus", hololypc. U ppe r Senon ian. 1\lon Cliff, Denm ark. Abac­
linal . X l. 

» 2. Incli,·iclual l . U pper Senonian. }liin Cliff. a, abac lin al ; b , late ral . x l. 
» 3. Indi vid ual 2. Upper Senoni a n .. -\ alborg, De nm ark. a, abactin al; b , l ateral ; c, 

profil e. x l. 
» 4. lnclivicl ual 3. Upper Scnonian . Aalbo rg. a, a bac tinal ; b, la teral. x 1. 
» 5. lncli vicl ual 4. U pper Senoni a n. ~Io n Cliff. a, abaclinal ; b, lateral ; c, actin al ; cl , 

profile. x l. c, abaclinal ossiclc ; f, ac tin al oss icle; g, amb ul acral ossicle; h, 
adamb ulacral ossiclc ; i, oral ossicle. x 5. 
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Fig . 1. 

)) 2. 

)) 3. 

)) 4. 

)) 5. 

)) 6. 

)) 7. 

)) 8. 

)) 9. 

)) JO . 

Plate 5. 

Me /oJJasler kagslrupensis BR. NIELSEN . 

Ul tim ate superornargin al of a small individuaJ. " Rarniaster" stage. Lo\\'er 
Danian. Ko rporal skroen, Denrr:a rk . a , abaclin a l ; b , latera l. x l. 

ltim ate supe rom a rginaJ . Lower Danian. Kagstrup, Denmark. a, abactin a l ; 
b, la teral ; c, ar tin a l ; d , pro fil e; e, intern al. x 1. 
Ultimat e superomarginal. Lo\\'er Danian. Korporalskrocn. a , abact in al ; b , 
la teral ; c, pro li le; cl, intern al. X l . 
Remains of a n individual in nint ; errati c. Danian ? a , abac tin a l ; b, la teral. x 1. 

Melof)asler spencerii BH. l I ELSEN . 

Ullimate superoma rgin a l. L ower Da nian . Kags trup. a, abac tinal ; b , lateral ; 
c, profile; cl , internal. X 1. 
Superomargin aJs. Lower Da ni an. Kags trup. a , a bacli nal ; b , lateral; c, 
profile; cl , internal. x 1. 
Ultima te superomarginaJ . Lower Danian. SteYns Cliff. a , abacti nal ; b, la teral ; 
c, ac tinaJ ; d , profile; e, intern al. x 1. 
Ullimate superom a rginal. Lower Danian. Kags trup . a, abact i nal ; b, lateral ; 
c, profile. x 1. 

Melopasler eleua /11s Bn. NI E LSEN. 

Ultima te superomargin a l. Middle Dan ian. Rejstrup, Denmark. a, abac tin al ; 
b , la teral ; c., profile; d, internal. x 1. 
Ul tim ate superomarginaJ. Midd le Danian. Hejstrup . a, abac t.in al ; b, lat eral ; 
c, profil e ; d, intern al. x 1. 

Melopasler planus (13n. N I ELSEN) . 

» 11 . Pa rl o r in dividual. Type. Lower Da nian. Korpora lskroe n. a , a bactin al. x 1. 
b, a bac tin al ; c, la lrra l ; d , profil e ; e, int ernal. x 5. 

Melopasler carinalus (BH . N IELSEN) . 

» 12. Ultima te superomarginal. Holotype. U pper Da n ia n. Hcrfolge, Denmark . a, 
abac. tin aJ. x 1. b, abac.tin a l ; c.. la teraJ ; d, p rofil e; e, internal. x 5. 

» 13. Ultim ate in fc romargin al. Upper Danian. H erfolgc. a, ac tin a l ; b , latera l ; c., 
abac.tin aJ; d , profi le. x 5. 

Melopasler maculatus (BH. N I ELSEN). 

» 14- . Ultima te supcromargina l. Type . :Middle Danian. Fakse, Denmark . a , abaclinal ; 
b , la teral; c, pro fil e. x l. 

» 15. Distal p a rt of a rm. Middl e Da nian . Fakse . a , abac.tin al ; b , la teraJ. X 5. 

Melop asler sp . 

» 16. Ultimate superom argin al. JJpper Danian . H erfolge . a, abac.tinal ; b, la teral ; 
c, profile. X 1. 

Ceramasler diuicluus (\Y . HAs ~t USSEN) . 

» 17. Distal part of a rm . Upper Danian . Svanemo ll en , Copen hagen . a , abac tinal ; 
b , la teral. x 1. 

Ceramasler g ranulalus (\\' . HAS~ tL'SSEN). 

» 18. D istal pa rt of arm. Middl e Da ni a n. Faksc. a, abactin al ; h , la tera l ; c, profi le. X 1. 

(erarnas ler cf. granulalus ( \\I . RASM L"SSEN). 

» 19. Distal pa rt or a rm . Mid die Dani an. Fakse. a, ahact in al ; b, la tera l ; c, profi le. X l . 
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Plate 6. 

Recurvasler blackmorei n . sp. 
Middle Senonian. East Harnham, Wiltshire, England. 

Fig. 1. Lateral view. x 1. 
» 2. View from apex of arm. The distal part of th e arm is removed . x 1. 
» 3. Abactinal . x 1. 
» 4. Median marginal. x 5. 
» 5. Abactinal ossicle. x 5. 
» 6. Abact inal oss icle. X 5. 
» 7. Adambulacral ossiclc. x 5. 
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Plate 7. 

Rernruasler radialus (SPENCER) . 

Fig. 1. Individual 1. U pper Scnonian. Aalborg, Denmark. 
» 2. Individual 2. Upper Senonian. Mon Cliff. Denmark. 
» 3. Individual 4. Upper Senonian . Stevns Cliff, Denm ark. 
» 4. Individual 5. Upper Senonian . Sterns Cliff. 
» 5. IndiYidual 7. Upper Senonian . Stevns Cliff. 
» 6. Individual 10. Upper Senonian. Stevns Cliff. 
» 7. Individual 11 . Upper Senonia n. Stevns Cliff. 

All figures x 1. 
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l1 late 8. 

Recurvasler rndiatus (SPENCER). 

Fig. 1. Individual 14. Upper Senoni an. Sterns Cliff a, abactinal ; b, lateral ; c, internal ; 
d, profile of marginals 1- 10. x 1. 

» 2. Remains og an individual. Upper Senonian . Trimingham, England. a, abacti ­
nal; b, lateral. x 1. 

Recurvaster mammi/la/us (GAnB). 
Upper Danian. Saltholm , Denmark. 

» 3- 6. Med ian superomarginals. 
» 7- 9. Distal superomarginals. 
» 10- 12. Median inferomarginals. 
» 13. Distal infcromarginal. 

All fig ures X 1 
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Plate 9. 

Recurvasler radia lus (SPENCER). 

Fig. 1. IndiYidual 7. a , abactinal ossiclc; b , ac tinal ossicle; c, amhulacral ossicle; cl , 
adambulacral ossicle; c, oral ossiclc. 

» 2. In<li1·idu iil 14. a, abactin al ossicle; b , abact inal ossiclc; c, aclinal ossiclc; d , 
ambuliicral ossiclc (a, + a 2); c-h, proximal - distal adambu lacral ossicles; 
i, oral ossiclc (ad,); j, k , proximal and cli,tal ambu lac ral ossiclcs; l , interradial 
ossiclc. 

» 8. Indi1·idual 9. Term in al oss iclc. 

Recuruasler m amm i//a /11s (G ,rnn). 

» -1. Termina l oss iel c. Up per Danian. Sallholm . 

All fi gures X 5. 
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Plate 10. 

Teichasler fa uosus SPEl\CEn. 

Fig. 1. Superornarginal. Upper Senonian . i\lon ClifT. x 1. 
» 2. Hernains of a s1m1ll indi1·idu a l. Upper Se nonian. Stcvns Cliff. a, abaclin a l ; 

h , lateral ; c, pro rile. x 1. d, ac lin al oss iclc; c, am bulacral ossicl c; f, adambu -
lacral oss ic lc. x 5. 

Teichasler anch1Jl11s Bn. N 11-: 1,SEN. 

» 3. Superornarginal. Lo11·er Danian. S lc vns Cliff. x 1. 
» .J.. Inferomargin al. Lo\\·cr Dan ian . Kagslrup . X 1. 

Teichas/er rcliformis SP1-:Nc 1rn . 

» 5. Individual. Up per Danian. Legind, Dcnm:uk . a, la te ral ; h , profi le of' marg in . 
x l . c, arnbulac ral ossi cle; d , adambu lac ral ossir lc. x :i. 

)) 

)) 

P!}cinasler crnssus SPEl\CE H. 

(i . Supcro marg inal. U pper Senonian. Sterns Cliff. 
7. Inf'rromarginal. l pper Senonian. Stevns Cliff. 

X 1. 

x l. 

Pycinas/er danicus 1311. N I ELSEN. 

» 8. Individual. U ppe r Danian. H elligk ild c, Denm a rk. a, lateral ; h , profil e of 
margin . x l . 

P!)Cinctsler corn11/11s \\' . HASMl lSSEN. 

» 9. S u pcrornarginal. Type. U pper Dani:111 . SYancmollcn , Copenh age n. x 1. 

Pycinasler aff. corn11/11s W. HAS~IL'SSEN. 

» 10 . Supero- and inferomarginals. U pper Se non ian . .\ Ion Cliff. x 1. 

Pucinasler? msenkranlzii (BH. N 1ELSEN). 

» 1 l. Suprromarginal. Type. U pper Danian. T cglh olm en , Co penhagen . x 1. 

Choma/as/er acu/es SPE:-ICEn. 

» 12. Supe ro margin al. U pper Sc nonian . :\[on Cli ff. x 1. 

Choma/as/er spenceri n . s p . 

» 13. Superomarginal. Holoty pe . lTpper Seno ni a n . yfon Cliff. a, ab aclina l ; b , 
lale r::tl ; c, pro fil e. x 1. d , a hac lin al. x fi. 
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Fig. 14. Remains of an individual. Upper Scnonian . \Hin Cliff. a, abactinal; b- c, 
profile. x 1. 

Stauranderasler pyramidalis SPENCER. 

» 15. Abactinal ossicle. Type. Lower Danian. Sten1s Cliff. x 1. 

Staumnderasler mix /us BR. NIELSEN. 

» 16. l\larginal. Hololype. Upper Senonian . Stevns Cliff. a, l ateral ; b, profile. X l. 
c, lateral . X 5. 

SLaumnderasler miliaris BR . N IELSE N. 

» 17. l\farginal. Up per Da ni an. Hcrfdlge. a, lal eral; h , profil e. x l. c, lateral. x 5. 

Slauranderasler s11eculwn BR . NIELSEN. 

» 18. Ossiclc. Hololypc. U pper Danian. Saltholm . a, X 1. b, X 5. 

Aslropeclen ? pygmceus (SPENCER). 

>> 19. Supcromarginal. Upper Senoni an. Aalborg. a, abaclinal ; b, profile. x 1. c, ab­
actin al. x 5. 

Aslropeclen punclalus ( BR . NIELSEN). 

» 20. Inferomarginal. Holotype. Upper Danian. Saltholm. a, aclinal; b, profile. x 1. 
c, actina l. X 5. 

Aslropeclen poslornalus ('vV. RASMUSSEN). 

» 21. Supero- a nd inferomargin als. Hololype. Upper Danian. Copenhagen. a, profile. 
x 1. b, la teral. x 5. 

Vale llasler ocellalus (FORBES). 

» 22. Ossicle. Upper Senonian. Stevns Cl iff. x 1. 
» 23. Ambulacral ossicle. Upper Senonian. Aalborg. X 5. 

Va lellas/er granulalus BR . NIELSEN. 

» 2-±. Ossicl e. Hololype. U pper Danian. Sallholm. x 1. 

Aslerias ? sp. 

» 25. Terminal ossicle. Upper Senonian. Aalborg . a, abactinal ; b, lateral. x 1. c, x 5. 

Plate 11. 

Choma/as/er wrighli n. sp. 
Upper Senonian. Stevns Cliff. 

Fig. 1. Individual 1. Hololype. a, abactinal ; b , aclinal; c, la teral ; d , profile of arm. x 1. 
e, supero rn arginals 1- 3; f, abacl inal ossicle; g, aclinal ossicle; h, ambulacral 
ossicle (a 1 + a,); i, a mbulacral ossicle; j, adambuJacral ossicle; k , oral ossicle. 
X 5. 

» 2. Individual 2. a, profile of arm. x 1. b, arm fragment. x 5. 

Ophryasler magnus SPENCER. 

Uppe r Senonian. Mon Cliff. 

>> 3. Individual l. a, ahaclinal side of arn1 ; h , di stal part of arm , la teral as peel ; 
c, profile of arm at marginal 1 ; d , Lhc same al marginal 7; e, Lhc same at mar­
ginal 13. x 1. f, abaclinal ossicle; g, aclinal oss icle ; h , termin al ossicle ; i, 
amhulacral ossicle (a 1 + a,); j, ambulacral ossicle; k, adamhulacral ossicle. x 5. 
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Fln1c 12. 

Ophiomusium danicum BH. NIELSEN. 

Fig. la. Cast of a n impression in flint o f' a small indi\·idual. Erratic. Denmark . 
» lb . Th e same. Part of an arm sho,\·ing the small dorsal arm plates. 
» 2. Hol olyi:;e. Hadial shield and part of an a rm . Upper Danian. Sallholm, Denmark. 
» 3. L a teral arm plate from the proximal part o f the ar m. l:pi:;er Danian. Saltholm, 

Denma rk . a, dorsal ; b, internal ; c, ventral ; d , distal end ; e, late ral. 
» -!. Radial shi eld . l 1pper Danian; Saltholm, Denmark. a , dorsa l ; b , edge ; c, in­

tern al. 
» 5. Int er-radi al marginal plat e. Uppe r Dan ian. Salt ho lm, De nmark . a, intern al ; 

h, edge ; c, outer s urface. 
» G. A large radi a l shield . Upper Danian in th e Pal eoce ne basal co nglomerate al 

Srnncmi:illcn , Copenhagen, Denmark. a, dorsal; b, edge; c, in tern al. 

fig. la , X 2. fig. I h (;, " 5. 
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Plate 13. 

Ophiomusiwn granu/osum (RoDIER). 

Fig. 1. Individual showing the acloral surface. Upper Senonian. Su ffolk , England. 
» 2. The same individual: the upper right arm in fig . 1. a, lateral ; b, dorsal ; c, distal 

end. 
» 3. A lateral arm plale from a find o[ connected plates. Upper Senonian. Isle of 

Wight, England . a, dorsal ; b, in ternal ; c, di stal encl ; cl , lateral. 
» 4. A rad ial shi eld from I.he same individual. a, internal ; b , edge; c, dorsal. 

Fig. 1, X 2. Fig. 2- J, X 5. 
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Plate 14. 

Ophiomusi11111 granulosum (Roo1 En). 

Fig. 1. Adoral aspec t o f th e same individual as Plate 1;{, fig. 1- 2. 
» 2. The struc ture of the ventral surface of th e same indi,·idual. Sketch. 
» ~- L ateral aspect of th e same individual. 

Ophiomusium subcylindricum ( I-IAGENO\Y) . 

» 4. Part of an arm . U pper Senoni a n . Aalborg, Denmark. a , proximal end ; b, distal 
end; c, dorsal ; d , lat eral; e, ventral ; f, inn er aspect of arm plate with ver t('bra 
in position; g, inner surface of a rm plate. 

» 5. Jnterradial marginal plate. Upper Senonian . Enegaarde, Denmark. a, inner 
surface ; b , edge; c, outer surface. 

» G. Hadial shield . U pper Senon ian. !Vli:in, Denm ark . a, dorsal ; b, edge. 

All fi gures x 5. 
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Plate lG. 

Ophiom11si11m S/ J. 

Fig. 1. Latera l a rm pla te. Upper Se nonian . Rord al , Aalho rg, Denm a rk . a, dorsal ; b, 
la tera l ; c, nn tral ; cl, distal encl ; e, intern al. 

» 2. Late ra l a rm pla te from th e more distal p a rt of th e a rm . U pper Se noni a n . Rord a l, 
Aal bo rg, De nm a rk. a, in te rn a l ; b, dis tal en d ; c, la teral ; cl , do rsal ; e, ventra l. 

» :J. Racl iaJ shield. Upper Sc noni a n. Rord al , Aalborg, Denm a rk . a, intern a l ; b , edge; 
c, do rsal su rface. 

» 4. Late ral ar m pla te. Lower Danian . Kor poralskroen , Denm a rk . a, intern al ; b, 
d istal encl; c, la teral ; cl, dorsal ; e, vent ral. 

» 5. Hadi al shield . U pper Danian . Rejstrup, Denm ark. a, do rsal ; b , edge; c, internal. 

A111phi11ra ? senonensis ( Y AL ETTE). 

» 6. P art o f a n arm. Upper Senoni an . Worthing, E ngland. Ventral as pect. 
» 7. T he same. 
» 8. Verteb ral oss icles from th e sam e indiYiduaJ . a, ve ntral ; b , lateral ; c, dorsal ; 

cl, p r ox im al end; e, distal end . 
» 9. Part o f an a rm. U pper Scnoni a n . Bkgkild e, Aalborg, Denmark . a, ventral ; 

b , l a teral ; c, dorsal ; cl , p roxim al encl ; e, distal encl. 
>> 10 . L a teral arm pla te. U pper Senonian . Blegkilrl e, Aalborg, Denm ark. a, int ern al ; 

h , cli s ta l end ; c, la teral. 

F ig . 1- 5, and 7- 10, X 5. Fig. 6, X 2. 
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l'la.t.c JG. 

Ophiura sel'l'ala RoE~J E l\. 

F ig. 1. Arm l'ragmcnl. Lo\1·cr Senonian . Kent , England . a, la tera l ; b, ven tral ; c, prox­
imal end . 

» 2. The same indi\'idu al. Vertebra from the distal part o r the a rm . a, ventral ; 
h , la teral ; c, dorsa l ; d , proximal encl; e, d istal end. 

» 3. Arm l'ragmenl. H ampshire, E ngland . Dorsal. 
» 4. Lateral arm pla te from the proximal part of a n a rm . Dover, Kent , England . 

a, int ernal ; b, dis ta l end; c, la teral. 
» 5. T he sam e indiYidual. \ ' ertebra from th e proximal part of a n arm . a, ve ntral ; 

b , la teral ; c, dorsal ; cl, prox imal end; e, distal end . 
» 6. Lateral arm pla te from th e dis tal pa rt of an a rm . Upper Se nonian . N. Ullrup, 

Aalborg, Denmar k. a , intern al ; b, d istal end ; c, la teral. 
» 7. L a teral arm pla te from the midd le pa rt or the a rm . U pper Se nonian . N. Ullrup, 

Aalborg, Denmark. a , intern al ; b, dista l end; c, la teral . 
» 8. La teral arm plat e from the m id dle part of a n arm . Lower Danian . Korporals­

krocn, Denm a rk . a, internal ; b , distal end ; c, la teral. 

All fi gures x 5. 
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Plate 17. 

Ophiura ? lwgenowi n. sp. 

Fig. l. Part of an arm. Upper Senonian . Trimingham, England. 
» 2. The same. a, dorsal; b , lat eral; c, Yentral; cl, proximal end ; c, di~tal end . 
» 3. Lateral arm plate and vertebra. Upper Scnonian. Trimingham, England. a, 

dorsal ; h, lateral ; c, ventral; cl , prox imal end ; e, distal end. 
» 4. Arm fragm ent. Upper Senonian. i\Jiin Cliff, Denmark. a, dorsal ; b, la teral; 

c, ventral. 
» 5. Lateral arm pla te. Upper Senonian. Rordal, Aalborg, Denmark . a, dorsal; 

b, lateral ; c, ventral ; cl, int ernal ; e, distal end. 

Fig. 1, X 2. Fig. 2- 5, x 5. 
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Plate 18. 

OJ1hi11ra ? s11bsltiala n. sp. 

Arm fr agm ents embedded in chalk. Dover, I< ent , E ngla nd . 
The sa m e. Prox imal arm fr agment. a, lateral ; b , dorsal. 
The sa me. Pragm ent from the middle part o[ a n a rm . a, Yentra l ; b , proximal 
end . 
The sam e. Dista l arm fragment. Dorsal . 
The same. Lateral arm pla te. a, la teral ; b , di s tal ma rgin ; c, internal ; d , dorsal ; 
e, Ye ntra l. 
T h e sam e. Ve rtebral oss icle. a , proxim al en d ; b, lateral ; c, di stal end ; d , do rsal ; 
e, Ye nt ral. 
L a teral a rc pl ate. U pper Seno ni a n . N. U tt rup , Aalborg, Den m a rk . a, intern al ; 
b , d is tal m argin ; c, la teral . 
Do rsal a rm pl a te. U pper Se no ni an. N. U ttrup, Aalborg, Denm ark. 
Yentra l a rm pl a te. Upper Sc noni a n. Rordal , Aa lbo rg, Denm a rk . 

Ophiacanlha ? sp . 

» 10. Lateral arm plate . U pper Scnonian . Hord al , Aa lborg, Denm a rk . a, la tera l ; 
b, distal m a rgin ; c, int ern al ; d , dorsal ; e, ,·eDlra l. 

Asletony.-r:? otna/11s n. s p. 

» 11 . Arm Yert ebra. U pper Senoni a n. N. U llrup, Aalborg, Den m a rk. a, prox imal 
end ; b, lateral ; c, dis tal end ; d , dorsal ; e, Yentra l. 

Aslerony.i · ? sp. 

» 12. Arm vertebra . Up per Da nian . Holck cnh av n, Denm a rk . a, proxim al end ; b , 
latera l ; c. di sta l end ; cl , dorsal ; e, ventral . 

Fig. l , X 2. F ig. 2- 12, X 5. 
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