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BY 

TORSTEN GISLÉN. 

Preface. 

This work treats for the most part questions regarding the mor
phology and phylogeny of the Crinoids. It is only in Chap. 5, in connex
ion with a discussion of the biology, ciliary currents, and feeding of the 
Crinoids, that I have found a suitable opportunity for treating these condi
tions among the Echinoderms in general. 

My investigations have partly, and for the most part, been carried 
out at the Zoological Institution at Uppsala, where the Superintendent, 
Professor A. WIREN, has endeavoured in every way to facilitate my work 
by placing the collections of the Institution at my disposal. It was 
Professor Wiren, too, who 7 years ago introduced me to this field of 
labour and who ever since then has always followed my investigations 
with interest. If this work shows any knowledge of the way in which 
scientific problems should be treated, it must in great part be ascribed to 
him, who by his stimulating lectures guided my first steps when I was 
learning to do scientific work. 

I have carried out part of my investigations at the Kristineberg 
Zoological Station, Fiskebackskil, where I spent parts of the summers 
of 1913, 1918, 1919, 1922, and 1923. The expenses of my visits there 
have been partly defrayed by a grant of money from Kungl. Veten-
skapsakademien and by gifts from the Bjurzon Fund. The President of 
the Zoological Station, Professor H J . THÉEL and its Managers, Dr. H J . 
ÜSTERGEEN and Fil. lie. MAGNUS AUKIVILLIUS, have always placed boats 
and material at my disposal in the most courteous manner. Parts of 
the summers of 1920 and 1921 I spent at Hsegdalen, the Biological 
Station at Trondhjelm, Norway, where the Director, Dr. 0 . NORDGAED, 

with his never-failing knowledge of the fauna of the different localities 
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gave me an opportunity of studying many rare forms from this very 
interesting fjord. His kindly and attractive personality made my stay 
there a very pleasant experience. 

My material, with the exception of what I have collected during my 
own journeys, has been obtained in different quarters. A smaller collec
tion of Crinoids existed in the Zoological Museum at Uppsala before 1914. 
This was increased to many times its origial size by the abundant collec
tion of Crinoids brought home by Docent S. BOCK from his journeys to 
Japan in 1914 and to the South Sea Islands in 1917. In 1919 I received 
from Dr. E. MJÖBERG from the Riksmuseum at Stockholm a small 
collection of Australian Crinoids to investigate. Besides this I have had 
the opportunity, through the kindness of Professor TH. ODHNER, of 
studying a large number of types from tropical, Arctic, and Antarctic 
seas, preserved at the Riksmuseum. I also owe a great debt of gratitude 
to Dr. NILS ODHNEB for sorting and sending various kinds of material to me. 

In regard to the study of fossil Crinoids I have also met with the 
greatest kindness, and have had placed at my disposal a generous supply 
of rare and extraordinarily beautiful forms. Professor C. WIMAN of 
Uppsala has been kind enough to support me in this part of my work 
and Professors HOLM and STENSIÖ have lent me from the collections in 
the Riksmuseum all the fossils I needed for my studies. The latter has 
very kindly sent me a number of very interesting photos of a polished 
slab containing Pentacrinids in the possession of the Riksmuseum. For 
his trouble in picking out material on my account from the stores of 
the Riksmuseum I offer Fil. lie. A. HAGG my most grateful thanks. 
Dr. AsTEiD CLEVE-EULEE has with her usual skill determined a number 
of diatoms taken from the stomachs of various Crinoids. 

Among foreigners, there are four to whom I am chiefly indebted 
and owe my thanks. 

Mr. F. A. BATHER, D . S C , Keeper of the Dept. of Geology, British 
Museum, London, has been kind enough to place at my disposal a variety 
of literature, difficult of access, from his ample library. And not con
tent with this, he has kindly verified the information taken from a num
ber of other works which I have not been able to verify myself. Besides 
this he has with great liberality placed at my disposal a collection of 
unnamed Comatulids in the British Museum and also some descriptions 
which he had himself made previously. Through his intervention I have 
also had the chance of examining two small but interesting collections, 
those of Mr. R. M. BEYDONE, F . G. S . and Dr. A. ROWE of Margate. 
Unfortunately there has not been time for me to treat more than the 
most important of the new forms. 

Mr. A. H. CLAEK, Curator at the Smithsonian Inst., Washington, 
has carried on a continual correspondence with me, and has always dis
cussed the problems which have arisen with the greatest friendliness. 
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Through his intervention I have been able to obtain, by means of ex
change, a small but choice collection of recent Crinoids. If I have differed 
from him on certain points, my criticism in no way touches his merits 
as a pioneer in systematization nor, as I hope, our friendship which I 
value very highly. My work has to a great extent been made possible 
through the mass of new facts he has brought to light respecting recent 
Comatulids. 

Geheimerat Professor 0 . J^EKEL of Greifswald has placed his valuable 
advice and a couple of drawings at my disposal. He has also lent me 
a very beautiful collection of Comatulids from the upper Cretaceous of 
Rijgen belonging to the well-stocked collections in the Greifswald Museum, 
and with his usual kindness has allowed me to describe and figure some 
pieces of rock containing the rare and interesting form Palermocrinus. 

Finally to Dr. T H . MORTENSEN of Copenhagen, for whose personal 
interest, generosity, and willingness to take any amount of trouble in 
his eagerness to obtain for me valuable information and material of various 
kinds when I required them, I cannot be sufficiently grateful. When my 
work was hindered by illness I was able to retain, by his kind indulgence, 
a beautiful collection of Japanese Crinoids, from which I have gathered, 
as I hope, some valuable observations. 

Besides these four gentlemen there are also some other foreign scientists 
to whom I owe my hearty thanks. Conservator H. ENGEL, at the Zool. 
Mus., Amsterdam, gave me some valuable information respecting the 
specimen of Atopocrinus sihogae preserved there. Stadtrat HAHNE of Stettin 
spared no trouble in order to search out on my account the old type-spec
imen of Hertha mydica, once described by Hagenow. Through the inter
vention of Prof. W. JANENSCH I was able to borrow from the Berlin 
Museum some very interesting Comatulids from upper Cretaceous, Maas
tricht figured by Prof. Jaekel in 1901 under the name of Atelecrinus 
helgicus. Finally Mr. F. SPRINGER of Las Vegas, New Mexico, U. S. A., 
has been kind enough to send me some information on the young of 
Encrinids. 

I have also to thank Dr. G. v. LASZLÓ, Chefgeologe, Budapest, Prof. 
A. REICHENSPERGER, Freiburg, Switzerland, and Mag. Sc. R. SPARCK of 
Copenhagen, for their help in procuring or veryfying literature which 
it was impossible for me to obtain in this country. 

Miss A. STARUP has drawn my figures in Indian ink and has devoted 
great care and patience to this tedious work. Miss A. WASTFELDT has 
carried out with her usual skill all the sectional work in recent forms. 

Here I wish also to thank all the officials of the University Library 
who with never-ceasing kindness have done all they could to meet my, 
I fear, often troublesome and numerous requisitions of literature. 

The translation has been carried out by Mrs. E. GÖTHLIN, née Harris, 
(Chap. 2, 4, 5), Mr. L. J. POTTS, B . A., English Lector at the University, 
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(Chap. 1) and by myself (Chap. 3). The English of the whole has been 
supervised by JVIr. Potts. It is my pleasant duty to thank them here 
for their help with this work. 

For the terminology and abbreviations employed 1 may refer to the 
system employed in my work of 1922. The small deviations appearing 
in this treatise will be easily understood without further explanation 
e. g. I Ax instead of I Brax, etc. 

Uppsala, May 1924. 
Torsten GisUn. 



CHAPTER I. 

A r m - r a m i f i c a t i o n in r e c e n t C r i n o i d s . 

1. Introduct ion. 

As early as 1884 P. H. CARPENTER, in his first great Challenger 
work on Crinoidea, saw that "the pinnula of a Neocrinoid is practically 
a reduced copy of an arm" (p. 61). He considers that the chief reason 
for the increasingly marked difference between arms and pinnules during 
phylogenetic development is to be sought in the fact that the pinnules 
become a receptacle for the gonads. It is open to doubt whether this 
explanation is satisfactory; for many stalked Crinoids, and even some 
Comatulids such as Notocrinus and Comahda have to this day fertile gonad 
in their arms. Recently A. H. CLARK, in his monograph of 1915 and 
in a number of papers, has championed a fantastic theory of the devel
opment of Crinoids from forms closely resembling Cirripedia. In this 
connexion he interprets the phylogenetic origin of pinnules and cirri in 
an extraordinary way, considering them to be "the original type of 
Crinoid appendage" and "these appendages were arranged in five pairs, 
the two components of each pair being, so to speak, back to back" 
(p. 274). MoETENSEN, in his two works of 1920, has rightly opposed 
this idea. Guided by his researches and observations in pathological 
and embryological material he considers himself bound to vindicate 
the theory of CARPENTER that pinnules correspond morphologically to 
dwarfed arms. 

II. The phylogenetic development of the pinnule. 

To throw light on phylogenetic development I will give below 
some diagrams showing arm-ramification in certain fossil Crinoids. 
They are based on some of the type specimens for ANGELIN'S Icono-
graphia Crinoideorum, which are in the Riksmuseum at Stockholm. 
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Some of the oldest fossil Pentacrinoidea^ e. g. Perittocrinus (lowest 
Ordovician), have simple, unramified arms without pinnules. A some
what more complicated stage is shown in the fistulate Cyathocrinus, 
which has a few arm-ramifications of an isotomic or heterotomic type, but 
still lacks pinnules. 

Example of arm-ramification of Cyathocrinus ramosus ANG. Fol-
lingbo, Gotland, Silurian f.̂  (of. LINDSTEÖM, 1888 and BATHER, 1893) 
= The Slite group HEDE, 1921. According to this author the English 
equivalent is Wenlock limestone. 

f II 1 - 2 

R I 1—3 

III 1 - 4 

III 1—5 

I 1 

I II 1 - 3 { 

IV 
, ^ f 1-10 . . . . . 

1-̂  Wi-io {J;;; 

( TV 1—12 I \ I 
III 1—4 { J \ 1-25 . . . 

A similar arm-ramification is seen in £wa/ZomMMS sp. (Gottland, Silurian). 

II 1 - 4 ( J „ \ - / 1 • • • f 1 -

f IV 1 - 6 j 
R I 1 ^ ™ ^~~^ I 1 . . . 

II 1 - 3 

' ^ l - ^ M v i l - 2 7 { ; 

VI 1 - 3 3 / 1 
\ 1 

III 1 - 4 

IV 

I V 1-16 (J 
1 - 1 3 { f 1 

l v i - 2 4 { [ I l - ^ M l 

IV 1—8 ( 1 . . . 
\ 1 . . . 

' In this particular instance I follow the notation of JAEKEL (1918). 
' The dots in these diagrams represent hidden or broken parts of arms. 
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We find more frequent arm-ramification in Gissocrinus timUlicatus ANG. 
(FoUingbo, Gotl., Silurian, cf. also ANGELIN'S Iconographia, Tab. XXI.) 

R I 1—2 ' 

II 1 - 2 

III 1 

III 1 - 4 

-2 {Y^'~'il'.:: 
IV 1 - 9 { J •• • 

IV 1—4 ( ^""^^ • • • f 1 
^ I V 1 - 9 ! • \ 1 

) 1—12 . . 

II 1 - 2 

III 
(lYl-i[J^ ° ) 1-16 

1—3 ! 

i v . - 7 { - - - | ; . . . 

III 1—3 
IV 1-4 ! V r 9 n - 1 5 . . . 

In the proximal parts of the arms the ramification thus recalls that of 
the recent Comatulids very closely — an analogy. Types with even 
closer arm-ramification are, however, to be found within this genus (e. g. 
Gissocrinus arthriticiis PHILL.) . As a result of this extraordinarily close 
ramification the arms are very densely situated, and in the most aber
rant families, the Crotalocrinidae and Petalocrinidae, they grow together 
laterally, forming folded leaves. Now the Crinoids are detritus-collec
tors. Possibly the massing of the arms into solid leaves was somewhat 
unsuited to this way of living, since it implied impeded cleaning and no 
circulation of water round the individual arms, with impeded breathing 
as a result. Anyhow, these types disappear during the following periods, 
and forms appear which, instead of the exaggerated arm-ramification, 
have pinnules, replacing the many arms. 

An intermediary stage between arms and pinnules is seen in the 
so-called "armlets" (BATHEE, P. H. CABPENTEE, WACHSMUTH and SPEIN-
GER, — "ramiculi", JAEKEL), which appear in the metatomically rami
fying Barycriniies. The ramification in Botryocrinus ramosissimus ANG. 
(Follingbo, Gottl. Silurian, cf. also Iconographia, Tab. XX, 8) is shown 
in the following diagram. 
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fill 1-2 

RI l - 2 i 

II 1 - 2 

f l . . . 
[l 2'3 4 5. 

i jivi-2 IJ ; ; 
illl 1 - 2 3 4 

II 1 - 2 

\ Il 2 3 4(+)5. 

/ I l l 1 2 3 
\ 1 2 . . . 

UVl 2 34 5̂  
\ 

J l V I 2 3 4 5 , 
\ ' 1 • 

V 1 2 3 4 
2 3 4 5 6 7 8 9 1011 12 
\ \ \ \ \ 

/ l 2 3 IVI 1 234J J^ 

The oblique strokes represent "armlets". 
The ramification of one of these armlets (from Br 8 after V Ax 4 

from the above diagram) is: — 

Br 8 / 9 . , 
{J- /123 
^̂  \ 1 2 3 

The small arms are clearly in process of development into pinnules. 
Muscular articulations and also typical syzygies are still lacking. The 
latter were not distinctly differentiated till after the appearance of pin
nules, and constitute in their recent form preformed breaking-places for 
autotomy, during which the hypozygal makes a suitable base surface 
for regeneration. As for the an-angement of the small arms along the 
sides of the arms of the forms discussed above, these small arms are 
seen to lie alternately to the right and to the left, but some Br-joints 
may lack armlets, thus anticipating the formation of future hypozygals. 
Some of the articulations between these pre-hypozygals and following 
arm-joints seem also to be somewhat denser than the other articulations, 
and may be interpreted as the beginnings of syzygial formations. 

Botryocrinus {Didenocrimis JAEKEL) decadactylits and pinnulatus (up
per Wenlock limestone. BATHER 1891, 1892) have gone a step further 
still. 

In B. decadactylus the arm formula may be written: 

[Br 1 2 3 4 : 5 6 7 . . . 

iBr 1 2 3 4 5 6 7 . . . 
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P, is not infrequently forked, and can therefore best be regarded as an 
armlet. 

B. pinnulatus has an arm formula of the following kind: 

(11 1 2 { 

The ramifications on the outer sides are armlets, whose size is only ^/s 
of that of the main arm. The more distal parts of the arm have ordin
ary pinnules. It is to be remarked that BATHER thinks these two spec
ies may be directly derived from the older P. ramosus {Bathericrinus 
JKL. ) , which is supplied with armlets and is very closely related to the 
Gotland species B. ramosissimus (BATHEE 1891, p. 409). 

From lower Devonian, forms where only pinnules (ramuli, JAEKEL) 

have been developed, are known (Bhenocrinidae, JAEKEL). These are 
succeeded in Carboniferous and Permian by the Poteriocrinites, from 
which it may be considered that the recent forms in their turn developed. 
It is, however, doubtful whether the Poteriocrinites are to be derived 
directly from the series sketched above. As is shown in BATHEE'S work 
of 1893 even certain Gyathocrinus and Gissocrinus species in Silurian were 
canaliculate. Most Poteriocrinites are still non-canaliculate. The series 
described above had in the main developed its pinnules by the end of 
the Silurian period. But we still find in Carboriferous Poteriocrinites 
in which Pj is very long and ramose, circumstances which strongly 
recall Botryocrinus decadactylus (see above). 

In Scaphiocrinus multiplex (TEAUTSCHOLD) I have found that the most 
proximal pinnules are prodigiously long (Pj 40 mm.) and slightly forked: 
cf. diagram, which represents the ramification of the right posterior 
radius: 

[12 3 45 6 . . . 
P 1 2 3 4 5 6 7 8 9 3 ^ ^ g _ 

2 ( B r l 2 3 . . . M 1 ^ 3 , 5 . . 1 0 . . . 
|Br 12 3 . . . 

1 1 1 2 3 p l 2 ^ - -
Br 1 2 3 . . . 

The thickness of the pinnule is only 1'5 mm., while the breadth of the 
arm is 45 mm. (fig. 306). 

Presumably therefore it is more correct to assume that the Poterio
crinites developed from some more primitive Cyathocrinid form, and did 
not reach the canaliculatae and pinnulate stage till after the series 
described above. 
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BATHER (1890, p. 375) stated that the only diiference between pin
nules and arms is that pinnules contain fertile gonad. This distribution 
of the gonads does not, however, always exist (cf. above, p. 5). Distal 
pinnules and pinnules in the anterior radii of Comasterids may also 
lack fertile gonad. 

What difference is there then between arms and pinnules? The 
only difference that should be made use of in a definition of the dif
ferent types is that the pinnule is a small, unramified arm, as a rule 
considerably shorter than the main arm. Moreover as far as I have 
observed the mutual articulations of the pinnulars in recent Crinoids 
in proximal arm-parts are always unlike those between Brr, if one ex
cepts the articulations between pinnulars 1 and 2 — syzygoid articula
tions between pinnulars are to be found in Hyocrinus (cf. data and 
figg. in DöDEKLEiN, The Valdivia Expedition, 1912); cf. also e. g. the Pg 
in Stephanometridw, Chap. 2. 

The genus Hyocrinus has, however, very long pinnules, approach
ing the main arm in size. The pinnule-bearing Br-joints may therefore 
have the appearance of axillaries. When pinnules are of nearly the 
same size as the arms on which they rest, it is a matter of taste whether 
they are to be called pinnules or arms. The genus Cyathocrinus lacks 
pinnules; but between the two small unramified, most distal arms and 
pinnules no definable diff'erence exists. 

The phylogenetic development has doubtless been that an isotomic 
type of ramification was succeeded by a heterotomic, which in its turn 
was replaced by a metatomic; the lateral ramifications began to appear 
at regular intervals, diminished in relative size and became unramified. 
So we reach the holotomic or pinnulate type. We should thus regard 
the arm of the recent Crinoids as a sympodium which has arisen in the 
following way: right and left ramifications alternately have remained at 
their full development, while corresponding left and right have been 
suppressed into pinnules. This then is the evolution of the pinnule, 
looked at from the phylogenetic point of view. 

III. Appearance of pinnules at the ends of the arms, and 
intermediate forms between arms and pinnules. 

MoRTENSEN showed in his embryological work of 1920 that W. B. 
CARPENTER'S report of a sympodial growth of the arm during ontogenetic 
development is false. The pinnule segments are weaker from the very 
first, but on the other hand their longitudinal growth is at first more 
rapid. P. H. CARPENTER (1879, p. 40) and also A. H. CLARK (1915 c, 
pp. 79, 81) have said of the Comasteridae that their arms with limited 
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growth, i. e. the posterior ones, which have no ambulacral furrow, end 
in an axillary supporting two pinnules of equal size. From the examples 
of Coinatula pedinata and Comanthus parvicirra that I have examed — 
the same species as are drawn by CAEPENTEB and CLABK — I have, 
however, been able to ascertain that this statement too is inaccurate. 
In the anterior radii the arms end in the same way as is described by 
MoETENSEN (1920 a, p. 79) for Antedon petasus (cf. also fig. 1). The 
main arm always keeps its character of chief branch, and the pinnules 
break out like small buds alternately to right and left. On the posterior 
arms (cf. figg. 2 & 3) the only difference is that the growth of the main 
arm is retarded, so that the pinnules reach their full size, while the 
main arm grows not at all or only slowly. Therefore the arm does 
not end in an axillary supporting two pinnules, but on the last joint 
that gives rise to a ramification there is an (almost) full-grown pinnule 
and a main arm composed of a few joints. As soon as more than one 
or two joints have been formed on to the main arm a new pinnule 
breaks out; the main arm, therefore, keeps its ramified character and 
never develops as a pinnule. 

The obstructive factor which causes the formation of pinnules in
stead of arms may in certain abnormal cases develop two pinnules on a 
Br instead of one pinnule and one main arm or two main arms. A case 
of that kind is quoted by P. H. CAEPENTER (1884) for Actinometra strota 
{= ComatuJa Solaris). REICHENSPERGER (1914) has similar observations 
to report for Comatella stelligera and Amphimetra discoidea. Sometimes 
one may conclude from this abnormal pinnulation that the suppressive 
factor has produced a reversed effect, i. e. that what ought to have 
been main arm has become a pinnule, and vice versa (cf. exx. of Mela-
crinus rotundus and Tectinometra favopurpmea below pp. 18, 54, fig. 40). 
The examples, quoted below in another connexion, of hypertrophied 
pinnules should be interpreted as the result of removed obstruction. 

In this connexion I ought perhaps to mention a few examples of 
ramified pinnules, which thus form a recent counterpart to the armlets 
described above. MOETENSEN (1910) reproduces a pinnule of PoUmetra 
prolixa which was forked after the second joint. I have myself ob
served a combed pinnule in Comanthus pinguis, in which the pinnule was 
forked at the beginning of the comb (cf. fig. 4). A similar case occurs 
in a genital pinnule of Heliometra eschrichti (fig. 5). I have another 
example in which Pj cannot be said to be either a pinnule or an arm 
from Antedon petasus. The arm-formula may be expressed in the fol
lowing way: 

(P 1 2 3 4 5 6 7 89 i o n 12 13 1 4 . . . 26 

(Br 1—213 + 4 5 6 . . . 

^ ^""^iBr 1 - 2 3 + 
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Br 3 on the right side supports a slight regenerate. The pinnule-bearing 
pinnulars 8—11 are thickened and furnished with oblique articulations. 
The pinnule on Br 2 on the right side is normal. 

On another example of Antedon petasus, which gave the impression 
of being Xl-armed because one Pj in the left anterior radius was de
veloped like an arm, one Pi in the anterior radius was also forked. 
The length of this pinnule was about 10 mm. It always kept the 
character of a pinnule, however; the forking joints were not thickened 
or furnished with oblique articulations. Its formula may be written: — 

13 

17 

Cf. above, p. 9, Scaphwcrinus multiplex. 
A similar forked pinnule was observed by me in another, XII-

armed (6-rayed), example of Antedon petasus. This example had 6 radials 
and 6 pairs of arms, and the right posterior ambulacral furrow, though 
at its beginning unramified, was soon divided into two main trunks. One 
of the supernumerary arms of the most adanal pair had a forked Pg. The 
length of the pinnule was ± 7 mm. This pinnule is the first in the 
species that has a genital gland. While in ordinary cases this gonad 
reaches from segments 3 to 8 or 9, here it reached only from segments 
3 to 5. The segments were here never thickened, and the pinnule kept 
its character of pinnule. The formula may be written: — 

(Br 1—23 + 4 . . . 9 + 1 0 . . . 
I 1—2 " - „ 

|Br 1—2 3 + 4 56 7(8 9 + 1 0 . . . 

IP 1 2 3 4 5 6 7 8 9 10 n 12 13 14 . . . 19 

IV. Arm-ramification after a I Ax. 

A. Ontogeny. 

The young Pentacrinula, in the Comatulids, has always, as far as 
is known, X arms. Many of the now living unstalked Crinoids have 
more than X arms. How does this multibrachiate stage arise? It might 
perhaps be thought that this might happen in the same way as when the 

I 1 -2 . 
[Br 1—23 + 4 5 6 7 . . 1 0 + 11 . . . 

[3 + 4 . . . 9 + 1 0 . . . 

[12 3 4 . . . 18 

1 2 3 4 . . . 

iBr 1—2 

(P 1 2 3 4 5 6 7 8J 

112 1 2 3 4 . . . 
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Figg 1—7 1—2 Comatula pectmaia 1) Arm tip fiom one of the anterioi ladii , decalcified, 
'"/i 2) Alm tip fiom a posterior ungrooved lay, dis ta lmost pinnules strongly developed, the two 
last segments of the main arm small , '"/i 3) Comanthus pa) Bici>ra y vannpmna, arm t ip from 
one of the pos touoi , ungrooved arms, distal pinnulars not indicated, '°/i 4) Comanthuspmgtni, , 
A Lombed, foiking pinnule, "/i 5) Heliometia esch>ichti A genital pinnule foiking f iom the 
15th segment , ''ji 6—7) Anledon petasus 6) A simple a im l egene ia t ed fiom I Br 1, one 
small pinnule to the left, 'Vi 7) The same in cioss section, at about the level of the left 
p ioximal pinnule, in the a rm the small hole aftei the hydrocel and a la iger one of the coelom 
13 visible, *°j\ 
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first arm-ramification is formed. Here two ramifications of equal size 
grow out directly from a I Ax., and each of them give rise to an 
arm. MINCKEET (1905) was the first to show that multibrachiate forms 
produce their many arms by autotomy and subsequent "augmentative 
arm-regeneration". This means, in other words, that the young X-armed 
Comatulid grows for some time without increasing the number of its 
arms, but then at a certain size arms break oif at a proximal non-
muscular articulation, and from it an axillary and a pair of new arms 
are regenerated. He speaks of duplicative arm-regeneration when only 
one new axillary and two new arms are formed (I have quoted an 
example of this (1922) under Stenometra dentata Sp. 5). Multiplicative 
arm-regeneration is a rarer kind of arm-augmentation. This term is 
used when several series of arm-divisions following on one another are 
regenerated direct from the fracture. Of this kind of arm-augmenta
tion I have given (1922) an example under Asterometra anthus Sp. 18, 
and also in my description of Sp. 3 of Comaster delicata grandis. (Note 
the possibility that these examples may be of a pseudo-multiplicative 
nature; cf. below.) 

In order to facilitate a grasp of the different terms used by me 
below, I here give the following synopsis. 

Regeneration in recent Crinoids may be: — 
1) R e s t o r a t i v e : re-forming of a single arm broken off; occurs in 

all Crinoids. 
2) R e p r o d u c t i v e or p s e u d o - a u g m e n t a t i v e : from a fracture 

one or more axillaries with two or more arms are r e - f o r m e d ; thus 
the number of arms is the same as before the breakage. Occurs presum
ably in all more or less full-grown Crinoids. It is called p s e u d o -
d u p l i c a t i v e when one axillary and two arms are re-formed; p seudo-
m u l t i p l i c a t i v e when several axillaries following on one another, and 
therefore more than two arms, are re-formed from the same fracture. 

3) A u g m e n t a t i v e : from a fracture a greater number of arms are 
formed than the broken limb possessed: occurs in Comatulids, and pre
sumably also in Diplocrmus and Teliocrinus. It may be d u p l i c a t i v e , 
when one axillary and two arms are formed from the fracture; or m u l 
t i p l i c a t i v e , when several axillaries following on one another, and 
therefore more than two arms, are newly formed from the fracture. 

4) Reduc ing : from a fracture a smaller number of arms are rege
nerated than the broken limb possessed. This case is theoretically con
ceivable, but has scarcely been observed with certainty before (cf. 
however p. 29 below). 

Increase in the number of arms occurs in all the Comatulids, as far 
as is known, in this discontinuous way. It might possibly be presumed 
that a more direct development took place when the arms of certain 
multibrachiate CapiUasterinae increase in number. Indeed A. H. CLAKK 
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(1909 b, p. 121) states that even very tender young of Capillaster and 
Nemaster are multibrachiate. In the Siboga work (1918), however, he 
withdraws this statement. 

Young of s t a l k e d Crinoids are only known in a very small num
ber of examples, and in ordinary cases they are in such an advanced 
stage that not much can be determined about their method of arm-aug
mentation. 

Augmentative arm-regeneration in Pentacrinids occurs probably in 
Teliocrimis and also in Diplocrinus ace. to DÖDERLEIN (1912). The 
drawing left by P. H. CAEPENTER of a young Isocrinus (Pentacrinus) 
decorus seems to show that the formation of arms from II Ax. takes 
place in the same simple way as the formation of the two arms on 
I Ax. in the Comatulid Pentacrinula; the end of the arm ramifies into 
two processes, which are equally favoured in further growth, and so 
develop into two new arms. 

DöDEBLEiN states of young of the genus Metacrinus (from the Val-
divia exp.), which he has examined (p. 29): "Ich konnte bei den jun-
gen Exemplaren nachweisen, dass sich an einem oder dem anderen Arm-
strahl noch unmittelbar vor seinem Ende eine Axillare ausgebildet hatte, 
d. h. eine Gabelung angelegt wurde". In his somewhat earlier work on 
the Metacrini of the Siboga Expedition (1907) he published a figure of 
an arm-ramification in M. acutus, in which 'd ie Arme auffallend un-
gleich sind". 

The young of Metacrinus described in my systematic work of 1922 
are very instructive on this question. My observations show distinctly 
that the formation of II, III and IV Br-series takes place in the follow
ing way. On the simple arm certain pinnules begin to gain strength and 
grow. On the sides of the strengthened pinnules new small pinnules 
arise, and the new arm gradually reaches the same length as the main 
arm. The place for this strengthening of the pinnules is to be found 
in the region of transition between the large and rudimentary pinnules 
of the main arm. As that part of the arm which is supplied with the 
latter is shorter the younger the specimen is, it is clear that the arm-
ramification for the formation of II Ax. will occur fairly near the top 
of the arm. Therefore the main arm and the new arm are not very 
unequal in length there, whereas the new arms on III, and to a still 
greater extent on IV Ax. are very different in length at earlier stages. 
Thus the lengths of a main and a side arm on a 11 Ax. (M. interruptus 
Sp. 16) are 2 and 3 mm. respectively; of two young arms from III Ax. 
{M. interruptus Sp. 17) 5 and 1 mm.; of arms from IV Ax. {M. inter
ruptus Sp. 13) 12 and 2 mm., and (M. nobilis tenuis Sp. 9) 5-0 and 1-2, or 
3-0 and 0-8 (cf. Tab. 2, Figg. 1 3 - 1 5 , GISLÉN, 1922). 

Here the factor of obstruction only succeeds in acting temporarily 
on the pinnule which is destined to become an arm. Thus arm-ramification 
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/ 
in the genus Metacrinus is more direct and primary than in the Co
matulids; a pinnule is strengthened, it ramifies, and then it grows till it 
is equivalent to the main arm. 

B. Arm-rainification in adults. 

There is also, however, a regeneration of broken arms in the Pen-
tacrinids, just as in the Comatulids; and as in them the fracture is most 
often at the syzygies. When an arm-ray has been broken before a last 
axillary, regenerates appear which are like the augmentative regenerates 
of the Comatulids. A pseudo-duplicative arm-regeneration of this kind in 
M. nobilis tenuis (Loose crown 1, St. 9, GISLÉN 1922) may be written: — 

- iBr, 3 + 4 . . .43 
llV 123 + 4. . . .10, l l . { j ^ ^ ^ 3 _ ^ ^ ^ ^ 

The inner arm is 17'5, the outer arm 19'5 mm. 
And in M. rotundus Sp. 2: — 

(III - -_ (Br, 12-5 mm. 
( I I3 + 4 . . . 7 ™ (IV.3 + 4—16 m m . - 2 2 23 „ „ , 
I |III J IBr, 9 5 mm. 

flII3 + 4, . . .12, IsJBr, 31 mm. II 3 + 4 
11111+2 12 IS P""' ^^ ™"'" J'̂ '̂ ^^^ ™™" 

- ' • • •—' ' ' | IV, 3 + 4—10 mm.-1415lBr, 13 mm. 

It is only by following series of different stages of development 
that the difference in principle between Comatulids and Metacrinus in the 
way their arms increase can be ascertained. Thus the pseudo-augmen
tative arm-regeneration of which examples have been given above is 
only of a reproductive nature. In this connection I may point out with 
regard to the Comatulids that reproductive arm-regeneration appears in 
them too. It is therefore necessary to beware of interpreting an axillary 
regenerate off-hand as an augmentative arm-formation. But the Coma
tulids undoubtedly have augmentative arm-regeneration as a means for 
increasing the number of their arms, whereas Metacrinus uses a more 
direct and primitive way. A forerunner to augmentative arm-regenera
tion is reproductive arm-regeneration, which occurs in Metacrinus as well 
as the primitive'method of augmentation described above. In the more 
specialized Comatulids the strengthening of a pinnule into an equivalent 
of the main arm never occurs normally (with the possible exception of 
Comitula etherklgi). There arm-regeneration also becomes augmentative, 
as the surfaces of syzygies in proximal parts of the arms get the power 
to form axillaries with a greater number of arm-ramifications than the 
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broken arm-ray had. The apparently simpler arm-ray of the Comatulids 
must be considered as potentially forked, but the ramification does not 
come to light because the factor of obstruction permanently restrains 
the efforts of the pinnules to develop directly into side arms. This 
ramification does not appear until after an arm-breakage (in the Co
matulids, autotomy), when the dormant tendency is released at regen
eration. 

On an examination of the genus Melacrhms one is struck by the 
extent to which the odd numbers are commoner than the even in the 
division series — that is, if the hypozygals are counted as independent 
segments. In M. nohilis tenuis, among the specimens examined by me 
(1922) of II to V Br series, there are 233 odd to 26 even; in M. ro-
tundiis 217 odd to 70 even; in M. interruptus 372 odd to 59 even. More
over, if one examines more closely the number of syzygies in the different 
arm-division series, one soon discovers the rule that the series witli an 
odd number almost always have an odd number of syzygies, while those 
with an even number either lack syzygies or have an even number of 
them. That means, in other words, that if one treats segments joined 
by syzygies as units, as CABPENTER did, the division series have an 
even number of segments. Counting in this way, M. nohilis tennis has 
2-58 series with an even number of segments, and only one with an odd 
number; M. rotundus has 275 even to 12 odd; and M. interruptus has 
422 even to 9 odd — i. e. a total of 955 even series to 22 odd. SPERRY 

(1904) has made a curve for the variability of II Br and a similar one 
for III Br in M. rotundas, and he also gives a strong preponderance to 
the even series. He looks for the reason for this in the fact that 
pinnules on the inside of the arm are closer than on the outside. If 
the number of segments is even, there Avill be a smaller number of pin
nules on the inside in the division series than on the outside. Example 
(modern notation): — 

F Iiv 
i m 1 2 3 + 4 5 6 7 89 10 l l j j ^ 

This is of course a correct observation, though it does not give an 
explanation of the phenomenon. The real explanation is presumably 
that if there is an even number of segments (syzygial pairs counted as 
units) then t h e new arm wi l l be formed as a b r a n c h on t h e i n s i d e 
of t he arm, where it is more protected during its first period than on 
the outside (cf. GISLÉN 1922, PI. 2, photos 13—15). How far-reaching 
this rule is may best be seen from the figures quoted above. It can 
also be strengthened with other facts. I quoted above (p. 16) some 
examples of reproductive arm-regeneration. A measurement of the re
generated arms shows that the inner arms, even in the case of repro-

2 — 2+120. T. Gislén. 
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duction, are to begin with weaker than the outer ( = main) arms. This 
phenomenon is explained by the rule demonstrated above; for the regen
erate suggests the form that the actual ontogenetic development took. 
When, as sometimes happens, a new arm develops on the outer side of 
the main arm, the ramification often takes an abnormal form. The base 
of the new arm bends out in a wide curve, and the two arms diverge 
not (as is usual) at equal angles from the main axillary. Sometimes, 
in spite of an uneven number of components in the series, the new arm 
still appears on the inner side owing to abnormal pinnulation: e. g. 
yt. interruptus Sp. 5:— 

III 12 3 4 5 6 + 7 8 9 10 

HI 

The explanation of an abnormal number in the division series is generally 
that the main arm has aborted and become a pinnule, while a pinnulf 
has hypertrophied and taken over the function of the main arm: or in 
other words that a shifting of the suppressive factor has taken place. 
A regenerate from IV Br 3 in M. rotundus Sp. 2 gives a pretty ex
ample of this: -

III Br . . 3 f 4 . . . 13'^^' 
IV 12 3 + 4 , . . . 

I Br, 5'.') mill 
• . . . 1 2 1 3 1 4 1 5 V. l_^=^4 5 6 74.8 9 10jj^^_g^^^^^^ 

'P 4,5 mm 

On a IV Br 15. which has developed tis an axillary, there is here a 
pinnule instead of the main arm to the right. IV Br 14 and 15 there
fore both have pinnules on their right sides. The original pinnule on 
IV Br 15, on the other hand, is strengthened into a V Br arm with 
two new arms, the left-hand one 5-5 mm., and the right-hand one 9 mm. 
The left-hand arm is in the position of an inner arm, because the main 
ramification from IV Ax has aborted into a pinnule. The abnormality 
of number in the V Br series is due to the pinnulation of IV Br 14 
and 15 and the consequent demand for an uneven number in the follow
ing division series in order that the two arras resulting from that may 
develop in a normal way. A similar example from Floronietra tanneri 
has been described and drawn by A. H. CLARK (1908 a). 

As far as can be judged from AGASSIZ' work on CahiiiioeriiiMs (1892). 
in this genus too it is most frequently an inner pinnule that is strength
ened into an arm. 

CAKPENTEK'S figure of the young (Pentacrinus) Isocvinus decorus in 
the Challenger work (1884) shows that in this genus the new arm is 
formed by the splitting of the growing point. Thus in this case it cannot 
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be said that a new^arm developing on the inner side of the main arm 
would be more protected than one developing on the outer side. There
fore in this case the number of even segments (syzygial pairs counted 
as units) in II Br and following series is not strikingly higher than that 
of odd segments, which occur pretty often to judge by the figures. I 
may here point out that in the Cyathocrinids odd and even series occur 
mixed (cf. p. 6). In the Pentacrinids, two separate series develop: 
one with an arm in the place of an inner pinnule and another with an 
arm in the place of an outer pinnule. In Tdiocrimis, with its few-
jointed division series the new arm is usually, though by no means always, 
in the place of an inner pinnule. In Diplocrimis on the other hand the 
number of segments in the division series is odd (counting syzygial 
pairs as units) = 1, and the new arm is therefore in the place of an 
outer pinnule. The genus Cenocriniis to some extent forms a link be
tween hocrinus and Metacrinus, since the outer series of divisions seem 
usually to have an even number of segments, while the inner have an 
odd number. 

Among the Comatulids it is only in fam. Coniasteridae, subfam. 
('apillasterinae that the form of pinnulation appearing in the genera 
Metacrinus, Teliocrinus and Isocrinus and represented by the formula 
{ l 2 + 3{ reappears. This type is, as far as pinnulation is concerned, to 
be compared with { l ± 2 3+4{, though there the first syzygial pair has 
coalesced into a single ossicle. All the other Comatulids have either 2 
or 4 components in their division series. With regard to pinnulation 
these are to be considered as 1 and 2 ossicles respectively, since seg
ments 1 and 3 in the division series never have pinnules. Thus in the 
former case tiie new arm must be considered to have developed on the 
outside of the main arm, in the latter case on the inside. 

The indifference to whether it is an outer or an inner pinnule that 
is strengthened into an arm which meets us in certain Pentacrinids, 
and which is to be explained by the shortening of the division series, 
recurs in certain primitive families of Comatulids. Thus the Cltaritome-
tridae have about as many forms with 2 as with 4 components in the 
division series. The mixed type is also found in the Capillasterinae, 
Comasterinae and Zygomelridae (the last two with a tendency for 4 com
ponents to predominate), the Calometiidae and Thalasf,ometridae (though 
most of the genera in these last two families are bidistichal). The familj' 
Himeromelridae has almost exclusively forms with 4 components in 
the division series, while the ('omactiniinne, Slephanometridac, Mariame-
tridae, Colobometridae and Antedonidae have taken the other path and 
have practically always two segments in the division series. 

As the division series here have few segments, the young arms will 
be situated near the base of the arms. As in the case of Isocrinus 
decerns, an inner pinnule is not more protected during development than 
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an outer pinnule. Moreover in the Comatulids direct increase in the 
number of arms has been replaced by augmentative regeneration, and 
the small arm-regenerates, hidden between the bases of the arms, are 
not very much exposed to breakage. This, in my opinion, must be taken 
to be the explanation of the indifference to the number of segments in 
the division series. In the tendency of the axillaries to shift towards 
the proximal parts of the arms, a tendency which can be traced in the 
form-series of all the Crinoids, there is this advantage: if the arms are 
exposed to a bending that will result in fracture, these fractures will 
occur distally to the axillaries. and will therefore only affect single arms. 
On the other hand, in Metacrinus and forms of a similar type whole 
clusters of arms are easily broken off, and so there is a greater per cent 
loss of ambulacral furrow. 

Occasionally in the Comatulids also there occurs a direct strength
ening of pinnules to equality with arms. A very interesting case of 
this kind in Antedon petasiis is described by Dr. MORTENSEN (1920 b, pp. 
73 ff.). In 5 arm-rays out of 10 both Pj and 1\ have developed into 
more or less complete pinnule-bearing arms (n. b. Pĵ  is often stronger 
than Pj). Another specimen of Antedon petasus which I have myself had 
an opportunity of examining (cf. above p. 12) had a P, in the left anterior 
radius developed into an arm which was as strong as the other arms 
(L = 75 mm.). Fz-om segment 6, where the pinnules begin on the hyper-
trophied Pj, appeared stout segments and oblique articulations, as on 
the other arms. It is to be noted that syzygies of normal appearance 
and distribution also occur, (in distal arm parts with an interval of 3 
oblique articulations.) The arm-formula may be written: — 

(Br 1 - 2 3+ 4 5 6 7 . . 9+ 1 0 . . 
1 1 - 2 ^ , 3 + 

1 2 |p 1 2 3 4 5 6 7 8 9 10 + 11 . . 15 + 16 . . 

. . 20 + 21 . . 24 + 25 . . 29 + 30 . . 32 + 33 . . 36 + 37 . . 

or possibly P 12 3 4 5 + 6 7 8 9 1 0 1 1 4 - 1 2 etc. 
A similar case, possibly normal, is found in Comalula etheridgi. 

Here every Pj is developed into a small pinnule-bearing arm shorter 
than the main arm (A. H. CLAKK, 1918, p. 26). If, as has been supposed, 
C. etheridgi is a young C. rotalaria, we are here faced with a direct 
arm-development like that of Metacrinus. 

In a specimen of Cyllometra pulchella from Dr. MORTENSEN'S collec
tion (St. 10) the right posterior radius took the following form: — 

(Br 1—23 + 4 5 6 7 . . . 1 5 + 1 6 . . . 
II 1 - 2 3 ] 

iBr 1 + 2 3 4 5 6 7 . . . 16 + n . . . 

Br 1 - 2 3 + 4 5 6 7 8 9 + 1 0 . . . 1 4 + 1 5 . . . 
I 1-2^ 
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FRANK SPKINGEK describes (1901) a case of Uintacrinus socialis in 
which this usually X-armed Crinoid has become Xl-armed by the de
velopment of a P j into an arm. Possibly this case should be ranked witli 
those that have been enumerated in this connexion. 

Occasionally, for one reason or an other, pinnules develop directly 
into arms in more distal parts of the arm also. 

I can quote an example of this from Asterometra anthiis (GISLÉN, 

1922, Sp. 33), whose arm-ramification may be written: — 

(Br 1—2 3 + 4 5 () 7 ... 11 + 12 ... 17 + 18 ... 
I 1-2J 

(8 9 10 +11 12 13 14 15 + 16 ... 21 -f 22 ... 
iBr 1 - 2 3 + 4 5 6 7 

IP 12 3 4 + 5 6 7 89 1 0 1 1 1 2 + 1 3 . . . 
. . . 1 9 + 2 0 . . . 27 f 2 8 . . . 

At the abnormal place for arm-ramification an entoparasitic gasteropod 
is encysted, and it is possibly the irritation caused by it that has 
released the dormant tendency (note, however, that many other specimens 
of the same species have encysted gasteropods in their arms without 
arm-ramification taking place). For some reason or other there are no 
soft parts on Br 8 —12 (the distal part of the original arm still has an 
ambulacral furrow). This is the most probable cause of the hypertrophy 
of Pg on the original arm. The flow of sap to the distal parts of the 
main arm has been cut off, and Pg has received the surplus and so deve
loped into a complete arm. It is to be noted, however, that no such 
abnormal flow of sap can be adduced in the three cases, observed by 
me, which are described below. MORTENSEN (1920 b) has described a 
hypertrophic pinnule in Anfedon pelasKS. Here too it is Pg that has 
developed into an arm. 

In Dr. MORTENSEN'S collection of Japanese Crinoids I have found 
the following three examples of the development of distal pinnules 
into arms. 

1). Comanthiis pinguis Sp. 6 (St. 10), right posterior radius. Arm 
formula: — 

'III, l - 2 3 + 4 5 + 6 7 + 8 p ' ^~'^''^^ 

I 1 -2 

(II 1 -2 3 + 4J IBr, 1 - 2 3 + 
[UI, 1 - 2 3 + . 

|III 1 - 2 3 + 
II 1 - 2 3 + 4 ) (Br 1—2 3 + 

3 + 

2). CijUomeIra indchdla Sp. 5 (St. 10), disk thrown ofi'. Arm 
formula: — 
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I 1—2 

(Br 123456-1-7 
fll 1—23 + 4 56 7 8 

I 1_2J (Br 1 + 2 3 4 5 6 + 7 . . . 1 1 + 1 2 . . . 

b r l — 2 3 + 4 5 6 . . . 9 + 1 0 . . . 

3). Neomelra nmUicor Sp. 11 (St. 24), left posterior radius. Scheme 
of the arm: — 

j j ^ . B r l - 2 3 + 4 . . . 

l B r l - 2 3 + 4 . . . 
(Br 12 3 4 + 5 6 . . 9+10 . .13 +14. .17+ 18. 

( I I I l - 2 3 + 4 5 6 7 8 9 1 0 1 l { 
l B r l 2 + 3 4 5 6 7 + 8 . . .11 + 1 2 . . . TI1—2 

Br 1—2 3 + 4 . . . 9 101112 13141516 17 18+19. 

In cases 1 and 2 it is an inner pinnule that has developed into an arm. 
The first example is perhaps the most remarkable; there we get a pic
ture of the repetition, as far as possible normal, in more distal parts 
of the arm of the proximal arm-ramification and its distribution of non-
muscular articulations. 

A. H. CLAEK has described and illustrated an arm of (Becametro-
crinusj Thaiimatocrinus sp. (1912, pp 249—50) twice forked in its distal 
part. The proximal branch seems to be due to a sheer splitting of the 
point of growth — I have observed a similar case in djllometra pul-
chella — the distal branch, on the other hand, seems to be caused by a 
hypertrophied pinnule. 

V. Arm-ramiflcatioii at and before a I Ax, and piniiulatioii of 
simple arni8. 

So far I have discussed the relation between arms and pinnules in 
distal parts of the arms, as well as the connexion between pinnules and 
2nd and following arm-ramifications, and allied phenomena. It remains 
for me to treat of the connexion between arms and pinnules at the 1st 
arm-ramification. 

A. Metat'rinus. 

We have already seen how the new arms in the genus Metacrinus 
develop in normal cases on the inner side of a main arm. What, then, 
is the condition at the first ramification — I Ax? Here there can be no 
question of the new arm developing on the inner side of an arm-fork. 
A comparison of the material that has been dealt with shows that in a 
great majority of the cases it is the right hand pinnule that has been 
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strengthened and become equivalent to the main arm; i. e. corresponding 
to a pinnulation in e. g. M. inlerrupfns of: 

K I l + 2 a 4 + 5 6 7 L j 

In M. nohilis tenuis (9 spp.) the right hand pinnule is strengthened into 
AW arm in 24 cases, the left hand pinnule in 11. In M. rolundus (7 spp.) 
2-5 right pinnules and 11 left pinnules are strengthened into arms; and 
in M. interniplus (19 spp.) 1'Ji right pinnules and 15 left pinnules. In 
all 122 right pinnules strengthened as against 37 left pinnules. The 
reason for this can moreover be traced. In far the greater number of 
cases the first pinnule is on the right of I Br 2; in other words, it is 
the right arm-fork that is suppressed at the first ramification. When 
the first real arm-ramification at last takes place, it is on the right side 
that the .suppressed impulse to arm-formation is stronger, and therefore 
it is more often a right than a left pinnule that develops into an arm. 
In M. nohilis tenuis (9 spp.) Pj is on the right of I Br 2 in 24 cases out 
of 35, in M. rotundus (7. spp.) in 26 cases out of 30, and in M. inter-
niptus (21 spp.) in 85 cases out of 100; in all, in 135 cases out of 165. 

Thus it is the right hand arm that is suppressed in the genus 
Metacrinus. What is the case in other types where arm-ramification takes 
place after the first pinnule, and in the forms that have simple arms? 

B. Hyot'rinidao. 

We will first examine the family Uyocrinidae. Of the genera 
hclonging to this family, Calamocrinus has its first arm-ramification after 
the first pinnule, while the other genera have simple arms. 

A scheme of the segments in the arm-bases and of the pinnulation 
in ('(damocriniis may be written: — 

(II 
R I l + 23 4 5 + G7 + 8 9 10|jj or R I 1 + 2 34 5 + 6 7 8 + 9 10 

The first pair of pinnules is thus completely suppressed, and the 
first pinnule develops in the great majority of cases to the left of I 
Br 4 — the suppressed first pinnule would, as we remember, also have 
appeared on the left if it had developed. The first arm-ramification is 
also usually caused by the strengthening of a left pinnule. Thus here 
too there is a connexion between the development of the 1st pinnule 
and of the 1st arm-ramification similar to that which could be established 
in the genus Metacrinus. The difference is that P^ and the first arm-

( 

II 
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ramification developed to the right in Metacrinus, while they are to be 
found on the left in Calamocriuus. 

The other genera of the family of Hyocrinidae are, like Calamo-
crintis, defective in their pinnulation. Information as to the position «f 
the pinnules is only sporadical and incomplete. A reconstruction of the 
defective rows of pinnules shows, however, that in the great majority 
of cases the suppressed Pj must have been on the left of Br 2. 

The arm-bases of the Ptilocrinus species may be written: — 

R Br 1 + 2 8 4.•) + (>? 8 + 9 10 1 1 . . . 

A specimen of PI. pinnafus in our museum had this distribution in all 
5 cases (cf. also A. H. CLARK, 1907 b, p. 552; BATHER, 1908). 

Of Gephyrocrinns there are only three specimens known (KOEHLER 

6 BATHER, 1902; KOEHLER 1909). The pinnulation and distribution of 
syzygies of the arm-bases up to and including Br 6 are for the most 
part like that in Ptilocrinus. The 1st pinnule is on Br 4. According to 
the description and figures the first, suppressed, pinnule was on the left 
of Br 2 in 10 eases out of 11. 

In Thalassocriniis the first developed pinnule is on Br 5. According 
to A. H. CLARK'S figure (1915 e) it was on the left. The formula is: — 

K Br 1 + 2 3 4 + 5G + 7 . . . 

Byocrinus hethelliamis has its first pinnule to the left on Br 6, or: — 

R Br l + 2 ; H 4 5 + 67 + 8 + 910 + l l + 1 2 . . . 

according to CARPENTER'S statement (1884, p. 219) and DÖDERLEIN'S photo 
(1912) N. B. CARPENTER'S figure is inaccurate, as the whole picture 
has got reversed. 

C. Pliryiiocrinidae. 

In fam. Phnjnocrinidae, the genus Naumachooinus is only known 
from very defective specimens, while there is a pretty well preserved 
specimen of Phrynocrinus (A. H. CLARK, 1907 a). This has its first 
arm-ramification at about I Br 20 - 25. The first developed pinnule is 
on I Br 7 or 8, to the right in 2 cases and to the left in 3; and the 
formula may be written: — 

R I l + 2 3 4 + 5 « 7 + 891011 . . . 

A reconstruction of the pinnulation on the 5 rays of the only known 
specimen of Phrynocrinns nuiliis shows that the (suppressed) Pj stood to 
the right of the first epizygal in 3 cases, and to the left in 2. 
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D. lititliyrriniiltr. 

The family Balhycvinidae is represented in recent seas by 6 genera, 
of which 3 have X arms after a I Br 2 as axillary, and 3 have V arms 
- Bhkocrhws, Bytkocrinus and Democrinus. In the chapter on the phy-
logeny of the Comatulids I have explained how the Bathycrinidae con
tain two different series: one with short and coalescent BB — to it 
belong, among other genera, Bhizocrimts; and one with very long BB, 
joined together by sutures — to it belong, among other genera, Bytho-
crimis and Democrinus. I t has its interest here to see that the position 
of the first pinnule is different in the different series. 

In lihizocrinus lofotensis the first developed pinnule appears almost 
always on Br 8 and usually to the right — according to my examina
tions of specimens from the Trondhjem Fjord, for instance, in 22 cases 
out of 30. The arm-formula can thus be written: 

K I 1 + 28 + 4 5 + 67 + 89 + 1 0 . . . 

P, should therefore, if developed, usually appear on the left of Br 2. 
The genus Bythocrinus, on the other hand, has a different arrange

ment. The arm-formula in B. cf. hraueri may be written: — 

R Br 1+2 3 + 4 5 + 6 7 + 8 9 + 1 0 . . . 

Thus the first pinnule appears most frequently (to the left on Br 4 or) 
to the right on Br 6, — in the 4 specimens observed, in 9 cases out 
of 11. P, would therefore, if developed, usually appear to the right 
of Br 2. 

E. Coiniitulida. 

Among the Comatulids 4 genera have simple arms. It is of some 
interest to see that the only one of these genera that is of an Oligo-
phreate type (Eudiocrinus) has Pj ( P J to the left, whereas of the 3 
remaining genera, which are of a Macrophreate type, at least 2 in the 
great majority of cases have Pj to the right. 

The scheme for the type of ai-m in Eudiocrinus may be written: — 

R Br 1 + 2 3 - 4 5 + 6 7 8 9 . . . 
or 

R I 1 + 2 Br 1—2 3 + 4 5 6 7 . . . 
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I have found no deviation from this type among the specimens I have 
seen. 

The 3 Macrophreate genera that have simple arms are: Thaumato-
ctinus (with X arms), Pentamelrocrinus and Atopocrinus (with V arms). 

In Thaumatocrinus the 1st pinnule appears as often to the right 
as to the left in the species I have had the opportunity of seeing. In 
the specimen of Thaumatocrinus jungerseni which is in the Uppsala 
museum Pj appears to the right on Br 2 in 5 cases out of 9. Dr. MOB-
TENSEN has been kind enough to examine for me ten more specimens of 
the same species io the Copenhagen museum. The result was as follows: 
Sp. 1, r. twice, 1. 8 times; Sp. 2 (9 arms), r. 4, 1. 5 times; Sp. 3, 4 
and 5, r. 4, 1. 6 times; Sp. 6 (9 arms), r. 5, 1. 4 times; Sp. 7 and 8, 
r. 6, 1. 4 times; Sp. 9, r. 7, 1. 3 times; Sp. 10, r. 8 times, 1. twice. 
Totals, r. 50, 1. 48. It might be thought that this peculiarity is 
accounted for by the genus being X-rayed. But, unfortunately for that 
theory, the same distribution may be traced in the five-rayed young 
of the genus too. In Thaumatocrinus renovatiis (P. H. CAKPENTER, 1888, 
p. 67) Pi appears to the right on Br 2 in 3 cases and to the left in 2. 
The position of P^ also varies in a young of Th. jungerseni, with V 
arms (A. H. CLAEK, 1923, figg. 3, 4). 

In Pentametrocrinus and Atopocrinus the type of arm-ramification 
seems generally to correspond to the formula: — 

R Br 1 - 2 3 4 + 56 7 . . . or R Br 1—2 3 4 + 5 6 7 . . . 

P. H. CARPENTER states (1884, p. 85) that in Pentametrocrinus japo-
nicus the first pinnule (on Br 5) appeared to the right in 11 cases out 
of 12. Pi also appears to the right on Br 2 in P . varians (op. cit. 
p. 81). It is also stated to be more common on the right than on the 
left in P. semperi (p. 83). Of P. diomedeae I have myself seen two 
specimens; here the first pinnule is on the right in 9 cases out of 10. 
Judging by KOEHLER'S figures (1909) there seems also to be a similar 
state of affairs in P. atlanticus. 

Mr. H. ENGEL, curator at the zoological museum at Amsterdam, has 
kindly given me the following information about the pinnulation of the 
only known specimen of Atopocrinus sibogae. (Arms broken at the 2nd 
or 3rd syzygies.) • , 

Left posterior arm: R Br 1—2 3 4 + 5 6 7 + 8 9 10 + 

» anterior » : R Br 1—2 3 4 + 5 6 7 + 8 9 10 + 

Anterior » : R Br 1—2 3 4 + 5 6 7 + 
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Right anterior arm: K Br 1—2 3 4 + 5 6 7 + 8 9 10 + 

» posterior » : l\ Br 1 - 2 3 + 4 5 6 + 7 8 9 + 

Thus Pj is in 4 cases out of 5 to the right on Br 2. 
1 will now give certain examples of the suppression of a right or 

a left arm in other Comatulids also. The examples I can quote still 
show a tendency for the suppression to be located differently in certain 
Oligophreate families on the one hand and certain Macrophreate types 
on the other. 

Docent CARL AUBIVILLIUS brought home from Java some Crinoids, 
which are preserved in the collections of the Uppsala museum. Among 
them is a IX-armed specimen of Comatula pectinata. It is here, as in 
Eadiocrinus, the left arm that is rudimentary. It is composed of a 
small calcareous lump of 2 ossicles joined together by a syzygial arti
culation. The right arm has three consecutive syzygial pairs, and its 
formula can accordingly be written: — 

|l + 2 
II I 1-12 Br 1 + 2 3 + 4 5 6 . . . or K Br 1 + 2 3 f 4 5 + 6 7 8 . . . 

FKANK SPRINGER, in his work, referred to above (p. 21), on the 
pelagian Cretaceous form Uintacrinus, maintains that this Crinoid is 
closely related to the Oomasteridae. It is significant that in an abnormal 
IX-armed specimen it is the left arm that is suppressed to a pinnule. 

W. B. CARPENTER, in 1866, made a drawing of a IX-armed speci
men of Anledon bifida. The simple ray may be written: 

1{ 1 1 Br 1—2 3 + 4 5 6 7 . . . or R Br 1 2 - 3 4 + 5 6 7 8 . . . 

I found a similar example in a IX-armed specimen of Antedon pe-
tdsuf. Here, however, the formula for the simple ray (left anterior) is: — 

R I 1 Br 1 -2 3 + 4 5 6 7 89 + 1 0 . . . or R Br 1 2 —3 4 + 5 6 7 8 9 10+11 . . . 

The unforked arm is as strong as the others. On both sides of the arm 
the first genital gland is supported by P3. It is to be noticed that the 
unusual distribution of non-muscular articulations is the same in both 
cases. These cases may be explained in two ways. Either the reduc
tion has gone so far that both the suppressed arm and the ossicle to 
which it was attached have disappeared; or the arm alone has been 
suppressed, while I Br 2 has coalesced with 1 Br 1 into one ossicle. 
Since there is a muscular articulation between I 1 and Br 1, the second 
possibility seems the more probable. In one of these cases it is clearly 
a right arm, and in the other a left arm, that has been suppressed. It 
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is to be desired that more data about the pinnulation of similar forms 
with simple rays should become available, to enable us to decide 
whether the tendency to suppression is commoner in the one arm or in 
the other, or, as in Thaumatocrinus, equally common in both. 

I have mentioned above (p. 14) that during ontogenetic development 
the first arm-ramification is formed by the development of 2 equally 
strong arms. Sometimes, however, it seems that a difference in length 
between the two arms, which is very insignificant and in larger young 
soon disappears, arises, at least in certain cases. Thus we have here a 
difference in length between the two arms of a pair; not a difference 
between pairs of arms, such as is illustrated and described by PERKIER 

(1886, pp. 219 ff., PI. 2). This latter, in fact, seems not to occur (cf. 
MoRTENSEN, 1920 a, p. 72). The slight difference between the arms in 
pairs of ai'ins has so far been scarcely discussed (MOKTENSEN, 1920 a, 
denies it), occasionally illustrated, and possibly sometimes overlooked 
on account of its transitory nature. ' \Vhere it is marked, it seems to 
be strongest in arms with 10 to 15 Brr. 

The observations I have made on very small young of the Thalasso-
metrids Asteromefra anllius and Stenometra dentata (cf. GISLÉN, 1922, 
pp. 109, 110, 118) point to the conclusion that one arm, and then usually 
the right arm, is less favoured in earlier stages of development. 

It seemed to me to be possible that in reproductive arm-regenera
tion the growth of one or the other arm might be more or less favoured, 
and that that might open up a possibility of drawing certain conclusions 
as to the tendency to suppression. 

Jn order to discover whether this could be established for regen
erates from I Br 1, I carried out at the Kristineberg zoological station 
experiments in regeneration with Anteclon petasus. Owing to a number 
of unfortunate accidents, out of all the hundreds of specimens operated 
on I only obtained 10 with regenerated arms. 

' We may compare the stalked imiiiatuie foinis with i)o»'t axillary elejiients 
of which figures have been published. They are as follows: — Contactinia meridiona-
lig (A. Aaxssiz 1888, ̂ 'ol . 2, p . 117, SKIXGEB 1920, pll. 1 and 2); Crotalomefra jwu-ectaC') 
(P. H. CAKPEXTER, 1888, PI. 14, figg. .5—7, cf. also A. H. CLARK, 1922, p. 521); Glypio-
metra tuberosa (P. H. CAKPEXTER. 1888, PI. 14, fig. 9, A. II . CLARK, 1922, p . 523); Ptilo 
metra niulUri {= Himerometra paedophora, IT. L. CI.ARK, 1909, p . 525, PI. 47); Antedon 
mediterranea (A. II. CI.ARK, 1922, PI. 51); Antedon Wfida (WYV. THOMSON , 18G5, PI. 27; 
W. B. C-VBi'EXTEK, 186«, PIl. ; i 9 - l l ; PERRIEB, 188<i, PI. 2; CHADWICK, 1907, PI. 7); Ante
don petasiis (MoBTBxsKX, 1910, PI. 10, tig. ."5); Compsometra serrata (MORTKNSEX, 1920 a, 
I'll. 12, l;j); Isomefra vivipara (K. A. AXDBBSSOK, 1904, fig. 11, MORTEXSEX. 1920 a, Pi . 21 

- 23); Heliometra eschrichti (LEVIXSEX, 1887, PI. 35, fig. 8, P. H. CARPENTER, 1888, PI. 

14, fig. :! fide A. H. CLARK, 1922; MORTEXSEX, 1910, PI. 10, fig. 1); Promachocrinvs 

kerguelenensis (A. H. CLARK, 1922, figg. 917 ff), Foliometra piolixa (P. U. CAKPEXTER, 
1888, PI. 14, fig. 2 fide A. H. CI.ARK, 1922, MORTENSEN, 1910, PI. 9, figg. 4, 5, PI. 10, 

fig. 2); Hathrometra tenella var. sarsii (M. SAR.';, 18ri8, PI. .5); Thanmatomdra nittrix 
(MORTENSEN, 1918, PI. 5 and 1920 a, PI. 28). 

file:///Vhere
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In 1918 I amputated arm-rays between I Br 1 and 2 on 15 speci
mens. The animals so treated were placed in a fairly large box with 
a lid which was perforated for the sake of water circulation with holes 
1 cm. in diameter. The box was sunk off Blabergsholmen, Kristineberg, 
a t a depth of about 15 iVI., and was anchored by a line to a crevice in 
a rock just above high-water-mark. When it was taken up a month 
later all the specimens except one had escaped through the perforations 
(1 cm. in diameter!). Fine-meshed netting was now nailed over the 
perforations, and in 1919 the box was again exposed, this time with 50 
amputated specimens. The strong September storms, however, tore 
away the cable, and the box was lost. In 1922 the same procedure 
was repeated with a new box, but then the water circulation was too 
weak and the animals died. Finally, in 1923, of the exposed animals, 
1 obtained 9 specimens with regenerated arms. 

The regenerates so obtained do not, however, give a final solution 
of the problem discussed above, even if they give certain indications. 
The specimen obtained in 1918 had its anterior ray amputated. The 
regenerate may be written: — 

iBi-i 12 3 + 4 5 6 7 8(9) 

- ' iBr, 12 3 4 5 6 7 

As will be seen the development of the right arm is the weaker (L. 
12 mm.); that of the left arm is somewhat stronger (L. 1*5 mm.). 

An opposite result is, however, shown by one of the 9 regenerates 
<ibtained in 1923. Here too it is the anterior radius that is re-formed. 
The left arm is distinctly shorter (L. 1'4 mm.) and has 10 segments, 
while the right arm is longer (L. 1-6 mm.), with 11 segments. No 
pinnules are here developed yet. Four other specimens showed no, or 
an almost imperceptible, difference in the length of the arms. The first 
of these had both to the right and to the left after a re-formed I Ax 
(in the right posterior radius) 3 Br-segments. The other three (two 
with the regenerate in the anterior, and one with the regenerate in the 
left anterior radius) had almost exactly equal arms with 15 to 20 Brr 
supplied with 2 to 4 pairs of minute pinnules distally. About 12 proximal 
Br-segments lack pinnules (though sometimes there are rudiments of Pi 
and P J as in the young. Of the 4 remaining regenerates 3 had only 3 
to 4 regenerated segments developed — 2 specimens with the regenerate 
in the left anterior, and one with the regenerate in the anterior radius. 
A minute ramification (1 segment) appeared in one case to the right, 
and in one case to the left. Finally, the last specimen, with about 11 
Brr (in the left anterior radius; L.=2-5 mm.) had a simple arm with the 
point bent to the left (cf. also figg. 6, 7). The arm formula may be 
written: — 

R I 1—2i;]i4, 5 i 6 , 7 i 8 , . . . 
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To judge by our slight knowledge of simple ai'ins in Antedon, the 
signs seem to indicate that we have here the same variable tendency 
as in Thaumalocriniis. 

F. Hesuinc. 

We may sum up what has been said above concerning the relations 
between arms and pinnules at the first arm-ramification as follows. If 
the fitst ramification is suppressed this process occurs differently in differ
ent families, but with a certain regularity for more closely related forms. 
Usually it can then be demonstrated how the tendency to suppression affects 
predominantly the right or the left ray, which becomes a pinnule or 
disappears altogether. If the arm is defective in its pinnulation, the 
first pinnule, and, more distally, the first arm-ramification, appear as a 
rule on the same side of the arm as that on which the suppressed first 
pinnule would have been according to what the reconstruction shows. 

The family Hyocrinidae has usually both the suppressed and the 
first developed pinnule, and in Calamocrinns the first arm-ramification, 
to the left. 

Among the Pentacrinids, Metacriuus had both the first pinnule and 
the first arm-ramification to the light. 

The Phrynocrimdae provided too little mateiial to judge the posi
tion of the first pinnule. 

The family Bathycrinidae could be divided into two natural groups. 
To the one group belonged Bhizocrinus, which had its first developed 
pinnule to the right on Br 8. whereas the suppressed first pinnule was 
to the left on Br 2. This type was the only exception to the rule, 
formulated above, that the first pinnule appears on the same side of the 
arm as the suppressed first pinnule. On the other hand, the genus 
Bythocrinus, which belonged to the second group of the family of-BffiZ/y-
crinidae, had its suppressed first pinnule usually to the right. 

Among the Comatulids, Eudiocrinus (Zygometridae) had Pj (P,,) to 
the left. A similar tendency when arms were suppressed seemed also to 
show itself in a few examples of Comasteridae and Uiniacrinidae. Fenta-
metrocrinus and Atopocrinus showed an opposite tendency, Pj usually 
appearing to the right. In some young of certain Thalassomelridae the 
right arms were often for a time more weakly developed. In the genus 
Thaumatociinus the position of Pj was variable; and this was also the 
case in a few specimens with simple arm-rays of the genus Antedon. 
The regenerates pointed in the same direction. 

A connexion, in the sense that the families that have their first 
pinnule developed in the same way are more closely related, cannot be 
assumed so long as there are no further facts forthcoming to support 
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such a supposition. The Tkalassometridae and certain Macrophïeatu do, 
however, coincide in a number of characteristics (cf. the chapter on 
The I'hylogeuy of the Comatulids, below). It is probable that they are 
rather closely related. Possibly also Thaumatocrinus is more closely 
related to the Antedoninae than to Pcntametrocrinus (cf. below, Chap. 4). 

At least the majority of the Comatulids have presumably not 
developed from forms with simple rays. It may be supposed that forms 
with simple arms arose in different Comatulid families at different times, 
and are thus only parallel types. The fact that in certain Zygomelridae 
(Comasteridae and Uintacrinidae) it is the left, and in certain Macro-
phreata (and Thalassomelridae) the right arm-ramification that is devel
oped more weakly or suppressed seems to me, however, to support the 
conjectural supposition of KIEK (1912) that the Comatulids are of poly-
phyletic origin. In the light of the facts which I have brought for« ard 
in the chapter on The Phylogeny of the Comatulids in support of a 
similar supposition, this idea also seems to me to gain in probability. 

VI. On the reversibility of development. 

Let us look back at what has been said and draw the resulting 
conclusions. 

Pinnulate forms have developed phylogenetically out of non-pinnu-
late types with rich arm-ramification. The holotomic recent type is 
descended from the metatomic. Pinnules are thus simplified armlets or 
ramiculi. That the tendency to arm-ramification is in all cases present 
latently is shown by the fact that pinnules in certain cases abandon 
their character of small unramified arms and grow into complete arms^ 
with pinnules (pp. 20 ft'.). We can most easily explain the appearance 
of pinnules by assuming the occurence of obstructive factors, at whose 
lemoval the pinnule again develops into a ramified arm.' Moreover 
from this point of view the appearance of axillaries with 2 pinnules 
(p. 11) and of case of abnormal pinnulation otherwise difficult to explain 
(p. 18) are easily accounted for as examples of two-sided and reversed 
obstruction respectively. In Metacrintis also obstruction (of a temporary 
nature) may be said to occur, retarding the development of the inner 
arms so that they remain in the form of pinnules for a fairly long time. 

In 1893, on the basis of his experiences, DOLLO laid down the law 
of the irreversibility of development, which was afterwards formulated 
by ABEL as follows: an aborted organ never recovers its former strength, 
and an organ that has disappeared never reappears (at least not devel-

' In order to avoid niisunderstanding I wish to add uiy opinion tliat in tliat 
case the phylogenetic development lias presumably passed through a great number 
of obstructive mutations. 



32 T. GISLÉK 

oped in the same way). Broadly speaking this rule is certainly correct: 
but it is also clear that the facts that I have recorded and the con
clusions to which they led suggest that we can find exceptions to DOLLO'S 

law. From the point of view of heredity it may be maintained that 
DOLLO'S law is valid if the tendency to an organ has really disappeared; 
in that case a return to the original type would be out of the question. 
When a return really appears this may be interpreted as the removal 
•of a factor of obstruction. This idea might perhaps be considered from 
the palaeontological standpoint as rather perilous, but in reality it is 
not. As a matter of fact such reversibility occurs presumably very 
seldom in nature. The reason for this would seem to be that the type 
of organization reached is the one which is most suitable from the point 
of view of selection and structure and most economical; and it has often 
'been reached in a round-about way by an infinity of adai)tations. 

That in certain cases the conditions necessary for " Riickschlage" 
really occur is shown, however, ,by the specimen with hypertrophied 
pinnules. The state of affairs might be pictured thus hypothetically. In 
any collection of some thousands of Comatulids there are always a num
ber with one or other of their pinnules replaced by a more or less 
ramified arm - e. g. in 270 specimens of Antedon petasiis which I got 
at a single haul off' the Kristineberg zoological station at Flatholmen, 3 
specimens had abnormal ramification. Assuming that these variations 
were of any advantage from the point of view of selection, and provided 
that they were inheritable, the old character would reappear normally 
in all specimens after some few generations. 

We seem actually to have a good example of a reversion of 
this kind in the phylogeny of the Comatulids. In the chapter on The 
Phylogeny of the Comatulids I have discussed among other things the 
reason for the appearance in the Comatulids of a gap in the pinnula-
tion. The results at which I arrive there may be briefiy summarized 
as follows. At one time, towards the end of the palaeozoic period, the 
proximal pinnules were suppressed by the disk which swelled up between 
the arms. They reappeared when the disk collapsed again. But we 
still have a relic of this development in the gap that appears in the 
pinnulation of young Comatulids, though in most full-grown forms it is 
filled in by the subsequent development of the proximal pinnules. 



CHAPTER II. 

The ar t icula t ions of t h e a rm- jo in ts in t he Crinoids. 

I. History. 

JOHANNES MÜLLEK 1843 introduced the term syzygy as a designation 
for expressing the sutural connection between the arm joints in a Crinoid 
in order to differentiate this connection from the mobile muscular arti
culation. The term syzygy was adopted by the scientists following after 
him, such as both the CARPENTERS, WYV. THOMSON, PEKRIER, etc., but 
was often used not only in its original meaning but also to denote the 
joints connected by syzygy or even the intervals between two syzygies 
(POURTALES 1867, p. 111). BATHER (1896) pointed out this very clearly 
and logically and the term was again restricted to its original signific
ance. According to his opinion (p. 60) syzygial development is a special
ization of the usual articulation, taking place gradually during paleont
ology, more common among younger than older forms. BATHER took a 
long step forward, when he asserted that the pair of ossicles connected 
by syzygy should be considered as two separate ossicles and not be 
reckoned as a unity, where the hypozygal had lost its individuality 
(cf. P. H. CARPENTER 1884). This idea was followed up and explained 
still further in MINCKERT'S work (1905). 

In 1908(d) A. H. CLARK drew up a clear and perspicuous grouping 
of the articulations of the arms in recent Crinoids. These were divided 
as muscular and non-muscular; in the former group straight and oblique 
articulations were distinguished, and in the latter synarthries and sy
zygies. To show the mutual correspondence of the terms used by P. H. 
CARPENTER, MINCKERT and A. H. CLARK I give the tabular grouping 
found below: 

3-24120. T. GisUn. 
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CABPENTËK 

Muscular articulation' 

Bifascial and trifascial 
articulation 

Sjzygy 

In the discussion following it is of importance that we should know 
CLARK'S view; I give therefore a short account of certain morphological 
facts and the ideas which CLARK connects with them. 

The muscular articulations are, as the name shows, always provided 
with muscles, and nearly always bear a pinnule plus an arm or a double 
arm; the non-muscular lack muscles and never bear a pinnule or double 
arm. The former therefore exercise some influence on the pinnulation, 
the latter do not do so. 

In the straight muscular articulations the transverse ridge and the 
dorso-ventral axis of the joint-face ( = the grove or ridge that runs 
from the nerve-lumen between the interarticular ligaments and the 
muscular fossae towards the ventral side) meet at a right angle, in the 
oblique they cross at an oblique angle. The straight muscular articula
tions (according to CLARK 1908 d) never appear after a last axillary 
and are restricted to the articulations between R and I Br 1 and to 
the articulations between the axillaries and the primi-postaxillar ossicles. 
(Also often between the second and third ossicles where there are 4 compo
nents in the division-series.) The oblique articulations appear from the 
second articulation after the last straight muscular connection, and 
immediately after the last synarthry, and distally of this in all the 
muscular arm-connections (they may in exceptional cases appear in the 
muscular axillary articulations). 

Synarthries are distinguished by two ligament pits, separated by 
a ridge in the dorso-ventral axis of the joint, syzygies usually have the 
joint-face of radiating calcareous ridges divided into several portions 
which radiate from the central canal towards the periphery of the joint. 
Synarthries appear, according to CLARK, only on the distal joint-ends of 
ossicles, where the proximal part bears a straight muscular articulation. 
They may be replaced by more or less well-developed syzygies, which 
are then called by CLARK pseudo-syzygies. The most distal synarthry 
is always followed by an oblique articulation. 

CLARK draws from the above the following conclusion: Two ossicles: 
' t h e joints on either side of the last synarthry", are sharply distin-

' CARPENTER (1884, p. 11) remarks that the muscular articulation between R and 
I Br 1 is symmetrical. 

' MiNCKERT (p. 168) remarks that synarthries sometimes appear with muscles, 
sometimes without them. 

MiNCKERT* A. H. CLARK 

Do. REICHENSPEEGEE 1912, p. 19 

Straight muscular articulation 
, . Oblique » » 

Synartne 

Synarthry 

Syzygie Syzygy 
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guished from all the others. These ossicles are called Zj and Zj. Zj has 
a proximal joint-face furnished with a straight muscular articulation, 
the distal joint-face is united to Zg's proximal one by synaithry. Zg's 
distal end has an oblique articulation. Zj and Zg are considered by CLARK 
as "homologous" among all (recent) Crinoids. He discusses and draws 
representatives for Pentametrocrinidae^, Zygometridae fEudiocrimis, Zijgo-
metra, Cutoptometra), Atelecrinidae, Antedonidae, Tropiomelridae, Thalasso-
metridae, Himeromelridae, Comasteridae (Comaster, Comattda, CapiUaster), 
Uintacrinus, Pentacrinidae (Diplocrinus, Isocrinus, Cenocrinus, Hypalo-
crinus, MetacrinusJ. 

Two different types are demonstratrated. (1) One, where a number 
of ossicles are found between R and Z, and no arm-division is present 
beyond Z^i this is the interpolated type; (2) another, where Zj comes 
immediately after I Ax and the further division takes place outside Z^: 
this is the extraneous type (Cnpillaster, Nemaster). When both these 
types appear at the same time in the same specimen (cf. CLAKK 1908 e) 
we get the compound arm-type (Comatella). 

It is evident that this reasoning can only be correct according to 
the measure in which we can really draw a sharp dividing line between 
straight and oblique muscular articulation. If this is not possible and 
the boundaries between them are diffuse, it becomes uncertain which 
ossicles may be assumed as corresponding to Zj and Zj. 

Some examples. The arms oi Eudiocrimis may be denoted: 

R I 1 + 2 Br 1 - 2 3 + 4 5 6 7 . . . 

CLAKK considers here that Br 1—2 corresponds to Z, and Zj, for the 
proximal end of Br 1 would have straight muscular articulation and the 
dista,! end of Br 2 oblique (cf. below p. 46). Now, if the boundary 
between these two types of muscular articulation were indistinct in the 
present case, it would be quite as easy to consider I Br 1 + 2 or Br 
3 + 4 as corresponding to Zj and Z^ (observe that synarthries could be 
replaced by syzygies). 

Another example. Comanthiis and Himerometra may generally be 
denoted: 

,TTT 1 o o J B r 1 - 2 3 + 4 . . . Ill 1-2 3 f 4{ , 
( I I 1 - 2 3 + 4 Br 1-2 3 + 4 . . . 

I 1_2 [1111-2 3 + 4 
III 1 -23 + 4 ^ 

Here CLAKK considers that Ẑ  and Zg are corresponded to by Br 
1—2. We cannot accept this unless we presume that the articulations 

' The names when necessary are altered to the modern nomenclature. 
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between II Br 2 and 3, between III Br 2 and 3 and between the ax-
illaries and primi-postaxillar ossicles are straight. If they are not, Zj 
and Zj should be assigned to I 1—2 and the type becomes extraneous 
and not as CLAKK asserts interpolated. 

Capillaster and Nemaster may be denoted: 

( I I I 1 2 + 3 p ^ ^ ^ + ̂ - - -
[II 1—23 + J 1^1' 

1 1 - 2 [ill 

In 
According to CLARK the type is extraneous here, for he considers 

that Br 1 'can not (p. 123) be Z, for it bears a (oblique) m u s c u l a r 
a r t i c u l a t i o n instead of a non-muscula r a r t i c u l a t i o n distally"' . He 
considers that Zj and Z^ correspond to II Br 1 — 2 for these, in contra
diction to those of the previous example, should be followed by an 
oblique articulation between II Br 2 and 3. The same type recurs 
(p. 126) in some Isocrini {Cenocrinus WYV. THOMS. and Isocrinus L. AG.) . 

Metacrinus shows a still more exclusive extraneous type, in which Zj and 
Zj follow directly after R. 

CLARK'S reasoning (p. 125) on JJintacrinus, whose formula is as 
follows: 

J J ^\BT 1 + 2 3 4 4 5 6 7 . . . 

"^ iBr 1 + 2 3 + 4 5 6 7 . . . 

seems to me rather questionable. "In the Comatulids the pinnule on Zj 
is almost universally different from that on all succeeding brachials, but 
resembles those on all interpolated repetitions of Zg". Br 3 t 4 should 
here correspond to Zj and Z^ because "the second pinnule resembles the 
first"; "hence, the conclusion is reached that the joint which bears the 
second pinnule is homologous with that which bears the first". On the 
same grounds we might consider that Br 3 4 4 should correspond to Zj 
and Z2 in e g. Tropiometra, Heliometra, Iridometra, and certain Co-
masterids. 

In 1909 a CLARK unfolds his views on the nature of the non-mus
cular articulations. His proposition (p. 581): "that proximal to the first 
oblique muscular articulation only s t r a i g h t muscu la r a r t i c u l a t i o n s 
and s y n a r t h r i e s a re found, while distal to the first oblique muscular 

' Here the author takes the view that Zi and Z2 must be found in all Orin-
oids and must appear according to the deflnition he has given. One might, in 
the present case, imagine that the Capillaster-type proceeded from the Coman-
thus-type demonstrated above, by the anchylosis of the first two post-axillar ossicles. 
Another explanation given by CLABK is discussed later on (cf. below). 
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articulation occur only obl ique m u s c u l a r a r t i c u l a t i o n s and s y -
zyg i e s " , will be elucidated later on and does not hold good regarding 
the Comasterid, the Zygometrid and the Himerometrid types. His view 
of synarthry as a coalescent production of 2 straight muscular articula
tions, syzygy as a pair of coalesced oblique muscular articulations, 
where in both cases the joints have revolved through an angle of 90°, 
can scarcely be considered correct (p. 584 "the muscles and inter-
articular ligaments, being recessive when compared with the dominant 
dorsal ligament, disappear"). No trace of such a fusion can be found 
either in the phylogeny or the ontogeny of the Comatulids. CLARK'S 

reasoning stated above rests partly upon the assumption of a fundamental 
difference between the straight and oblique muscular articulation, an 
assumption which, as will be shown later, is incorrect, and partly on the 
fact that two oblique muscular articulations following each other have 
the transverse ridges placed at an angle of about 90° to each other. 
Regarding the last-mentioned he says (p. 580): "In reality of course the 
alternation of the pinnules is the fundamental cause of the alternation 
in the direction of the transverse ridge, but from the absence of pin
nules on oblique muscular articulations in certain recent types it is more 
convenient to speak of it as if the reverse were the case". Nor can I 
accept his proof that the monoserial arms of the recent Crinoids 
have been derived from biserial ones (of. p. 585) — it must be observed 
that the young of Comatulids have no triangular or obliquely wedge-
shaped brachials in the proximal third of the arms; their brachials are, 
on the contrary, nearly rectangular. Even in fully grown Comatulids 
usually the most proximal brachials are less pronouncedly triangular 
than the more distal ones; this, however, is a secondary phenomenon 
(cf. below). 

In the first part of his monograph on the Comatulids (1915 c) CLAKK 

defines (p. 78) the new term cryptosynarthy as being a synarthy with 
almost smooth joint-faces, where a slight remnant of the synarthrial 
median-ridge is visible (cf. also 1922, p. 177). This occurs in certain 
species of the genus Comatula. 

In his big work of 1922, the continuation of the preceding, CLAKK 

expresses somewhat modified views on the articulations. A tabular 
statement of his conception of the different types of connection is given 
on page 116 and is reproduced below. 

(1) S imple a r m - s t r u c t u r e where Zj and Zo' follow immediately 
after R and the arm is a simple one (Atopocriniis, Fentametrocrinidae). 

(2) I n t e r p o l a t e d a r m - d i v i s i o n with one or several (simple or 
multiple arm-division) interpolated joint-pairs between R and Zj and Z,. 

* The ossicles are called here the first brachial pair (cf. figg. 140—174, »homo-
ogies of ossicles»). 
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When the division series consists of 2 ossicles the type is called primary, 
when there are 4, secondary (most of the Comatulids). 

D e f e c t i v e i n t e r p o l a t e d division series are found in Capillaster, 
Nemaster, where III and the following division-series have only 3 com
ponents. 

Compound i n t e r p o l a t e d type is found in Comalella, Neocomatella, 
Palaeocomatella (the outer arms with multiple arm-division, the inner 
"lack the first brachial pair"). 

(3) S imple e x t r a n e o u s division is found in Metacrinus, where a 
number of division series appear distally to Zj and Z^ which come 
directly after R. 

(4) In Isocrinus and Pentacrinus, which have an interpolated series, 
followed by extraneous series, the division-series are reckoned as h e t e r o 
typ i c . 

Contrary to his views in 1908, Br 1 in Capillaster and Nemaster is 
thus reckoned as corresponding to Zg (the original Br 1 is considered 
as being suppressed), and the type therefore becomes interpolated. His 
conception of the division-series of 4 ossicles has also been changed a 
little, as he now considers (p. 108) that they are "reduplications of the 
first four brachials"; division-series of 2 should correspond to the first two 
brachials. He does not consider any longer (p. 179) that the articulations 
between the axillaries and the primi-postaxillaries are really straight 
articulations, but says they are "commonly intermediate" between the 
straight and the oblique. "The only straight articulation is that between 
the R and the I Br I. The other muscular articulations are all of the 
oblique type and always double.' * He also expresses himself rather more 
vaguely on the difference between synarthries and syzygies (p. 174), 
" there is no fundamental difference between synarthries and syzygies . . . 
All the postradial non-muscular articulations are really homologous'. 
Rather higher up on the same page he considers all syzygial pairs as: 
"strictly homologous with the first brachial pairs of the arms" (as with 
the pairs of ossicles in the division series, "which have remained un
modified during the course of the development"). In spite of this he 
still considers (p. 103), of "The first 2 ossicles of the free individual 
arms of the Comatulids . . . that this pair of ossicles is strictly homo
logous throughout the whole group and furthermore . . . very readily 
identifiable". 

In order to explain this interpolation phenomenon, which has arisen 
out of his method of argument, he elucidates the matter as follows: 
Br 1 and Br 2 (Zj and Zj) are stated (p. 103) to have "an invariable 
fixed position on the border of the disk" and (p. 84) "the periphery 
of the disk always reaches the level of the second brachials of the free 

' That is, bear an arm and pinnule, or a double arm on them. 
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undivided arms".* Therefore (p. 125) "the presence of additional division 
series is correlated with extreme atrophy of the calyx plates" (i. e. 
IBB, BB, and RR) "and the consequent relative increase in size of the 
visceral mass". . . . "With the appearance (p. 126) of a gap between 
the radial and the arm base as a result of the shrinking of the calyx 
the appearance of V" (Br) "is necessitated and subsequently also of IV, 
III, 11 and I". . . . (Cf. also p. 196.) 

Chiefly there are two, as I consider, incorrect points of view upon 
which the reasoning sketched above is founded, and which often lead, 
as a result of the incorrect premises, to strange conclusions. 

The first is CLARK'S conception of what is meant by homology, the 
other his ideas on the biogenetical law. 

At present one calls those parts of d i f f e r e n t organisms homologous, 
where it is possible to trace the same tendency, and which therefore 
may be considered as having the same descent. CLARK uses the express
ion partly in this sense — generally, however, one might replace his 
term either by hemodynamic or analogous (cf. the quotations above; cf. 
also p. 176: "With the brachial synarthries the articulations in the 
column of the larval Comatulids, . . . are in all ways homologous'). 
Instead of saying that certain pairs of ossicles are homologous, it would 
have been more correct to say that they are differentiated in the same 
manner, and, from that point of view, interpret the proofs of 'homo
logy" which appear on p. 103 (1922). 

He makes no difference either between palingenetic and coenogenetic 
factors during ontogeny. He therefore interprets all the characteristics 
from earlier stages of development as being phylogenetically older. The 
arm bases, for example, being ontogenetically older are considered to 
represent stages of greater phylogenetic age, and therefore present a 
number of primitive characteristics (p. 110). "In none of the Comatu
lids are the I Br series, the oldest and presumably the most primitive 
of the division series, of more than two ossicles normally." This idea 
appears again in his reasoning on the more distal division series (pp. 
108—109): "Divisions series of 4 (3 -(- 4) . . . . appear themselves to 
represent a high state of brachial specialization, and to be a consider
able phylogenetic advance over the division series composed of two 

^ This is, however, contradicted by the information given on p. 107 where the 
following statement appears: »in Thaumatocrinus, Pentametrocrinus and to a lesser 
degree Atopocrinns, the ventral disk runs for a considerable distance up the arms». 
In reality the disk reaches among the Comatulids, as I have observed, e. g. in 
Clarkometra elegans, to Br 3 + 4, in Tropiometra afra macrodisciis and Antedonpetanus 
to Br 4 or 5, in Lepfonemaster venustiis to Br 5, in Promachocrinus to Br 6, in 
Notocrinus to Br 7, in Pentametrocrinus diotnedecB to Br (5—)8, in Amphimetra crenti-
lata (II Br 4) and Heterometra jaquinoti to Br 6, in Seliometra and Anthometra to 
Br 7—8 (in Atopocrinus to Br 9, Siboga Exp. 42 B, p. 264), in Comanthus pinguis 
only to III Br 2 or 4 and in Comaster novac-guineae only to II Br 3 or 4. 
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ossicles only." Syzygies are considered as being more specialized than 
synarthries, which "have remained unmodified during the course of the 
development of the immensely elongated and highly specialized arm" 
(p. 174). This leads him to the conclusion that, because the outermost 
arm of an axillary bears more specialized Pi than the inner arms, the 
outer divisions themselves are more specialized, i. e. of later phylo-
genetic oiigin (pp. 90, 124, 194; cf. also 1909 a, p. 585). 

I shall now pass on to give an account of my own views respect
ing these questions as they have developed during my examination of 
the material at my disposition. The muscular articulations will be 
treated first, and afterwards the non-muscular. 

II. Muscular articulations of the arms. 

In order to estimate the worth of CLABK'S reasoning, it is of great 
importance, as was emphasized above, to make sure of the extent to 
which the straight and oblique muscular articulations differ from each 
other. In his last big work (1922) CLAKK no longer entertains the 
extreme opinions regarding straight and oblique muscular articulations 
which first led him to urge his theory of Z, and Zg. None the less, 
he, as the above quotation shows, still uses when reasoning the same 
conclusions at which he arrived in 1908 by the use of the sharply de
fined distinctions he employed then. 

When examining the obliqueness of a joint one has to distinguish 
two different kinds of obliquity. If one observes an arm from the dorsal 
side one notices at once that the lines that mark the connections 
between each joint do not run at right angles to the arm's longitudinal 
direction, but more or less in an oblique direction transversely over 
the arm. This I call exterior obliqueness. If one separates the arm-
joints from each other and observes them from the short end, one finds 
that the dorso-ventral crista and the transverse ridge do not usually 
meet at a right angle, and that the corresponding muscles and inter-
articular ligaments on each side of the dorso-ventral axis are not of 
the same size: this is interior obliqueness. 

A. Obliquity of the articular connections, or exterior obliqueness. 

A straight articulation seen from the outside is, as A. H. CLARK 

(1908 d) remarks very rightly, characterized by two points of contact 
situated at the same distance from the dorsal median line; an oblique 
articulation, on the contrary, has a (distinct) dorso-lateral point of contact 
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and a (less distinct) ventro-lateral one. This difference is, however, obvious 
only in the types where the course of the articular lines is fairly oblique, 
while in those Comatulids where the articular lines run nearly at right 
angles over the dorsal side of the arms it is indistinct or not visible 
at all. As this characteristic thus stands in a certain relation to the 
exterior obliqueness of the arm-joint I have considered there would be 
a certain amount of interest in discovering the degree of obliqueness 
in the course of the articular lines on the dorsal side of the arms of 
the Comatulids (see table). 

S p e c i e s 
Length 
of arms 

mm. 

Number of segments 
per cm. 

Prox
imal 
part 

of the 
arm. 

br of 
the 
seg

ments 
mm. 

Distal 
part 

of the 
arm 

br of 
the 
seg

ments 
mm. 

Long
est 

side of 
the 

Br: the 
br. 

Angle of 1 
the distal '• 
articula- | 

tions with[ 
the long -1 

tudinal 
axis of the' 

arm. 

Comissia parvula 

» peregrina magniflca . 

Comatula Solaris 

» pectinata 

Capillaster sentosa 

Ooniaster delicata grandis • . . 

Coinanthus japonica 

Zygometra elegans 

Eudiorr inus loveni 

Heterometra jaquinoti 

Himerometra magnipinna . . . 

Stephanometra spicata 

Liparometra graiidis 

Oonomfttra bplla . . . . . . . 

Cyllometra disciforinis 

Tropiometra encrinus . . . . 

Pect inometra flavopurpurea . . 

Asterometra an thus 

Diodontometra bocki 

Antedon petasus 

Hel iometra eschrichti 

Polioiuetra prolixa 

Pentament rocr inus diomedeae . 

45 

160 

100+ 

70 

80 

105 

120 

105 

45 

120 

105 

130 

120 

W 

90 

105 

65 

85 

60 

75 

200 

±100 

90 

(15)17' 

(9)12 

(9)10 

— 
(11)11 

(7)8 

(9)10 

(16)16 

— 
(11)13 

(13)13 

(11)12 

(13)14 

(14)17 

(9)11 
(12)13 

(12)14 

(11)12 

(12)15 

(7)9 

(9)12 

(10)13 

1 1 

2 5 

3-5 

— 
2-4 

3 0 

2 4 

1'7 

1'4 

2-4 

17 

1-5 

2 0 

1-2 

2-2 

I'D 

1-6 

1-3 

1-2 

3-2 

1-6 

0-6 

(12)15 

(12)16 

(13)15 

— 
(13)15 

(11)14 

(18)22 

(22)24 
(11)14-15 

(25)28 

(22)23 
(15)16-17 

(16)18 

(17)20 

(15)20 

(14)16 

(15)17 

(15)18 

(14)15 

(14)17 

(12)15 

(11)14 

(11)14 

0-6 

1-2 

2 0 

— 
17 

1 3 

1-6 

1-3 

0-8 

1-5 

0 8 

1 1 

1-2 

0 8 

0 7 

10 

0-7 

1 1 

0 7 

1 0 

1-5 

1 0 

0'5 

i - l 
i - i 

i 
3 
3 

i 
i-i 
}-i 
i 

1-1 
1 
5 

i-ï 
1 
2 

i-l 
3-3 

1 
§- i 
I - Ï 

(i->} 
1 

T 
i-l 
i 

1-1 

' The figures put in brackets sliow tbe number of segments when tlie syzygial 
pairs are counted as units. 

66—72° 

69—77 

72-76 

67-79 

80-89 

73-82 

87—90 

82—90 

75-78 

86-90 

81-89 

78-87 

82-89 

78—82 

72—82 

80-85 

64-72 

69—77 

69-75 

64-75 

(58-78 

66-74 

69—66 
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This investigation has shown that distinctly oblique articulations, 
i. e. articulations where the articular line makes an angle with the 
longitudinal axis of the arm of 59° to 79° (average 71°) are found in 
Oomasieridae [Comasterinae and Capillaster excluded), Thalassometridae, 
Charitometridae, Calometridae and llacrophreata, but that, on the contrary, 
indistinctly acute, to right angles, of 72° to 90° (average about 83°) 
are found in Comasterinae, Capillaster, Zygometridae, Himerometridae, 
Mariametridae, Stephanometridae, Tropiometridae, and Colohometridae. 

From the table it can also be seen that the number of joints 
per cm., and the relative length of them has a certain connection with 
the thickness of the arms, i. e. generally with the size of the animal. 
In the majority of cases, however, the greatest number of joints per 
cm. and the shortest segments without comparison are found among the 
latter group (i. e. those with nearly right angles). 

The numbers referring to the angles given in the table above are 
taken from the middle or distal parts of the arms. Below I give some 
figures of the size of the angles in the arms' proximal parts. The figures 
here, as above, are taken from the distal border of the ossicle and refer 
to the angles of the pinnular side. Figures omitted denote hypozygals. 

Comanthus japonica: II 2: 80°, III 2: 78, (Br 1: 110), 2: 87, 4: 84, 5: 90, 
6: 84, 7: 80, 8: 78, 9: 76, 10: 78, 11: 78, after Br 23 straighter angles 
up to 85 or 90°. 

Eudiocrinus loveni: I 2: 89°, Br 2: 88, 4: 85, 5: 83, 6: 74, 7: 69, 8: 60, 
10: 69, 11: 64, 13: 66°. 

Heterometra jaquinoti: Br 2: 86°, 4: 92, 5: 96, 6: 100, 7: 101, 8: 95, 
10: 90, 11: 87, 12: 84, 13: 88, 14: 88, then (81—)86-90=. 

• Ponfiometra andersoni: Br 2: 88°, 4; 91, 5: 92, 6: 94, 7: 93, 8: 93, 
9: 90, 10: 89, 11: 85, 12: 78, 13: 74, 14: 80. Distal segments 80—90°. 

Pectinometra flavopurpurea: Br 2: 80°, 4: 80, 5: 80, 6: 78, 7: 78, 8: 76, 
9: 76, 10: 71, 11: 72, 12: 73, 14: 72°. 

Aslerometra anthus: (Br 1:± 100°), 2: 84, 4: 87, 5: 92, 6: 95, 7: 87, 8: 84, 
9: 77, 10: 69, 12: 71, 13: 70°. 

Biodontometra locJci: Br 2: 83°, 4: 86, 5: 87, 6: 93, 7: 96, 8: 97, 9: 93, 
10: 91, 11: 90, 12: 81, 13: 78, 14: 73, 15: 75, 16: 73°. 

Clarkometra eJegans: Br 2: 72°, 4: 92, 5: 94, 6: 90, 7: 83°. 
Antedon petasus: (Br 1: 103°), 2: 68, 4: 87, 5: 105, 6: 106, 7: 88, 

8: 60, 10: 69, 11: 65, 12: 64, 13: 62, 15: 65, then about 64^ 
Heliometra cschrichti: Br 2: 67°, 4: 87, 5: 95, 6: 105, 7: 106, 8: 108, 

10: 108, 11: 96, 12: 87, 13: 75, 15: 82, 16: 70, 17: 74, then about 70°. 
Hypahmetra defecta: Br 2: 78°, 4: 96, 5: 100, 6: 97, 7: 86, 8: 80, 

10: 62°. 
Thaumatocrinus jungerseni: Br 2: 98°, 3: 101, 5: 93, 6: 90, 7: 86, 

8: 82, 9: 77, 11: 62, 12: 63, 13: 58, 14: 63, 15: 61, 17: 60°. 
Pentametrocrinus diomedeae: Br 2: 98°, 3: 98, 5: 88, 6: 84, 7: 80, 
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8: 78, 10: 60, 11: 66, 12: 53°. In a larger specimen Br 2: 98°, 3: 96, 5: 92, 
6: 88°. 

Atelecrinus helgae: Br 2: 64°, 4: 67, 5: 72, 6: 67°. 
Mc-tacrinus nohilis tenuis: I 2: 82°, 3: 90, II 1: 90, 2: 82, 4: 80, 5: 88, 

6: 84, III 1: 98, 2: 91, 4: 85, 5-12 about 90, IV 1: 102, 2: 99, 4-10: ±90, 
Br 1: 93, 2:98, 4 and the following ones ± 90\ 

From the result of the above figures — they might have been 
completed with those from about 40 other specimens examined but not 
noted in figures, which point in the same direction — we learn the 
following: The first Br-pair after an axillary always has a relatively 
broad outer side and a narrower inner side. The distal articular line 
of the Br-joint therefore makes a relatively large angle with the 
pi'oximal. The arms which after the arm division would spread greatly 
apart are by this means brought nearer each other, which on account 
of room is of considerable importance. In reality the breadth of these 
ossicles' outer side is so much larger than that of the inner side, that 
the distal articular line of Br 2 slopes inwards. In Metacrinus the 
proximal and distal margins of the arm-joints, after the first or second 
post-axillar ossicle, are fairly parallel, but in the rest of the types 
examined a more or less pronounced obliqueness usually sets in 
sooner or later. In the Br-pair 8 + 4 this obliqueness is generally only 
slight — the greater breadth of the inner side in this Br-pair has nulli
fied almost precisely the inward slope which was apparent on Br 2's 
distal margin. Br 4's distal margin is therefore very often nearly at a 
right angle to the longitudinal axis of the arm. Afterwards a greater 
or lesser number of joints usually follow, where the articular lines show 
a tendency to be more or less parallel, then the obliqueness increases 
again after Br 7—13 and reaches its maximum at Br 15 to 20. In the 
middle portion of the arms the obliqueness decreases, but it increases a 
little again in the distal parts. 

B. The reversion phenomenon. 

This exterior obliqueness manifests itself by the acute angle, 
formed by the articular line with the arm's longitudinal axis, facing 
now outwards and now inwards. The Br-joints are therefore broader, 
now on the inside and now on the outside. In usual cases the pinnule 
is fixed to the broader side of the Br-joint; this is always the case in 
the middle and distal parts of the arms. In the proximal parts of the 
arm, however, the peculiarity often arises that the opposite is found, 
i. e. the antipinnular side of the arm-joint is the broader — which I 
will call the reversion of the articulations (cf. above pp. 42—43, 
angles > 90°). 
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This is lacking or is very little developed in certain Comastridae, 
Eudiocrinus, (fig. 9), Calometridae, and Atelecrinus (fig. 12), where the 
pinnular Br-side is the longer along the whole arm. Reversion, on the 
contrary, is most clearly developed in Antedonidae and Charilometridae. 
The joints Br 2 and, usually, Br 4, on which Pj and P̂ ^ are situated are 
more strongly developed on the pinnular side, but from Br 5 reversion 
appears in a variable number of segments, to be gradually effaced and 
followed in the middle part of the arm by the normal type. 

The reversion is only slight in Capillaster sentosa, Comanthus japo-
nica, Tiopiometra afra macrodiscus, and Plerometra trichopoda, where Br 5 
is only a trifle, sometimes not perceptibly, narrower on the pinnular side, 
and where Br 6 is already furnished with parallel articulations or has 
an obviously broader pinnular side. The same is the case in Notocrimis 
virilis, where Br 6 or 7 has a broader pinnular side, and in Clarkometra 
elegans (fig. 10) and Stephanometra spicala, where Br 7 or 8 is broader on the 
pinnular side. The reversion appears more distinctly in Comaster deli-
cata grandis, where Br 7, in Stenometra diadema, CyUometra disciformis, 
and Himerometra magnipinna (fig. 8), where Br 7 or 8, in Zygometra 
elegans, AmpJnmetra crenulata, and Asterometra anthus, where Br 7—9, and in 
Liparometra. grandis, where Br 11 first shows a longer pinnular side. This 
phenomenon, however, appears most markedly in Pentametrocrinus dio-
medae^ (fig. 11), where Br 4 + 5 , in Isomelra vivipara and Hypalomelra 
defecla, where Br 8, in Crossometra seplentrionalis and Antedon petasus, 
where Br 7—9, in Biodontomelra bocfci, where Br 10 — 12, in Heliometra 
eschrichli (fig. 44), where Br 12, and in Promachocrinus kergiielensis and 
Monachometra cf. fragilis (fig. 14), where Br 13 first has the pinnular 
side longer. 

One might imagine that the slenderness of the pinnule-bases had 
something to do with this phenomenon, and this theory seems to be 
favoured by the Calometrids Peclinometra flavopiirpurea and Neometra 
multicolor, furnished with very thick pinnule bases, having the pinnular 
side longer right from the most proximal parts of the arm (fig. 40). 
This is possibly the case with the family mentioned. The lack of 
reversion in Comatula Solaris, Comanthus parvicirra, and Atelecrinus cannot, 
however, be explained in this way. The two former have, in fact, slen
der pinnules, the last-mentioned genus lacks pinnules entirely in the 
proximal parts of the arm. The explanation of this phenomenon cannot 
be given until after I have first treated interior obliqueness. 

^ The non-pinnulate pinnular side of Br 2 and 3 is sliorter here than the 
antipinnular side. 
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Figg 8 — 13 8) Hiineroinetia magnipmna, I I I Br and 2 a rms, regenerated from Br 3, 
"/i 9) hitdwciiniis loiem. An a i m (I 1 + 2 e t c ) , '"/i- 10) Clarlometi a eleqans, " / i . 11) Penta-
meliocitniis dioiiiedeae. An arm (Bi 1—2 e t c ) , ' " / i . 12) Atelecrmiis helgae, "/> 13) Pectino-
iiftra flaoopmpuiea, B n 6—9 viewed from the ventral side, with the muscles r e m o v e d , ' ' A 
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C. Obliquity of the joint-faces, or interior obliqueness. 

As we have seen above, CLARK has distinguished between straight 
and oblique muscular articulations also when treating the joint faces. 
In his work of 1922 he considers that really straight muscular joint-faces 
are only found in the facets between R and I Br 1. These facets he 
has discussed in a very excellent and detailed manner in the work quoted, 
and I shall therefore in the following pages devote myself to the subse
quent muscular articulations chiefly. 

To verify the degree of obliqueness in the angle between the trans
verse ridge and the radial intermuscular fossa ( = the dorso-ventral 
axis of the ossicle), I have measured the angles between them in ossicle-
series, from the arm-bases to more distal parts of the arm. The figures 
I obtained are given below. The angle measured was always that of 
the antipinnular side. Unless otherwise stated the figures always con
cern the facet on the distal end of the ossicle. The ossicle-numbers 
omitted correspond to hypozygals or hypoarthrals (i. e. the ossicle 
situated immediately proximally to a syzygy or synarthry). 

Comanthus japonica II Br 2: 75—76°, III Br 2: 68 - 72, Br 2: 60, 
4: 52, 5: 47, 6: 57, 7: 58, 8; 83, 9: 87, 11: 85, 12: 85, 13: 86, 14: 89, 16: 87, 
17: 87, 18: 82, 19: 86, 20: 86, 22: 81, 23: 82, 24: 81, 25: 83, 27: 78, 28:82, 
29: 76, 80: 80, 31: 81°. Distal Br-segments 6 0 - 7 5 \ 

Eudiocrinus indivisus I Br 2: 75°, Br 2: 64, 4: 54, 5: 56, 6: 47, 7: 60, 
9: 69, 10: 78, 11: 80, 12: 82, 13: 86, 14: 87°. The arm regenerated from 
Br 10. 

Pontiometra andersoni Br 2 (after a V Ax): 66—67°, (after a IV Ax 
76-78) , 4: 6 2 - 6 7 , 5: 61, 6: 66, 7: 62, 8: 68, 9: 67, 10: 68, 11: 72, 12: 77, 
13: 78, 14: 80, 15: 81, 16: 84. From another series, probably beginning 
with Br 9, the figures are: Br 9: 69, 10: 72, 11: 74, 12: 84, 13: 86, 14:83, 
15: 84, 16: 87, 17: 87, 18: 90, 19: 85, 20: 87°. 

Pectlnome/ra flavopnrpurea Br 2: 86. 4: 72, 5: 80, 6: 63, 7: 72, 8: 78, 
9: 75, 10: 88, 11: 85, 12: 90, 14: 90, 15: 97, 16: 91, 17: 90, 18: 93, 19. 90, 
21: 92, 22: 91, 23: 86. 24: 86, 25: 87°. 

Aslerometm anthus Br 2: 81—85°, 4: 61, 5: 64, 6: 65, 7: 63, 8: 74, 
10:86, 11:88, 12:80, 13:82°. 

Clarkometra elegans Br 2: 79, 80, 80, 83, 84°, Br 4: 67, 69, 70, Br 
5:65, 6:57—61, 7:76, 8:80, 10:82°. 

Aniedon petasus Br 2: 71°, 4: 68, 5: 62, 6: 65, 7:—, 8: 71, 10: 79, 
11: 81, 12: 82, 13: 85, 15: 86, 16: 87, 17: 86. Distally ± 80°. 

Heliometra eschricUi Br 2: 71°, 4: 67, 5: 64, 6: 64, 7: 60, 8: 67, 10: 65, 
11: 70, 12: 75, 13: 83, 15: 78, 16: 87, 17: 79, 19: 92, 20: 84, 21: 86, 23: 85, 
24: 88, 25: 85, 27: 90, 28: 84, 29: 89, 31: 86, 32: 83, 33:84, 84: 86, 36:87. 
Distally 70 -80° . 
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Thanmatocrinus jungerseni Br 2: 76°, 3: 72, 5: 66, 6: 64, 7: —, 8:69, 
10:75, 1 1 : - , 12:74, 13:85, 14:80, 15:83, 17:86°. 

Fentametrocrinus diomedeae Br 2: 62°, 3: 60, 5: 65, 6: 62, 7: 65, 8: 70, 
10: 72, 11:75, 12: 75, 13:82°. 

Atelecrintts helgae Br 2: 80, 83°, 4: 87, 5: 85, 6: 89°. 
Ilycrinus carpenteri Br 2: 82°, 3: 86, 5: 89, 6: 90, 8: 90, 9: 89, 11: 92, 

13:99. 15:90, 17:92°. Pinnules from Br 11. 
Rhizocrinus lofotensis Br 2: 90°, 4: 90, 6: 90, 8: 84, ± 12: 85°. Pinnules 

from Br 8. 
Melacriniis nohilis tenuis I Br 2: 84°, 3: 75; II 1: 75, 2: 72, 4: 73, 

5: 74, 6: 74; III 1: 69, 2: 77, 4: 74, 5: 74, 6: 70, 7: 71, 8: 72, 9: 72, 10: 79; 
IV 1: 71, 2: 75, 4: 72, 5: 69, 6: 70, 7: 64, 8: 69, 9: 69, 10: 76; Br 1: 75, 
2: 73, 4: 80, 5: 72, 6: 73, 7: 69. Distally of this 72-75° . 

We see from this that as a rule oblique muscular articulation is 
most strongly pronounced immediately after the axillaries, and that the 
more distal articulations afterwards become straighter, and then again, 
in the outer parts of the arm, somewhat more oblique. Ilycrinus car
penteri forms an exception to this, where the distal angle of the axillary 
(seen from the dorsal side) is very large (cf. below). Here the proximal 
joints, which also lack pinnules, are only slightly oblique, whether one 
observes them from the dorsal side or from the joint-face. 

The oblique muscular articulation thus advances in usual cases — 
in the Comatulids practically without exception, judging from 20 speci
mens examined in addition to those given above without noting the 
figures, and pointing in the same direction — after the first Br-
articulations in the proximal parts of the arm towards the straight 
type. It is evident from the figures of Br 27 of Heliometra eschrichti 
and Br 13 of Amphimelra crennlata how close this "oblique" muscular 
articulation in certain proximal Br-joints can come to the radial 
(figg. 23, 24, 33). This straight type reaches the Br-articulations 
more or less completely after a varying number of joints. It must be 
noticed, however, that discoidal joints, i. e. those with exterior straight 
articulation appear before Br 10, while the interior straightness of the 
articulations does not generally appear until after Br 10 or 15. These 
two types therefore are kept separate usually and seldom appear in the 
same ossicle. 

Clarkometra eleguns shows, for an Antedonid, rather high figures for 
the angle on Br 2. One might imagine that these were caused by the 
lack of pinnules, but Br 4 which is also non-pinnulated shows normal 
figures (figg. 30—32). That inner obliqueness can be extraordinarily 
strong in spite of the absence of pinnules is shown by Penlametrocrinus, 
where the first pinnule appears on Br 5. The Aielecrinus species lack 
pinnules as far out as about Br 15. In spite of this outer obliqueness 
is well developed (fig. 12). Inner obliqueness, on the contrary, is 
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F i ï g 14—18 14) Monaehometra c(. fra/filis, "[i. li — ll) Heliometra eschr ichli. 15) Brr 
3—8 viewed from the veniral side with the muscles removed, °/i. 16) Brr 3—Sviewed fiom. 
the l ight side (the outer side of the arm-divis ion) , X 7 ' /» . 17) Brr 16 — 21 viewed from the 
r ight side, X 7 ' / ' - 18) Peclinomelra flavopurpiirea, B i r 2 — 9 viewed from the r ight side, " / ' • 
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very little accentuated and straight articulations are attained already 
at about Br 6 (of. above and figg. 25, 26). One can understand from 
this tliat in the Comatulids the presence or absence of pinnules plays 
ratlier a small part in regard to outer obliqueness in the proximal 
parts of the arm. It is of more importance to inner obliqueness, 
however, although it is obvious that in the more proximal parts of the 
aim other factors appear which influence the obliqueness of the muscul
ar articulations. The low figures of the angles in Eiidiocriniis may be 
caused by tlie fairly thick pinnule bases (cf. also below, the explana
tion of the reversion problem). 

If one examines the morphological conditions for the oblique angle 
between the intermuscular fossa and the transverse ridge one finds the 
following: The difference in size between the two muscle-fossae is usually 
of lesser importance (cf. figg. 21, 27, 28). The difference in size between 
the interarticular ligament of the pinnular side and that of the anti-
pinnular side is, however, often much greater. This difference reaches its 
maximum in the Antedonids. Through the co-operation of muscle, pin
nule-socket and interarticular ligament the pinnular side of the distal 
facet of the segment is enlarged ventrally of the transverse ridge, and 
owing tu this the dorso-ventral intermuscular furrow or crest looks as 
tliough shot over towards the antipinnular side. In reality, however, it 
is not entirely so. If one observes the ventral side of an arm from 
which all the soft parts excepting the ligaments have been removed 
(cf. fig. W. B. CAKPENTEE 1866, Antedon bifida: my figg. 13, 15), one will 
find that the above-mentioned intermuscular furrow or crest is always 
orientated strictly dorso-ventrally. It is therefore more correct to ex
press the inner obliqueness of the articulation by saying that muscle, 
pinnule-socket and interarticular ligament displace the transverse ridge 
towards the joint's dorsal side, on the pinnular side of the distal end of 
the ossicle — on the antipinnular side, if the ossicle is observed from 
tlie proximal end (figg. 21, 22). 

* 

I pass on now to give a short account of the distal joint-faces of 
the axillaries As was emphasized above, A. H. CLAKK (1908 d) says 
that certain axillaries have straight, and others, on the contrary, 
oblique articulations; in 1922 the distal articulations of the axillaries 
are considered to be an intermediate between the straight and oblique 
articulations (p. 179). The really straight articulations would then only 
be found in the articulation between It and I Br 1. As it is of import
ance for the so-called homologizing of the proximal ossicles to see how 
the matter really stands, I give some figures below, gained by measuring 
tlie distal axillary angles (the lesser angle between the transverse ridge 
and the dorso-ventral crest): 

4 —24 L 20. T. GisUn. 
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Figg. 19—26. 19) Antedon peta^us Bu 1 — 15, viewed fioni the left side, '" i 20) C'uma-
tuhi pecttnata Bii 1—11, viewed fiom the left side, '/i 21—24) Hehometta esclituhti 
21) Br 6, distal face, '"/i. 22) Br 7, proximal face, ^"ji. 23) Bi 27, distal face, " / i 24) Br 
28, pioximal face, '"/i. 25 — 26) Atelecrmu!, helgw. 25) I Bi 1, pioximal face, '7i- 26) Br 
6, distal face, "'/i. 
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Coiiianthus Japonica: (I Br 1 prox. 87°, II Br 1 prox. 78), II Ax 
(57 — 70, III Ax 60. Himeromeira magnipinna II Ax 50, III Ax 63, 
Pontiometra andersom I Ax 87, II Ax 87, III Ax 8 2 - 8 5 , IV A x 7 8 - 8 2 , 
V Ax 80, Tropiometra afra macrodiscus I Ax 80, Cenomelra bella III Ax 
76, Oligometrides adeonae I Ax 77, Pectinometra flavopurpurea I and II 
Ax 90, Asterometra anthiis I Ax 87, Notocriniis virilis I Ax 87, Clarko-
metra elegaiis I Ax 84, 84, 85, 89, Heliometra eschrichü I Ax 86°. 

Ilycrinus carpenteri 1 Ax 74°. 
Metacrinus nobiJis tenuis R 89, I Ax (4): 70°, II Ax (7): 63, III 

Ax (11): 67, IV Ax (11): 68°. 
It is seen from this that Comantlms, Himerometra, (Pontiometra), 

Tropiometra, Cenometra, Oligometrides, Ilycrinus, and Metacrinus have 
oblique articulations, while the rest of the types examined have, on the 
contrary, nearly straight muscular articulations. 

I t is evident from the above that no sharply defined boundary can 
be found between straight and oblique muscular articulations. If 
one accepts the later of the standpoints taken by CLAEK, one should be 
able to maintain that the straight muscular articulation on the distal 
face of the R was always single, while all the other ossicles, with 
muscular articulation, had double joint-facets, i. e. formed axillaries or 
bore an arm and a pinnule at their distal ends. (In this connection, 
however, one must remember there are types with defective pinnulation.) 
In such a case, however, CLARK'S ZJ and Zg would always correspond to 
I Br 1—2, which might also, with a certain justice, be called homologous 
in the recent Crinoids. 

We can therefore state that the homologizations of certain proxim
al Br-segments that are founded on the basis of a supposed distinct 
difference between straight ^ and oblique muscular articulations are 
erroneous. 

D. Causes which influence the obliqueness. 

1. The obliqueness of the most proximal ossicles. 

I have pointed out above that the arm divisions were brought 
nearer to each other through Br 1 and 2 being broader on the outside. 
This is of a certain importance, for after the first arm division, the 
arms in 5-rayed forms cannot, if they are to expand in the same plane, 
diverge at a greater angle than about 72° (*j-). As a consequence of 
this the distal angle of the axillary ought not to be less than 108° (cf. 
fig. 88). It has, however, turned out that among the forms examined by 
me Ilycrinus carpenteri and Monachometra cf. fragilis only have an angle 
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Figg 27—37 27—29j Comatiila pecimala 27) Bi 4, dista! face "'/i 28) Bi 5, proxi 
mal face, "/< 29) Bi 8, d is t i l face i"" i 30—32) Cliii 1 ometia deffam, 30) Bi 2, distal 
fate, '* 1 31) Bi 4 distal face ' ' i 32) Bi 6 d is t i l f ice , •'7i 33) Ampkimetia cienulata 
Bi 13, distal f i t e , ' / i 34—35^ Puntioiiieti a undeisom i4) Br 5 distal f ice, ' 7 i T5) Bi b, 
proximal face, '° i 36—37) Pidionieti n flavopnipiixa 36) Br 6, distal face, ""/i 37) Bi 7, 
proximal fa te , '"/i 
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rising to any great extent above this figure. In these two cases it 
reaches 162° and 145° respectively. All the other types excepting 2 
have a I Ax angle of less than 108°: Conianthus japonka 88°, Capillaster 
sentosa 105°, Heteromelra jaquinoti 106°, Ponfiomelra andersoni 105°, 
Tropiometra afra macrodiscus 105°, Pectinomefia fiavopurpurea 104°, 
Diodontometra bocki and Asterometra anthits 110°, Notocriims virilis 83°, 
( larkometra elegans 103°, Hypalometra defecta 96°, Aniedon petasus 78°, 
Heliometra esehrichti 68 -72° , Atelecrinus helga' 81°, Metacrinus noJnlis 
tenuis 98°. 

In the 10-rayed Promachoerinus kerguelenensis the I Ax angle ought 
not to fall below 144°. In reality it is 107° here. 

Axillaries of higher rank should, assuming the highest po&sible 
number of arms within the respective order of the division series, have 

iMg. 38. Fig 39. 

angles as below: II Ax: 144°4 , III Ax: 162°-h, IV Ax: 17l°4 . The 
types examined had, however: Comanthus japonica II Ax: 104°, III Ax: 
104; Capillaster sentosa II Ax: 126, III Ax: 120, IV Ax: 131, V Ax: 
120; Pontiometra andersoni II Ax: 130, III Ax: 130, IV Ax: 115, V A x : 
105; Pectinometra fiavopurpurea II Ax: 126, Metacrinus nohilis tenuis II 
Ax: 104, III Ax: 102, IV Ax: 108\ 

All the examples given above — short of the exceptions mentioned 
- have therefore their arms diverging far too rapidly. But owing to the 

first postaxillar ossicle being broader on the outer side of the arms this 
drawback is remedied. (If the arms were narrow proximally and not in 
lateral contact, the basal parts of the free arms could certainly diverge 
at angles greater than those theoretically possible. In such a case, 
however, the divergency must soon be lessened to prevent the arms 
colliding in the more distal parts.) 
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If for example the distal angle of an axillary is 2 a° smaller than 
tlie theoretically possible angle b, then evidently the proximal and distal 
sides of the primi-postaxillar ossicles must, in order to restore the arms 
to the proper angle, get broader on the outside of the arms, and the 
angle which the proximal and distal sides form with each other must 
reach at least a° (cf. fig. 39). It seems, however, to be a general rule 
that the divergence of the arms is diminished still farther, so that they 
become nearly parallel to each other. The postaxillar ossicles are there
fore so much broader generally on the outside, that the distal suture of 
Br 1 forms nearly a right angle with the longitudinal axis of the pre
ceding axillary, and the distal margin of Br 2 slopes somewhat inwards. 
The too strong convergence of the arms is usually compensated for by 
Br 3 + 4 being broader on the inside, so that the distal margin of Br 4 
is almost parallel with the longitudinal axis of the arm. The influence 
of the arm-forking upon the obliqueness of the joints is thus nullified. 
The conditions found in Clarkometra and Hypalometra show that the 
presence or absence of Pj and P , has no influence worth mentioning upon 
the obliqueness of Br 1—4. As I have emphasized above, joints after
wards appear in special cases in the Comatulids, where the greater breadth 
of the pinnular side of the arms 'is already pronounced from the begin
ning; more often, however, a number of discoidal segments are found 
after Br 4, or the above-mentioned reversion phenomenon sets in, of 
which I shall give an explanation later on. 

2. The influence of the pinnulation on the obliqueness of the 
Br-segments. 

In the outer parts of the arm the position of the pinnules evidently 
has a decisive effect upon both the outer and the inner obliqueness 
of the Br-segments. The pinnular side of the ossicle becomes more 
strongly developed: from this comes its outer obliqueness. The pinnule's 
point of insertion enlarges the pinnular side of the articulation-face: 
this causes its inner obliqueness. Two beautiful examples of the decis
ive role which the position of the pinnules plays, as regards oblique
ness, are found in Pectiometra flavopurpurea and Heliometra eschrichti 
(of. figg. 40, 41). In the former 2 successive pinnules appear, both 
standing to the right, on Br 9 and 10. The proximal and distal margins 
of Br 10 are therefore parallel. In Hdiometrn eschrichti 2 pinnules appear 
on Br 92. The formula for the arm may be denoted thus: 

I i _ 9 I Br 1—2 3 + 4 9091 +92 93 94 + 95 96 97 98+99100 
" 1 Br 
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All the pinnules are normally developed, and are of normal size 
(19-20 mm. The pinnule on Br 93 is, however, a little more slender). 
The articulation between Br 92 and 93 is perfectly perpendicular to the 
longitudinal axis of the arm. The distal articular face of Br 92 is per
fectly symmetrical (cf. fig. 42). One may compare the normal appearance 
of the articular face of the distal Br-segments, reproduced from Br 93 
(cf. fig. 43). 

In certain cases it seems as though one cannot altogether dismiss 
tiie thought that historical causes may have played a certain part in 
bringing about obliqueness. In Atelecrinus, which lacks pinnules as 
far out as Br 12 or 15, one really ought to expect, if the arm division 
and pinnulation were the only influential factors, to find straight arti
culations between at least Br 4 and 12. This seems to be the case re
garding interior, but not as regards exterior obliqueness. The side 
of the ossicle that should have borne the pinnule is in fact always 
broader. It is presumable that actual historical facts must be resorted 
to here in order to explain the exterior obliqueness of the segments. 
The power of flexibility in a lateral direction here seems, apart from 
the synartlirial articulation, to be extremely slight, so that we get no 
trace of reversion in this case (cf. below on the reversion problem). 

In the basal arm-joints the pinnule-socket always invades more or 
less the Br joint-face, and then either shoots down between the muscle 
and the interarticular ligament or lies ventrally of the muscular fossa 
(figg. 16—23, 27—29, 33—36). In more distal Br-joints 2 cases arise: 
either the pinnule-socket wanders out on to the lateral side of the Br-
segments and is found lying completely isolated from the brachial arti
cular-face (cf. W. B. CAEPENTEK 1866, PI. 38, fig. 2, Antedon bifida and 
my own figg. 17, 19, 20); or else the pinnular face is found lying on the 
ventral side of the Br-segment, and therefore, as in the proximal parts 
of the arm, ventrally of the muscular-fossa (cf. figg. 13, 18, 34). In 
the former case we have more or less long segments and markedly 
oblique articulations, in the latter case the phenomenon is usually com
bined with short, discoidal segments. Here, however, the size of the 
pinnule bases plays a certain role. Calometridae ought on account of 
the insertion of the pinnule-bases to be placed in the latter group. The 
extraordinarily stout proximal pinnulars do not allow, however, such a 
pronounced shortening of the Br-joints as that which appears in Maria-
metridae, Slephanometridae, and Himerometridae. In the Calometrids the 
pinnule-attachment spreads itself out at the cost of the muscle-attachment 
of the pinnular side, which is diminished and gains a more horizontal 
position on the distal side of the Br-face (figg. 13, 18, 36, 37). 

In other cases where the pinnule has a ventral starting point, the 
shortening of the Br-joints (ontogenetically as well as phylogenetically) 
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may lead to discoidal joints, so that the proximal and distal articulations 
are parallel. 

If, on the contrary, the pinnule has a more lateral position, tlien 
with the shortening of the joint and with a pinnule base of normal size, 
a tendency towards greater shortening of the antipinnular side may make 
itself felt, and a certain inclination to dichostichality or biseriality 
appears in the arms. This is, among recent forms, strongly pronounced 
in certain Comasteridae, where one may observe a thickening of the arm-
bases, and at the same time a relative shortening of the Br-joints. This 
tendency to biseriality is very evident in e. g. Comalula pectina/a (cf. 
1919 GisLÉN, PL 1 fig. 2, 1924 fig. 46), but is developed best of all in 
Comalulella hrachiolata (cf. A. H. CLARK 1911 a, 1913). I t might be 
imagined that the thickening of the arms has been influenced by two 
causes. First the sexual organs in these types are developed in the 
arms, as shown in my sections (cf. Chap. 5); this circumstance, however. 
can scarcely play any very large part, considering that the gonads placed 
in the same position in various other recent Crinoids do not cause any 
thickening of the arms (cf. SPERKY 1904, on Metacrinus, MORTENSEX 1918, 
1920 a, on Notocrinus, Isometra). Secondly one may refer to the role 
which the creeping motions typical of the Comasterids undoubtedly play 
(cf. H. L. Clark 1915, 1921). 

3. The influence of the lateral degree of flexibility on the appear
ance of the Br-joints. 

a) The active flexible power of the ligamentary elements. 

Like every other author from JOH. MÜLLEU downwards, BOSSHARD 

(1900), who studied the histological difference between muscles and liga
ments, has stated the great dissimilarity in histological structure and 
capacity for colouring existing between them. He comes to the conclu
sion that the muscles must be active flexors, which flex the arm ven-
trally, while the ligaments only serve as elastic antagonists, which 
automatically flex the arms dorsally with the relaxation of the muscles. 
He admits himself, though, that this theory cannot explain the slight 
but distinct movements which the cirri of a Comatulid, wliose cirrals 
are united by ligaments only, are capable of making (cf. also the observ
ations of JiCKELi 1884, HAMANN 1889, 1907 CUÉNOT 1891, REICHEN"-

sPERGEE 1912, H. L. CLARK 1917, A. H. CLARK 1922, and myself). 
BOSSHARD, however, points out himself that this movement of the cirri 
takes place very slowly, and in quite another way than the movements 
of the arms. This movement of the cirri, which has been clearly veri
fied, makes BOSSHARD'S interpretation of the passivity of the ligaments 



ECHINODEKM STUDIES 57 

with flexion of the arms, rather a weak one. This author evidently 
has not noticed either the information we have respecting the move
ments of the cirri in the Pentacrinidae. A. AGASSIZ (1. c. 1888, vol. 2,. 
p. 120) says, of specimens of West Indian Pentacrinids, as to ' their 
use of the cirri placed along the stem. These they move more rapidly 
than the arms^ and use them as hooks to catch hold of neighbouring ob
jects". The leader of the Bahama Expedition of 1893, Professor C. C. 
NUTTING, also writes (1895 Bull. Univers. Iowa, Nat. Hist. Vol. 3, p. 75,. 
quoted by H. L. CLAEK 1918, p. 15) of living specimens of Jsocrimis 
decorus: "The cirri were also moved about as if seeking support, and 
there was some motion of the stem". It is thus indisputable that the 
ligaments of the cirri, which histologically cannot be distinguished from 
the ligament of the arm-joints, realh' have the power of active con
traction. 

But there are also other facts which point towards BOSSHAKD'S in
terpretation being less acceptable. The arm-joints move with the trans
verse ridge as a hinge. We know that there are ligaments on both 
sides of this ridge which are about equally powerful — the interarticular 
ligaments and the dorsal ligament. Now if the dorsal ligament were 
antagonistic to the muscles alone, it would be difficult to understand of 
what service the interarticular ligaments could be. Possibly one might 
imagine that with the relaxation of the muscles they serve to counteract 
a too hasty flexion of the arms in a dorsal direction, which might be 
thought to involve breaking of the arms. One might also imagine that 
with the ventral flexion of the arms the interarticular ligaments become 
somewhat pressed together, so that, when the muscles relaxed, they 
would co-operate with the dorsally flexing ligament. Both these 
suppositions are confuted, however, by the fact that when the muscles 
are cut through no very strong involution of the arm takes place dorsally. 
Certainly a little dorsal curvation often appears, which, however, is soon 
effaced (cf. also MARSHALL 1884. Experiments 12 and 16). Another 
circumstance speaking in favour of the ligament's capacity for motion 
is the fact that the two ligament-bundles of the synarthrial articulations 
may sometimes be rather unequally contracted, in this way giving the 
arm or arm-pair an oblique position (fig. 45). I consider therefore that 
the ligaments play a certain active part in the flexions of the arm. 

' The arms of stalked Crinoids seem to move quite slowly in comparison 
with recent Comatulids, according to Dr. BOCK'S observations of the living JlfeMoijiWs 
and my own observations of Shizocrimis- It should bo noticed too that the liga
ments between the proximal cirrals in the Pentacrinids are very strongly devel
oped, so that even a slijrht contraction gives a powerful result in the distal part 
of the very long cirrus. 
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Figg. 40—46. 40) Pecttnuinetia flaiopurpiirea Abnormal pinnulation on a Br 10, Vi-
41—44) Hehometia eschrichti 41) Bi i 89 — 96, abnormal pinnulation on Bi 92 and 93, '", i. 
42) Br 92, distal face, ' " / i . 43) Br 93 , distal face, ^"ji. 44) A pair of a ims , the left muscles 
and Intel art icular l igaments contracted, V'- *5) Antedon petaius, unequal contraction of the 
pa i red synar thr ia l l igament-bundles from a Ihing. specimen, i";!. 46) Coniatula pectmata, 
arm-base , the most proximal segments somewhat s t retched apar t by boiling in KOH, " i. 
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b) The development of the ligamentary elements among 
creeping types. 

Oligophreata in general and Comasterids in particular have only 
inconsiderable muscular attachments in comparison with their ligamentary 
connections. Macrophreata (and even certain Oligophreata), on the con
trary, have extraordinarily powerful muscular attachments. We can, as 
was hinted above, show that the proximal parts of the arms in certain 
Comasterids are powerfully thickened and this enlargement, as far as 
regards the calcareous joint itself, is caused by the specially powerful 
development of the ligamentary connections (figg. 27 — 29, 46). 

For a swimming type, like Antedon, a very important condition is 
that the formation of the arms should be light and slender; for creeping 
types, on the contrary, a clumsy construction is of less consequence if 
only the levers are powerfully built. We can, as I have hinted above, 
after we have dismissed the theory that the development of the sexual 
organs in the arms could have influenced their thickening to any extent 
worth mentioning, hardly avoid thinking that the thickness of the arm-
bases bears a certain relation to the creeping habits' of the Comasterids. 
As the ligamentary fibres are much more closely connected with the 
calcareous mass of the ossicle than the muscle-bundles (cf. the histo
logical works quoted above), as the muscles in these types are rather 
weakly developed, and as one must presume that the ligamentary elements 
possess an active capacity for motion, I see no obstacle to accepting 
the notion that an arm of the type mentioned above must answer better 
to the demand for an efficacious pull and push lever than do the more 
graceful and delicate arms found among the other Comatulids which are 
better suited for swimming. 

I must here point out the peculiarity that a large number of the 
oldest - Jurassic — Comatulids also had very coarse arm-bases, which 
were often specially thickened proximally, where strangely enough the 
same tendency to biseriality as in Comatulella and Comatula appeared, 
although often it went much farther in the Jurassic Comatulids (cf. 
WE LoRioL 1888, Aniedon changarnieri and A. thioUieii, Pll. 219, 224; 

'- Certain Comasterids in solitary cases seem to be capable of swimming, but 
ure said to swim «spasmodically and not in the beautifully co-ordinated manner 
of a Sfephanometray (H. 1-. CLARK 1915, p. 110). On the other hand the Tropiometra 
species have not been observed swimming (H. L. CLARK 1917). There can be no 
doubt, however, that the Comasterids are creeping forms normally, and often with 
this form of motion very active animals, while the rest of the Comatulids are 
normally swimmers. As an exception Tropiometra may be mentioned, a very 
«luggish and inactive form (cf. H. L. CLAKK 1917,1921) The reversion of the proxim
al Br-joints in this genus can scarcely be observed either. 
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WALTHER 1886, Solanocrinus costalus, pi. 25; LEUTHARDT 1911, Pll. 6—8 
and others). Here too the muscular attachments, as in all the 
older Articidatu, are weakly developed in comparison with the ligament-
ary connections. One cannot help thinking that these phylogenetically 
old Comatulids, which had fairly recently given up their sedentary habits, 
had not yet gained any great capacity for swimming, but were chiefly 
creeping types. The Antedonids, on the contrary, who are good swim
mers, would then be a later type, more suited for a free and active 
mode of life (cf. also the conclusions I have arrived at in the chapter 
on The Phylogeny of the Comatulids). 

c) Solution of the reversion-problem. 

I will now return to the discussion of the problem described above 
as the reversion phenomenon, i. e. the appearance in certain Comatulids 
of proximal Br-joints where the pinnular side is more or less greatly 
shortened, and endeavour to solve it. The causes of this shortening are, 
as we shall find, the following: 

The degree of effect caused by an articulation's capacity for flexing 
the arm as a whole both ventrally and laterally increases as the posi
tion of the articulation becomes more proximal. The strongest capacity 
for flexion must therefore be considered to appear in the most proximal 
articulations of the arms. In the proximal articulations the interarticular 
ligament on the distal joint-face is developed much more strongly on 
the pinnular side than on the antipinnular side. Through the encroachment 
of the pinnule-socket, which is fairly strong in the proximal parts of the 
arm, the interarticular ligament of the pinnular side, and by it also 
the transverse ridge, is displaced dorsally on the pinnular side of the 
Br-joint's distal face. On the proximal face of the successive Br-ossicle 
it is the end of the transverse ridge running on the antipinnular side 
of the ossicle which, on the contrary, is displaced dorsally. In other 
words, we find in the dorsal part of the articulation a certain likeness 
to a synarthr}', although a very oblique one. The dorsal end of the 
transverse ridge, which runs between the great interarticular ligament 
and the dorsal ligament, is now prolonged so that a process from the 
proximal margin of the more distal Br-joint fits into a notch in the 
distal margin of the more proximal ossicle. We get thus something 
very similar to an oblique synarthrial projection, where, as in the latter, 
the synarthrial process is directed backwards. At the same time as this 
prolongation of the proximal margin of the distal ossicle takes place 
backwards, the point of attachment for the great interarticular ligament 
spreads out on the lateral, inner side of the increased attachment sur
face. As the projection from the more distal ossicle fits into the more 



ECHINODEKM STUDIES 61 

proximal ossicle on its pinnular side, it encroaches upon the breadtli of 
the pinnular side of this joint, which thus becomes narrower than the 
antipinnular side. On the other hand, the more distal joint, which bears 
the process, is strengthened on the antipinnular, proximal side by the 
backwardly directed process and thus becomes broader there. 

It is evident that such a construction as the one sketched above 
gives the arm increased flexible capacity in a lateral direction. An 
articulation where both the end-points for the transverse ridge are 
btrictly lateral evidently does not allow any flexion at all in a lateral 
direction, whetlier the joint in other respects is oblique or not (cf. Atele-
crinus). 

If, for example, we observe the drawing of an arm of Ileliometra 
eschrichti (fig. 44), we can see clearly that a contraction of the muscles 
and interarticular ligaments on the inner side must, as was the case, carry 
tiie arm in towards the main axis, while, on the contrary, a contraction 
of the muscles and interarticular ligaments of the outer side must lead 
to the arm being carried from the main axis. In the case shown in the 
drawing the contraction of the ventral muscles and ligaments of the 
left side causes an opening of the dorsal ligament fossa between the 
joints where the great interarticular ligament stands to the left, while 
the dorsal fossae between the joints where the little interarticular liga
ment stands to the left are not expanded but are pressed together 
by the inflexion of the arm towards the main axis described above. 
X contraction of the ventral muscules and ligaments on the left side 
affects chiefly every other joint, but with a cumulative effect so that 
it can produce very considerable consequences in the distal parts of 
the arm. 

The greater this reversion of the conditions of breadth in the 
proximal Br-joints, the greater becomes the lateral capacity for flexion 
in the arms. A certain amount of lateral flexion is possible in all the 
arms where synarthries are developed. In fossil types — where synarthry 
is found — and in recent stalked Crinoids this restricted lateral pos
sibility of motion seems to be satisfactory. The same seems to be the 
case in the primitively organized genus Atelecrinus, where no decrease 
at all of the breadth of the pinnular Br-side appears in any part of the 
arms. Here one is able, from the primitiveness of the type in other 
respects, to assume an inconsiderable lateral mobility. An increased 
lateral mobility here would most likely give rise to discoidal segments. 

Under certain conditions an apparently similar case to that of 
Atelecriiius may arise on account of an enormously enlarged pinnule-base 
(Calomelridae); in other cases the habit of creeping (a number of Coma-
sterids), possibly combined with original primitiveness, may bring about 
a similar phenomenon. 

In all the other Comatulids reversion may be observed. In the 
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cases where it is little developed the influence of the pinnule is about 
equal in importance to tiie counteracting, reversional, lateral flexibility; 
here we get in the proximal parts of the arm a number of discoidal 
joints. In the cases where it is more strongly developed (Antedonidae) 
the lateral capacity for flexion is the strongest, and a number of joints 
appear, which are considerably narrower on the antipinnular side. 

E. Contribution to the history of the muscles. 

In the creeping Comasterids, as was pointed out above, the muscular 
attachments in comparison with the ligamentary connections are not 
very conspicuous. The same is also the case, in a more or less high 
degree, among various other families belonging to the OUgophreata, and 
in certain fossil — especially Jurassic — Comatulids; among the Macro-
phreata, well equipped as they are for swimming and living a free, active 
life, the muscular attachments, on the contrary, in comparison with 
the ligamentary connections, are powerfully developed. 

It is very obvious how weak and scanty the development of the 
muscle-fossae are in the Articulate, Jurassic Apiocrimdae, Millericrinidae, 
and Pentacrinidae (cf. e. g. DE LOKIOL 1884—89). It is likewise of great 
interest to see that in the Silurian Inadunate species (cf. BATHER 1893) 
where one can occasionally verify the occurrence of a transverse ridge, 
not the least trace of the ventro-lateral crest that should mark the 
boundary between an interarticular ligament and a muscle-fossa is found. 
It is only with the appearance of free-living forms, such as Comatulids 
and certain Pentacrinids (cf. also the figg. of P. H. CABPENTER 1884) 
and not always in them even, that the muscles become considerably 
enlarged. 

One may ask oneself, what are the histological and historical 
relations between the ligamentary connections and the muscles? Are the 
tissues fundamentally different, as BOSSHARD assumes, or are they from 
the beginning only the product by differentiation of one and the same 
tissue ? 

If we look at the question from the histological side, my own 
observations of sections through regenerated and young arms seem to 
give the same result as that to which MINCKERT (1905) and REICHEK-

SPERGEE (1912) came — that both kinds of tissue were at an early stage 
differentiated from similar tissue. 

In regenerates the muscles appear somewhat later than the liga
ments, and are at the beginning very difficult to distinguish from these 
latter. After that, they are differentiated in various ways, the fibres of 
the true muscles become spirally striated etc. (cf. REICHENSPERGER 1912 
pp. 13 and 25). 
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I have stated the reasons above which speak in favour of an 
active capacity for locomotion, even if a rather slow and restricted one, 
of the ligamentary connections. I agree also with REICHENSPERGEK that 
the ligamentary fibres are actively contractile and "eine primitive Form 
von Musculatur" (p. 17). One might compare them with the plain 
muscles, as their reactional velocity seems to be less than that of the 
striated ventral muscle-bundles. 

Although I thus consider the ligamentary and muscular tissues 
rather nearly related physiologically, still I retain (on account of their 
clearly differentiated type histologically, and in order to have short and 
familiar terms, easy to keep apart) the names -used above. 

During the phylogenetic development one may imagine that two 
courses lay open. Either the two tissues were distinguished from each 
other histologically very early; in that case the true muscles from the 
beginning lay ventrally of the interTirachial joint-faces and only later 
were incorporated between them; or else the differentiation of the true 
muscles took place at a relatively late time. In the latter case they 
would have been formed .from the ligamentary elements within the ven
tral part of the articulations. 

The latter possibility is less probable for several reasons. One might, 
if this latter development had taken place, ask oneself, why no muscular 
fibres had ever been formed in the dorsal ligament which acts anta
gonistically to the ventral muscles, and why muscles are lacking in 
synarthries and in inter-cirral articulations which both have a fairly 
powerful motion of their own. A. H. CLAKK in 1910 (a) in a noteworthy 
paper, has also pointed out certain other points of view which seem to me 
to speak in favour of the former course of development. He considers 
that from the beginning the ossicles in Crinoids were only bound 
together by "connective tissue", like the sutures between the ossicles 
of the Echinoids to this day. In Echinothurids and Holothurians we 
have radial, longitudinal muscle-bands inside the skin containing the 
calcareous plates or spicules. Above the periproct, in the dorsal posterior 
interradius of the Spatangids, transverse, striated muscles are met with. 
Both these are the remains of a muscular sac which existed once upon 
a time (cf. LUDWIG 1877, SAEASIN 1888). A pair of longitudinal muscle-
bands, like those in the Holothurians, presumably existed on the ventral 
side of the arms of the oldest Crinoids. With the demand for increased 
and more rapid motion in the arm-joints these muscle-bands began 
to play a more active part in flexing the arms, and therefore gained 
stronger attachments to the Br-joints. Crests and calcareous processes 
were developed in this way for the muscle-attachments, and these pushed 
into the longitudinal muscle-band and divided it into portions which 
now correspond to the interbrachial true muscles. 



<64 T. GISLÉN 

My view may thus be stated as follows: that for the only slightly 
movable arms of most of the palaeozoic Crinoids the ligamentary arti
culation in the proximal parts of the arm which still lacked flexional, 
real muscles was sufficient for the flexional power required; we there
fore find in them only syzygial or more commonly more or less synostotical' 
-articulations in the middle and distal parts of the arm. Later on, with 
the necessity for increased speed and effectiveness in movement, the 
proper muscles, which before had only been found in the soft parts 
situated ventraliy of the arm, also became associated with the calcareous 
skeleton. We find that this incorporation took place earliest in the 
radial articulation, standing alone in its type, in Flexibilia, according to 
SPKINGEK (1920) extinct in Upper Carboniferous, without leaving any 
descendants after it. Articiclata, which it appears may be traced back 
to Poteriocrinites, which in its turn descends from some group of Den-
dfocrinites (BATHER 1900, J.EKEL 1918). have independently taken a 
similar course and developed the type usual in recent Crinoids (cf. figg. 
47 -52) . Among the Jurassic Comatulids the muscle attachments are still 
relatively insignificant. In the radial muscular articulations they may 
•even be lacking sometimes, as in a couple of recent forms {Fontiometra 
and Stephanomeira, figg. 53, 54); but this phenomenon appears to be of 
a secondary nature (cf. the chapter on The Phylogeny of Comatulids). 

The ligamentary articulations would thus be the oldest arm-flexors 
which, by their activity, have developed the transverse ridge. There
fore the interarticular ligaments are the original antagonists of the 
dorsal ligaments. The ligamentary articulations can be derived from 
the close sutural connections between the joint-pieces of the Cambrian. 
Ordovician, and Silurian Crinoids. The role of the true muscles as arm-
flexors would be of later date, and caused by the necessity of increased 
and more rapid motion. The muscular articulations first reach their full 
development in certain recent eleutherozoic Comatulids, while other 
Comatulids less suited for the habit of swimming, many stalked recent 
Crinoids, and the Permian to Jurassic forms, have muscular attachments 
which are very modestly developed (cf. BEYKICH 1858, PI. 1 figg. 4, 6, 7; 
P. H. CAKPENTEK 1884, Pll. 3, 12, 18, 20, 21, 26, 32, 84, 50; A. H. 

CLARK 1922, figg. 1 — 115; GOLDFUSS 1831, Pll. 51, 52,54,57; V.KOENEN 

1887, PI. 1 figg. 12—14; DE LOBIOL 1884-89 PI. 34 fig. 6; 59 fig. 1; 
71, fig. 7; 94, fig. 7, 120, fig. 1; 134, fig. 1; 200, fig. 5; 213-229; 
QuENSTEDT 1876, Pll. 97, 100, 103; 105, 106; WANNER 1916, PI. 101, 
fig. 12, 104, figg. 1, 5; 106, figg. 3, 4; 10t>, figg. 8, 10). 

1 Cf. below pages (55 ff. 
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III. Ligamentary articulations in the arms. 

A. Nomenclature. 

We have already in the introduction made acquaintance with the 
terms for the ligamentary articulations which were distinguished by A. 
H. CLARK: syzygies, pseudosyzygies, synarthries, and cryptosynarthries. 
To these I will add the synostosis mentioned above, a connection between 
two ossicles where the facets are smooth. The mutual relations between 
these terms and their connection with the rest of the terminology 
employed, especially by paleontologists, I have endeavoured to explain 
and arrange in an easily surveyable scheme below: 

I. Ligamentary articulations, lack striated muscle fibres ( = non-
muscular articulations A. H. CLARK). 

A. Immovable articulations ( = close suture auc torum) . 
1. Flat smooth joint-face =-c lose synos to s i s . Occurs be

tween Cd and BB and RR, between most of the Br-
joints in many palaezoic Crinoids up to Permian, 
in a number of cases instead of syzygies in recent, 
stalked forms. Between the nodal and infranodal joints 
in Pentacrinids. Between Cd and the 1st cirral in 
most of the recent Comatulids. 

2. Radially (in regard to the nerve-lumen) striated joint-
face = s y z y g y s. s t r . In most of the immovable arm-
articulations in the Comatulids, and also in many fossil 
forms. Between the stem-joints in most of the fossil 
Crinoids. 

3. Concentrically, round the nerve-lumen, or irregularly 
arranged points of contact between the jo in t s=pseudo-
syzygy . In certain Comasterids between 1 1 + 2. 
We find similar connections between the Calyx-plates 
of the Flexihilia. The sculpture in the last-mentioned 
case, is irregular and s o m e mobility seems to have 
been found; is a transition type to the movable liga
mentary articulations. 

4. Fusion of a couple of ossicles through calcareous de
posits in the ligamentary articulation: anchy los i s . In 
many fossil forms. Among recent forms between e. g. 
the calyx-plates of Bhizocrinus; in abnormal cases 
between the Br-joints in recent forms. 

B. Movable ligamentary articulations. 
1. Flexible in all directions, slightly movable (part, loose 

suture a u c t o r u m ) . 

.5 — 24120. T. GisUn. 
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(a). Stem-joints in Pentacrinids and similar types. 
Sculpture petaloidally developed, 

(b). No sculpture. The joints somewhat bi-concave: 
loose s y n o s t o s i s . Between all the Br-joints in 
the distal parts of the arms in many fossil forms; 
instead of syzygies in distal arm-parts in a number 
of recent forms, 

(c). See under A. 3. 
2. Strongly flexible in two directions with an articular 

ridge on which the joint moves. 
(a). One joint pit on each side of a ridge that divides 

the joint-face into two halves: s y n a r t h r y . Oc
curs in the proximal parts of the arms (converg-
ently developed in the Cystidea, as well as in 
Cainerata, Inadmiatu, and Articulata. Between 
cirrals. Between stem-joints in certain full-grown 
Crinoids (Platycrinidae, Thiolliericrinidae, Boitrgiieti-
crinidae. Bathycrinidae, Fhrynocrinidae). Also de
veloped between the long stem-joints in the 
young of Pentacrinids and Comatulids. — C r y p t o -
s y n a r t h r y is a synarthry having weak and in
distinctly developed articular-fossic; it is slightly 
movable and forms a transition to synostosis (has 
the nature of a loose synostosis), 

(b). At least 3 joint pits, mobility normally in dorso-
ventral direction Probably only between the arm-
joints (the same perhaps also in Burdigalocrinid 
stems; trifascial articulation P. H. CARPENTER): 

l i g a m e n t a r y a r t i c u l a t i o n . Between Kli and 
arms ftom Ordovician up to Cat boniferous. Be
tween certain arm-joints in Flexibilia. In solitary 
cases also between KR and I Br 1 in recent time 
(Fontionietra, Stephanometta). Instead of syzygies 
in Bathycrinidae. 

II. Muscular articulations (with striated muscle-fibies). 

A. Mobility in dorso-ventral direction. One dorsal, two inter-
articular ligaments, 2 fairly strong muscular-fossae: mus 
cular a r t i c u l a t i o n (s. str.). In the articulations between 
RR and the aims in Flexibilia. Between the arm-joints 
from Permian or Trias up to the present. Bet\\een the 
arms and the 1st pinnular, as well as between the 1st 
and 2nd pinnulars at least among recent Crinoids. In 
a modified form in the pinnular articulations of the distal 
pinnules. 
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Figg. 47—55. 47) Sci/taloci mui bijui/iis Bi 27 dist, small venti.U aiticulai fossie, *,!• 48) 
Xeaci mus tiortheni 2 dist. Bii, the pmnular attachment to the light, "'/i 49) Aei>ioci mus 
(Giaphtocimus) magnificus Bi 1 dist, ligamentary connection, '/i 50) Ciomyoct mus ornatus 
Bi 6 dist, small, ventral aiticulai fossa), ' / ' 51) Scaphwotnub multiplex distal face of a 
ladial, left posteiioi radios, °/i 52) Erisoctmus typus Bi 2 dist, non-canalicnlate, a pin-
nnle-socket to the left, pimiitive niasculai articulation(•'), " / i . 53—54) Steplianometia xpi-
cata Cd and the ladial ring viewed lateially and fiom the ventral side, "/i. 55) Callici mux 
costatus a) Distal part of an aim viewed fiom the shoit end, the first pmnulai on each side 
1-, indicated, out covering plate, b) doisal view of an aim, the biachial pieces aie somewhat 
disjointed, ^ji 
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B. No dorsal ligamentary fossae, the muscle-fossse usually 
small. Mobility in the lateral direction only. P i n n u l a r 
a r t i c u l a t i o n . Between the pinnulars from the articulations 
between the 2nd and 3rd pinnular in the proximal part 
of the arm. 

B. Ligamentary arm-articulations in fossil Crinoids. 

1. Arm-joints in the oldest Crinoids. 

Most of the Silurian, together with the older Crinoids (cf. e. g. 
Perittocrinus, JAEKEL 1918), had not yet canaliculate joints, i. e. the dorsal 
longitudinal nerve did not lie enclosed in the Br-joints, but was only 
sunk in a ventral groove. The non-canaliculate stage continued, at least 
among many Poteriocrinids, up to Carboniferous. Small Pentacrinulas 
of the recent Antedon bifida too, are stated to be non-canaliculate 
in the proximal arm-joints (cf. W. B. CARPENTER 1866 p. 729, PL 41, 
fig. 2). As far as I could find, the Br-joints in Hathrometra tenella 
sarsii are already canaliculated at about the time when the first cirri 
appear. Gradually, however, in different series at different times, 
convergently a calcareous bridge, ventrally of the dorsal nerve, is de
veloped, through which the nerve becomes separated from the ventral 
soft parts. This is demonstrated beautifully in BATHER'S work of 1893 
on the Inadunata of Gotland (cf. e. g. PI. 9, fig. 327). From the old, 
non-canaliculate type of Br-joints, the step backwards does not seem to 
have been long to the biserial arms of the the Cambrian Eocrinoids. 
BARRANDE'S plate 33, figg. 17, 18, 1887 [oi Ascocystites drabowiensis), which 
shows a section through such a biserial arm was not comprehensible to 
me; it is also according to what Geheimerat JAEKEL has stated in a 
letter to me completely wrong. Professor JAEKEL has also had the great 
kindness to place at my disposal a number of figures drawn from speci
mens of Ascocystites drabowiensis in the Greifswald Collection. These 
figures make it quite clear that the Eocrinoids had arm-joints tolerably 
corresponding in type to and surviving in the biserial arms of Camerata 
(cf. fig. 55). 

One might ask the question how the monoserial arms appearing in 
Ordovician could be formed. Is it possible that this happened through 
the original joints being pushed in between each other? JAEKEL asserts 
in 1918 that this was the case with more advanced types among Clado-
crinoidea (= Camerata). One might also imagine a displacement of the 
ossicles taking place in such a manner that, instead of lying alternately, 
they came to lie on the same level and afterwards coalesced in pairs 
in the median line. Geheimerat JAEKEL tells me, however, that such a 



EICHIKODEKM STUDIES 09 

development has not been traced among fossil forms. He considers, too, 
such a fusion "fur mechanisch nicht durchführbar" (One should bear in 
mind, though, the extremely weak mobility of the arms in the older 
fossil ('rinoids. JAEKEL has himself in 1901 given an example of just 
such a monoseriality, arising through the joints growing together, pp. 
1067—1069). JAEKEL considers instead that the monoserial arms which 
appeared in the lowest Ordovician "aus der Kelchwand neu gebildet wer
den". He continues in a letter to me: "Das sehen wir innerhalb der 
Hybocriniden tatsachlich vorliegen. Hyhocystis zeigt einfache Zapfen zur 
Verlangerung der radialen Kiemen, die dann bei Hyhocrimis gegliedert 
werden. Fur die Reihe der Porocriniden aber stehen uns Kelche mit 
radialen Plattenreihen zur Verfiigung, die einfache oder geteilte Reihen 
bildeten und nun direct in die vorher reduzierte Armbildung iibernommen 
werden konnten". This question scarcely seems to me to be completely 
solved in favour of the latter supposition. 

The old components of the arm-joints arranged biserially seem to 
me to have been originally only superficial, alternating plates which 
protected the dorsal nerve. This I imagine as only forming from the 
beginning the distal part of the nervous, ciliated groove carrying nour
ishment. By the formation of the arms the distal part of this groove 
gained a dorsal position making it less suitable to function in carrying 
food, and thus it only retained its nervous function. It was sunk deeper 
into the arm and the alternating dorsal ossicles, standing at the margins 
of the nerve, began to cover the groove protectingly, and were con
nected by soft parts in the same way as happened to the proximal parts 
of the ventral nerve in Camerata and many Inadunata, and, among recent 
forms with the ambulacral nerve, in Holothurians, Echinoids, and 
Ophiurans. 

In case this assumption were correct, one might interpret the 
biserially arranged arm-joints of the Eocrinoids as corresponding to the 
ad-ambulacral ossicles of the ventral side. Another postulate would be 
that in the development of the oldest arms in Cambrian, the hydro-
coel either did not stretch as far as the distal parts of the ciliated 
groove or else, if it was present, that all trace of it is now completely 
obliterated in the ontogenetic development. 

2. Arm-joint articulations in other fossil Crinoids. 

Palaeontological facts speak in favour of at least most of the Br-
joints in palaeozoic crinoids, and in certain cases in younger forms the 
segments of the distal parts of the arms too, having been united through 
the ligamentary articulation only, as is also the case to-day with, e. g. 
the ossicle plates of the Echinoids. Among the palaeozoic Crinoids we 
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find, in fact, uniform, very close and usually smooth, sometimes striated 
•joint-faces between the Br-segments. Such synostotic or syzygial arm-
joint connections we find alike in Camerala and in Flexibilia and Inadu-
iiata. (Cf. BARKANDE 1899, PI. 50 fig. 14; 53 fig. 1; 54, 65, 66, 68. 
BATHER 1893, e. g. PI. 2, figg. 81, 82; 3, figg. 86, 87, 102: 5, fig. 151; 
7, figg. 210, 213; 8, figg. 250, 256, 289; 9, figg. 299, 300, 306, 327-332; 
10, figg. 366, 368. SPRINGER 1920, PI. 39, figg. 17, 18; 57, figg. 6, 7; 
61, 'figg. 4 - 9 . WACHSMUTII & SPRINGER 1897, e. g. PI. 22, fig. 7 a; 
27; 37; 55, fig. 2; 58 -61 ; 66, figg. 2, 3; 68, fig. 13; 74, fig. 6; 77, 
fig. 4 c). 

These articulations were completely, or almost completely, immo
vable. Because of this the arms of Crotalocrinns and Petalocrimis have 
been able to grow together laterally into laminse which got their 
motion almost exclusively from a proximal articulation (BATHER 1898, 
WACHSMUTH & SPRINGER 1889). If, however, the arms of the palaeozoic 
Crinoids were thus extremely rigid, they did not entirely lack mo
bility. (On the degree of flexibility in the distal parts of the arm, cf. 
WACHSMUTH & SPRINGER 1897, p. 87.) Any stronger capacity for flex
ing the arm seems, on the contrary, to have been restricted to the most 
proximal parts of the arm. Here we get movable articulations at an 
early stage in Inadunata, Cainerata and Flexibilia, sometimes also be
tween the fingers and theca in Cystidea. In the Inadunata we have a 
transverse ridge; dorsally of this the mark for a dorsal ligament, ven-
trally of that the attachments for the interarticular ligaments (cf. BATHER 

1893, PI. 1, figg. 10, 18; PI. 3, fig. 88; PI. 7, fig. 200). We find similar 
articulation in Cystideans (JAEKEL 1899, p. 90, fig. 14 c, PI. 6, fig. 8, 
PI. 7, fig. 4). In the Camerata the slight movements of the arm in the 
proximal parts seem generally to have been released in a lateral direc
tion. When the joint-fossa3 are pronounced in these forms, they are 
usually of tiie synartlirial type. As the arms here are often biserial, 
the two joint-fossie in such cases are found upon different, adjacent 
ossicles. (WACHSMUTH & SPRINGER 1897, e. g. PI. 36, fig. 7 b, PI. 39, 
2, 3; PI. 41: 1 4; Pll. 54, 57, 74. Cf., however. WANNER too, 1916, I'l. 
98, fig. 7; 99, figg. 1, 9.) We often find similar synarthrial articulations 
between the fingers and theca in Cystideans (JAEKEL 1899, p. 90, figg. 
14 a and b, PI. 14: 5 - 7 ; 16: 2; 17: 3.) In Flexibilia it seems, as is 
pointed out above, as if a peculiar articulation with true muscles devel
oped early between the radials and the arms (SPRINGER 1920. PI. 23, 
figg. 1, 10, 12; PI. 24). The distal parts of the arm were movable 
too, but here no muscles seem to have taken part in the mobility, which 
was brought about by the somewhat more developed ligament-fibres only. 

The ligamentary articulations in the recent Crinoids are therefore 
the articulations that answer most nearly to the interbrachial articula
tions found among the older fossil forms. During the course of ages 
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tliey have scarcely altered from the original type. Either they have 
been allotted the specific power of lateral mobility (synarthries) or 
they have become preformed places for autotomy (brachial syzygies, 
synotoses, and, in certain cases also, synarthries). In the cirri it is only 
the articulation between the stem and centrodorsal respectively and the 
1st cirral which presents such a locus minoris resistentiae — autotomic 
fractures between the joints of the cirri are not known and, if they 
really can take place, extremely rare. In recent forms we find further 
this differentiation in the brachial joints united by ligaments, that the 
brachial, appearing proximally of the ligamentary articulation, is always 
non-pinnulate: hypozygal (before a syzygy), hypoarthral (before a 
synarthry). This ossicle has no influence either on the pinnules which 
otherwise appear on every joint, now to the right, now to the left. 

C. Ligamentary articulations in recent forms. 

Among the ligamentary articulations synotosis, both ontogenically 
and also phylogenically, is the oldest (figg. 56—58. Cf. also W. B. 
CARPENTER 1866, PI. 41, fig. 2). Synarthry can thus scarcely be derived 
from syzygy, and neither can syzygy be derived from synarthry. but 
both are differentiated varieties of synotosis, specialized for particular 
purposes. The one or the other form has developed according to the 
different demands which have been made upon the articulation in ques
tion. Sometimes, however, the syzygial articulation seems to develop 
into the synarthrial articulation. In Crossometra septentrionalis, where in 
usual cases Br 1 and 2 are united by a syzygial articulation (cf. below). 
I have observed in one case 2 lateral concavities round the nerve-lumen. 
The centre of the joint-face therefore represents a synarthrial articula
tion; in the peripheral parts, on the contrary, it is of the normal sy
zygial type (fig. 80). Catoptometra (magnifica minor) shows possibly a 
somewhat different direction in its development. In full-grown individuals 
the articulation between I Br 1 and 2 is syzygial (cf. fig. 67); in the 
young the same articulation is furnished in its periphery with weak 
syzygial septa of which a median, dorso-ventral thickening becomes 
slightly stronger and thereby gives the joint-face a somewhat synar
thrial touch (fig. 59). 

In what follows I have endeavoured to give a full account of the 
ligamentary articulations in recent Crinoids. In regard to the Comatu-
lids especially, I have tried to make my statement as complete as pos
sible, as the information regarding this point in these forms has up till 
now been extremely deficient. 
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1. Immovable articulations, 

a) Stalked Crinoids. 

Perfectly typical syzygies are scarcely to be found in recent stalked 
Crinoids. Calai)iocrimis (AGASSIZ 1892) and PliJocrinus (fig. 60) have 
typical synostoses, like a large number of Pentacrinids also. In the la&t-
mentioned family one finds, however, an evident tendency against the 
development of syzygies. Here, as in the fossil forms, we find the first 
impulses towards syzygial formation hinted at by a weak rifling of the 
dorso-lateral margin of the joint-facet. The marginal ridges developed 
through this increase still more towards the centre, and when they reach 
it, we get the typical syzygy. 

The species belonging to Melacrinus have almost typical synostoses, 
which, however, sometimes show a very indistinct marginal striation 
(cf. P. H. CARPENTER 1884, M. angidatus, PI. 12, figg. 7, 10, M. nodosiis, 
PI. 50, figg. 7, 12, 13; DÖDERLEIN 1907, M. acutns, PI. 10, fig. 13; and 
in this work M. nobilis tennis fig. 61. The joint-faces have the same 
appearance in M. rotundus). The syzygies are indicated about as weakly 
in the Diplocrinus species (P. H. CARPENTER 1884, D. loyville-thomsoni, 
PI. 18, figg. 8, 11, PI. 21, figg. 2d , 5 a). On the contrary, a syzj'gial 
type is rather distinct in Hypalocriniis naresianus (P. H. CARPENTER 

1884. PI. 30, figg. 20, 21), and in Cenocrinus asteria {oi^. cit. PI. 12, flag. 
18, 21). 

b) Comatulida. 

When describing the syzygial faces of the Comatulids I employ 
the following terms. Round the nerve-hole (the lumen cf. BATHER 

1909). which pierces the centre of the joint, the margin may often be 
thickened; this ring-shaped elevation I call the areola . From the mar
gin of the joint-facet calcareous ridges run centripetally; these are the 
s e p t a . They may be c o m p l e t e , when they reach as far as the lumen 
or areola; they may be i n c o m p l e t e , when they only continue a bit in 
from the margin of the joint; they are called f in ished, when they first 
begin a bit in from the margin of the joint-facet and afterwards go 
forward to the centre. The septa are fo rked , when a couple of them 
fuse a bit in from the margin. When the septa are both incomplete and 
finished we get small, low, more or less rounded protuberances, the 
t u b e r c l e s . In many of the larger forms the ventral septa specially 
show a disposition towards dividing into rows of t ube rc l e s . Some
times concentric ribs run at certain distances from the nerve lumen: 
s y n a p t i c u l a e . The areola is often connected with the ventral, usually 
groveless, part of the joint-face, by a more or less broad, smooth 



ECHINODEEM STUDIES 73-

part, a v e n t r a l beam. Usually, however, the median part of this 
ventral beam is furnished with a pit or furrow, thus giving rise to 2 
ventral beams. These ventral beams may be developed as coarse, bow-
shaped septa which run out to the margin of the joint-facet. 

All these elevations, found in diiïerent forms, are marked by dif
ferent degrees of strength. I have denoted the degree of strength by 
tigures from 1 to 4. The figure 1 has been assigned to forms having 
septa only weakly indicated (e. g. certain Charitomelridae); syzygial 
articulations, where the septa appear very strongly, are denoted by the 
figure 4, e. g. in Heliometra eschrichti. 

The prominences on the distal face of the hypozygal aie matched by 
corresponding elevations on the proximal face of the epizygal. When the 
syzygial suture is observed from the dorsal side of the arms, this makes 
a characteristic dotted line appear, where the dots mark the canals 
drawn through by the ligaments which alternate with the septal contacts. 

The same development in the change from synostosis to syzygy 
which we have established in the phylogenetic development of the Cri-
noids is found again also in the ontogenetic development of the Coma-
tulids. Very young specimens of Comatulids have the ligamentary con
nections developed as synostosis {Anledon petasns, figg. 56—58). Tiie 
distal facet of the hypozygal is somewhat concave, the proximal end of 
the epizygal, on the contrary, somewhat convex. The first change from 
synostosis to another form of ligamentary connection seems to appear 
in the young in this way: the synostotic articulation becomes less close, 
in other words, the ligamentary fibres between the ossicles in certain 
places become longer. The contact is retained round the lumen some
times, and in such a case we get an areola here; the contact seems to 
be closer, too, at the margin of the ossicles. If the articulation is 
to develop into a synarthry, a strong areola always appears from which 
a ventral and dorsal beam grow out, and thus we obtain the ridge over 
which the ossicle, by lateral flexion, articulates (cf. figg. 56, 57, 93). 
If the connection, on the contrary, is developed into a syzygy, an areola 
may appear and be retained, or it may be lacking altogether. At this 
point the stage arrives when a number of septa, very weak at the 
commencement, begin to form. They appear first in the dorsal and 
lateral parts of the connections, and are prolonged outwards, because, 
with the appositional increase of growth in the joint, they con
tinue in contact with the margin of the joint. During the develop
ment of the animal the septa increase in number, and the new ones 
which are formed later arise in the same way from the border of the 
joints, intercalated between the septa first formed which reach forward 
into the neighbourhood of the central lumen. That the septa also must 
to some extent increase in growth towards the centre is seen by the 
increasing number of complete septa in older specimens. It is certainly 
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true that t!ie lumen is enlarged somewhat during the growth. But 
this is not enough to explain the increase of complete septa. In a 
young of Antedon petasus described below the diameter of the lumen is 
006 mm., the diameter of the segment being 0-31 mm. Here 2 complete 
septa are found. In a full-grown specimen the lumen is 0-19 mm. and 
12 complete septa are found. 

The variation in the number of septa in certain species at a given 
age is rather small and unessential. In a Mariametn-a suhcarinata for 
•«xample, the number of septa on the distal end of 4 Br 3 varied be
tween 15 and 16; on the same ossicle in a Heliometra eschrichti, between 
36 and 39. I found about the same variation in Promachocrinus kerguel-
•eneiisis, where the septa on Br 3 varied between 27 and 30; the type 
was otherwise, however, here as everywhere else, uniform within the 
same species. In strongly multibrachiate forms, the size of the segment 
and the number of septa may vary a little more, according to whether 
one examines an inner or an outer arm and to which number of the 
•axillaries the arm in question is standing on (cf. e. g. CapiUaster, Co-
mantheria, Stylometi-a). Distally of the first syzygy the number of septa 
in a lesser number of ligamentary articulations may increase a little, 
•but the septa decrease in number fairly soon, which is a natural con
sequence of the distal parts of the arms being younger and more slender 
than the proximal ones. Br 91 (about the 30th hypozygal ossicle) in 
a full-grown Heliometra eschriehti (length of arms about 200 mm.) had 
only 22 septa, consisting of 7 ventral rows of tubercles and 15 more or 
less incomplete septa. The next hypozygal (Br 94) had the same num
ber of septa. In the small species Isonietra vivipara (length of arms 
± 60 mm.) Br 3 (1st hypozygal) had 14 septa. Here already the 4th 
or 5th syzygial articulation was developed as a synostosis, although not 
a close one, and lacked septa. 

Larger and coarser forms have usually, for the systematic unity 
to which they belong, an unusually large number of septa, while lesser 
and more delicate forms have an unusually low number. 

For the reason given above young, not yet mature, individuals 
have fewer septa than full-grown ones of the same species. A young 
Heliometra eschriehti from Taimyr (C. ± 18 mm.) had in two cases on 
the distal end of a Br 3: 18 septa; 2nd hypozygal (Br 9) had 18, and 
3rd (Br 14) 15 septa. Another young of the same species from E. 
Greenland (C. 18 mm., arms 65 mm.) had on the distal end of Br 3 
20 septa (one may compare the figures for full-grown specimens given 
above). A young of Catoplometra niagnifica minor (length of arms 35 mm.) 
had 11 septa, 2 of them complete forming an indistinct dorso-ventral 
ridge, on the distal end of I Br 1. Br 3 had 16 septa (2 of them ven
tral beams and 6 complete septa). Degree of strength 1. No areola. 
Br 9: 14 septa, Br 14: 12 septa. A full-grown Catoplometra ruhrofava 
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Figg 56—73 56—58) Antedon petaiiis a jonng specimen, aims 20 mm 56) I Br 1 dist 
57) Br 1 dist, 58) Br 3 dist, '*/i 59) Catoptometra magntfiui mmij», youug specimen, aims 
35 m m , I Br 1 dist, " ; i 60) l'tiloo mus pinnatiis Br 5 dist, '"/i 61) Metao mus nobUis 
teniiii I Br 1 dist, •*/! 62) Comissia petegrina magntfica Br 3 dist, '" ,1. 63) Comatnla pec-
tmata Br 1 dist., '"/i. 64) CumaUei seriata I Br 1 dist, '"/i. 65) Comanthena giandicalux 
Bi 3 dist, from the outer side of a IV Ax, '"/i. 66) Comanthus, japomca II Bi 3 dist, '"/i 
67 Catoptometia i ubroflam I Br 1 dist., '^;i 68) Eadtocrmus mdwism Br 3 dist., '"/i 
69) Amphimetia crenidata Br 3 dist, "/" 70) Steplianometi a spicata Bi 3 dist, " , i 71) 
Pontiometra andeisont Br 3 dist, '"/i. T2) Atariametra sitbcai mata Bi 3 dist, ^°/i 73) Tiopio-
meti a aft a macrodtscus Br 3 dist, ^/i. 
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(length of arms ± 100 mm.) had on I Br I 28 septa, Br 3:25 septa, 
Br 9:24 septa. A young of Antedon petasus (length of arms ± 16 mm.) 
had 2 (complete) very weak septa, visible only with the strongest 
magnification. 

Comasteridae. 

ComateUa hrachycirra. Arm-length ± 50 mm. The distal end of 
Br 3 ' : Septa 15 (2 of them ventral beams, 5 complete, broad septa). 
Areola narrow but stout. Degree of strength of the septa: 3. In another 
case the septa were 17. Br 16: 13 septa. 

Comissia peregrina magnifica. Length of arms ± 150 mm. Br 3: 
septa 30, degree of strength 4 (2 ventral beams, 11 complete septa, one 
of them forked, 16 incomplete septa). Areola of medium breadth, stout 
and well marked (fig. 62). Br 13 (2nd hypozygal): 27 septa (13 in
complete septa, 3 venti'al rows of tubercles). The septa run out into 
the dorsal margin of the ossicle. 

Capillaster sentosa. Arm-length ± 90 mm. II Br 2: 45 septa (2 
ventral beams, 6 complete septa). III Br 2: 44 septa (2 ventral beams, 
8 complete septa) strength 4, a distinct areola, some septa forked. In 3 
other cases the number of septa is 44, 43, and 42. IV Br 2: 37, 38, 39, 
and 43 septa, V Br 2: 33 and 38 septa, Br 2 (after V Ax): 28 and 25 
septa (2 complete). In a 5th case the number of septa on a IV Br 2 is 
44 (2 of them ventral beams). On the following Br 2 (case 1) the septa 
were 40 (2 complete septa), a narrow but distinct areola; degree of 
strength 3, in the 2nd case the Br 2 and 3 would not separate in spite 
of violent boiling in KOH (anchylosis). Br 29 (2nd hypozygal) 34 septa 
(2 ventral beams, 6—7 very small tubercle-shaped marginal and 3 com
plete septa), degree of strength 4. In another case 2nd hypozygal 
(± Br 31) had 29 septa. 

Comatula pedinata. Arm-length ± 70 mm. I Ax (proximal face, 
the 1st epizygal ossicle): 58 septa, degree of strength 3 - 4 . 45 septa 
are dorsally or laterally directed, the 13 septa directed ventrally are 
incomplete. Of the 45 dorsal ones 19 are complete, some septa are forked. 
The areola is indistinct. The surface of the ossicle is not as usual even 
or evenly curved, but divided into 3 or 4 faces which stand somewhat 
obliquely to one another and on different levels in the horizontal plane, 
when the ossicle is viewed from the proximal end (it recalls e. g. the 
proximal end of the metacarpal III of a horse). Over these faces the 58 
septa run. Br 1: 42 septa, 8 of them ventrally directed and 34 dorsally 
(15 complete septa) (fig. 63). In another case 43 septa, of which 4 are rows 
of tubercles. Br 3 (2 cases investigated), 39 and 40 septa respectively. 
Br 8: 42 septa, Br 15: 43 septa, Br 20: 44 septa (10 of them complete). 

* When not otherwise statei], the distal face of the ossicle is always meant. 
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— The areola is narrower than in the preceding species. Septa distinct, 
but broad and rather low. 

Comaster delicata gramhs. Arm-length ± 1 1 0 mm. Br 3: 34 septa, 
strength 3 (6 ventral rows of tubercles). Areola broad, but low and 
rather indistinct. In another case 37 septa. 

Comaster serrata. Arm-length ± 60 mm. I Br 1 is a pseudosyzygy. 
Areola rather broad with 5 finished tubercle-shaped septa. Outside these, 
two rings of tubercles concentrically arranged. Degree of strength 3 
(fig. 64). Br 3: 19 septa (of which 10 are complete) broad, low. Areola 
narrow. 

Comanlheria grandicahjx. Arm-length ± 120 mm. IV Br 3: about 
31 septa, strength 4. All septa are incomplete and do not reach the 
stout areola. Between the areola and the inner end-points of the septa 
there is a ring of 8 or 9 tubercles. A stout ventral beam. There is 
also a similar short, finished, dorsal one. Br 3 (on the outer side of a 
division-series): 31 incomplete septa. As before there is an inner ring 
of (11) tubercles. One distinct synapticle-ring dorsally. The ventral beam 
rather indistinct. Areola stout (fig. 65). Br 3 (on the outer side of a 
division-series): 29 septa (3 of them complete ones). The ring of 
tubercles developed on one side only (6 tubercles). The ventral beam 
stout, lobated. A hypozygal ossicle from the distal parts of the arms 
with 15—17 septa. Degree of strength 3. All septa are incomplete. The 
areola narrow and insignificant. 

Comanthus japonica. Arm-length ± 110 mm. II Br 3: ± 44 septa, 
strength 4 (21 complete septa, most of them finished, 5 ventral rows of 
tubercles, and 18 incomplete septa). Areola stout, well marked and 
rather broad (fig. 66). Br 26 (4th brachial hypozygal): 35 septa (of 
which 11 are complete). Areola rather narrow. 

Zygometridae. 

Catopiometra rubroflava. Arms ± 100 mm. I Br 1:28 septa (of 
which 8 are complete) broad, rather low, strength 3( —4). Areola of medium 
l)readth (fig. 67). Br 3: 25 septa, in another case 23. Br 9: 24 septa. 

Zygometra microdiscus elegans. Arm-length 105 mm. IV Br 3: 30 
septa ( ± 1 3 complete), degree of strength 3. Areola absent. 

Eudiocrinus indivisus. Arms ± 70 mm. I Br 2 proximally: 16—17 
.•̂ .epta. Br 3 (dist.): 21 septa, strength 2, especially towards the centre 
very low. Areola indistinct (fig. 68). 

Himerometridae. 

Himerometra magnipinna. Arms 105 mm. I l l Br 3: 35 septa, strength 
2. Septa rather indistinctly marked towards the areola, which is also 
indistinct and situated in a central concavity. 
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Amphimelia crenulata. Aims ± 95 mm. Br 3: 41 septa, degree of 
strength (2—)3. Two stout, ventral beams, about 7 complete septa. 
The intervals between the septa are rather narrow. Areola narrow and 
rather indistinct (fig. 69). Br 16 (2nd hypozygal): 48 septa (2 ventral 
beams, ± 13 complete septa). Br 31 (3rd hypozygal): 50 septa. 

Stephanometridae. 

Stephanometra spicata. Arm-length 135 mm. Br 3: 31 septa, strength 
3. (2 ventral beams, 1 complete septum) (fig. 70). Br 3 in another case 
with 29 septa (2 complete). Areola narrow, but rather distinct. 

Mariametridae. 

Pontiometra andersoni. Arm-length ± 160 mm. Br 3 (after a V 
Ax)*: 36 septa. (2 ventral beams, about 5 complete septa) strength 4 
(fig. 71). Br 3 in other cases (after IV and V Ax) with 37, 39, and 39 
septa. Areola stout, well marked, of medium breadth. 

Liparomelra gramlis. Arms ± 120 mm. Br 3 with 37 septa (2 of 
them indistinct ventral beams and 10 complete septa), strength 3. Areola 
distinct. Br 9: 31 septa. 

Lamprometra protectus. Arm-length 90 mm. Br 3 (after a IV Ax): 
24 septa (2 ventral beams, 6 complete septa), degree of strength 4. 
Areola distinct, of medium breadth. In another case 23 septa. Br 22 
(2nd hypozygal) 22 septa, Br 33 (3rd hypozygal) 24 septa (2 incomplete 
ventral beams, 5 complete septa). Distal Br segments (about Br 100— 
110, ± 10th hypozygal): 16 (incomplete) septa. The following hypo
zygal with 14 incomplete septa. Degree of strength (1—)2. 

Mariametra suhcarinata. Arms 60 mm. Br 3: 15 septa (including 
one ventral beam and 2 complete septa), strength 4—3 (fig. 72). In other 
cases the septa are 15, 16, 16 (with 3, 5, and 6 complete septa). Areola 
rather narrow, but usually stout. 

Tropiometridae. 

Tropiometra afra macrodiscus. Arm-length 190 mm. Br 3: ± 52 septa 
(the complete ones are about 25, some of them are finished) degree of 
strength 4. The ventral part of the joint face with rather irregular pits 
and a ring of tubercles which is synapticularly arranged. Areola large 
and stout, protruding as a small cone which rises from a surrounding 
concavity (fig. 73). In another case I counted 51 septa (± 27 of them 
complete). 
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Cólobomelridae. 

Cenomelra hella. Arm-length 90 mm. Br 3: 21 septa (2 of them 
indistinct ventral beams and 10 complete septa), degree of strength 3-
(fig. 74). Br 30 (2nd hypozygal): 19 septa (about 6 complete). Reminds-
one of the Liparometi'a-type. 

Ct/llometra disciformis. Arm-length 90 mm. Br 3: 1(5 septa (2 ventral-
beams, 9 complete septa), degree of strength 3. Areola narrow, rather 
indistinct. Br 13 (2nd hypozygal): 17 septa, Br 18: 14 septa, Br 23: 15. 
septa, Br 29: 13 septa, Br 35 (fith hypozygal): 13 septa. Strength l - 2 _ 
Areola lacking. 

Oligometrides adeonae. Arms 60 mm. Br 30: 30 septa (13 of tliein 
complete, one ventral beam), degree of strength 3. Areola indistinct 
(fig. 75). Br 19 (2nd hypozygal): 24 septa (ventral beam indistinctly 
bifurcated, about 11 complete septa). Traces of synapticulse. 

Austrometra thetidis. Arm-length ± 40 mm. Br 3: 15 septa (of 
which 5—6 are complete), strength 2. Areola rather narrow, but distinct, 
with a broad, smooth area united with the ventral part of the joint face.. 

Calometridae. 

Vectinometra fiavopuvpurea. Arms 70 mm. Br 3: 14 septa (2 of 
them complete), strength 2. The ventral beam very broad. Areola broad, 
and stout (fig. 76). Br 13: 15 septa, Br 20 (3rd hypozygal) ± 15 septa 
(similar to those of Mariametra). 

Neometra mullicolor. Arm-length ± 60 mm. Br 3: 19 septa (2 ventral 
beams, 5 complete septa), degree of strength 3. Areola broad and stout, 
though rather low (fig. 77), Br 13 (2nd hypozygal): 15 septa (Ö —6 of' 
them complete). 

Thalassometridae. 

Asterometrd anthus. Arms 80 mm. Br 3: 29 septa (14 complete),, 
strength 3. Septa forked in some cases. Areola narrow. A concentric 
furrow appears about midway between the border of the face and the 
lumen (fig. 78). In another case the septa were 27. Br 9 (2nd hypo
zygal): 28 septa. 

Ptilonietra miilleri. Arm-length 50 mm. Br 5 (1st hypozygal) 21' 
septa (2 indistinct ventral beams), degree of strength 3. Areola indistinct. 
A concentric furrow as in Asterometra (here closer to the periphery of' 
the ossicle). Br 15: 19 septa (about 9 complete). Br 23 (3rd hypozygal): 
18 septa (7 complete). 

Slylometra spinifera. Arms ± 90 mm. Br 3 (after a II Ax): 23-
septa (2 ventral beams, indistinctly separated, 9 complete septa), degree-
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of strength 3—4. Aieola broad and stout. A couple of septa forked, 
some ventral ones partly subdivided into rows of tubercles. Br 3 (after a 
III Ax): 19 and 20 septa (ventral beam not subdivided). Areola as before. 
Septa somewhat lower. 

OccanoDietra annandalei. Arms 80 mm. II Br 3: ± 18 septa, Br 
3: 19 septa (one ventral beam, 6 complete septa), degree of strength 2 - 3. 
Areola broad though rather low. Septa stout, running out as ribs into 
the margin of the ossicle. A marginal growth-ledge (fig. 79). 

Stenometvd dentata. Arm-length ± 50 mm. Br 3: 18 septa (2 low 
ventral beams, 8 complete septa), strength 2—3. Areola rather narrow 
and indistinct. 

Ch aritometridae. 

Perissometra cf. aratiea. Arms ± 80 mm. Br 3: 22 septa (2 ventral 
beams, 4 complete septa), degree of strength 2. Areola indistinct. Br 
13: 20 septa (2 ventral beams, 10 complete septa), Br 18:19 septa, areola 
narrow. Br 23:17 septa, Br 29: 17 septa (2 of them complete), Br 34 
(6th hypozygal): 14 septa (all incomplete), no areola. 

Crossometra, septentrionalis. Arms 70 mm. II Br 3: 17 very low 
septa (about 7 of them incomplete), degree of strength 1. Br 1: 14, 14, 
and 16 septa. Br 3: 16 septa (2 ventral beams, 4 complete septa). Areola 
of medium breadth, but low. Br 11: 15 septa (2 ventral beams, 3 com
plete septa), strength 2. Br 1 in one case a compromise between a 
synarthrial and syzygial articulation (fig. 80). 

Diodontometra bocki. Arm-length 60 mm. Br 3: 16 septa (one partly 
divided and weakly developed ventral beam, 6 - 7 complete septa), degree 
of strength 1. Areola distinct (fig. 81). 

Notocrinidae. 

Notocrinus virilis. Arms 75 mm + (probably about 125 mm). Br 
3: 18 septa (3 or 4 of them finished, only 2 incomplete), degree of 
strength 2. The areola itself is narrow, but there appears outside this 
a very broad, almost smooth area taking up about half the space between 
the lumen and the margin of the ossicle. Marginally to this area appears 
a stout concentric synapticula and beyond this a similar weaker one 
(fig. 82). In another case there were 19 septa (about 4 of them in
complete). Br 8 (2nd hypozygal): 19 and 20 septa respectively. Degree 
of strength 1. 2—3 weak synapticulse. 

Antedonidae. 

Anledon petasus. Arms ± 80 mm. Br 3: 21 septa (12 of them 
•complete), degree of strength 2 —3. Areola indistinct. In another case 
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19 septa. Br 9: 19 septa. With an abnormal, large and stout areola. Br 
15: 19 septa, Br 19: 19 septa (12 are complete). A narrow, distinct 
areola. In the two last hypozygals, moreover, a distinct ventral beam. 

Compsometra serrata. Arm-length 30 mm. Br 3: 14 septa (9 of 
them complete), degree of strength 2. Areola narrow (fig. 83). In another 
case 12 septa (about 10 of them complete). Br. 9: 13 septa, including 
2 indistinct ventral beams. Br 14 (3rd hypozygal): 14 septa. 

Ckirkometra elegans. Arms 25 mm. Br 3: 11 septa (scarcely any 
complete), strength 2—3. Areola narrow, indistinct (fig. 84). 

Isomelra vivipara. Arms 60 mm. Br 3: 14 septa (10 of tliem com
plete), strength 2. Areola narrow. Most septa finished half-way to the 
border of the ossicle (fig. 85). From the 4th or 5th syzygy the septa 
are lacking and the connection becomes a loose synostosis, i. e. round 
the lumen a rather marked areola, situated in the centre of a somewhat 
concave face (fig. 86). 

Heliometra eschrichti. Arm-length about 200 mm. Br 3: ± 36 septa 
(A pair of rather distinct ventral beams, 22 complete septa, ± 6 ventral 
rows of tubercles), degree of strength 4. Areola dorsally rather moderate, 
ventrally very broad. 2—3 concentric synapticulae; the most central 
one is the stoutest (fig. 87). In two other cases 39 septa (2 ventral 
beams, 22 complete septa, 6 tubercle-rows). Br 26 (6th hypozygal): 29 
septa (two ventral rows of tubercles). Areola narrow. Septa somewhat 
lower than before. 

Promachocrinus kerguehnensis. Arms ± 150 mm. Br 3: 27 septa 
(11 of them incomplete, and on each side of the median line 3—5 ventral 
tubercle-rows), degree of strength 4. In another case 30 septa (8 rows 
of tubercles). Areola narrow or of medium breadth, indistinct, sometimes 
lacking. Br 9: 32 septa, Br 14 (8rd hypozygal): 34 septa (7 ventral 
rows of tubercles; moreover many septa partly subdivided into rows of 
tubercles). 

Leptometra celtica. Arms ± 70 mm. Br 3: 24 septa (2 of them 
ventral beams, ± 12 complete septa, 3 of them finished), strength 2. 
Areola narrow, indistinct (fig. 88). In another case 19 septa, Br 9: 19 
septa, Br 15 (3rd hypozygal): 17 septa. 

Psathyrometra ivireni. Arms ± 60 mm. Br 3: 16 septa (11—12 of 
them complete), degree of strength 1. Areola narrow and indistinct. One 
indistinct, concentric synapticula. Br 9 (2nd hypozygal): ± 16 very 
low septa. 

Poliomelra prolixa. Arms ± 100 mm. Br 3: 21 —22 septa (13 of 
them complete), strength 2. Areola ventrally in broad contact with the 
smooth ventral part of the ossicle, dorsally narrow and indistinct. The 
joint face is somewhat undulating (fig. 89). In another case ± 22 septa. 
Br 9: 21, Br 19 (3rd hypozygal): 18 septa. 

Hathrometrn tenella var. sarsii. Arm-length ± 50 mm. Br 3: 22 
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septa (2 ventral beams, 9 complete septa), degree of strength 3. No 
areola. In another case also 22 septa. Br 9 in 2 cases ± 18 septa. 
Br 14 (3rd hypozygal) in 2 cases 18 and 19 septa respectively. Degree 
of strength 2—3. 

Penta7netrocrinidae. 

Pentametrocrinus diomedeae. Arm-length ± 100 mm. Br 4 (1st hypo
zygal): 18 septa (2 ventral beams, 11 complete septa), degree of strength 
2—1. Areola scarcely indicated (fig. 90). Br 9: 16 septa. 

Thaumatocrinus jungerseni. Arms ± 70 mm. Br 4: 11 septa (one 
ventral beam, 5—6 complete septa), degree of strength 2—3. No areola. 
Br 9: 11 septa (2 ventral beams), Br 16 (3rd hypozygal): 11 septa (2 
ventral beams, 5 complete septa). 

Atelecrinidae. 

Atelecrinus helgae. Arm-length ?, perhaps 90 mm. Br 3: 10 —11 
septa (one broad venttal beam with a small ventral pit, ± 10 complete 
and finished or interrupted very narrow septa, 4 of them tubercles only, 
besides 3 ventral tubercles continuous with the ventral smooth part of 
the ossicle. Degree of strength 2~ 3. No areola (fig. 91). Br 7 (2nd 
hypozygal): 12 septa (one ventral beam, 11 very narrow and rather 
complete septa). Degree of strength 2. 

Atopocrinus sibogae. Length of arms ?. According to A. H. CLARK 

Br 7 (2nd hypozygal) has only 5 (complete) septa (cf. 1915 c, fig. 227, 
1922, pp. 165 166). Further CLARK says that there occur two small, ven
tral muscle bundles. If this statement can be verified this species pre
sents syzygial connections of a very interesting and ancient type reminding 
one of the oldest articulate type. I have, however, never been able to 
find any trace of rudimentary muscles in ligamentary articulations either 
in sections through arms of young Comatulids, or in regenerating arms, 
or in ligamentary connections of Ptilocrinits innnatus. Bhizoci inus lofo-
tensis, or Ilyoinus carpenleri. Until it has been verified further I prefer, 
therefore, to regard the statement with some reservation.. 

c. Summary of the description of the immovable connections 
in the Comatulids. 

The statement of A. H. CLARK that the number of syzygial septa 
is: "to a certain extent proportionate to the size of the articular face, 
and is greater in the OUgophreata than in the Macrophreafa" (1922, p. 
165). taken on the whole thus holds good. Some important exceptions. 
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however, are found, especially to the latter assertion. Thus the Oligo-
phreate families Calometridae and Charilometridae have unusually few 
septa. The same is true about most of the Thalassometiidae and certain 
of the Colohometridae. 

Comasieridae. Septa in proximal syzygies usually numerous (BO
SS), only in small forms under 20. Septa's degree of strength 3 — 4. 
Areola strongly developed, but rather narrow. Plenty of tubercles occur, 
often ventral tubercle-rows also. Pseudosyzygies sometimes appear 
among species of the genus Comaster between 1 1 + 2 (cf. also 1915 c 
A. H. CLAEK, fig. 37). These, like typical syzygies, often replace syn-
arthries. Distal syzygies at an interval of 3—4 oblique articulations 
normally (exception e. g. Capillaster). 

Zygometridae. Septa in proximal syzygies 16—30, degree of strength 
2—3. Areola indistinct. A syzygy replacing the most proximal syn-
arthry. The young stages of these syzygies often remind one of the 
pseudosyzygies in Comaster. Number of incomplete septa large. Distal 
syzygies at fairly short intervals: in Eudiocrinus with 3 and in Catopio-
metra with 4—8 muscular articulations. In Zygometra long intervals 
(10—30 muscular articulations). 

Rimerometridae. Septa of proximal syzygies 35—50, degree of 
strength 2—3. Areola indistinct. Sometimes 2 clearly marked ventral 
beams. Number of incomplete septa rather large. Distal syzygies at 
long intervals [(6)10—26 muscular articulations]. 

Stephanometridae. Septa of proximal syzygies 30, degree of strength 
2 - 3 . Areola narrow but distinct. Ventral beams 2. Very few com
plete septa. Distal syzygies at an interval of 5^—10 muscular articula
tions. 

Mariametridae. Proximal syzygies with 2 5 - 4 0 septa, excepting in 
the delicately built genus Mariametra, where we only have 15 septa', 
degree of strength 3 —4. Areola well-developed, 2 distinct ventral beams. 
Few complete septa. Occasionally incidental irregularities in the distrib
ution of the proximal ligamentary connections so that syzygies might 
replace synarthries. Distal syzygies at fairly long intervals (7—18 
muscular articulations). 

Tiopiomqtridae. The most proximal syzygy's septa ± 50, degree of 
strength 4. Areola stout, on a little cone. A good many complete 
septa. Distal syzygies with 5—10 muscular articulations between them. 

Colohometridae. Proximal syzygies with 15 - 30 septa, degree of 
strength 2—3. Areola narrow and distinct or indistinct. Rather a large 
number of complete septa. Great multiformity within this family: Ceno-
metra reminding one of Liparometra, Oligometrides of Tropiometra, Cyllo-
metra of the Antedonid type, Ausiromelra most nearly of certain Thalusso-
metridae. Distal syzygial intervals 3 — > 10 muscular articulations. 

' The heavily granulated disk also shows this genus to be a primitive type. 
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Calometridae. Proximal syzygies with 13—19 septa, degree of 
strength 2—3. Areola broad and stout. Few complete septa. Distal 
syzygies with 3 — 15 muscular articulations between them. 

Thnlassometridae. Proximal syzygies with 19—29 septa, degiee of 
strength 2—3. In Plilonietnnae the areola is indistinct, in Thalassometnnae 
it is generally broad and stout. A concentric furrow appears very often 
parallel to the margin of the ossicle. Septa sometimes forked; 1—2 
indistinct ventral beams. Proximal syzygies in Ptilometia and even 
Asterometra often irregular, sometimes also replacing synarthries (cf. also 
1922 GisLÉN, p. 104). Distal syzygies usually with 5—10 muscular 
articulations between them (in exceptional cases 4—18). 

Charitometridae. Proximal syzygies with 15—22 septa, degree of 
strength 1—2. Areola usually indistinct. Ventral beams 2, more or 
less indistinct. Rather few complete septa. Irregularities in the di
stribution of the proximal syzygies usual, often replacing synarthries.' 
Distal syzygies at an interval of 5—10 muscular articulations. 

Notocrinidae. About 20 septa in proximal syzygies, degree of strength 
2. Outside the narrow areola a broad, almost smooth area. Synapticulae 
occur. Most of the septa reach to the large, nearly smooth area and 
to the areola. Syzygial interval in the distal parts of the arm is 4 - 1 0 
muscular articulations. 

Antedonidae. Septa of proximal syzygies 11—24, only in the very 
large Heliometrinae from 27 — 39, degree of strength 1—3(^4 in Helio-
nietrinae). Areola lacking or indistinct (exception Heliometra, where in 
full-grown specimens it reminds one somewhat of the conditions de
scribed in Notocrinus). Rows of tubercles in Heliometrinae alone. Many 
complete septa, usually more than half the total number. Distal syzy
gies at an interval of 2—4 muscular articulations. 

Pentametrocrinidae. Proximal syzygies with 11 18 septa, degree 
of strength 1—3. No areola. Half or even the majority of the septa 
complete. Syzygies at an interval of 2—6 muscular articulations, di
stribution rather irregular. 

Atelecrinidae. Few septa in the proximal syzygies, not more than 
12, degree of strength 2—3. No areola. Generally complete septa, 
sometimes finished, and more or less like tubercles. Distal syzygies 
at an interval of 2 - 7 muscular articulations. 

f Br 1—2 3—4 fBr 1—2 3+4 
' N. B. 1922,GisLEN, p. 124 {p^ ^_^^__^ is a mieprint for \^^ ^ „ g g ^ ^ -
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2. Movable ligamentary connections, 

a. Stalked Crinoids. 

In the Pentacrinids the ligamentary articulations, as mentioned 
above, are generally immovable and more or less pronouncedly synosto-
tic. In the division series and the first Br ligamentary articulation, 
however, evident indications of synarthries are sometimes developed. 
This is the case in Hypalocrinus naresianus and the Isocrinus species 
(1884, P. H. CARPENTER, PI. 30, figg. 11, 12, 16, 17, PI. 32, figg. 16, 17, 
PI. 34, figg. 3, 6; 1912, DÖDERLEIN, p. 22). In Isocrinus decorus (1884, 
P. H. CARP., PI. 37, fig. 4) the distal synostoses seem to indicate a 
development from this towards the trifascial type of articulation. 

The latter we find developed typically in certain Bathycrinids, 
such as Ilycrinus carpenieri (fig. 92) as well as in Bathycrinus aldrichia-
nus and B. campbellianus (1884, P. H. CARP., PI. 7 a, figg. 19, 20, 22). 
Rhizocrinus lofotensis has, as M. SARS showed (1868, Tab. 5, figg. 52, 58, 69, 
70) and as I have had an opportunity of corroborating, a loose synostot-
ical type in the ligamentary articulations. Democrinus rawsoni (1884, 
P. H. CARP., PI. 10, figg. 17, 18) seems to have an intermediate type 
between synarthy and synostosis. Phrynocrinidae and Hyocrinidae lack 
movable ligamentary articulations. 

b. Comatulida. 

Although the degree of flexibility is developed very differently in 
different forms, still the synarthrial type taken as a whole is generally 
the same. Cryptosynarthries may appear among Comasteridae (cf. e. g. 
1915 c, A. H. CLARK, fig. 36). Here as in pseudosyzygies, and in the 
usual syzygy, the power of flexibility is practically nil. 

Seen from the dorsal side, however, the synarthrial articulation 
shows a fair amount of variation. The articular line may be straight 
and not attended by any process; it may be straight and have a more 
or less strong process, directed straight outwards, attending it, the 
s y n a r t h r i a l t u b e r c l e ; and it may be curved and the process (from 
the more distal joint only) directed proximally and encroaching on the 
more proximal segment, s y n a r t h r i a l b a c k w a r d p ro jec t ion . It is of 
importance to keep these two last-mentioned types apart. In the former 
only a dorsal prolongation of the synarthry takes place, thus causing an 
enlargement of the synarthrial face of the facet, but generally no in
creased flexibility worth mentioning, as the synarthrial fibres are not 
prolonged. To the latter type, on the contrary, great possibilities as 
regards flexibility are always attached, with long ligamentary fibres 
in large lateral notches between the ossicles. 
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Figg 92—108 92) Ilycnnus caipenteti, Br 7 d i s t , "^/i 93) Hathrometta tenel/a va r 
saisti, Pentaer inula , no c i r n have yet appeared F iox imal end of I Ax, ™/i 94) Comtssta 
cf sptnosissiiiia, I Br 1 dist., ^°/i. 95) Comatella biachyciria, I Br 1 d i s t , '"/i 96) Coman-
thus japontca, I Br 1 d i s t , °/i 97) Catoplometra lubroflava, Br 1 d i s t , '°/i 98) Htmeio-
metra magmpmna, I I Bi 1 d i s t , */i 99) Stephanometra iptcaia, I Br 1 d i s t , '"/i 100) Pon-
tiometra andersom, T Bi 1 d i s t , ^ ' / j . 101) Lamprometta protectus, I Br 1 d i s t , '^/i 
102) Ohgometrides adeonae, I Br 1 d i s t , ^"/i 103) Ttopwmetra aft a macrodiscui, I Br 1 
d i s t , 7 i 104) Neometra multicolor, I Br 1 d i s t , ' " / i . 105) Pectmometi a flavopui pui ea, ï Br 1 
d i s t , 'Vi 106) Asteromelia anthus, I Br 1 d i s t , " / ] 107—108) Stenometra dentatn, 
107) I Br 1 d i s t , 1"/! 108) Br 1 d i s t , '"/i 
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We find, as a rule, very little flexibility among the Oligophreata 
from Comasteridae to Calometridae. The backward synarthrial projection 
among them also is very slight or lacking. Among Macrophreata together 
with most of the Thalassometridae and Charitometridae the synarthries 
allow, on the contrary, an especially strong lateral flexibility and the 
backward synarthrial projections are often developed enormously. They 
reach their maximum in Zenometrinae and Bathymetrinae. We find extra
ordinarily strongly developed synarthrial tubercles arising in solitary 
cases in different families, e. g. in the Amphimetra species, in Neometra 
diana, and in Ferometra diomedeae (cf. A. H. CLABK, 1915 c, figg. 86, 
112; 1922: figg. 192, 193, 200). 

The synarthries in the youngest stages, as I have mentioned 
above, tend towards synostoses, but very early we get a stout areola 
(fig. 93). 

Another type of mobile articulations, trifascial ligamentary con
nections or ligamentary articulation, flexible in a dorso-ventral direc
tion only, are found in some cases among the recent Comatulids. They 
appear then, however, in the articulation between R and I Br 1 only. 
They have been observed in Pontiometra andersoni (1922, A. H. CLAEK, 

p. 31, and fig. 51) and in Stephanometra spicata (fig. 53). Standing 
extraordinarily near to this type is the radial articulation in Himero-
metra martensl (1922, A. H. CLARK, p. 25 and fig. 41), where the muscles 
are indicated only rudimentarily as low bands. Comasteridae and Calo
metridae have also an articulation between R and I Br 1 which ap
proaches this type. This type of trifascial articulation possesses its 
greatest interest, however, because several of the Jurassic Comatulids 
seem to have had a similar articulation between R and I Br 1. 

Synarthries in Comatulids. 

Comasteridae. 

In regard to this family P. H. CAEPENTEE (1879) has given a num
ber of good figures (PI. 7, figg. 2, 3, 5, 6) of synarthries in the variable 
Comanthus parvicirra. From a pronounced synarthiial type the arti
culation seems sometimes to approach the cryptosynarthrial one, observed 
by A. H. CLARK among the slender-armed varieties of the Comalulu 
species (1915 c, fig. 36, 1922, p. 177). The species I have observed 
generally have fairly typical synarthries. Divergences from this have 
been met with in the synarthry between I Br 1 and 2. In large spec
ies, such as Comanthus japonica (fig. 96), the areola round the lumen 
is very extensive, and the two ligament pits are not equally curved, 
but are excavated irregularly, here and there. The possibilities of flexion 
are slight here. The same is the case in those Comasler species in which 
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the synarthries are replaced by pseudosyzygies. The small Comissia 
species (fig. 94) as well as Capillaster sentosa have an articulation be
tween I Br 1 and 2 which approaches a cryptosynarthry. Capillaster 
may sometimes have but one single synarthry in each ray (between I 
Br 1 and 2). Comatula and Comatidella(?) alone lack synarthries. Syn
arthrial tubercles and synarthrial backward projections are lacking 
(N. B. Comatonia does not belong here). 

Zygomelridae. 

As was pointed out above, the articulation between I Br 1 and 2 
is developed as a syzygy. Normal synarthries always appear distally of 
this between the 2 first postaxillar ossicles (cf. fig. 97). Scarcely any 
synarthrial tubercles. 

Himerometridae. 

I have not seen any articulation between I Br 1 and 2, but morfr 
distal synarthries are typical (fig. 98). Synarthrial tubercles often knob-
shaped, protruding; no synarthrial backward projections. 

Stephanometrtdae. 

The synarthrial articulation between I Br 1 and 2 shows a pair of 
deep and stout pits gn both sides of a fairly narrow dorso-ventral beam. 
A broad contactual margin towards the succeeding ossicle is found in 
the periphery. The capacity of the articulation is certainly insignificant 
(cf. fig. 99). The more distal synarthries are typical. No synarthrial 
tubercles. 

Mariametrulae. 

I have observed the articular-face between I Br 1 and 2 in Pontio-
metra andersoni and in Lamprometra protedus (fig. 101). It corresponds 
in a high degree to that in Stephanometra. The more distal synarthries 
are high and laterally compressed, as in all the forms with numerous 
arms (cf. fig. 100). Perhaps, however, it is still more pronounced here than 
in other multibrachiate types. Indistinct synarthrial tubercles. 

Colobometridae. 

Oligometrides represents a unique type, having rhomboidal joint-
facets (fig. 102). Otherwise, among the forms I have observed, the 
synarthries in this family offer very little of interest. Synarthries have 
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been observed between Br 1 and 2 in Austromelra, Cenomelra, Cyllo-
metra). No, or weak, synarthrial backward projections. 

Tropiometridae. 

The synarthrial facet between I Br 1 and 2 in Tropiomeira afta 
macrodiscus reminds one very much of the same thing in the large Co-
masterids. The joint-pits are scarcely marked plainly, are bounded 
indistinctly, and are rather shallow as well. The flexibility here is 
certainly slight (fig. 103). Between Br 1 and 2 they are not developed 
in a semilunar shape, but only the dorsal half of every half-moon is 
found marked. Both the fossae, however, are well circumscribed here. 
No, or only indistinct, synarthrial tubercles. 

Caloinetridae. 

RR often shoot up into points here between I Brr 1, and possibly 
because of this the 1st synarthrial face shows large, wing-shaped appen
dages on both sides of the joint-facet. The connection, when seen from 
the dorsal side, is often very close and the mobility, presumably, very 
poor. The fossae are, however, well pronounced (figg. 104, 105). The more 
distal synarthries are of the usual type. The synarthrial tubercles are 
indistinct in general cases, but extraordinarily large in Neometra diana. 
Calometra discoidea has synarthrial backward projection. 

Thalassometridae. 

The contour of the synarthrial facet is often somewhat angular 
owing to the vvall-sidedness which occurs in this family. This is speci
ally marked in the more distal synarthries (figg. 106-108). The synarth
rial facet is somewhat drawn out dorsally into an acute angle, where 
synarthrial tubercles are found. This is often developed in connection 
with longitudinal crests on the proximal Br-ossicles. There is never 
any synarthrial backward projection in Ptilometrinae, where the capacity 
for motion in a lateral direction is slighter than in Thalassometrinae. One 
often finds a synarthrial backward projection in the sub-family last 
mentioned and at the same time big notches between the joints, thus 
giving a possibility of greater flexional power laterally. The appearance 
of the synarthrial facet is approximate to that of the family described 
next. (.Cf. also 1888 P. H. CAHP. PI. 15, fig. 6; 1915c A. H. CLAEK 

fig. 97.) 

Charitometridae. 

Corresponds in many ways to the preceding family (figg. 109, 
110). Has often a longitudinal crest on the proximal ossicles and some-
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times synarthrial backward projection. Often big lateral notches. The 
synarthrial facet often shows a likeness to certain Antedonids, because 
it is confined to a rather small area of the joint. 

Notocriniciae. 

The synarthry reminds one of that in Thalassometridae. The me
dian dorso-vental ridge is, however, extraordinarily powerful. The areola 
surrounding the lumen very broad (fig. 111). Synarthrial joint-pits deep. 
No synarthrial tubercles. A weak synarthrial backward projection. 

Antedonidae. 

Great variation exists here. It looks, however, as though one might 
trace the appearance of the synarthrial facets back to two types. The 
first of these is like that in e. g. Asterometra and Notocrinus. The joint-
facet takes up practically the whole of the joint-face and the synaithrial 
backward projection is developed moderately (fig. 112). Rarely any 
synarthrial tubercles (in Perometrinae). Antedoninae belongs here, and 
Perometrinae, if this latter group should be reckoned to Macrophreata, 
Isometrinae, (and probably Thysanometrinae). The second type has the 
synarthrial facet restricted to the centre of the joint-face, and outside 
this a broad area without ligamentary fibres, the synarthrial facet is 
often prolonged in a dorso-ventral direction, the backward synarthrial pro
jection is generally huge. Heliometrinae, Zenometrinae, and Bathymelrinae 
belong here (figg. 113-115). 

Pentam etrocrinida e. 

The synarthrial facet takes up practically the whole of the joint-
face, but relatively somewhat less in Penfamentrocrinus (fig. 116); the joint 
is narrower in Thaumatocrinus, evidently on account of this genus being 
a X-rayed one. The fossa} are moderately deep. The synarthrial back
ward projection is distinctly pronounced in Pentametrocnnus, impercep
tible in Thaumatoei'inus. 

Atelecrinidae. 

The synarthrial facet is very much like that in Zenometrinae (fig. 
117). The synarthrial backward projection is distinct. 
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IV. Articulations of tlie pinniilars in recent Crinoids. 

The information on this question found in the literature on the 
subject is but scanty. W. B. CAEPENTEE (1866) has reproduced the 
pinnule-socket on a number of Brr in Antedon bifida (Pll. 36, 38). In 
P . H. CAEPENTEE'S first Challenger Report (1884) we find sometimes 
rather good drawings of the aiticulation between a Br and a pinnule; 
in one case even the joint-facet of a distal pinnular joint is reproduced 
(cf. Pll. 3, fig. 16, 13: 12, 17: 9, 23: 13, 30 a: 12 a, 33: 3, 47: 12). In two 
solitary cases A. H. CLAEK has also reproduced the joint-facet on distal 
pinnulars. (1915 c, fig. 54, 1922, fig. 659). Besides this W. B. CAEPENTEE 

(1866, p. 724) has given a meagre description of the pinnular facets in 
Antedon bifida and A. H. CLAEK a very detailed one of the pinnular 
articulations in Himerometra martensi (1922, pp. 185-188). 

The pinnular articulations seem to be on the whole very monotonously 
constructed in all the recent Crinoids. This, however, does not prevent 
us from finding large variations in several details. The typical form 
may be described as follows: 

The articulation between a Br and the 1st pinnular is, as A. H. 
CLAEK very rightly emphasizes, an articulation of rather oidinary muscular 
type. While the angle that is formed between the transverse ridges of 
the two joint faces on the distal end of an axillary is about 90° (e. g. 
Heliometra. Himerometra; the axillary being looked at from the distal 
end), the transverse ridges of the pinnular facet and that of the 
brachial joint face at the distal end of a Br form a considerably greater 
angle usually [Heliometra 115°, Metacrinus 150°, Himerometra ± 165", 
Calometridae, and others 180°). The pinnular facet on the Br is by 
this means twisted nearly half way round so that the side that should be 
the outer lateral one becomes the inner median one and vice versa. It 
gains such a position that its muscular fossae still continue adjacent to 
the muscle pit of the brachial distal facet's pinnular side. The dorsal 
ligament of the pinnular facet, on the contrary, seems to be removed 
almost to the maximum distance from the dorsal ligament of the Br-
facet, if the Br joint be viewed in plane projection. The pinnular facet-
face forms an angle of about 110° with the brachial one, in e. g. Helio
metra, Himerometra; at the distal end of 1 Br 2 in Metacrinus nobilis tenuis 
the corresponding angle was 140°. The dorsal ligament of the pinnular 
facet is sometimes better developed on the side adjacent to the median 
part of the Br-joint, and narrower on the side facing the lateral part of the 
Br joint. On the ventral side of the transverse ridge the lateral part, 
on the contrary, is always more strongly developed. The inter-muscular 
crest or furrow bends, therefore, considerably towards the median part 
of the Br joint. The proximal part of the 1st pinnular answers to the 
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Pigg. 109—128. 109) Crossomelra septentrionalis I I Br 1 dist., ^"/i. 110) Diodontometra bocki 
I Br 1 d i s t . , ' " / i . lil) Notocrinus virilis I Br 1 dist., '"/ '• 112)/so>H«<ra iu'»iparoI Br l d is t . , ' " / ' • 
113) Heliomelra eschrichti I Br 1 dist., ^/i. 114—115) Ilathrometra tenella var. sarsii 114) I 
Br 1 dist., -°/i. 115) I Br 2 prox. , ""li. 116) Pentametroerinus diomedeae Br 1 dist. , ' " / i . 
117) Atelecrinus helgae I Br 1 dist., '°/i . 118—122) Ptilocriniis pinnatu» 118) Pinnnle-socket 
on Br 6, '"ju 119—122) Pinnnle on Br 6, 119) 1st p innnlar , prox. , 120) 1st p innülar , dist. , 
121) 2nd pinnnlar, dist., 122) 3rd pinnnlar , dist., ^°/i. 123—125) Ilycrinus carpenteri. 123) 
1st pinnnlar from Br 13, dist., »»/i. 124) 2nd pinnnlar from Br i 3 , dist., '^jt, 125) distal 
p innular from about Br 17, prox., ' ' / ' • 126—127) Diplocrinus icyville-thomsoni. 126) Distal 
segment of a distal pinnule, viewed from the ventral side, ' " / i . 127) Another distal p innnlar 
of a distal pinnnle from the shor t end, ^°/i. 128) Metaerinus rotundus distal segment of 
distal p innnle , '"'ji. 
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pinnular joint facet desciibed on the brachial ossicle. Here, however, 
the joint fossse are often marked indistinctly and the joint facet only 
bulges irregularly (especially in small forms). When the muscles are 
contracted in this articulation the pinnule is flexed aborally and in 
towards the side of the arm. 

The proximal and distal facet-faces on the 1st pinnular are very 
nearly parallel. Also the distal joint face of the 1st pinnular shows 
here, usually, an almost straight muscular articulation. This, however, 
is oriented at about a right angle to the proximal facet of the ossicle, so 
that the transverse ridges of the two joint faces form an angle of about 
90°. The proximal facet of the 2nd pinnular corresponds to the distal 
one of the , 1st pinnular. In some Comatulids this articulation is most 
strongly developed on the adoral side. On contraction of the muscles 
in this articulation the pinnule is flexed ventrally. 

The distal end of the 2nd pinnular also has a transverse ridge and 
this again makes an angle of 90° to the proximal face of the ossicle; 
here therefore it is a dorso-ventral crest. The articulation between the 
2nd and 3rd pinnulars is distinguished, however, from the two preceding 
ones by the appearance of (small) ventral muscle-bundles on both sides 
of the ridge, and usually through the absence of the ligament pit which, 
supposing it occurs, sets a boundary for the dorsal development of the 
dorso-ventral crest. In these two characteristics this p i n n u l a r ar
t i c u l a t i o n diverges from synarthry. which in its general features it 
reminds one of rather strongly. I t may be considered, as is shown by 
examples from the distal pinnulars of the distal pinnules, to be derived 
from an ordinary muscular articulation through the disappearance of the 
dorsal ligament. 

When asymmetry is to be found in this and the following ar
ticulations, it is the aboral side of the joint facet which becomes more 
strongly developed than the adoral side. This is contrary to the condi
tions found in the articulation between the 1st and 2nd pinnulars (ex
ception e. g. in Metacrinus). This stronger aboral development, of the 
articulations of the distal pinnules, expresses itself very strikingly in 
the development of the combs in the Comasterids, and of the pinnular 
calcareous flanges protecting the gonads in Austrometi a, Isometra, and 
certain Charitometridae. 

Both the ventral pits, mentioned above, for the muscle bundles on 
each side of the dorso-ventral crest are usually least distinct in the 
articulation between the 2nd and 3rd pinnulars where they may even 
be lacking entirely, but in the following articulations they are usually 
well circumscribed. In the not uncommon autotomy of the pinnules 
we, therefore, always find the fracture between the 2nd and 8rd pin
nulars — the articulation that comes nearest to the ligamentary arti-
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Figg. 129—148. 129) Metacrinus nohilis tennis Pinnule-socket on I Br 2, '"/i. 
130—134) Metacrinus rotundus left P,. 130) 1st pinnular, proximal face. 131) 1st pinnular, 
dist. 132) 2nd pinnular dist. 133) 3rd pinnnlar dist. 134) 5th pinnular, dist., '"/i. 135—138) 
Comanthus pinguis P^. 135) 1st pinnnlar dist. 13C) 2nd pinnular, dist., '"/i. 137) distal pin
nular, lateral view. 138) distal pinnular, articular face, '"/i. 139—140) Comaster delicata 
grandis, P^. 139) distal combed pinnular; articular face. 140) Do., adoral view, °^/i. 
141) Capillaster sentosa 7th segment of distal pinnule, ^'/i. 142—HS) Zygometra microdiscus 
Pj. 142) 1st pinnular, dist. 143) 2nd pinnular, dist., ^"/i. 144—148. Himerometra magni-
pinna. 144) II Br 2 pinnnle-socket, '"/i. 145—148) Pj, observe, not from the pinnule-socket, 
drawn as fig. 144. 145) 1st pinnular, prox. 146) Ist pinnular dist. 147) 2nd pinnnlar dist. 
148) 4th pinnular dist., "=/i. 
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culations of the arms which, as has been emphasized before, are pre
formed places for autotomy. 

The articulation between the 3rd and 4th plnnulars, like all the 
following ones, is similar to that between the 2nd and 3rd pinnulars, 
as A. H. CLARK has emphasized, but the pits for the muscular fossae ai e 
better marked. The development of the muscle bundles shows, more
over, great variability (cf. below). In the distal parts of the proximal 
pinnules the movement thus takes place in the lateral direction. 

In the distal articulations of the distal pinnules we usually find a 
pit in the dorsal part of the dorso-ventral crest. This pit harbours a 
little dorsal ligament. Here then, we have a possibility realized for a 
slight flexibility also in a dorso-ventral direction. Most strongly developed 
in certain Comasteridae (e. g. ComalideUa hrachiolala). 

I shall now pass on to give a description of the appearance of the 
pinnular facets in various special cases. 

Hyocrinidae (figg. 118—122). 

The transverse crest of the pinnular face forms an angle with the 
brachial face of 150° in Ptilocrinus pinnatus (Br 6). The calcareous 
lamella over the muscle-insertion shoots forward as a large spout-shaped 
formation. The proximal joint face of the 1st pinnular is twisted 
peculiarly in relation to the distal face on the same ossicle (cf. fig. 119). 
This last face is a straight muscular articulation without interartic-
ular ligaments. The 2nd and following articulations are very close, 
have a dorsal ligament pit, but lack otherwise nearly all sculpture (as 
is evidenced by sections, these connections are in reality synostoses 
and therefore lack muscles). 

Pentacrinidae (figg. 126—134), 

The two muscle attachments on the pinnular face of 1 Br 2 (Meta-
crinits) are very small and close together. They shoot rather a long way 
into the Br joint and are over-shadowed by a projecting calcaieous lamella. 
The proximal face of the 1st pinnular makes an angle between the 
transverse ridge and the intermuscular furrow of about 50° (this angle 
facing towards the median part of the Br). The distal end of the 1st 
pinnular shows a typical straight muscular articulation, having the 
adoral part most strongly developed. The distal end of the 2nd pin
nular shows only indistinct traces of muscular attachments. Here also, 
as in the nearest following ossicles, the ado ra l side is the one most 
strongly developed. The synarthroid type of articulation is very 
little accentuated here but approaches the synostotic. A dorsal liga
ment pit is still found. The joint-faces, which follow rectangular in 
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transverse section, have small, ventral muscle pits, retain the dorsal 
ligament pit; the ligament .pits are shallow, becoming very insignificant 
distally. The dorso-ventral crest is bounded dorsally by the dorsal pit. 

The joints of the distal pinnules show the same type. The dorsal 
pit is retained, the dorsal ligament fossa, on the contrary, is accen
tuated more distinctly. The distal joints of the distal pinnules, in 
transverse section rectangular (Metacrinus) or triangular (Diplooinus), 
have only a very thin calcareous bridge separating the furrow for the 
ventral soft-parts from the dorsal nerve. This thin bridge is often sieve
like (for the ciliated pits?) and the joint therefore gets — seen from the 
ventral side — a certain likeness to the Silurian transition forms between 
the canaliculate and non-canaliculate types which BATHER has figured 
(1893, e. g. fig. 327). 

The pinnulars of Fentacrinidae, when seen in transverse section, 
remind one rather much through their rectangular or triangular form 
of those found in Thalassometridae. 

Bathycrinidae (figg. 123-125). 

As is well-known, pinnules are lacking here on a number of the 
proximal Br segments. The pinnular joint-face on more distal Br seg
ments reminds one rather much of that in Ftilociinus. The articulation 
between the 1st and 2nd pinnulars is a muscular articulation of the 
usual brachial type. The dorsal ligament is, however, narrow and in
considerable. The distal pinnular joints are distinguished chiefly by the 
large, extraordinarily thin, lateral processes, springing from the body 
of the pinnular joint itself and embracing the ventral soft parts. 

Comasteridae (figg. 135—141). 

In annother connection I have discussed (Chap. 5) the development 
of the combs on the tips of the pinnules in this family. The most char
acteristic thing about these pinnules is the enormously strong develop
ment of the muscle bundles, especially noticeable because the muscular 
attachments between the Brr are only modestly developed. 

The angle which the transverse ridge of the brachial face and that of 
the pinnular face on a Br make with each other varies between about 
130° (Comaster) and 180° (Comissia, CapillaslerJ. The cavity into which 
the muscles of the 1st pinnular insert themselves on the brachial joint 
is not very deep usually. Distally of the articulation between the 
2nd and 3rd pinnulars in the proximal comb-provided pinnules, very 
strong muscular attachments appear which take up the greater part of 
the surface of the facets. Here we have still another reason speaking 
in favour of these pinnules being specially adapted for making rapid 

7 — 24120. T. Gislén. 
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Pigg. 149—191. 149) Himeromelra magnipinna distal pinnnlar of distal, r ight pinnule. 
" 1. 150) LamproDtetta protectus, r ight P j , 9th pinnnlar , '"/ i- 151 — 153) Pontiometra ander
som. 151) P , , r ight outer side, 1st pinnnlar dist . 152) P , 2nd pinnular dist., ^"/i. 153 
distal pinnule, 7th pinnnlar , dist., '^/i. 154—156) Stephanometra spicota r ight P j , 154) 
1st pinnular dist . 155) 2nd pinnular dist . 156) 4th pinnnlar dist., ' " / i . 157) Stephanometra 
spicata Py, 3rd p innular dist., ^7 ' - 158 — 159) Tropiometra afra macrodiscus left P , . 158) 1st 
pinnnlar dist . 159) 2nd pinnnlar dis t . , ' " / ! . ieO—161) Cenometra bella P j . 160) 6th pinnular 
dist. 161) 8th pinnnlar dist., -°/i. 162—164) Oligometrides adeonae P , . 162) 1st pinnnlar 
dist. 163) 2nd pinnnlar dist . 164) 6th pinnular dist., -"/i. 165) Aiistrometra Ihetidis genital 
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and powerful movements (cf. Chap. 5). Muscles are developed in the 
distal parts of the pinnule, where the combs appear, enormously more 
powerfully on that side of the dorsal crest where the teeth are developed 
(the aboral side). 

In the distal comb-less pinnules the muscles are more moderately 
developed. In their articulation between the 3rd and 4th pinnulars and 
distally of this, there appeats as usual a little dorsal ligament fossa. 

Zygometridae, Himeromeiridae, Mariametridae, Stephanometridae, Tropio-

metridae, and Colohometridae (figg. 142—165). 

The pinnular articulations here, taken as a whole, agree with A. 
H. CLARK'S description (1922, p. 185 ff.) as my figures show. 

Unless in exceptional cases the muscular attachments are small 
everywhere here. The pits into which the muscles from the 1st pinnular 
insert themselves in the Br are generally fairly deep (exception e. g. 
Himerometra). Between the 2nd and 3rd pinnular scarcely any muscular 
fossae are found in the large proximal pinnule in Himerometra. 

In the very long and flexible Pj in Pontiometra andersoni the arti
culations, distally of the one between the 2nd and 3rd pinnulars, are 
provided with large lateral muscle fossae. In the more distal parts 
of the pinnule, as in the distal pinnules, the dorsal part of the dorso-
ventral crest disappears, and we therefore get a more or less distinctly 
marked dorsal ligament fossa. It must be observed that the lumen 
in this pinnule is unusually large. We may compare the conditions here 
with the size of the lumen in the immovable proximal pinnules in 
Sfephanometra (cf. figg. 151 —156). In this connection it may be pointed 
out that the Macrophreuta, supplied with large brachial muscle-attach
ments have, in the same way, large nerve-lumina in the Brr — and a 
large central organ for these nerves in the Cd. We can thus trace the 
correlation: stout dorsal nerves large muscle bundles - strong capacity 
for movement or swimming. 

pinna le , 4th pinnnlar dist. , '"ji. 166—167) Pectiometra flavopurpurea proximal p innule . 
166) 1st pinnnlar dist., '"/<. 167) 5th pinnnlar , ""/i. 168—172) Neometra multicolor. 168— 
170) P , , 168) 1st pinnnlar dist., 169) 2nd pinnnlar dist., 170) 3rd pinnular dist., ' " / i , 1 7 1 — 
172) .Distal pinnule. 171) 2iid pinnular dist., 172) 3rd pinnular dist., '«/i. 173—174) Aste-
romeii-a antlms F^. 173) 1st pinnnlar dist. 174) 2nd pinnular d i s t , ™/i. 175) Ptilometra 
millleri P , , 4th pinnular dist., ^"/i. 176) Cosmiometra aster distal pinnule, 4th pinnnlar dist., 
"^ju -177—179) Diodontomelra bocki. 177 — 178) P j . 177) 1st p innnlar dist., 178) 2nd p innnlar 
dist., ' 7 i . 179) P j , 3rd p innular dist., " / i . 180 — 183) Notocrinus vlrilis. 180 — 182) P , . 
180) 1st pinnular dist., 181) 2nd p innular dist., 182) 6th p innular dist., '" / i , , 183) Distal 
pinnule, 7th pinnular dist., ' ' / i . 184—186) Heliometra eschrichti P , . 184) 1st pinnnlar dist., 
•-"/c. 185) 2nd pinnular dist., -"/i. 186) distal pinnnlar , dist., ' ^ i . 187) PoUometra prolixa 
P j , 1st pinnular dist., ^ ' / i . 188) Isometra vivipara, genital pinnule, 3rd pinnular , dist., '*/'• 
189—191) Pentametrocrinus diomedeae. 189) proximal pinnule , 2nd pinnnlar dist., " 7 ' . 190— 
191) distal pinnule, 190) I s t p innnlar dist., 191) 2nd p innular dist., " ' / i . 
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In Stephanometra the nail-shaped proximal pinnules deviate con
siderably regarding their articulations from the rest of the pinnules. The 
articulation between the 1st and 2nd pinnulars is, us usual, a muscular 
articulation, and that between the 2nd and 3rd pinnulars is a pinnular 
articulation, where, however, only the muscle of the aboral side is noticeably 
developed. Between the 3rd and 4th pinnulars we have, on the contrary, 
a great reduction of the sculpture of the face, and from the articulation 
between the 4th and 5th pinnulars we get typical synostoses. From 
this comes the nail-shaped appearance and stiffness of the pinnule. We 
find in certain Colohometridce similar, although generally not so extreme, 
stiffening of some of the proximal pinnules. 

In Austrometra the genital pinnules are provided with wing-like 
processes, as we found above was the case in Bnthycrinidae. Here, 
however, the processes are extended almost horizontally, so that the joint 
gets a more disk-shaped appearance. 

Calometridae, Thalassomelridae, Charitometridae (figg. 166 — 179). 

The pinnule-joints in all these families after the 3rd or 4th pinnular 
are decidedly triangular, more proximal segments (the 2nd—4th joints) 
in the proximal pinnules are sometimes rectangular (cf. also A. H. CLARK 

1915 c fig. 54 and 1922 fig. 659). The triangular form of the 
joints may sometimes be indistinct in the proximal pinnules (e. g. Neo-
metra, Stylometra, where the segments are more or less rounded). In 
these families often the genital pinnules have flattened joints with small 
lateral processes which protect genital glands (cf. above Austrometra 
and below Isometra). 

The proximal pinnules in the family Calometridae have, as is well 
known, enormously enlarged 1st and 2nd pinnulars, especially in the 
proximal pinnules. The pinnular face on the Br takes up a great part 
of the ventral surface of the latter. The muscle-attachment pushes its 
way, as is, moreover, usually the case also in the two other families, 
rather deeply into the brachial segment. The transverse crest of the 
pinnular face is here, in relation to that of the brachial face, twisted to 
an angle of at least 180^. The articular fossae between the proximal 
pinnulars are extraordinarily strong in all the proximal pinnules. The 
interarticular ligaments are narrow or rudimentary. The connection 
between the 2nd and 3rd pinnules soon, however, becomes much closer 
than those between the other segments, and after about P, gains a 
synostotic character (this is specially evident in Neometra). Processes 
are also found on the proximal pinnulars of the proxim-^l pinnules, 
though less localized or marked, in some of the Charitometriaae; outside 
this group in Catoptometra and certain Comasterids (e. g. Comaster belli). 



EOHINODERM STUDIES 101 

Notocrinidae and Macrophreata (figg. 180—191). 

Regarding these forms there is not much to be said. Within 
this group, the muscle-attachments are very well developed; otherwise 
the pinnule-articulations are fully typical, with the exception of a couple 
of cases mentioned below. The distal joints of the distal pinnules are 
more or less rounded and their joint fossa; are provided with the custom
ary little dorsal fossa. 

The more important exceptions to the typical construction are the 
following. Heliomelrinae has long proximal pinnules with very short 
pinnulars. Here the pinnular muscle-fossae are very powerful and the 
hypertrophy culminates between the distal pinnulars, where, as in Co-
masteridae, we get the most powerful muscle on that side of the joint 
where the rudimentary comb is situated (the aboral side). Another 
exception to the normal appearance is found in Isometra. From about 
Pg in this genus the 3rd and 4th pinnulars are powerfully expanded, 
evidently as a protection for the genital gland. The hypertrophy is 
most strongly pronounced on the aboral side. 

I have not had an opportunity of studying the pinnules of Thysa-
nometrinae and Atelecrinidae. 



CHAPTER III. 

The fossil Comatul ids . 

I. Introdnction. 

Nothing is of greater value in making a correct estimate of the 
phylogeny of an animal group than a close knowledge of its fossil 
predecessors. Usually, however, the preserved remains are few and 
incomplete and therefore it is not an easy task, and sometimes an im
possible one, to decipher the changes that the animal group has been 
subjected to during its development. 

There are probably few groups of Invertebrates that give more 
abundant material in the direction alluded to above than the Echinoderms, 
and among these the Crinoids are especially rich in fossil forms. Among 
the Crinoids in recent times one branch only flourishes, the free-living 
unstalked Comatulids. From the paleontological point of view this branch 
is a very young one, for the oldest known forms are not older than from 
the lowest Jurassic; nevertheless, the Comatulids from almost their verj 
first appearance have shown very great aptitude for abundant variation. 
While about 600 species of Comatulids are known from recent times (their 
number is daily increasing) the number of fossil species approaches a 
hundred and seventy. This figure is not in itself so very imposing, but it 
becomes more so when one considers that as yet only small parts of the 
earth are paleontologically examined and that those parts of the Coma
tulids that have been preserved — usually Cd, BB, and RR — do not allow 
a systematization to be carried out as thoroughly as in the lecent 
forms. 

Since the seventies the fossil Comatulids almost without exception 
have been ranged under the genera ActmomeUa and Antedon. This pro
cedure might have had a certain reason as long as the now living species 
were grouped chiefly in the two genera above mentioned. Since 1907, 
however. A. H. CLAEK, as is well known, has carried out a very deep 
and necessary revision of the system of the recent Comatulids. The 
family Comaste) idae arose from the old genus Actinomefi a, while Antedon 
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is only used now to signify a small group of very closely related Atlantic 
forms. The system for the recent forms is built chiefly on the forma
tion of the cirri and proximal pinnules, to a certain degree also on the 
number of the division series etc. The characteristics mentioned rarely 
or never present themselves in extinct Comatulids. When one takes all 
these circumstances into consideration it becomes perfectly evident that 
one cannot use any of the old genus-names mentioned above that are 
applied to recent forms. 

Before one passes on to a revision of the system of the fossil Co
matulids two things, however, are necessary. First one must make a 
survey of the forms described; secondly one must make clear the system
atic characteristics that might be used for fossil Comatulids and the 
extent to which these characteristics reappear in recent forms. 

I shall begin with a short historical survey of the literature on the 
fossil Comatulids. 

II. Historical review. 

The 18th century has very little information to give as regards our 
knowledge of fossil Comatulids. Excepting that SCHEUCHZER in 1716 
and 1718 figured and described an object that is evidently the Cd and 
radial ring of a Comatulid, it is only the slabs from Solenhofen, where 
one often finds the remains of Pterocoma pennata, that have inspired the 
authors of the 18th century to describe and figure. 

It was first by the excellent work of GOLDFUSS, Petrefacta Germaniae 
(1826 — 1840), that our knowledge of the fossil Comatulids advanced con
siderably. In his treatise 5 real Comatulids under the names of Solano-
crinites (one species of this genus called by HARTMANN 1830 Milleria n. n.), 
Comatula, and Glenotremites are described and figured with a correctness 
unknown before. Nevertheless, many false ideas still prevailed. Thus 
under the name Glenotremites the Cdd of a couple of Comatulids were 
described. These Cdd, however, were regarded as Echinoids forming a 
transition stage to the Comatulids. They were said to have no anal 
opening, the impressions for the BB on the ventral side of the Cd were 
interpreted as ambulacral furrows, and the opening for the centrodorsal 
cavity was regarded as the mouth. 

From the thirties to the first half of the sixties the knowledge of 
the fossil Comatulids increased only slowly. 

A number of new species (18) were, however, described or men
tioned by V. MUNSTER (1839), HAGENOW (1840), PHILIPPI (1844), D'OEBIGNY 

(1850), THURMANN (1851), FORBES (1852), EMMONS (1858), QUENSTEDT (1858), 
ETALLON (1857 and 1862), MICHELOTTI (1861), and A. MULLER (1863). 

During this time also a number of comprehensive works appeared. 
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They introduced few new views but tried to bring together into a whole 
the knowledge of that time. We therefore get such works as those of 
L. AGASSIZ (1835), BRONN (1835-1838 and 1848), GEINITZ (1846), D'OEBIGNY 

(1850-1852 and 1852), QUENSTEDT (1852, 1858, and 1875—76), PICTET 

(1857), OPPEL (1856—1858), and DUJARDIN & HUPE (1862). 
Nevertheles, there were also some occasional efforts made at bringing 

forward a more thoroughly worked out systematical grouping of the 
Comatulids. As one only surmised obscurely what was systematically 
important these attempts, however, were fumbling or moi e or less unsuc
cessful. L. AGASSIZ (1835) correctly distinguished some of the Comatulse 
of GoLDFuss and called them Saccocoma. He ranged one species of the 
Goldfussian Comatula, the above mentioned pennata (mentioned by SCHLOT-

HEiM 1823 as Comatulitlies), under a new genus Pterocoma. v. MUNSTER 

called a probably very closely related or identical form (1839) Comntu-
rella iragneri. HAGENOW (1840) created the new genus Hertha for a 
Comatulid from Cretaceous of Riigen and D'ORBIGNY (1852) rechristened 
a part of the Goldfussian species Solanocrinites cosfatus as Comatulina. 
EMMONS (1858) called the Cd of an eocene Comatulid from North Carolina 
Microcrinus, MICHELOTTI (1861) a miocene form from North Italy ^ft'oma, 
and FRAAS (1878) a Cretaceous species from Lebanon Geocoma. Here, I 
do not include all the generic names that have been attributed to and 
diagnosed for recent forms and then transferred to fossil forms. Such 
names are Alecto (PHILIPPI 1844 after LEACH), Decacneuios and Deca-
meros (BEONN 1835 — 1838 and D'OEBIGNY 1850 1852 after LINCK), Com-
aster (DUJARDIN & HUPE 1862 and LUNDGREN 1874 after L. AGASSIZ). 

I can enumerate in passing only some of the "variations of spelling' of 
the names of the genera mentioned above as Solacrinus (L. AGASSIZ 1835 
and GEINITZ 1846), Salocrinus (MICHELOTTI 1861), Soloncerium (ETALLON 

1862), and Glenocrinus (D'ORBIGNY 1852). 

With the exception of the genera Pterocoma, Hertha, Comatulina, 
and Allionia there is no description included of the generic names 
enumerated above, or else they referred to recent forms and ought 
therefore to be left out of account in what follows. The genus Coma
tulina which is described in a confused manner is said to lack "les pieces 
brachiales et basales" and to have arms directly articulating with the Cd. 
In reality such a form is not known. As the type D'ORBIGNY signifies 
C. costata ( = GOLDFUSS Tab. 50 fig. 7 c), a species lacking visible basals, 
but with radials (the species described as d'Orbignyi in 1881 by P. H. 
CARPENTER). This genus of D'ORBIGNY is included as a sub-genus of the 
genus Solanocriniis (cf. below). Later on I shall return to the three 
remaining genera. 

A new epoch arrives with the works of DE LORIOL and P. H. CAR

PENTER; the days of its glory may be identified with the eighties. 
The activity of the former scientist is spread over 40 years; during^ 
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this time he described and figured in an excellent manner nearly 40 
new species. The activity of P. H. CARPENTER, it is true, is much more 
restricted in time — his productivity on the whole falls within the 
eighties and during this time he describes more than 20 species as new 
— nevertheless, his contribution is of extraordinarily great importance 
on account of his deep knowledge of the morphology of the recent 
forms. The "Paleontologie Francjaise, Crinoïdes Jurassiques" ofnELoRiOL 
and "On the genus Solanocrinus" besides the two Challenger works of 
P. H, CARPENTER will always be regarded as classical. 

Besides these two there might also be mentioned a number of 
scientists who have furthered the knowledge of the fossil Comatulids. 
Those who described and figured (23) new species were: COSTER (1871), 
LuNDGREN (1874), FoNTANNES (1877 aud 1879), FRAAS (1878), SCHLÜTER 

(1878), WALTHER (1886), POMEL (1887, remarkable, because of its being 
the first real description of species outside Europe, cf. also FRAAS). Of 
these LuNDGREN, SCHLÜTER, and WALTHER deserve to be specially men
tioned . 

LuNDGREN points out a number of misinterpretations made by pre
ceding authors and shows conclusively the special errors regarding th& 
views taken of "the mouth" and the "ambulacral furrows" in the genus 
Glenotremiles. SCHLÜTER, in his excellent paper containing a collocation 
of the fossil forms known up to then, attempts to make new boundaries-
for the genus Solanocrinus. This should, according to him, include forms 
having a round opening of the centrodorsal cavity, without any radial 
pits. Another group, on the contrary, should be distinguished by a lobed 
opening of the Cd-cavity and the occurrence of radial cavities. MENE-
GHINI (1878) wished to call the group mentioned first Allionia, a name 
which had previously been given by MICHELOTTI to the Cd of a North 
Italian form. WALTHER adopts SCHLÜTERS idea and reckons the Coma
tulids having a round opening of the Cd-cavity, without radial pits, with 
narrow BB, with 2—3 "Radialia", and 10- 20 arms without syzygial 
connections, as belonging to the genus Solanocrinus, which he considers 
is the more primitive type. The genus Antedon, which then constitutes 
the rest of the fossil Comatulids, should be characterized by abundant 
syzygies. Although this author has excellently prepared material and 
makes many remarks of value, the presentation of it still suffers con
siderably from his imperfect knowledge of the morphology of the recent 
forms (cf. e. g. his comments on the 'mediane Pinnula"). CARPENTER, 

in his important treatise quoted above (1881), "On the genus Solanocrinus", 
brings under discussion the question of the possibility of distinguishing 
the genera Solanocrinus and Antedon. In his criticism he proceeds to 
correct the numerous errors which were inherent in the presentations of 
many of the preceding authors, and to disentangle the often very 
complicated questions regarding synonyms which frequently resulted 
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from these. He comes to the conclusion that Solanocrinus, characterized 
by the occurrence of exterior basals, cannot be maintained (cf. 1857 PICTET, 

p. 288; 1874 LUNDGBEN, p. 64) but is practically the same as ^w/erfoH, in 
which genus he ranges all the forms which cannot be referred to Aclino-
metra. His criticism, however, hardly touches SCHLCTER'S proposal men
tioned above. 

Towards the end of this period, which occurred contemporane
ously with the publication of the great Challenger work on recent 
Comatulids, it had also become an admitted conception that the fossil 
Comatulids taken as a whole should be referred to the genus Antedon. 
A lesser number of forms, with a simple whorl of cirri or without cirri 
and with radial faces sloping only slightly inwards, are placed in the 
genus Adinometra. One species with V simple arms, described by DE LOKIOL 

is placed in the genus Eiidiocriniis. 
Ever since the nineties up to quite recent times, there is scarcely 

anything to note regarding any new views which might assist in clearing 
up the problem of the fossil Comatulids. Resting on the authority of 
CARPENTER and DE LOEIOL all the new species described have practic
ally without exception been ranged in the genus Antedon. There has been 
more scepticism as regards the possibility of distinguishing representatives 
of the genus Adinometra and it is only seldom that forms have been 
described under that name. A new genus, Pachyantedon, was created during 
this time by J ^ K E L (1891) for a type corresponding to WALTHER'S Solano
crinus. The same author drew (1901) a Comatulid from maastrichtian 
which shows certain similarities to the recent genus Atelecrinus. 

A good many new species (35) were described during this time, by 
ZAHALKA (1892), NICOLAS (1897), NOËLLI (1900), REMES (1902), FRITSCH 
(1910 Pentacrinus pusillus), WEGNER (1911), SCHAFEER (1912), BEÜNNICH-

NIELSEN (1913), CHAPMAN (1913), VADASZ (1915). VALETTE (1917). DE LORIOL 
continued with his descriptions until 1908, but with his exception, most 
of those who have busied themselves with new descriptions have been, 
more or less, occasional students in this field of labour — which is often 
to be traced in the descriptions themselves. Thus VALETTE in his work 
of 1917, which, moreover, contains rather good figures, still remains on 
the same plane as GOLD FUSS in 1831 as regards his conception of the parts 
surrounding the Cd-cavity and the radial cavity, which he considers as 
*le peristome de la bouche", and the marks after the BB which are 
considered as corresponding to "le cinq gouttières ambulacraires". The 
descriptions and figures of 6 new species by NICOLAS are so imperfect 
and unsatisfactory that it is quite impossible to get hold of their 
systematical relations. Presumably, however, a couple of his species are 
synonymous with species from the same districts described somewhat 
•earlier by DE LORIOL (1897). The exceptions mentioned above consist of 
NOËLLI, BRÜNNICH-NIELSEN, and VADASZ in whose works good drawings 
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and figures are united with a close knowledge of their subject. During 
this time also two interesting extra-European discoveries from Patagonia 
and Australia were described by DE LOKIOL (1902) and CHAPMAN (1913). 

While the preceding period of time had a number of comprehensive 
works to show, among which that of DE LOEIOL on the Jurassic Crinoids 
(1884—1889), P. H. CARPENTER'S: "On the genus Solanocrinus" (1881), and 
SCHLÜTER'S collocation (1878) were the most prominent, there has been 
less to notice in this way during the latest years. ZAHALKA (1892) has 
written in Czech a concise and very imperfect survey of the literature 
and species chiefly of the German and Austrian fossil Comatulids. In 
1908 (c) A. H. CLARK gave practically a complete list of the names of 
the fossil Comatulids described before that year, unfortunately, however, 
without making any references to the literature. In a later work (1915 a) 
he discusses shortly the genera of the fossil Comatulids which may be 
considered as having counterparts among the recent forms. He con
siders that the fossil Comatulids correspond in part to the recent genus 
Eudiocrinus (a Cretaceous form, not as CLARK states a Jurassic), and 
partly belong to Catoptometra, which CLARK states was spread abundantly 
and generally during Jurassic and Tertiary. He places (1915 b) Antedon 
iheringi, described by DE LORIOL (1902), in this genus, without, as it 
seems to me, any reason whatever. In JJEKEL'S great work (1918), a 
very comprehensive though somewhat sketchy survey of all the fossil 
Pelmatozoa taken together, the Comatulids have been treated rather 
grudingly which, however, is more easily explainable when we consider 
the extent of J ^ K E L ' S undertaking. The author takes the standpoint 
already disproved by CARPENTER and distinguishes Comatulids with visible 
BB as belonging to the genus Solanocrinus. 

The most important attempt made during this time to deduce 
some conception of the phylogenetical development of the Comatulids is 
undoubtedly to be found in KIRK'S work (1912). Here (p. 67) for the 
first t i m e \ a detailed argument is given in favour of the idea that 
the Comatulids may represent "a number of genetic lines" and be 
"polyphyletic in origin . . . doubtless . . . from not widely divergent 
types". Although he admits that the forms which he imagines to be 
the ancestors "may not represent actual links in an evolutionary chain" 
(p. 74) he considers, however, that "they have the character that such 
ancestral forms undoubtedly possessed". He takes Mesocrinus as the 
original type and imagines a development proceeding through ThioUieri-
crinus to the Comatulid type. The forms of these genera which he 
discusses are, in the case of the two latter, from upper Jurassic or 
lower Cretaceous (the oldest Comatulids appear in the lowest Jurassic); 
and, in the case of the former, from uppermost Cretaceous, a fact which 

' Cf. also 1891 JMKEI. p. 633. 
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somewhat weakens the value of his reasoning. In the following chapter 
I shall return to a criticism of his views on the late phylogenetic appear
ance of the cirri, on which he bases his reasoning sketched above, and 
which ends therefore in his deduction that the Comatulids have descended 
from a theoretical ancestral type, corresponding to Bourgueticrinoid 
forms. Later on he admits the probability of ceitain lines of Comatulids 
having been derived from Apiocrinid or possibly from Pentacrinid foims 
(p. 77). Regarding different types of Comatulids, KIEK considers that 
the Jurassic species provided with biserial arms represent an extinct 
older branch, while the slender-armed forms may possibly correspond to 
a younger one now living. 

in . Species incorrectly placed among the Comatulids. 

Especially during the first half of the 19th century we find numerous 
forms which have been erroneously referred to the Comatulids. I shall 
enumerate such forms below, alphabetically arranged, with their synonyms. 
In this section the synonymy comprises only some of the more important 
works that have dealt with the species mentioned. 

1) Comatula antiqua GOLDFUSS 1835. 

Comatula antiqua 1835 GOLDFUSS, p. 54; 1848 BEONN, p. 321. 
Gasterocoma antiqua 1839 GOLDFUSS, Nova Acta etc., p. 350, Tab. 32, fig. 5; 

1848 BEONN, p. 525. 
Epadocrinus antiquus 1876 QUENSTEDT, p. 530, Tab. 108, fig. 55. 

Is a Fistulate from middle Devonian, Germany. 

2) Ophiura carinata GOLDFUSS 1831. 

Ophiura carinata 1831 GOLDFUSS, p. 206, PL 62, fig. 5: 1876 QDENSTEDT, 
p. 143, Tab. 95, fig. 39. 

Geocoma carinata 1850 D'OEBIGNY, Vol. 1, p. 381. 
Comatula carinata 1878 FEAAS, p. 89. 

Is an Ophiuran from Upper Jurassic, Solenhofen. Germany. 

3) Comatula bertrandi THUEMANN 1851. 

Comatula Bertrandi 1851 THUEMANN, p. 137, PI. 2, fig. 21; 1858 OPPEL, p. 626. 

Professor A. REICHENSPEEGEK of Freiburg, Switzerland, has kindly 
furnished me with information as to the evidently very rare original 
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descr ipt ion. THURMANN says the re of the new species: " J e nomme 
provisoi rement ainsi des fragments d 'une stel léride ou crinoïde fort r a r e , 
qui m e para i t avoisiner les comatules. l is proveniennent de la Combe 
d 'Escher t . — J e les de'die a Elie Be i t r and d 'Orbe ." The figure shows a 
par t of an arm only, which may belong to a Crinoid, though probably i t 
does no t represent the Br r of any Comatulid (fig. 192 is a copy of T H U R 
MANN's figure kindly presented to me by Prof. REICHENSPERÖER). 

Upper Jurass ic (oxfordian), Switzer land. 

4) Comatula flliformis GOLDFUSS 1831. 

Comatula fdiformis 1831 GOLDFUSS, p. 205, Tab. 62, fig. 3; 1848 BKONN, 
p. 321. 

Saccocoma filiformis 1835 L. AGASSIZ, p. 193; 1848 BRONN, p. 1151; 1893 b 
JJSKEL, p. 661 ff.; 1918 J^KEL, p. 92. 

Saccosoma filiformis 1850 D'ORBIGNY, Vol. 1, p. 381. 

Is one of the Saccocomidce found a t Solenhofen, Upper Jurass ic 
(virgulian), Germany. 

5) Antedon fischeri GEINITZ 1871. 

Antedon fischeri 1871 GEINITZ, Vol. 20: 1, p. 92, Vol. 20:2, p. 18, PI. 6, 
figg. 9—12; 1878 SCHLÜTER, p. 39; (?)1893 FRIC, p. 109, fig. 143; 1895 JAHN, 
pp. 145, 168, 169, 180; 1899 POPOVICI-HATZEG, p. 4; 1901 BRUNHUBER, p. 124: 
1911 FRIC, p. 76. 

Mesocrinus fischeri 1881 a P. H. CARPENTER, p. 129, PL 6, fig. 2. 

Belongs to the fam. Bourgueticrinidae and is reported from Upper 
Cretaceous, Saxony, Bohemia, and Bavar ia . 

6) Comatula Gelnitzii REUSS 1844. 

Comatula sp. 1839 (N. Ausg. 1850) GEINITZ, p. 89, Tab. 22, fig. 2. 
Comatula Geinitzii 1844 REUSS, p. 177; 1846 REUSS, p. 69, Tab. 20. fig. 27; 

1848 BRONN, p. 321. 

Is a s tump of an arm of an Ophiuran (or perhaps a Saccocomid) 
from Cretaceous, Bohemia. 

7) Solanocrinites Jaegeri GOLDFUSS 1831. 

Solanocrinites Jaegeri 1831 GOLDFUSS, p. 168, Tab. 50, fig. 9; 1879 P. H. 
CARPENTER, pp. 6, 104—106. 

Solacrinus Jcegeri 1835 L. AGASSIZ, p. 196. 
Solanocrinus .IcBgeri 1839 MUNSTER, p. 89 ; 1848 BRONN, p. 1150; 1857 

PiCTET, p. 288, PL 99, fig. 2; 1878 SCHLÜTER, p. 36; 1881b P. H. CARPENTER, 
pp. 190, 207, 210. 

Comatula Jageri 1850 D'ORBIGNY, Vol. 1, p. 381. 
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Comaster Jcegeri 1862 DUJAEDIN & HUPÉ, p. 213. 
Pentacrinus Jmgeri 1881b P. H. CARPENTER, p. 211, PI. 11, fig. 24. 

According to P . H . CAKPENTER th is species is the basal r radial 
r ings of a Fentacvinus only. As the stem is unknown th i s is, however, 
not ye t completely cer tain. One might , possibly, imagine t ha t a Cd con
s t i tu ted i ts dorsal complement ; in t ha t case it would be an Atelecrin-
oid form, a supposition t h a t is, however , not very l ikely. 

From Upper Jurass ic (oxfordian), Germany. 

8) Solanocrinites Jaegeri QUENSTEDT 1852. 

Solanocrinites Jcegeri 1852 QUENSTEDT, p. 601, PI. 51, fig. 33 (2. Aufl. 1867, 
p. 717; 3. Aufl. 1885, p. 915, Tab. 72, fig. 14); 1858 QUENSTEDT, p. 723, PI. 88, 
tig. 12; 1876 QUENSTEDT, p. 177, Tab. 96, fig. 51. 

Solanocrinus Jcegeri 1881 b P. H. CARPENTER, pp. 208, 209, PI. 11, fig. 22; 
1888 DE LoRioL, p. 559; 1908 ENGEL, p. 455. 

Antedon (Solanocrinus) Jcegeri 1920 MUSPER, p. 15. 

The ar t icular faces in th is species are , cont rary to those in the 
preceding one, low, the basals are small and indist inct ly protruding. 
Dorsally of the basals there is a stem-joint wi thout cirr i . These facts 
point to the same conclusion as t h a t reached by P . H. CAKPENTEK who 
considers the species of QUENSTEDT to be the r emnan t of a s ta lked Crinoid. 
I agree wi th DE LOBIOL tha t one cannot refer i t to Thiolliericrinus. I t 
may be supposed r a t h e r to approach Millericrinus. 

Upper Jurass ic (virgulian), Germany. 

9) Comatula longimana QUENSTEDT 1876. 

Comatula longimana 1876 QUENSTEDT, p. 169, Tab. 96, fig. 22; 1885 QUENSTEDT, 
Petrefaktenkunde 3. Aufl., p. 916, Tab. 72, fig. 15; 1886 WALTHER, pp. 159, 160. 

Millericrinus of. mespiliformis 1886 WALTHEK, p. 159, Tab. 24, fig. 3. 
Antedon (Comatula) longimana 1888 DE LORIOL, p. 529. 

Only the a rms are known. Compared by QUENSTEDT himself wi th 
Apiocrimis mespiliformis. These a re surely not the arms of any Comatulid, 
since the Br-segments are discoidal, very short and of uniform stoutness . 
I t reminds one more of the a rms of an Apiocrinid than of a Milleri-
crinid form (cf. e. g. 1884—89 DE LOKIOL, Pll . 37 and 73). 

Upper Jurass ic ( t i thonian), Germany. 

10) Comatula neocomiensis JACCAKD 1870. 

Comatula neocomiensis 1870 JACCARD, p. 68. 

Is a typographical error for the gastropod Columbellina neoconiiensit 
(cf. 1869, p . 165). 

Lower Cretaceous (neocomian), Switzerland. 

/ 
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11) Asteriacites pannulatus SCHLOTHEIM 1820. 

Asteriacites pannulatus 1820 SCHLOTHEIM, p. 325; 1848 BRONN, pp. 119, 1105. 
(Saccocoma) pannulatus 1876 QUENSTEDT, p. 155. 
Antedon pannulatus 1908 c A. H. CLARK, p. 486. 

BRONN considers this species to be, possibly, identical with a Sacco
coma. Owing to the references given by SCHLOTHEIM to the Stella 
coriacea e tc . of LINCK (1733), these species being starfishes, one mus t 
consider with QUENSTEDT SCHLOTHEIM'S species to be an asterid. 

Upper Jurass ic (virgulian), Pappenheim bei Solenhofen, Germany. 

12) Comatula pectinata GOLDFUSS 1831. 

Oomaitdix pectinata 1831 GOLDFUSS, p. 205, Tab. 62, fig. 2; 1852 QUENSTEDT, 
p. 599; 1878 SCHLÜTER, p. 35. 

Saccocoma pectinata 1835 L. AGASSIZ, p. 193; 1848 BKOKN, p. 1151; 1893 b 
J.BKEL, p. 661 ff., 1918 JaiKEL, p. 92. 

Saccosoma pectinata 1850 D'OKBIGNY, Vol. 1, p. 381. 

Is one of the Saccocomidae from Solenhofen. 
Upper Jurass ic (virgulian), Germany. 

13) Asterites scutellatus BLUMENBACH 1803. 

Asterites scutellatus 1803 BLUMENBACH, p. 24, PI. 2, fig. 10. 
Pferocoma scutellata 1850 D'OKBIGNY, Vol. 1, p. 381. 
Ophiura scutellata 1876 QUENSTEDT, p. 146, Tab. 95, figg. 48—51. 

This species is erroneously s ta ted by D'OKBIGNY to be synonymous 
wi th Plerocoma pennata. I t seems very doubtful to me if the species as 
QUENSTEDT says, is the same as Ophiura loricata of GOLDFUSS. More prob
ably i t is synonymous wi th Aspidura ludeni HAGENOW. Is an Aspidura 
from the Muschelkalk a t Gött ingen. 

Middle Tr ias , Germany. 

14) Comatula sigillata QUENSTEDT 1876. 

Solanocrinites costatus part. 1831 GOLDFUSS, Tab. 51, fig. 2. 
Comatula sigillata 1876 QUENSTEDT, p. 176, Tab. 96. figg. 49, 50; 1878 

SCHLÜTER, p. 37; 1879 DE LOBIOL, p. 267. 
Solanocrinus sigiliatus 1878 SCHLÜTER, p. 37. 
Antedon sigillata 1881b P. H. CARPENTER, pp. 201, 202, 209. 
Thioiliericrinus sigiliatus 1889 DE LOIUOL, p. 558. 

GOLDFUSS considered this species to be a young of Solanocrinus 
costatus. DE LoRioL, because of the dorsal "Kippgelenk" of the Cd, ranged 
i t in the genus Thiolliericrinus. 

Upper Jurassic (virgulian), Wi i r t temberg . 
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15) Comatula teissenbergensis SCHAFHAÜTL 1863. 

Comatula teissenbergensis 1863 SCHAFHAÜTL, p. 112, Tab. 15, fig. 8; 1865 
GüMBEL, p. 140; 1866 GÜMBEL, p. 567; 1866 SCHAFHAÜTL, p. 786: 1878 SCHLÜ-
TER, p. 38 . 

Probably GÜMBKL is right in considering this 'species ' to be a 
fragment of a belemnite (cf. Behmnites). Surely it is not a Br-segnient 
of any Comatulid as SCHAFHAÜTL supposes. 

Jurassic, Germany. 

16) Comatula tenella GOLDFUSS 1831. 

Comatula tenella 1831 GOLDFUSS, p. 204, Tab. 62, fig. 1; 1848 BKONN, 
p. 322. 

Saccocoma tenella 1835 L. AGASSIZ, p. 193; 1848 BEONN, p. 1151; 1893 b 
J^KEL, p. 661 ff. 

Saccosoma tenella 1850 D'OEBIGNY, Vol. 1, p. 381. 
Saccoma tenella 1918 J^KEL, p. 92. 

A member of the Saccocomidae of Solenhofen. 
Upper Jurassic (virgulian), Germany. 

17) Antedon valdensis part, DE LOEIOL 1879. 

Antedon valdensis part. 1879 DE LOEIOL, p. 267, PI. 20, fig. 20. 
Ihiolliericrinus arzierensis 1889 DE LOEIOL, p. 560. 

At first this species was considered by DE LOEIOL to be a young 
of the species of Antedon mentioned above, but it was later on referred 
to the genus Thiolliericrinus. 

Lower Cretaceous (valanginian), Switzerland. 

18) Antedon sp. POPOVICI-HATZEG 1899. 

Antedon sp. 1899 POPOVICI-HATZEG, pp. 2, 4. 

Represents the stem joints of a Bourgueticrinoid form. 
Upper Cretaceous (cenomanian), Rumania. 

IV. Undescribed or imperfectly described Comatnlids. 

Before I pass on to discuss the system of the fossil Comatulids I must 
separate a small number of species which either are not described at all 
or have figures and descriptions so defective that they do not allow the 
author to form any opinon as to their systematical position. They are 
(from this point the synonymy is intended to be as exhaustive as possible): 



ECHINODERM STUDIES 113 

1) Antedon admirabil is NICOLAS 1898. 

Antcdon admirabilis 1898 NICOLAS, p. 406. 
Antedon avenionensis var. minor 1898 NICOLAS, p. 406. 

Like all the species described by NICOLAS, it is impossible to identify 
this one with the aid of descriptions or figures. 

Occurrence: Te r t i a ry (miocene), F rance . 

2) Oomatula angulat i ENGEL 1908. 

Comatula angulati 1908 ENGEL, pp. 207, 210. 

There is no description nor any figure. 
Occurrence: Lower Jurass ic (lias a), Wi i r t t emberg . 

3) Antedon avenionensis NICOLAS 1897. 

Antedon avenionensis 1897 NICOLAS, pp. 104, 108, 131, 135; 1898 NICOLAS, 
pp. 405, 409, fig. 5; 1899 LAMBEBT, pp. 122 — 123. 

Cd and R R are known. Here , as in the following species described 
by NICOLAS, the figures show hardly more than a s i lhouette and no detai ls . 
Possibly synonymous with A. deperdi DE LOEIOL. 

Occurrence: Te r t i a ry (miocene), France . 

4) Antedon breviceps TATE & DENNANT 1893. 

Antedon breviceps 1893 TATE & DENNANT, p. 266. 

Is a nomen nudum. 
Occurrence: Te r t i a ry (eocene), Austra l ia . 

5) Comatula c laudiana ETALLON 1857. 

Comatula claudiana 1857 ETALLON, p. 282; 1866 OPPEL et WAAGEN, pp. 
258, 300; 1867 OGÉRIEN, p. 675; 1888 DE LOEIOL, p. 524. 

I s a nomen nudum. 
Occurrence: Upper Jurass ic (oxfordian), F rance . 

6) Antedon glandiferus NICOLAS 1897. 

Antedon glandiferus 1897 NICOLAS, pp. 104, 131, 135; 1898 NICOLAS, pp. 
406, 408, fig. 6; 1899 LAMBERT, pp. 122, 123. 

Cd + RR are known. Possibly synonymous with A. anglesensis 
DE LOEIOL. 

Occurrence: Te r t i a ry (miocene), France . 

8—24120. T, IhsUn. 
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7) Gomatula matheyi GREPPIN 1870. 

Comatula Matheyi 1870 GEEPPIN, p. 83. 
Antedon Matheyi 1888 DE LOEIOL, p. 527. 

Is a nomen nudum. 
Occurrence: Upper Jurass ic , Switzer land. 

8) Antedon miocenicus NICOLAS 1897. 

Antedon miocenicus(-a) 1897 NICOLAS, pp. 104, 131, 132; 1898 NICOLAS, 
p. 404, fig. 2; 1899 LAMBEBT, p. 122; 1900 NOËLLI, p. 34. 

Antedon miocensis 1908 c A. H. CLAEK, p. 484. 

Cd + R R are known. Probably , according to N O Ë L L I , synonymous 
wi th A. rhodanicus. 

Occurrence: Te r t i a ry (miocene), France . 

9) Antedon pertusa E. V. CLAEK 1900. 

Antedon pertusa 1900 E. V. CLAEK, p. 5; 1911 HOWCHIN, p. 53. 

Is a nomen nudum. 
Occurrence: Te r t i a ry (eocene), Aust ra l ia . 

10) Antedon pilularis NICOLAS 1897. 

Antedon pilularis 1897 NICOLAS, pp. 104, 131, 134; 1898 NICOLAS, p. 405, 
fig. 4; 1899 LAMBEET, p. 122. 

Cd f R R are known. Seems to be a separa te species. 
Occurrence: Te r t i a ry (miocene), F rance . 

11) Comatula polydacty lus D'ORBIGNY 1850. 

Comatula polydactylus(-a) 1850 D'OEBIGNY, Tome 1, p. 320; 1862 DÜJARDIN & 
HüPÉ, p. 213; 1888 DE LOEIOL, p. 524. 

Antedon polydactylus 1878 SCHLÜTEE, p. 49. 

Only the arms are known. They are distinguished by their "nom-
breux r a m u l e s " ! No figure. Very doubtful if it is real ly a Comatulid 
a t all . 

Occurrence: Middle Jurass ic (bathonian), France . 

12) Antedon sphaeroidalis NICOLAS 1897. 

Antedon sphaeroidalis 1897 NICOLAS, pp. 104, 131, 134; 1898 NICOLAS, 
p. 404, fig. 3; 1899 LAMBEET, p. 122. 

Antedon sphceroides 1908 c A. H. CLARK, p. 494. 

The Cd + RR are known. 
Occurrence: Te r t i a ry (miocene), F rance . 
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13) Oomaturella wagneri MUNSTER 1839. 

Comatula paradoxa 1836 MtïNSTEE, p. 583 n. n. 
Comaturella Wagneri 1839 MÜNSTEE, p. 85, Tab. 8, fig. 2 (1843 2. Aufl. 

p. 97, Tab. 8, fig. 2); 1848 BKONN, p. 322; 1857 PICTET, p. 289; 1862 DUJAEDIN & 

HuPÉ, p. 214; 1876 QUENSTEDT, p. 185, Tab. 96, fig. 104; 1878 SCHLÜTEE, p. 37. 

Saccosoma Wagneri 1850 D'ORBIGNY, Tome 1, p. 381. 

The cirri adher ing to a Cd(?) are known. Probably very closely 
related to , if not identical with, Pterocoma pennala or formosa. 

Occurrence: Upper Jurass ic (virgulian), Solenhofen, Germany. 

Here must also be recorded a number of forms signified as Comatula 
(EudiocrinusJ or Antedon sp. only. E i the r they are not described pa r t i 
cularly or they consist of separa te a rms- or cirrus-joints only. 

Comatula sp. 1857 ETALLON, p. 328. A nomen nudum. Lower Cretaceous 
(neocomian), France. 

Comatula sp.? 1867 MOESCH, p. 104. A nomen nudum. Middle Jurassic 
(callovian), Switzerland. 

Antedon sp. 1880 DOWNES, p. 433 (Devon Assoc. Trans. 12) and 1882 DOWNES, 
p. 86 i>? Glenotremites, plates of». Centrodorsals, mentioned only. Upper Creta
ceous, England. 

Antedon sp. 1891 STOLLET, pp. 255, 308, Br-segments. Upper Cretaceous 
(senonian), Schleswig Holstein. 

Antedon sp. 1895 JAHN, p. 168. A nomen nudum. Upper Cretaceous, 
Bohemia. 

Antedon sp. 1899 HENNIG, p. 150. A nomen nudum. Upper Cretaceous 
(danian), Sweden. 

Antedon sp. 1910 CHAPMAN, pp. 301, 305, 311, PI. 52, fig. 8. Br-segments. 
Tertiary (miocene), Australia. 

Antedon sp. 1910 FUELANI, pp. 89, 90, 92. A nomen nudum. Upper 
Jurassic, Dalmatia. 

Antedon sp. 1911 LOEENTHEY, p. 135 (Budapest, Ertesitö math. term. 29). 
Br-joints only. Tertiary (miocene), Hungary. 

Eudiocrinus sp. 1913 BEONNICH-NIELSEN, p. 28, fig. 28. I s a I B r 2 ( ? ) . Upper 
Cretaceous (danian), Denmark. 

Antedon sp. 1913 CHAPMAN, p. 180, PI. 18, fig. 19. A cirral. Tertiary, 
Australia. 

The following species are also very incompletely known; they have , 
however , been indicated wi th special names. 

Only Br-segments are known in the following species: 

1) Antedon granulata BEtJNNicH-NiELSEN 1913. 

Antedon granulata 1913 BRtlNNiCH-NiELSEN, pp. 99, 108, Taf. 19, figg. 57-—59. 

Only a I Ax is known. 
Occurrence: Upper Cretaceous (danian), Derimark. 
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2) Antedon stevensis BRUNNICH-NIELSEN 1913. 

Antcdon stevensis 1913 BRUKNICH-NIELSEN, pp. 99, 100, Taf. 12, figg. 63—68 

Only the Br 2 and a hypozygal ossicle are known. 
Occurrence: Upper Cretaceous (senonian), Denmark. 

Only the radial ring and the attached basals are known in: 

1) Antedon caraboeufi DE LOEIOL 1888. 

Antedon caraboeufi 1888 DE LOEIOL, pp. 446, 524, PI. 213, fig. 2. 

Is , pe rhaps , t he radial r ing belonging to the Cd tha t is described 
as A. morieri. 

Occurrence: Lower Jurass ic (domerian), F rance . 

2) Act inometra chel tonensis P . H. CAEPENTEE 1881. 

Actinometra cheltonensis 1881 b P. H. CAEPENTEB, pp. 205—207, 212, 216, 
PI. 11, fig. 20; 1888 P. H. CAEPENTEE, pp. 26, 39: 1888 DE LOEIOL, p. 540; 

1912 KIRK, p. 79. 

Antedon cheltonensis 1881 c P. H. CARPENTEE, p. 10, PI. 6, figg. 4—5. 

Occurrence: Middle Jurass ic (bajocian), England. 

3) Antedon complanata P. H. CARPENTER 1881. 

Antedon complanata 1881 b P. H. CARPENTEE, pp. 195, 201, 205, 212, 
PI. 9, fig. 9; 1888 DE LOEIOL, p. 528; 1908 ENGEL, p. 455. 

Occurrence: Upper Jurass ic (virgulian), Wii r t temberg. 

4) Antedon prisca P . H. CARPENTER 1880. 

Antedon prisca 1880 a P. H. CAEPENTEE, p. 54, PI. 5, fig. 7; 1888 DE LOEIOL, 
pp. 447, 450, 525. 

Reminds one ra the r closely of A. caraboeufi. 
' Occurrence: Middle Jurass ic (bathonian), England. 

V. Character is t ics sys temat ica l ly appl icable in fossil Comatul ids . 

I have pointed out in the introduction the unfitness of rang ing the 
fossil Comatulids in the genet a Actinometra and Antedon. On the whole 
i t seems to me to be very l i t t le advisable to range any fossil Comatulids 
in recent genera , as is done e. g. wi th Antedon iheringi, which A. H. 
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CLAKK (1915 b) refers to the genus Catoptometra, or Microcrinus conoi-
deus (here only the Cd is known) which has been ranged by CLARK & 
TwiTCHELL (1915) under Zenometra. 

As is stated above, the system of the recent Comatulids, especially 
as to generic and specific characteristics, is mostly founded on such 
characteristics as are inaccessible in fossil forms. It will therefore 
always be a very difficult task to identify fossil genera and species with 
recent ones. If we take e. g. the fossil Actinometra loveni it is, prob
ably, rather closely related to certain recent Comasterids such as Coma-
tula, CapiUaster, Coma)ilhena, Comanthus, or Comaster. But it is imposs
ible to state that it belongs to anyone of these genera, not only 
because the species mentioned differs from most of the genera enumerated 
above by the X, very stout arms, but also because it is impossible to 
investigate the pinnule characteristics that partly characterize the genera 
of Comasteridae. Taking another example, Eudiocrinus hyselii, this 
species is, probably, closely related to the recent Eiidiocrini from which 
it differs, however, by the transverse crest in the cirrus-socket (un
known in the recent genus) and, probably, by the absence of syzygies. 
These two examples are purposely selected to show how difficult it may 
be even in the most favourable instances to say anything with exactness 
about the identity of genera and species in recent Comatulids and 
extinct ones. 

Is it possible then to deduce any relation between the fossil and 
the recent forms':' A close knowledge of the subject enables one to 
answer this question in the affirmative. In fact there are a number of 
characteristics that one finds both in fossil and recent forms, character
istics that are sufficient in number and importance to make it possible 
to conclude along what phylogenetic lines the evolution has taken place. 
These characteristics we find in Cd, BB, and RE. I give below a survey 
of the characteristics employed in my system for distinguishing the fossil 
Comatulids. 

Cd. Systematic characteristics are found in the development of a 
discoidal, conical, columnar, or hemispherical Cd. One has reason to 
attach great importance to the so-called dorsal star, i. e., the star-
shaped scar of the not yet perfectly obliterated cavities marking either 
the prolongation of the dorsal coelom or (presumably less common) the 
chambered organ in the stem. This star-shaped opening is always con
nected with a relatively large Cd-cavity and probably with the occur
rence of ventral radial pits also (A large petaloid figure sometimes 
occurring on the dorsal side of the Cd, presumably marking the articu
lation facet against a discarded angular stem, must be carefully distin
guished from this (Cf. Chap. 4)). One sometimes finds a dorsal pore in 
the Jurassic Comatulids, and always in ThioUiericrinus. These forms 
were, however, always strongly microphreate and the pore here is very 
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small and round. The development of radial pits on the ventral side of 
the Cd is a systematic characteristic of great importance. These radial 
pits have nothing at all to do with the 5-chambered organ and its 
cavities, but harbour, as P. H. CAKPENTEE pointed out quite correctly in 
1879, the proximal continuation of the dorsal coelom of the arms. They 
have, in certain Cretaceous forms, an extremely powerful development, 
but in the recent forms they are generally not developed at all (deep 
in Notocrinidae and Asterometridae) or appear as shallow, meandering, 
branched canals between the radial ring and Cd (e. g. Himerometridae). 

A very important characteristic, as A. H. CLAEK emphasized spec
ially, is the size of the Cd-cavity. In the older fossil forms this cavity 
is extraordinarily small, in the younger forms we come nearer and 
nearer to the large cavity which we find best developed among the 
Macrophreata distinguished by CLARK. Certain Oligophreata, on the con
trary, correspond in this characteristic more nearly with the Jurassic 
forms. 

The occurrence and arrangement of the cirri is very significant (in 
rows in the older forms, in whorls among the younger) and so is also 
the appearance of the cirrus-faces. In older forms the cirrus-faces are 
pr'ovided with a transverse crest as in the Pentacrinids, in younger ones 
this is divided into two lateral tubercles, or remains as an areola round 
the lumen, or may be completely obliterated, in which case the cirrus-
faces may be either striated peripherally or perfectly smooth. This 
change marks the ever increasing tendency of the articulations between 
the Cd and cirri to become a pre-formative place for the discarding and 
regeneration of the cirri, as the syzygy is in the arms. 

BB. These, which in the older forms are strongly developed, 
become more and more reduced in the younger ones. The absence of a 
rosette in these older forms, to which CARPENTER attached a certain 
amount of importance, is of less significance. His assumption that the 
BB in recent forms might be "compound basals", where the basal 
star is not analogous to the peripheral part of the BB in the fossil forms, 
does not seem to me to be correct. In reality we have a continuous 
series from true BB, as in Pentacrinids, through "compound basals" in 
a number of Comatulids, to the rosette found in the most modernly or
ganized forms, the Antedonids. Such a form as Notocrinus cannot be 
said even to-day to have a rosette, as the proximal ends of the BB are 
only united with each other by weak sutures (fig. 197). On the other 
hand I have found in the Cretaceous form Semiometra impressa (fig. 237), 
a distinct rosette developed. 

The appearance of the rosette is brought about by the ever in
creasing size of the nerves proceeding from the 5-chambered organ and 
the simultaneous reduction of the BB. In its perfect form the rosette 
forms only the central part of the coalesced BB. remaining at the same 
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stage of calcification as that of the embryonic BB. The parts situated 
peripherally of the place where the nerves emerge are reduced altogether 
or remain in the shape of a basal star, which in such a case, from 
natural reasons, must be calcified as strongly as the surrounding Cd 
and RR. 

EB. Here we find a number of significant characteristics. The 
dorsal, free, exterior part may be more or less developed according as 
the R is less or more hidden by the Cd and I Br 1. As CAEPENTEK 

pointed out, the inclination of the radial-faces is also of importance. 
Another important matter caused by this is the larger or smaller diameter 
of the radial cavity in some forms sloping evenly inwards, in other cases 
deepened abruptly into a central depression. The radial cavity may be 
filled more or less by the spongy calcareous tissue that CARPENTER called 
the central plug. Among fossil forms this tissue is scarcely developed 
or completely lacking. The appearance of the radial articular face 
seems, however, to offer the most important characteristic. The enlarge
ment of the muscular fossae stands, as I have emphasized in another 
connection, in a certain relation to the gradually increasing adaptation 
for greater mobility and power of swimming which most of the Coma-
tulids, from the very beginning of their eleutherozoic life, have been 
submitted to. We thus find rather insignificant muscular attachments or 
even none at all among the Jurassic forms, while certain younger forms 
have very powerful muscle-attachments. Side by side with these forms, 
even in our own days there still remain descendants of the forms 
possessing insignificant muscular attachments. Sometimes it may happen 
among the fossil forms that the difference between the muscular fossa 
and the interarticular ligament is more or less indistinct owing to wear; 
in such a case one can conclude, at least very often, the extent of the 
muscular attachment from the height of the articular-face. It is chiefly 
through the splendid works on morphology by P. H. CARPENTER and 
A. H. CLARK especially (1888 and 1922) that we have now a fairly good 
knowledge of the appearance of the radial faces among recent forms, a 
knowledge allowing the results obtained to be used when regarding the 
fossil types. 

Finally a few words on the arms among the fossil forms, and the 
systematic characteristics which may be drawn from them. The arms 
may be coarse or slender, with longer or shorter joints, monoserial or 
biserial, V, X, or numerous. Synarthries may be developed or be lacking. 
The syzygies may be few in number, usually among the older forms 
having few septa; or they may be numerous, in the younger forms, where 
we meet with many septa. I consider, however, that for several 
reasons it is less suitable to make use of characteristics taken from the 
arms in a systematization of the fossil Comatulids. First, the arms, 
as in the now living Pentacrinids, seem to be little differentiated and 
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offer few systematic fixed points; secondly, and most important, they 
are known in an infinitesimal number of cases only. Where the arms 
have been preserved also, I have therefore first made use of the charac
teristics found in the Cd, BB and RR, upon which I consider a syste-
matization of the fossil Comatulids must chiefly be founded. I have, 
however, in such cases tried to complete the idea of the characteristics 
belonging to the group, by giving the distinctive features found in the 
arms too. 

VI. Species in which the arms are linown, but the calyx-ossicles 
only imperfectly described. 

In such cases where the arms are known, but not the (Cd) BB, or 
RR I have given up trying to bring these forms into the scheme under 
which the better known fossil Comatulids are ranged. The Comatulids 
first mentioned, however, have arms of two diff'erent types to which I 
have assigned two old generic names Pachyantedon and Pterocoma. Of 
these genera the first mentioned is only provisional and includes forms 
belonging either to P(daeoconiasteridae or Solanocrinidae. When the Cd, 
BB, and RR of these forms are found, they ought therefore to be trans
ferred to one of the above mentioned families. The other genus is prob
ably, as will be shown later on, the ancestral type of one or two of 
the later Comatulid series. 

A) Pachyantedon J ^ K E L 1891. 

A group of fossil Comatulids where the Cd and the radial face ai'e 
not yet known. The arms are coarse and stout, X—XX, usually with 
very oblique articulations, tending strongly towards and often reaching 
the biserial stage. Syzygies very rare or lacking. Cirri long and coarse 
with short segment, 1 < br. 

As to the characteristics of the arms tiie definition to a certain 
extent covers the one that is given by WALTHER (1886) for Solanocrinus. 
As, however, GOLDFUSS in his day assigned this name to the Cd and 
radial ring of certain well-known Jurassic Comatulids, this name ought, 
therefore, to be kept for the sphere of the Goldfussian species. 

The type for Pachyantedon is P. heynchi. 

Three species belong to this genus P. leyrichi J ^ K E L 1891. gracili.t 
WALTHEE 1886. imperialifi WALTHER 1886. 
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1) Pachyantedon beyrichi JiEKEL 1891. 

Pachyantedon heijriclii 1891 J^KEL, pp. 627, 628, Tab. 43, fig. 5; 1912 
KiRK, p. 78. 

X arms, with ve ry oblique jo in ts . 
Occurrence: Upper Cretaceous, Nor th Germany. 

2) Pachyantedon graci l is (WALTHEK) 1886. 

Solanocrinus gracilis 1886 WALTHEE, pp. 173—175, 182, 183, PI. 2.5, 
figg. 2, 4, PI. 26, figg. 1—4; 1887 P. H. CARPENTER, pp. 85—87; 1888 P. H. 
CARPENTER, pp. 90, 93, 94. 

Antedon (Solanocrinus) gracilis 1888 DE LORIOL, p. 530. 

There are XX arms, I Br 1 and 2 probably grown together . I I 
Brr are 1. 

Occurrence: Upper Jurass ic (virgulian), Bavar ia . 

3) Pachyantedon imperialis (WALTHEE) 1886. 

Solanocrinus costatus 1879 ZITTEL, fig. 283 a, 1913 ZITTEL—EASTMAN, fig. 
340 a. 

Solanocrinus imperialis 1886 WALTHER, pp. 168, 170, 171, 173, 174, 184, 
188, PI. 25, fig. 3, PI. 26, fig. 6; 1887 P. H. CARPENTER, pp. 86, 87; 1888 P. H. 

CARPENTER, pp. 90, 93, 94. 

Antedon (Solanocrinus) imperialis 1888 DE LORIOL, pp. 475, 530; 1915 
ZITTEL, fig. 320 a. 

XX arms. I Br 1 and 2 grown together . I I B r r are 1, sometimes 
apparent ly formed by the anchylosis of two ossicles. 

Ocurrence: Upper Jurass ic ( t i thonian), Bavar ia . 

B. Pterocoma L. AGASSIZ 1835 (em.). 

One of this species is known fairly closely and the diagnosis is 
chiefly made according to i t . 

A genus of fossil Comatulids where the Cd is very small, flattened, 
support ing about X cirr i , wi th a central , rounded perforation dorsal ly. 
The cirr i are very long and slender, composed of very long cirrals 
without dorsal or opposing spine, the 1. several t imes the br. BB and 
radial faces unknown, radial cavi ty large. Arms X, very long and 
slender, composed of long and no t very oblique Brr. The syzygies are 
numerous. I Ax probably had a synar thr ia l face proximally. The pinnules 
pr ismatic , proximally t r iangular , distally composed of long pinnulars . 
Large covering plates. Type Ft. pennata. 
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Here belong 3 species: Pt. formosa W A L T H E K 1886, ^ewwa^a SOHLOT-
HEiM 1820, and pinnulata F E A A S 1878. 

1) Pterocoma formosa (WALTHEE) 1886. 

Antedon forniosus(-a) 1886 WALTHER, pp. 177, 178, PI. 26, figg. 2, 12: 
1888 DE LoEioL, p. 531. 

According to W A L T H E B I B r 1 and 2 are grown together . This 
s ta tement , however, ought to be verified. 

Occurrence: Upper Jurass ic ( t i thonian), Bavaria . 

2) Pterocoma pennata (SCHLOTHEIM) 1820. 

. . . ein zusammengezogener Seestern (Caput medusae) 1755 KNORE, pp. 7, 
181, Tab. 11, fig. 1, Tab. 34 a, fig. 1. 

? Stella decern caudis crinitis 1757 BAIEB, p. 13, Tab. 7, fig. 2. 
? Stella decern radiis fissis 1757 BAIEK, p. 13, Tab. 7, fig. 3. 
Ber d'Annonische Penfacrinit 1769 WALCH, p. 104, Tab. L. I. 
Un fossile rare 1775 COLINI, p. 103, PI. 4, fig. 6. 
Asteria caput medusae pennatum 1778 SCHBÖTER, pp. 377, 378, No. 17 

and 19. 
Asteriatites pennatus 1813 SCHLOTHEIM, p. 68. 
Ophiurites pennatus 1820 SCHLOTHEIM, p. 326, Tab. 28, figg. 1—4; 1823 

SCHLOTHEIM, p. 45. 
Gomafulithes mediterraneaeformis 1823 SCHLOTHEIM, p. 47; 1827 GEEMAE, 

p. 107; 1848 BEONN, p. 322. 
Comatula pinnata 1831 GOLDFUSS, p. 203, Tab. 61, fig 3 ; 1841 J. MOLLER, 

p. 139; 1848 BEONN, p. 322; 1852 QUENSTEDT, p. 600, PL 51, fig. 27 (2. Aufl. 
1867, p. 716, Tab. 65, fig. 27; 3. Aufl. 1885, p. 914, Tab. 72, fig. 4); 1858 
QUENSTEDT, p. 801; 1876 QUENSTEDT, p. 167, Tab. 96, figg. 20, 21; 1878 SCHLÜTEE, 
p. 35; 1891 J^KEL, p. 627; 1908 ENGEL p. 470. 

Pterocoma pinnata 1835 L. AGASSIZ, p. 193; 1839 MUNSTER, p. 86 (Pt. 
Comaluta p.); 1848 BRONN, p. 1054; 1857 PICTET, p. 290, PI. 99, fig. 4; 1862 
DUJARDIN & HupÉ, p . 2 1 5 . 

Becacnemos pennatus 1836 BRONN, p. 273, Taf. 17. fig. 17 a—c; 1848 
BRONN, p. 405. 

Alecto pinnata 1846 GEINITZ, p. 545. 
Asteriacites pennatus 1848 BRONN, p. 119. 
Geocoma pinnata 1878 FRAAS, p. 89. 
Antedon pinnatus(-a) 1878 SCHLÜTER, p. 49; 1886 WALTHEE, pp. 176, 177, 

PI. 26, figg. 5, 7, 8, 10. 
Antedon (Comatula) pinnata 1888 DE LORIOL, p. 530. 

I t seems to me tha t this species, which is general ly called pinnata 
(GoLDF.), must be called pennata (SCHLOTHEIM). The la t ter author is 
the first who has given the species a binominal name and added to 
i t some figures. I t is t rue tha t GOLDFUSS' figures give a much be t te r 
idea of the species and we find here also a good description, but as 
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the figures of the oldest author mentioned are perfectly sufficient to 
enable us to identify the species with certainty, I use the name that 
is given by him. The preceding species seems to be very closely re
lated to Pt. pennata. It occurs also in the same locality. The distin
guishing marks given by WALTHEK are scarcely correct: RR and I Br 1 
are said to be anchylosed — if his statement is correct, a unique case 
among the Comatulids. As far as I have seen the proximal border of 
I Ax indicates a synarthry. WALTHER'S statement as to the median 
pinnule is surely erroneous. 

Occurrence: Upper Jurassic (tithonian), Bavaria. 

3) Pterocoma pinnulata (FKAAS) 1878. 

Geocoma pinnulata 1878 FEAAS, p. 89. 
Geocoma libanotica (error lithogr.) 1878 FEAAS, PI. 2, fig. 2. 
Antedon pinnulatus 1886 WALTHEE, p. 178. 

Occurrence: Upper Cretaceous (turonian), Lebanon. 

VII Comatulid species of which the Ceiitrodorsals only are known. 

A thorough study of the forms of which only the Cdd are known 
certainly not only leads to the view that a systematic classification is 
possible, but at the same time produces the conviction that the know
ledge of the Cd only is not quite sufficient always to clear up the 
relationship of these species to the other fossil and recent forms. If 
the ventral aspect of the Cd were known in a larger number of species of 
which the Cd and the radial ring are described now, it is very prob
able that we should be able to settle the phyletic connection with a 
higher degree of certainty. As the matter stands now this is not 
always the case. I have therefore referred all the Comatulids of which 
only the Cdd are known to the genus Glenotremifes, used already by 
GoLDFuss to signify a Cd (though he misunderstood its relations). To 
attain greater perspicuity I have, however, made a scheme dividing the 
known forms into a number of groups, which seem to me to correspond 
approximately to the remaining groups of fossil Comatulids, which I have 
described later on. The genus Glenofremifes is only provisional and the 
forms which are ranged here ought as soon as possible to be transferred 
to their respective fossil Comatulid genera. 
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A. Glenotremites GOLDFUSS 1831. 

Syn. Microcriniis EMMONS 1858. 

Allionia MICHELOTTI 1861. 

By Allionia MICHELOTTI intended to signify a species (ohlita) of 
which we now also have the radial r ing. Nevertheless , he was aquainted 
himself only with the Cd, and by the new genus he intended to denote 
a Cd only, which he, like GOLDFUSS, supposed to have a mouth in the 
centre of the ven t ra l face. The basal furrows, however, he, cont ra ry to 
GOLDFUSS, in terpre ted r ight ly . Moreover, there is no diagnosis of this 
genus, and the same is the case as regards Microcrinus. 

This group contains fossil Comatulids which are known by the Cdd 
only. The species referable here are the following 5 1 : 

abnormis P . H . CARPENTER 1880, allardi DE LORIOL 1897, angelini nov. 
sp., anglesensis DE LORIOL 1897, arnaiidi DE LORIOL 1894, atacicus DON-
ciEUx 1911, batheri nov. sp. , bronnii QUENSTEDT 1852, èroirww FORBES 1852 
( + woodwardi FORBES 1852), concavus SCHLÜTER 1878, conoideus EMMONS 

1858, depereti DE LORIOL 1897, desori ETALLON 1862, essenensis SCHLÜTER 

1878, exilis DE LORIOL 1869, faxensis BKÜNNICH-NIELSEN 1913, fontannesi 
DE LoKiOL 1897, guirandi DE LORIOL 1888, hungaricus VADASZ 1915, hun-
garims var . rotundatus VADASZ 1915, janeti VALETTE 1917, ladoixensis 
DE LORIOL 1888, laticirrus P . H. CARPENTER 1880, lettensis SCHLÜTER 1878, 

Inrioli REMES 1902, lundgreni P. H. CARPENTER 1880, minutissimus VALETTK 

1917, miocaenkiis VADASZ 1915, morieri DE LORIOL 1888, millleri P . H. CAR

PENTER 1880, nicolaisi NOËLLI 1900, paradoxus GOLDFUSS 1831, paronai 

NOËLLI 1900, parvicaims nov. sp. , pellati DE LORIOL 1897, perforutus P . H. 
CARPENTER 1880, protomacronema CHAPMAN 1918, pusillus FRITSCH 1910, 

pyropa ZAHALKA 1892, ransomi FORBES 1852, ranvillensis DE LORIOL 1888, 

rosaceus GEINITZ 1871, rotundus P . H . CARPENTER 1880, rugosus P . H. 
CARPENTER 1880, schlueterianus GEINITZ 1871, semiglohularis BRÜNNICH-

NiELSEN 1913 (here some brachials are known also), steUntus NOËLLI 1900, 
s/riatus P . H. CARPENTER 1880. snlcatiis SCHLÜTER 1878, tourtiae SCHLÜTER 

1878, valetti nov. sp. 

Survey of the groups : 

I. Cirrus-sockets large and stout, in rows (columns), if in a single whorl 
with a dist inct t ransverse crest . Cd columnar to conical, more rare ly 
discoidal. 
A. Centrodorsal cavi ty very small (diameter '/?—V14 of the br. of 

Cd), i t s opening round, no radial pi ts or pores, no dorsal s tar . 
OA flattened dorsally with a la rge area devoid of cirri. 
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1. Cirrus-socket with a stout transverse crest, the exilis-gToup 
(Middle Jurassic to Lower Cretaceous). 
a. Cirri in X rows hronnii. 
b. Cirri in X V - X X rows Cd. h < '/a br. 

desori, exilis, guirandi, ranvillensis. 
2. Cirrus-socket without distinct transverse crest. 

a. Gd discoidal, the^ar^JcayMS-group (Upper Cretaceous — Ter
tiary) parvicavus, protomacronema. 

b. Cd conical, Upper Jurassic lorioli. 
B. The centrodorsal cavity of medium size to large (diam. at least 

','4—V3 of the diameter of Cd). 
1. No radial pits or pores. No dorsal star. 

a. Cd strongly flattened dorsally, with a large area which 
lacks cirri, the pellati-grouTp, Cretaceous — miocene. 
a. Cirrus-socket without sculpture. The opening of the 

Cd-cavity perfectly round. Cirri in X rows. 
alacicus, fontannesi, pellali, stdlatus. 

p. Cirrus-socket with a weak transverse crest and peri
pherally striated. 8 large cirri only. Opening of the 
Cd-cavity indistinctly lobated laticirrus. 

b. Cd a pointed or truncated cone. No, or indistinct, sculp
ture of the cirrus socket, the aiiglesensis-grouip, Upper 
Cretaceous — miocene. 
a. Cd distinctly conical. Cirri in X rows, continued almost 

to the top of Cd. Opening of the Cd-cavity perfectly 
round or indistinctly lobate, anglesensis, concavus coii-
oideus, faxensis, pt/ropa, nicolaisi, paronai, semiglohularis, 
sulcatus. 

J5. Cd a truncated cone. Cirri in XV—XX rows 
aUardi, depereti. 

2. With radial pits or pores. No dorsal star, the lett ens is-group, 
Upper Cretaceous. 
a. Small radial deep pores lettensis, lundgreni. 
b. Large and deep radial pits arnaudi. 

3. "With a dorsal star, Upper Cretaceous. 
a. Only 5 cirrus-sockets. Dorsally a large pentagonal im

pression of a stem (probably a young). No radial pits. j««etó. 
b. Cirri at least XX, large radial pits, the essenerisis-gvowp. 

a. Cirri in X rows essencnsis. 
p. Cirri in XX rows batheri, tourtiae. 

II. Cirrus-sockets usually smaller, in close alternating whorls; if in a 
single whorl without sculpture. Cd discoidal — hemispherical. 
A. Cd-cavity very small and shallow (diameter about V9 of the 

diameter of Cd), the opening round, no radial pits, no dorsal 
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star (one must not confound with this the large petaloid figure 
sometimes occurring). No, or indistinct, sculpture of the cirrus-
socket, the morieri-gToup, Lower to Middle Jurassic 

ladoixensis, morieri, mülleri. 
B. Cd-cavity rather large (the opening usually V4—Va of the dia

meter of Cd), usually radial pits or pores. 
1. Cd strongly flattened, Cd-cavity V.̂ —Vs of the diameter of 

Cd, very shallow. Cirrus-sockets small, in a single or double 
whorl, the angelini-group (? Middle Jurassic —) Upper Creta
ceous — miocene, ?abnormis, angelini, hungnricus with var. 
rotundatus, miocaenicus. 

2. Cd-cavity deep. Cirrus-sockets in at least a double whorl. 
a. With a dorsal star (and radial pits). Cd low. Cirrus-

sockets rather large, often peripherally striated, the 
paradoxits-gvoxrp, Upper Cretaceous, paradoxus, perforatus, 
pusillus, rosaceus, rugosus, schltteterianns, striatus, valetti. 

b. Without distinct dorsal star. Cirrus-sockets moderate or 
rather small. 

a. Cd hemispherical; small radial pits, the rofundus-gvou]i, 
Cretaceous. 

+ . Cirrus-socket with two small tubercles 
minutissimus. 

+ + . Cirrus-socket without sculpture rotundns. 
p. Cd very flattened, no radial pits, the ransomi-gvon^. 

Tertiary brownii, ransomi. 

Below the species of Glentotremites follow in alphabetic order. 

1) Glenotremites abnormis (P. H. CARPENTEK) 1880. 

Actinometra abnormis 1880 a P. H. CARPENTER, pp. 40, 53, PI. 5, fig. 8; 
1888 DE LoRioL, p. 5 4 1 . 

In this species, as in Gl. mülleri, there occurs a shallow petaloid im
pression dorsally which is (?) radially oriented. It is not to be confounded 
with the dorsal star (cf. Chap. 4) of e. g. the paradoxus group. I t is 
open to doubt if this species really belongs to the angelini group. Perhaps 
it would be more suitable to place it in the morieri group, but the Cd-
cavity is rather large; possibly, however, this is due to erosion (opening 
Vs of the diam. of Cd). In the dorsal centre perhaps a round opening. 

Occurrence: Middle Jurassic (bathonian), England. 
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2) Glenotremites allardi (DE LORIOL) 1897. 

Antedon allardi 1897 DE LORIOL, p. 126, PI. 4, fig. 12; lè97 PBLLAT, p. 112; 
1898 NICOLAS, pp. 398, 409, 410, fig. 11; 1899 LAMBERT, p. 123; 1900 NOÉLLI, 
p. 43; 1915 VADASZ, pp. 10, 11, 171, PI. 1, figg. 14, 17. 

Occurrence: Tertiary (miocene), S. France, Hungary. 

3) Glenotremites angelini no v. sp. (figg. 200—202). 

This species I have dedicated to the late N. P. ANGELIN of the Riks-
museum, Stockholm. 

Dimensions: Cd diameter: 6 7 mm., h: 2-8 mm. Dorsal cirrus-free 
part: 4-9 mm. Diameter of the Cd-cavity: TS mm. 

Cd discoidal, dorsally flattened, somewhat deepened in the centre; 
the dorsal face with an indistinct central pit surrounded by an areola, 
radiating from this indistinct impressions. Cirrus-sockets in about 2 
irregular alternating close whorls, without sculpture, XXXIV in all, 
some of them proceeding from the ventral face of Cd. Cd-cavity very 
shallow (depth ± 0-4 mm.), surrounded by still shallower radiating pits, 
probably the dorsal continuations of the dorsal coelom (cf. e. g. Fontio-
metra). Basal impressions narrow and indistinct. The specimen is some
what worn. 

Occurrence: Upper Cretaceous (danian), Annetorp, Limhamn near 
Malmö, S. Sweden. The type specimen in the Riksmuseum, Stockholm. 

4) Glenotremites anglesensis (DE LORIOL) 1897. 

Antedon anglesensis 1897 DE LORIOL, pp. 115, 121, PI. 4, fig. 7; 1897 
PELLAT, p. 112; 1898 NICOLAS, pp. 398, 408, 410, fig. 9; 1899 LAMBERT, p. 123; 
1900 NOËLLI, pp. 20, 41, 13, Tav. 1, fig. 67; 1905 BELLINI, p. 641; 1915 VADASZ, p. 9. 

NICOLA'S figure seems to be rather (?) incorrect. 
Occurrence: Tertiary (miocene), S. France, N. Italy. 

5) Glenotremites arnaudi (DE LORIOL) 1894. 

Antedon arnaudi 1894 DE LORIOL, p. 479, PL 24, figg. 1—2. 

Occurrence: Upper Cretaceous (campanian), S. France. 

6) Glenotremites atacicus (DONCIEUX) 1911. 

Antedon atacicus 1911 DONCIEUX, p. 160, PI. 15, fig. 28. 

Occurrence: Tertiary (eocene), France. 
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7) Glenotremites batheri nov. sp. (figg. 203—205). 

After a description kindly handed over to me by Dr. F. A. BATHER 

to whom I dedicate this new species. 

Dimensions: Cd h: 6-5 mm., br: 14*4 mm.; the diameter of the dorsal, 
concave surface is ± 9-5 mm. 

Dorsal surface deeply concave, greatest depth 2-5 mm. marked by a 
5-rayed dorsal star, with radial rays reaching 1-9 mm. from centre and 
widening into deepened and rounded distal ends. On the sides of the 
concavity are 5 slight, intenadial grooves. There are also occasional 
markings where a canal of a dorsal cirrus crops out after passing through 
the stereom. 

Ventral surface slightly concave; central cavity quinquelobate, the 
radial pits reaching to 2'2 mm. from centre. Radial pits deeper than the 
Cd-cavity. The radial sectors of the ventral surface are raised in folds. 
Evidently there have been deep subradial clefts, when the radial ring was 
in situ. The basal grooves are rather narrow, wider and deeper distal-
wards, greatest br. about I'D mm.; bounded by a slight ridge. In the 
distal parts of the basal furrows possibly traces of plication. 

The sides of the Cd may be divided into 5 radial areas by lines 
drawn from the basal furrows to the slight interradial furrows of the 
dorsal face. In 2 or perhaps 3 cases these interradial lines occupy flat
tened or slightly concave areas. In other cases they are encroached on 
by the cirrus-facets and become imaginary. In each of the radial areas 
the cirrus-sockets are arranged in 4 vertical rows and each row contains 
3 or 4 facets, the dorsal or ventral ones being occasionally obscure. In 
two adjacent rows one cannot make out more than 2 facets per row and 
this is correlated with a radially situated depression on the ventral sur
face of Cd (cf. fig. 203). There are LXII cirrus-sockets in all. The 
facets in adjacent rows alternate with one another to some extent, and 
being pressed together, their outline tends in some cases to be (roundedly) 
hexagonal. The edges of the sockets are finely and indistinctly striated 
here and there. The nerve-lumen for the cirrus-socket approximates 
to keyhole shape. The lateral swellings end more abruptly on their 
ventral side and slope off more gradually dorsalwards. In one case there 
are 2 holes to a facet as though the elevations had met across the canal. 
The diameter of one of the largest cirrus-sockets is 2-0 mm. 

This new species approaches closest to Gl. tnintiae from which, 
however, it differs by the radial pits being much larger and deeper, 
confluent with the Cd-cavity (a secondary phenomenon?), and by the out
line of Cd being much more rounded. Further, there is no indication of 
any sculpture in the drawings of the cirrus-socket in Gl. tourtiae. 

Occurrence: Upper Cretaceous (lower senonian. zone of Micrasler 
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Figg. 192—202. 192) Comatiila bertrandi Copy of the original figure of THCKMANN 
l<indly presented by Prof. A. BEICHENSPKBOEE, inconsiderably magnified; 193) Pterocoma pen-
nnta A Cd with two appendant cirrals and a central hole, " / i ; 194—199) Notocrinits virilis. 
194) A Cd with the basal and radial rings in lateral view, " / i ; 195) Basal and radial rings in 
ventral view, */i; 196) The Gd described by MOHTENSEN 191b, p . 2, in dorsal view. The five 
black dots are radially arranged, nearly perforate the Cd, and arc the continuations of the 
chambered organ; the 5 iuterradial rings are small pits only, "Vi: 197) Two BB and two KE 
in dorsal view, ^ji; 198) A basal viewed from the side, ' ° / i ; 199) A vertical section p repared 
by grinding through a Cd, a radial pit to the left, "/r. 200—202) Glenotreinites angelini 
200) Cd in lateral view, 201) Cd in ventral view; 202) Cd in dorsal view, °,'i. 

9-24120. T. Oislén. 
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cor-tesludinarium), Seaford Head, Sussex, England. Found by C. D S H E R -
BORN. Type specimen in the collections of Dr . A. W . R O W E , Margate . 

8) G l e n o t r e m i t e s bronnii (QÜENSTEDT) 1852. 

Solanocrinites Bronnii 1852 QDENSTEDT, p. 601, Taf. 51, fig. 32 (2. Aufi. 
1867, p. 716, Taf. 65, fig. 32; 3. Aufl. 1885, p. 915, Taf. 72, figg. 11—12); 
1876 QÜENSTEDT, p. 181, Tab. 96, figg. 91 — 97. 

This species differs very considerably from the bronnii of v . MUNSTER 
(1839). 

Occurrence: Upper Jurass ic , Switzerland. 

9) Glenotremites brownii (FORBES) 1852. 

Comatula sp. (pars) 1843 MORRIS, p. 50. 
Comatula Brownii 1852 FUKBES, p. 19, PI. 1, fig. 19; 1876 QÜENSTEDT, 

p. 185; 1878 SCHLÜTER, p. 38; 1879 a FONTANNES, p. 498; 1879 b FONTANNËS, 
p. 414; 1897 NICOLAS, p 131. 

Comatula Woodwardi 1852 FORBES, p. 19, PL 1, fig. 20; 1878 SCHLÜTER, 
p. 38; 1879 a FONTANNES, p. 498; 1879 b FONTANNES, p. 414; 1897 NICOLAS, p. 131. 

Antedon Brownii 1878 SCHLÜTER, p. 50; 1879 a FONTANNES, p. 500; 1879 b 
FONTANNES, p. 416. 

Antedon Woodwardi 1878 SCHLOTEE, p. 50: 1879a FONTANNES, p. 500; 1879 b 
FONTANNES, p. 416. 

Antedon (Comatula) Brownii 1896 A. BELL, p. 6; 1920 A. BELL, p. 12. 
Antedon (Comatula) Woodwardi 1896 A. BELL, p. 6; 1920 A. BELL, p. 12. 

I cannot see t h a t t he two species mentioned above in the syno
nymous list differ in any systematical ly impor tant character is t ic . The 
species iioodicardl is a somewhat younger specimen and therefore has a 
somewhat la rger Cd-cavity and fewer cirr i . Both the species, besides, are 
from the same locality and therefore I do not hesi ta te to join them into one. 

Occurrence: Te r t i a ry (pliocene, plaisancian), England. 

10) Glenotremites concavus (SCHLÜTER) 1878. 

Antedon concavus 1878 SCHLÜTER, pp. 37, 48, 49, PI. 3, figg. 4—7. 

Occurrence: Upper Cretaceous (maastr icht ian) , Holland. 

11) Glenotremites conoideus (EMMONS) 1858. 

Microcrinus conoideus 1858 EMMONS, p. 311, figg. 246, 247; 1866 CONRAD, 
p. 31. 

Zenometra(?) conoideus 1915 CLARK & TWITCHELL, p. 112. 

To judge from the description and figures given by EMMONS, this 
species seems to fall into the same na tu ra l group as the conoideus of 
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GoLDFUSs (cf. Amphorometra). Evident ly , therefore it is r a the r closely 
related to this species and will possibly be referred to the same genus 
as Gl. conoideus GOLDFUSS when i t is more perfectly known. Perhaps 
there are shallow radial pi ts (cf. fig. 247 of EMMONS). 

Occurrence: Te r t i a ry (eocene), Nor th Carolina, U . S. A. 

12) G l e n o t r e m i t e s d e p e r e t i (DE LORIOL) 1897. 

Antedon depereti 1897 DE LORIOL pp. 115, 125, PI. 4, fig. 14; 1897 PELLAT 
p. 112; 1898 NICOLAS pp. 398, 409, 410, fig. 10; 1899 LAMBERT p. 123; 1900 

NOELLI pp. 20, 37, Tav. 1, figg. 53—57; 1905 BELLINI p. 641. 

Occurrence: Te r t i a ry (miocene), S. France , N . I ta ly . 

13) Glenotremites desori (ETALLON) 1862. 

Comatula desori 1862 a ETALLON p. 341. 
Antedon desori 1879 DE LORIOL pp. 263, 264, 290, PI 20, figg. 8—9; 

1888 DE LORIOL pp. 468, 510, 512, 517, 524. 

Occurrence: Upper Jurass ic (pterocerian), France , Switzer land. 

14) G l e n o t r e m i t e s essenensis (SCTILÜTER) 1878. 

Antedon essenensis 1878 SCHLUTER pp. 40, 44, 49, Tab. 1, figg. 1 — 3; 
1880 c P. H. CARPENTER pp. 39, 53. 

Occurrence: Upper Cretaceous ( tourt ia) , W . Germany. 

15) Glenotremites exi l is (DE LORIOL) 1869. 

Comatula exilis 1869 DE LORIOL p. 59, PI. 4, fig. 2; 1870 GREPPIN p. 139. 
Antedon exilis 1878 SCHLDTER pp. 40, 49; 1879 DE LORIOL pp. 273, 275, 

290, PI. 20, fig. 18. 

Occurrence: Lower Cretaceous (neocomian, urogonian), Switzer land. 

16) Glenotremites faxens is (BRÜNNICH-NIELSEN) 1913. 

Atelecrinus faxensis 1913 BRÜNNICH-NIELSEN pp. 24, 99, fig. 26, Tab. 12, 
figg. 60—62. 

BKÜNNICH-NIELSEN says tha t in this species the BB meet , forming 
a continuous circlet as in Atelecrinus. Possibly this is really the case, 
but it is very difficult to se t t le . His fig. 26, however, seems to show 
tha t the five s t ronges t in terc i r ra l r idges which are general ly in ter -
radially si tuated do a l te rna te wi th some faint elevations on the ven t ra l 
side of Cd. Possibly, these swellings mark the contact lines between the 
BB. F igg . 39—41 of Tab . 12 which have been referred to Antedon 
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semiglohularis seem to approach the Cd oi faxen sis very closely. Neve r the 
less, one has here a very dist inct basal s ta r . The ma t t e r would be 
easily explained if we presumed that faxensis was a young of semiglohu
laris figg. 39—41, a supposition t h a t is made ra the r probable by the 
smaller size and g rea te r Cd-cavity of faxensis 

Occurrence: Upper Cretaceous (danian), Denmark . 

17) Glenotremites fontannesi (DE LORIOL) 1897. 

Antedon fontannesi 1897 DB LORIOL pp. 115, 126, PI. 4, fig. 13; 1897 
PELLAT p. 112; 1898 NICOLAS pp. 398, 407, 409, fig. 8; 1899 LAMBERT p. 123: 

1900 NoELLi pp. 20, 35, Tav. 1, figg. 5 0 - 5 2 : 1905 BELLINI p. 641; 1915 VADASZ 
pp. 12, 164, 171, PL 1, figg. 22—23. 

Occurrence: Te r t i a ry (miocene), S. France , N . I ta ly , H u n g a r y . 

18) Glenotremites guirandi (DB LORIOL) 1888. 

Antedon guirandi 1888 DE LOKIOL pp. 467, 524, PI. 216, fig. 5. 

Occurrence: Upper Jurass ic (oxfordian), F rance . 

19) Glenotremites hungaricus (VADASZ) 1915. 

Actinometra hungarica 1915 VADASZ pp. 13, 171, Taf. 1, figg. 27—29. 

Occurrence: Te r t i a ry (miocene), Hunga ry . 

20) Glenotremites hungaricus var . rotundatus (VADASZ) 1915. 

Actinometra hungarica var. rotundata 1915 VADASZ p. 13. Taf. 1. figg. 
30—32. 

Occurrence: Ter t i a ry (miocene), Hungary . 

21) Glenotremites janet i (VALETTE) 1917. 

Antedon janeti 1917 VALETTE pp. 170, 176, 177, fig. 30. 

Judging from the small size and the dorsal impression this species 
is probably a young. The size of the cirri is, however , remarkable and 
so is the re la t ively moderate development of the BB, circumstances tha t 
speak against the theory of the youth of the specimen. 

Occurrence: Upper Cretaceous (turonian), France . 

22) Glenotremites ladoixens is (DE LOKOIL) 1888. 

Antedon ladoixensis 1888 DE LORIOL pp. 450, 524, PI. 214, fig. 1. 

Occurrence: Middle Jurass ic (bathonian), France . 
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23) Glenotremites lat icirrus (P. H. CARPENTER) 1880. 

Antedon laticirra 1880 b P. H. CARPENTER pp. 551, 555, PI. 23, fig. 6; 
1912 KIRK PI. 8, figg. 1—2. 

Occurrence: Upper Cretaceous, England. 

24) Glenotremites let tensis (SCHLÜTER) 1878. 

Antedon lettensis 1878 SCHLÜTER pp. 43, 49, Tab. 2, figg. 1—2: 1880 a 
P. H. CARPENTER p. 38; 1913 WAGNER p. 188. 

Occurrence: Upper Cretaceous (senonian), W. Germany. 

25) Glenotremites lorioli (REMES) 1902. 

Antedon lorioli, 1902 REMES pp. 208, 216, Tab. 20, fig. 18. 

Very closely related to, if not identical with, Archceometra Icoprivni-
censis from the same locality. 

Occurrence: Upper Jurass ic (t i thonian), Moravia, Czecko-Slovakia. 

26) Glenotremites lundgreni (P. H. CARPENTER) 1880. 

Antedon lundgreni 1880 b P. H CARPENTER pp. 550, 551, 555, PI. 23, 
fig. 3; 1880 c P. H. CARPENTER p. 11; 1881 b P. H. CARPENTER PI. 12, fig. 30. 

Occurrence: Upper Cretaceous (senonian), England. 

27) Glenotremites miocaenicus (VADASZ) 1915. 

Actinometra miocmnica 1915 VADASZ pp. 14, 171, Taf. 2, figg. 1 — 3. 

Occurrence: Te r t i a ry (miocene), Hungary . 

28) Glenotremites minutiss imus (VALETTE) 1917. 

Antedon minutissimus 1917 VALETTE pp. 169, 176, 177, fig. 29. 

Occurrence: Upper Cretaceous (santonian), F rance . 

29) Glenotremites morieri (DE LORIOL) 1888. 

Antedon morieri 1888 DE LORIOL pp. 444, 448, 451, PI. 213, fig. 1. 

Occurrence: Lower Jurass ic (domerian), N . France . 

30) Glenotremites miilleri (P. H. CARPENTER; 1880. 

Actinometra miilleri 1880 a P. H. CARPENTER pp. 40, 54, PI. 5, fig. 6; 
1888 DE LORIOL pp. 535, 541. 

Occurrence: Middle Jurass ic (bathonian), England. 
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31) Glenotremites nicolais i (NOÉLLI) 1900. 

Antedon Nicolaisi 1900 NOELLI pp. 20, 40, Tav. l , figg. 64—66; 1905 
BELLINI p. 650; 1915 VADASZ p. 10. 

Occurrence: Te r t i a ry (miocene). N . I ta ly . 

32) Glenotremites paradoxus GOLDFUSS 1831. 

Glenotremites paradoxus 1831 GOLDFUSS pp. 159, 168, Tab. 49, fig. 9, Tab. 
51. fig. 1; 1835 L. AGASSIZ p. 194; 1838 BRONN p. 606, Taf. 29, fig. 14; 1839 

GOLDFUSS, Petrefacta germaiiise, p. 286; 1840 HAGENOW p. 661; 1846 GEINITZ p. 
544; 1848 BKONN p. 523; 1852 QUENSTEDF p. 601 (2. Aufl. 1867 p. 717, 3. Aufl. 
1885 p. 915): 1857 PICTET p. 290, PI. 99. fig. 5; 1862 DÜJAEDIN & HUPÉ p. 214; 

1868 DEVALQUE p. 380 (2« Ed 1880, p. 429); 1870 SCHLUTEB p. 957; 1871 GEINITZ 

p 9 1 ; 1871 OosTEE pp. 131, 132; 1874 LUNDGEEN p. 69; 1876 QUENSTEDT p 

183, PI. 96, fig. 99: 1878 SCHLUTEE pp. 34, 37, 39. 42, 47; 1888 DE LOEIOL 

p. 37. 
Comatula paradoxa 1850 D ORBIGNY Tome 2 p. 180; 1878 SCHLUTEE p. 43. 
Antedon paradozus{-a) 1878 SCHLUTEE pp. 42, 49; 1880 a P. H. CARPENTER 

pp. 37—40, 4 6 - 4 9 , PI. 5, fig. 1: 1880 b P. H. CAEPENTER pp. 549—551,555; 
1894 DE liOEiOL p. 481; 1895 DEEKE p. 71. 

I t seems somewhat doubtful to me if the English form can really 
be precisely the same as the species of GOLDFUSS, or if i t should not 
ra the r be regarded as a closely related species. I t is said by CARPENTER 
to have the cirri in rows, while the specimen of GOLDFUSS had cirri 
which were arranged more a l te rna te ly . The forms tha t are described 
by VALETTE (1917) as belonging to this species I consider a quite 
dist inct species which I have called Gl. valetti. 

Occurrence: Upper Cretaceous (senonian), N . and W . Germany. Bel
gium, England (Dover). 

33) Glenotremites paronai (NOELLI) 1900. 

C^)Antedon (conico-piramidafa) 1878 MENEGHINI p. XXXI. 
Antedon paronai 1900 NOELLI pp. 20, 42, Tav. 1, fig. 68; 1905 BELLINI 

p. 641. 

Occurrence: Te r t i a ry (miocene). N . I ta ly . 

34) Glenotremites parvicavus nov. sp. 

Antedon danica (pars) 1913 BRÜNNIOH-NIELSEN p. 100, PI. 10, figg. 39 — 43. 

I t seems to me beyond doubt tha t the Cd figured on PI. 10 by 
BRÜNNICH-NIELSEN, belongs to a different species from the remaining spec
imens. The Cd-cavity here is only */i4 of the diameter of Cd (Diam. 
of Cd 2-8 mm) while the Cd-cavity of an only slightly smaller Cd (dia-
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meter 2-0 mm) of Antedon danicn (PI 11, fig. 4) measures ','3 of the 
diameter of Cd. This difference cannot be due to reduction by growth 
only. Besides this the figures first mentioned are drawn from a form 
from the lower danian while the figures on PI. 11 originate from another 
locali ty and upper danian. 

Occurrence: Upper Cretaceous (danian), Denmark . 

35) Gleotremites pel lati (DE LOEIOL) 1897. 

Antedon pellati 1897 DE LORIOL pp. 115, 124, PI. 4, fig. 11 ; 1897 PELLAT 
p. 112; 1898 NICOLAS pp. 398, 407, 409, 412, fig. 7; 1900 NOÉLLI pp. 20, 44, 

45. Tav. 1, figg. 72 — 76; 1905 BELLINI p. 641. 

NoËLLi's specimens differ by the lesser he ight of their Cdd. Perhaps 
a different species, but according to N O Ë L L I the species is var iable . 

Occurrence: Te r t i a ry (miocene), S. France , N . I ta ly . 

36) Glenotremites perforatus (P. H. CARPENTEK) 1880. 

Antedon perforata 1880 b P. H. CABPENTEB pp. 549 — 550, 555—556, PI. 
23, fig. 2; 1888 P. H. CARPENTER p. 8. 

Occurrence: Upper Cretaceous (senonian), England . 

37) Glenotremites protomacronema (CHAPMAN) 1913. 

Antedon protomacronema 1913 CHAPMAN p. 179, PI. 17, fig. 18. 

Occurrence: Te r t i a ry (miocene, janjukian = b u r d i g a l i a n ? ) , Austra l ia . 

38) Glenotremites pusi l lus (FMTSCH) l910. 

Pentacrinus pusillus 1910 FBITSCH p. 18, Taf. 6, fig. 7; 1911 FRIC p. 77, 
fig. 332. 

This species is undoubtedly a Comatulid; closely related to Gl. 
rosaceus, but with more and smaller cirr i . Possibly the species possessed 
a s ta lk even when nearly full-grown. 

Occurrence: Upper Cretaceous (cenomanian), Bohemia. 

39) Glenotremites pyropa (ZAHALKA) 1892. 

Antedon pyropa 1892 ZAHALKA pp. 722—723, Tab. 1, figg. 1—5. 

Occurrence: Upper Cretaceous (the pyrope beds, senonian or turonian) , 
Bohemia. 
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40) Glenotremites ransomi (FOEBES) 1852. 

Comatula sp. (part.) 1843 MORRIS p. 50. 
Comatula ransomi 1852 FORBES p. 20, and woodcut below; 1878 SCHLÜTER 

p. 38; 1879 a FONTANNES p. 498; 1879 b FONTANNES p. 414; 1897 NICOLAS 

p. 131. 
Antedon ransomi 1878 SCHLÜTEK p. 50; 1879 a FONTANNES p. 500; 1879 b 

FONTANNES p. 41(5. 

Antedon (Comatula) ransomii 1896 A. BELL p. 6; 1920 A. BELL p. 12. 
Antedon ransomei 1908 c A. H. CLARK p. 491. 

Occurrence: Ter t i a ry (pliocene, plaisancian), England. 

41) Glenotremites ranvi l lensis (DE LORIOL) 1888. 

Actinometra ranvillensis 1888 DE LORIOL pp. 534, 540, PI. 227, fig. 1; 
1898 BIGOT p. 49. 

Occurrence: Middle Jurass ic (bathonian), N . France . 

42) Glenotremites rosaceus GEINITZ 1871. 

Glenotremites rosaceus 1871 GEINITZ p. 92, Tab. 23, fig. 10; 1874 LUND-
GREN p. 69; 1876 QUENSTEDT p. 184, Tab. 96, fig. 100; 1878 SCHLUTEE p. 39; 

1910 FRITSCH p. 18; ?? 1911 FRIC p. 77, fig. 321 (1—4). 

I t seems very doubtful to me if the figures of F E I C (1911) are 
really drawn from specimens belonging to this species. In his works 
FKIC urges the view tha t a species described as Pentacrinus lanceolatus 
should be the stem of the species first mentioned. Such s tem-joints a re 
reproduced in the paper of 1911. To judge from this and the work of 
GEINITZ (1871) they seem to be typical Pentacrinoid stems with ci r rus-
whorls a t regular intervals . 

Occurrence: Upper Cretaceous (cenomanian), Saxony?, Bohemia. 

43) Glenotremites rotundus (P. H. CARPENTER) 1880. 

Antedon rotunda 1880 a P. H. CARPENTER pp. 40, 52, Pi. 5, fig. 5; 1880 b 
P. H. CARPENTER pp. 553 — 554. 

Occurrence: Lower Cretaceous (neocomian), England. 

44) Glenotremites rugosus (P. H. CARPENTER) 1880. 

Antedon rugosa 1880 a P. H. CARPENTER pp. 46, 47, 49, PI. 5, fig. 2; 
1880 b P. H. CARPENTER pp. 5 4 9 - 5 5 1 , 555, PI. 23, fig. 4; 1888 P. H. CAR

PENTER p. 8. 

Occurrence: Cretaceous, England (Sussex). 
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20<^ 
Pigg 203 — 211 203 — 205) Glenotieimtes bailieti 203) Cd, la te ia l view, 204) Cd, ventral 

view, 205) Cd, doisal view, ' ' / i , 206—208) Pal(eocoma>,tei stellatuH 206) Cd + basal and ladial 
rings Hl lateral view, 207) E id ia l and basal ungs , vent ia l vie-«, 208) Cd, doisal view, "/i 
209—211) Solanocnnus ooliticus 209) Cd + basal and radial i ings in lateral view, 210) Badial 
i ing, vent ia l view, 211) Cd -r basal and ladial i ings, doisal view, * / i . 
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45) G l e n o t r e m i t e s s c h l u e t e r i a n u s GEINITZ 1871 

G-lenotremites schlueterianus 1871 GEIMTZ p. 92, Tab. 23, figg. 8, 9; 1874 
LüNDGREN p. 69; 1878 SCHLÜTER p 39; (schlutterianus) 1910 FRITSCH p. 18. 

Antedon schlueterianus 1878 SCHLIJTER p. 49. 

Occurrence: Upper Cretaceous (cenomanian). Saxony. 

46) G leno t r emi t e s s e m i g l o b u l a r i s BRUNNICH-NIELSEN 1913. 

Antedon semiglobularis 1913 BRUNMCH-NIELSEN pp. 16, 24, 99, 100, 107, 
Tab. 12, figg. 36—53 (?? whether figg. 39—41 really belong to this species). 

As I have already pointed out above, figg. 39—41 probably belong 
to Gl. faxensis. In addition, Brr and axil lar ies (both I and II Ax?) and 
syzygial jo in t s are known of Gl. semiglobularis. The syzygial septa were 
numerous. 

Occurrence: Upper Cretaceous (danian), Denmark . 

47) G l e n o t r e m i t e s s t e l l a t u s (NOÉLLI) 1900. 

Antedon stellatus 1900 NOELLI p^. 20, 44, Tav. 1, figg. 69—71; 1905 
BELLINI p. 641. 

Occurrence: Ter t i a ry (miocene). N. I ta ly . 

48) G leno t r emi t e s s t r i a t u s (P. H. CARPENTER) 1880. 

Antedon striata 1880 b P. H. CARPENTER pp. 551—552, 555, PI. 23, fig. 
5; 1888 P. H. CARPENTER p. 8. 

Occurrence: Upper Cretaceous (senonian). England. 

49) G l e n o t r e m i t e s s u l c a t u s (SCHLUTEE) 1878. 

Antedon sulcattis{-a) 1878 SCHLUTEE pp. 37, 47, 49, Tab. 2, figg. 8, 9; 
1880 a P. H. CARPENTER p 38. 

Occurrence: Upper Cretaceous (senonian), S. Sweden. 

50) G l e n o t r e m i t e s tour t i se (SCHLUTEE) 1878. 

Antedon tourtiee 1878 SCHLUTEE pp. 41—42, 49, Taf. 1, figg 4—6; 1880 a 
P. H. CARPENTER p. 39; 1881 a P. H CARPENTER p. 136; 1888 P. H. CARPEN

TER p. 8. 

Occurrence: Upper Cretaceous (cenomanian, tourt ia) , W . Ger
many. 
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51) Glenotremites valetti nov. sp. 

Antedon paradoxus 1917 VALETTE, pp. 166, 169, 173, 174, 176, 177, 
tig. 28. 

This species differs from Gl. paradoxus of GULDFUSS in the appear
ance of the cirrus-sociiet. It is, in addition to the peripheric striation, 
also provided with two tubercles situated laterally of the lumen. The 
impressions for the BB are also considerably narrower and of another 
shape. The specimens are from older stages of upper Cretaceous than the 
German forms. 

Occurrence: Upper Cretaceous (cenomanian—turonian), France. 

VIII. Comatulids of which at least the Cd and the basal and radial 
ring are preserved. 

It now remains for me to treat the species (about 90) of which the 
€d and the (basal and) radial ring are described. As has been mentioned 
before they seem to me to present so many characteristics of value that 
it is possible to subject them to a more thorough systematisation. I have 
divided them below into 14 groups which seem to me to be natural, 
and these groups I have given special generic names. Of old generic 
names it has been possible to revive two: Solanocrimis GOLDFUSS and 
Hertha HAGENOW. By the genus first mentioned GOLDFUSS indicated a 
couple of upper Jurassic forms. Though the diagnosis of the genus is 
unsatisfactory the figures are good and therefore I cannot see any reason 
for not using his genus though in a somewhat modified sense. HAGENOW'S 

diagnosis of the genus Hertha is, as matters then were, rather good and 
so are also the figures which he gives of the type-specimen. 

The 14 genera might be distributed among 5 different families: 
1) Comasteridae including the fossil genus Palaeocomaster only; 2) Solano-
crinidae including Archaeometra, Solanocrinus, and the diverging genus 
CypeloniHra; 3) Cononietridae including Amphorometra, Flacometra, Cono-
metra, and Jackelometra; 4) Notocrinidae including Loriolometra, Sphaero-
metra, and 5) Palaenntedonidae including Semiometra, Hertha, Discomelra, 
and Palaeantedon. 

Survery of the genera: 

I. BB large, contiguous laterally Jaekelometra. 
II. BB smaller, not contiguous laterally. 

A. Cirri in rows (columns). 
1. Cd-cavity small. Cirrus-sockets never peripherally striated. 

No dorsal star. Muscular fossae inconspicuous and superficial 
<, than the interarticular ligament fossae. 
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a. Cd discoidal — low columnar. Cirrus-sockets with a stout 
transverse crest, the facets very deep and with a stout 
border, therefore (often) longitudinal crests between the 
rows. BB moderate or hidden. Radial face low, h < br. 
Muscular fossse lacking or low and broad, either forming 
horizontal bands or sloping towards the nerve-lumen; if 
so often broader towards the median line of the ossicle. 
The dorsal, free part of the RK variable. Radial cavity 
large with a small and shallow central depression 

Solanocrinus. 
b. Cd discoidal — sub-hemispheric. Cirrus sockets without sculp

ture or with an indistinct transverse crest. BB moderate. 
Radial face: h < br. Radial cavity large, with a large and 
deep central depression Palnecomaster part. 

c. Cd conical — a truncated cone, or high columnar. Ciirus-
sockets shallow, with or without a weak transverse crest. 
Only an interradial longitudinal crest between the cirrus-
rows. BB very conspicuous. Radial face h > br. Muscular 
fossa? more or less vertical bands surrounding the inter
muscular furrow. Free dorsal part of the RR broad. 
Radial cavity deep, of medium size to rather small 

Archaeometra. 
d. Cd hemispherical. Cirrus-sockets rather superficial without 

a transverse crest. Cirrus-rows arranged 2 and 2 with 
broad, radial interspaces. BB nearly hidden. No free 
dorsal part of the RR. Radial cavity rather small. 

Cypelometra. 
2. Cd-cavity large. Cirri set closely, sometimes peripherally 

striated and with weak swellings laterally of the nerve-lumen. 
Muscular fossa; deep and large ( ^ than the interarticular liga
ment fossae). The free doisal part of the RR usually broad. 
Radial cavity moderate, with a deep central depression. 
a. Deep sub-radial clefts. BB projecting in the interradial 

corners. Cd conical or columnar. Cirrus-socket with a 
faint transverse swelling and sometimes striated peri
pherally. 
a. No dorsal star; no radial pits. Muscular fossae high 

and tolerably narrow. Amphorometra. 
j5. Usually a dorsal star, deep radial pits. Muscular fossïP 

large and broad. Loriolometra. 
b. No subradial clefts. No BB visible. Cirrus-socket without 

distinct sculpture. 
a. Cd conical. Radial ring not overlapping the border 

of Cd. Conometra. 
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[3. Cd discoidal. Radial ring strongly overlapping the 
border of Cd. Placometra. 

B. Cirri in more or less distinctly alternating whorls. Nearly 
always smooth cirrus-sockets. BE hidden or inconspicuously vis
ible (in the latter case generally in some of the interradii only). 
Free dorsal part of the RR usually nil. 
1. Cd-cavity very small. Cirrus-sockets small, in close whorls 

or lacking. Radial faces sloping inconspicuously inwards. The 
radial cavity therefore large, ^ V2 of the br. of the radial 
ring. Central depression large and deep. Muscular fossaj low 
and inconspicuous. Palaeocomaster part. 

2. Cd-cavity large and deep. Cirrus-sockets always present. 
Radial fossae sloping inwards, the radial cavity therefore 
generally not more than Vs — V4 of the br. of the radial ring. 
Muscular fossae large and deep. 
a. A dorsal star and radial pits. Cirri not pronouncedly alter

nating, cirrus-sockets large and rather sparse, often striated 
peripherally. BB protruding in most interradii. A narrow, 
free, dorsal border of the RR. Sphaerometra. 

b. Cirrus-sockets small, pronuncedly alternating, without sculp
ture. BB hidden. The free dorsal part of the RR missing 
or very indistinct. 
a. Usually a dorsal star. Gd low — hemispheric. Radial face 

sunken in the median line leaving bare a broad part 
of the ventral face of Cd. Semionietra. 

|3. Without a dorsal star. Radial face not noticeably 
sunken in the median line. 
+ . Radial cavity very small, diameter Ve—Vioofthe 

br. of the radial ring. IJeitha. 
+ +. Radial cavity larger, at least '/a of the br. of the 

radial ring. 
!. Cd very much flattened, dorsally often free from 

cirri and somewhat depressed. Muscular fossse 
rather small, radial face low, h < br. Discometra. 

!!. Cd more or less hemispheric, dorsally not de
pressed or with a large area devoid of cirri. 
Muscular fossae rather high, radial face h(^, br. 
(exception V. danica). Palaeantedon. 
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Comasteridae. 

A. Palaeocomaster nov. gen. 

Cd very much flattened, without cirri dorsally. Cd-cavity very 
small, the opening round. No radial pits. No dorsal star; sometimes, 
however, a petaloid interradial figure dorsally. Cirrus-sockets may be 
absent. If they are present, they are rather small and arranged in close, 
often alternating whorls, with or without an indistinct, transverse crest. 
BB inconspicuous or not protruding at all. Radial fossae sloping in
wards very little or vertical. Therefore the radial cavity is large, at 
least '/a of the br. of the radial ring. The central depression also very 
large and deep owing to the steep inward slope of the RR. Muscular 
fossse superficial, low, linear bands or broader towards the lumen. 

Arms are in known cases V or X. Type P. guirandi. 
Besides the species of Palaeocomaster mentioned below, the morieri 

group of the genus Glenotremites belongs here. 
Geological appearance: Lower Jurassic — Tertiary (miocene). 
The following 8 species belong here: calloviensis P. H. CABPENTEE 

1882, formae NOËLLI 1900, guirandi DE LOKIOL 1888, latiradivs P. H. 
CARPENTER 1882, loveni P. H. CARPENTER 1880, schlumbergeri DE LORIOL 

1888, stellatus nov. sp., tvurtembergicus P. H. CARPENTER 1881. 

Survey of the species: 

I. Cirri well developed. 
A. Cirri distinctly alternating. guirandi. 
B. Cirri in more or less distinct rows. 

1. BB visible in the corners. 
a. Cd discoidal. 

a. C. in X rows; no dorsal stellate impression schlumbergeri. 
p. C. in about XV rows; a large, interradial stellate im

pression dorsally stellata. 
b. Cd ± hemispheric. Cirri in X indistinct rows. 

a. Cirri about XXX. The free dorsal part of RR visible 
as a narrow band calJovien.^is. 

p. Cirri about XL. The free dorsal part of RR hidden in 
the median lines latiradivs. 

2. BB hidden. Cirri i XX rows wurtembergicus. 
n . Cirri rudimentary (in a single whorl) or lacking. No BB visible. 

1. C. rudimentary. The dorsal free part of the RR = 0. formae. 
2. C. lacking. The dorsal free part of the RR broad. loveni. 
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1) Palaeocomaster calloviensis (P. H. CARPENTER) 1882. 

Comatula 1881 P. H. CARPENTER London Proc. Geel. Soc, p. 242 ( = J.c<i-
nometra calloviensis Abstracts No. 407, p. 98). 

Antedon calloviensis 1882 P. H. CARPENTER, pp. 40—42, fig. 2; 1885 
QÜENSTEDT (3. Aufl. Petrefactenkunde), p. 915. 

Actinometra calloviensis 1888 DE LORIOL, p. 541. 

The arms are X. I Br 1 and 2 are united in a close synarthrial 
connection. P, on Br 2. Br 3 usually connected with Br 4 in a syzyg-
ial articulation. 

This species is very closely related to P. latiradius, and is, like that 
species, still incompletely known. 

Occurrence: Middle Jurassic (callovian), England. 

2) Palaeocomaster formae (NOËLU) 1900. 

Actinometra formae 1900 NOELLI, pp. 20, 46, Tav. 1, figg. 77—79; 1905 
BELLINI, p. 641. 

Occurrence: Tertiary (miocene), N. Italy. 

3) Palaeocomaster guirandi (DE LORIOL) 1888. 

Actinometra guirandi 1888 DE LOBIOL, pp. 535, 540, PI. 227, fig. 2. 

Occurrence: Upper Jurassic (oxfordian), France. 

4) Palaeocomaster latiradius (P. H. CARPENTER) 1882. 

Antedon latiradia 1882 P. H. CARPENTER, p. 38, fig. 1. 

The radial faces, if they were correctly drawn, should be high and 
provided with rather large muscular fossae. CARPENTEE states (p. 39) 
that "the greater part of the articular face is taken up by the . . . muscles 
and ligaments, but the boundaries of their respective fossae are not very 
distinct." 

The figure that is given by CARPENTER is, however, incorrect inas
much as the radial faces are much lower than is indicated in the drawing. 
Certainly the boundaries between the interarticular ligament and the 
muscular fossae in specimens that I have seen are indistinct, but the h. 
of the whole radial face (2-7 mm.) is considerably less than the br. of 
the transverse crest (4-0 mm.). 

The cirrus-sockets are arranged in X not very distinct rows. 
Between I Br 1 — 2 and Br 1—2 there is a synarthry. Between Br 3 
and 4 a syzygy with few septa (± 10). The arms are X. 

Occurrence: Middle Jurassic (bathonian), England. 
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5) Palaeocoinaster loveni (P. H. CAKPENTEE) 1880. 

Actinometra loveni 1880 a P. H. CARPENTEB, p. 5], with figure on the same 
page; 1881 b P. H. CARPENTER, p. 213; 1884 P. H. CARPENTER, p. 132; 1888 
P. H. CARPENTER, pp. 16, 26, 38; 1891 WOODS, p. 37. 

The arms are X, very coarse and broad. The articulation between 
Br 1 and 2 is a synarthry. I Br 1 and 2 are connected in a close 
articulation. 

Occurrence: Lower Cretaceous (gault), England. 

6) Palaeocomaster schlumbergeri (DE LORIOL) 1888. 

Antedon schlumhergeri 1888 DE LORIOL, pp. 498, 524, PI. 213, fig. 3; 
1898 BIGOT, pp. 41—43, 49. 

Thanks to BIGOT we now know that the arms of this species were 
V. Perhaps among the 100 or so specimens that this author has inves
tigated there were also other species, as BIGOT speaks of variation of 
the form of the Cd towards the conical type. The author, however, 
has made the important observation that the spread of the muscular and 
ligamentar fossae does not vary. In young specimens he has seen IBB.! 

Occurrence: Middle Jurassic (bathonian), N. France. 

7) Palaeocomaster stellatus nov. sp. (figg. 206—208). 

Dimensions: Cd + radial ring h: 3-7 mm., Cd h: 1-7 mm., br: 5-1 
mm. Radial ring br: 5.6 mm.; radial cavity 3-5 mm. in diameter, central 
depression 1'2 mm. in diameter. 

Cd a thick disk; dorsal face flat with a large stellate impression, 
interradially arranged, the rays surround a deep central pit. Diameter 
of the flat, dorsal part of Cd: 3-0 mm. Cirri rather irregular, in about 
XIV, sometimes indistinct, rows; 1—2 cirrus-sockets in each row; ± XX 
in total. Cirrus-sockets rather large, without sculpture. 

BB projecting at the corners, their surface is smooth. 
The free dorsal part of the RR narrow, horizontal, in lateral view 

almost invisible. Dorsal ligament fossae: h = '/s br., with a rather broad 
and well marked, though rather low, pit, br. = twice the nerve-lumen. 
Interarticular fossae distinct, larger than the muscular ones, from which 
they are usually indistinctly separated. A shallow intermuscular furrow. 
On the inward slope of the radial cavity there are deep furrows inter-
radially; between each of these deepenings about 2 faint furrows. The 
central depression deep, sharply marked off from the sloping inner faces 
of the RR. 

This species is most closely related to P. schlumhergeri from which 
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however, it differs by the cirrus-rows being XIV instead of X, and by 
the large dorsal stellate impression. 

Occurrence: Middle Jurassic (bathonian), Hampton Down, near Bath, 
England. Type specimen in the British Museum (Möckler Collection). 

8) Palaeocomaster wurtembergicus (P. H. CAEPENTER) 1881. 

Actinometra wurtembergica 1881 b P. H. CARPENTER, p. 198, PI. 9, fig. 7; 
1882 P. H. CARPENTER, p. 42; 1888 P. H. CARPENTER, pp. 26, 39; 1888 DE LORIOL, 
p. 541. 

Actinometra ivurtemhergiae 1891 WOODS, p. 37. 

Occurrence: Upper Jurassic (virgulian), Württemberg. 

Solanocrinidae nov. fam. 

Cd discoidal—columnar. Dorsal surface without cirri and dorsal star, 
smooth or granulated, sometimes with an interradial stellate impression. 
Cd-cavity strongly microphreate (diameter VT — Vi4 of the br. of Cd). 
No radial pits or pores; sometimes, however, on the ventral face of Cd 
shallow, meandring, forked furrows (as in e. g. recent Marianietrulae). 
Cirri large and stout, in rows, rarely in a single whorl, generally with a 
transverse crest. BB often protruding at the corners; sometimes, how
ever, hidden. Radial face only slightly sloping inwards. Muscular fossse 
of the radial face small and superficial, evidently sometimes lacking. 
When they are present they are either low linear bands or broader 
towards the lumen (the crest between the interarticular ligament and the 
muscular fossa in such cases slopes more or less towards the nerve-
lumen), usually a large radial cavity. 

Large and stout species, often with biserial arms. I Br 1 and 2 
united in close connection or grown together. Syzygies (with few septa) 
rare or perhaps sometimes lacking, at least in distal parts of the arms. 
Typical in upper Jurassic—lower Cretaceous (modified in upper Cretaceous— 
Tertiary). 

Here, besides the genera mentioned below (Solanocrinus, Archaeo-
metra, and Cypelomelra), belong probably also some species of the genus 
Pachyantedon (seems to be closest to Solanocrinus), and the exiUs group 
of the genus Glenotremites. The angelini and parvicavus groups most 
probably are descendants of this family, as is also the above mentioned, 
rather diverging genus Cypelometra. 

10 — 24120 T. GiaUn. 
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A) Solanocrinus GOLDFUSS 1831 

em. P. H. CARPENTER, WALTHER, GISLÉN. 

Cd discoidal to low columnar. Cirrus-sockets with a strong trans
verse crest and with a thickened border by which are also formed longi
tudinal crests between the rows. BB relatively inconspicuous (sometimes 
hidden = subgen. Comatulina D'ORBIGNY). Radial face, especially ventrally 
of the transverse ridge, low. Muscular fossae seem either to be lacking, 
or to be linear horizontal bands, or triangular, the hypotenuse sloping 
towards the nerve-lumen. The free dorsal part of RR variable. Radial 
cavity large, sloping gradually towards the relatively small and shallow 
central depression. 

The arms were V (e. g. hiselyi), X (e. g. changarnieri, thiolUeri), 
XI—XX (e. g. heltremieiixi, II Br 1; depressiis, II Br 2; jutieri, II Br 3 or 4; 
burgundiaca, II Br probably 7—8). 

Type S. coslatus. 
Geological appearance: Middle Jurassic—lower Cretaceous. The 

following 35 species belong to this genus: 
almerai DE LORIOL 1900, beaugrandi DE LOEIOL & PELLAT 1875, heltre-

niiettxi DE LORIOL 1888, bituricensis DE LORIOL 1888, biirgundiaciis DE LOEIOL 

1888, camjoichei DE LORIOL 1879, canaliculatus P. H. CARPENTER 1881, 
changarnieri DE LORIOL 1888, choffati DE LORIOL 1880, costatus GOLDFUSS 

1831, decameros P . H. CARPENTER 1881, delgadoi DE LORIOL 1890, depressies 
D'OEBIGNY 1850, gaioensis DE LORIOL 1890, gevreiji DE LORIOL 1902, gillie-
roni DE LORIOL 1879, greppini DE LORIOL 1879, gresslyi ETALLON 1862, 
herberti DE LORIOL 1888, liiselyi DE LOEIOL 1869, ?hnmilis nov. nom., in-
fracretaceus OOSTER 1871, jidieri DE LORIOL 1879, lamherli DE LOEIOL 1888, 
leenhardli DE LOEIOL 1908, obliticus nov. sp., d'orbignyi P. H. CAEPENTEE 

1881, peroni DE LOEIOL 1888, picteti DE LORIOL 1879, ? ricordeamis D'ORBIGNY 

1850, tessoni P. H. CARPENTER 1881, thiolUeri DE LORIOL 1888, truncatus 
P. H. CARPENTER 1881, vagnacensis DE LOEIOL 1888, valdensis DE LOEIOL 1868. 

Survey of the groups: 
I. BB distinctly visible in all interradii (Solanocrinus s. str., type costa

tus). Muscular fossae usually triangular, with the hypotenuse sloping 
towards the lumen. 
A. Cirri in a single whorl. The free dorsal part of RR broad (upper 

Jurassic) delgadoi. 
B. Cirri in a double whorl at least. 

1. Cirri in X (rarely XI or XII) rows. 
a. The free dorsal part of RR broad (upper Jurassic) 

beaugrandi, bituricensis, burgundiacus, costatus (part.), depns-
sus, gresslyi, jutieri, ooliticus, tessoni, ? thiolUeri. 
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b. The free dorsal part of RR narrow or = 0 (upper Jurassic) 
coslatus (part.), tnmcata. 

2. Cirri in XV rows (young spp. of gaioensis with only X rows, 
laniberti with XVIII rows). The free dorsal part of RR usu
ally rather broad, upper Jurassic— lower Cretaceous (the latter 
valdensis only) 

bellremieuxi, gaioensis, greppini, lamheiii, valdensis. 
II. BB not visible at all or in solitary interradii only. Muscular fossae 

lacking or horizontal, linear bands (sub-genus Comatulina D'OKBIGNY. 

Type C. d'orbignyi). 
A. Cirri in a single whorl chiefly (lower Cretaceous). 

1. The free dorsal part of RR broad. Cd truncated-conical 
campichei. 

2. Free dorsal part of RR narrow. Cd ± discoidal 
hiselyi, picteti, ? ricordeajtics, vagnacensis. 

B Cirri in a double whorl at least. 
1. Cirri in X rows (upper Jurassic). 

a. Free dorsal part of RR broad herherti. 
b. Free dorsal part of RR narrow 

canaUcidata, changarnieri, decameros. 
2. Cirri in XV rows (young choffati with X rows only), upper 

Jurassic (3 spp.) —lower Cretaceous (5 spp.). 
a. Free dorsal part of RR broad choffati, grevreyi. 
b. Free dorsal part of RR narrow or = 0 

almerai, gilheroni, Vhumilis, leenhnrdti, d'oihignyi, peroni. 
3. Cirri in XX rows. Free dorsal part of RR = 0 (lower Creta

ceous) infracretaceus. 

When not otherwise stated, in the following species only Cdd (and 
basal) and radial rings are known. 

1) Solanocrinus almerai (DE LORIOL) 1900. 

Antedon almerai 19Ö0 DE LOEIOL, p. 74, PL 8, fig. 5; 1908 DE LOKIOL, p. 156. 

Occurrence: Lower Cretaceous (neocomian, aptian), Spain. 

2) Solanocrinus beaugrandi DE LORIOL & PELLAT 1875. 

Solanocrinus beaugrandi 1875 DE IJORIOL & PELLAT, p. 294, PI. 26, figg. 
15—20; 1879 DE LORIOL, pp. 261, 266; 1891 UIGAUX, p. 69. 

Antedon beaugrandi 1888 DE LORIOL, pp. 500, 508, 520, 524, PI. 222, figg. 
3—5; 1890 DE LORIOL, p. 163. 

I Br 1 and 2 grown together. Possibly more than X arms. II Brr 
are 1. Arms approaching biseriality. 

Occurrence: Upper Jurassic (pterocerian), N. France. 
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3) Solanocrinus be l tremieuxi (DE LOKIOL) 1888. 

Antedon beltremieuxi 1888 DE LOKIOL, pp. 504—505, 518, 521, 524, PI. 223. 

I Br 1 and 2 anchylosed. II Br r are 2. Arms XX. 
Occurrence: Upper Jurass ic (pterocerian), France . 

4) Solanocrinus bituricensis (DE LOKIOL) 1888. 

Antedon bituricensis 1888 DE LOKIOL, pp. 481, 524, PI. 218, tig. 6. 

Occurrence: Upper Jurass ic (sequanian), France . 

5) Solanocrinus burgundiacus (DE LOKIOL) 1888. 

Antedon burgundiaca 1888 DE LOKIOL, pp. 471, 483, 48C, 498, 524, PU. 
217, 218, figg. 1 — 5; 1900 LISSAJOUS, p. 25. 

PI. 218, fig. 1, of DE LOKIOL 1888 seems to differ r a the r essentially 
from the type . — I Br 1 and 2 are united in a close connection. According 
to DE LoKioL a complete crown with Cd and radial r ing (PI. 218, fig. 3) 
also belongs to this species. II Br r are here 7 in 2 cases, 8 in 1 case. 
II Br 2 bears the first pinnule on i ts outer side. II Br 3 wi th P.,. At 
least XX arms. 

Occurrence: Upper Jurass ic (sequanian), France. 

6) Solanocrinus campichei (DE LOKIOL) 1879. 

Antedon campichei 1879 DE LOKIOL, pp. 269, 290, PI. 20, figg. 21 — 27; 
1884 P. H. CARPENTER, p. 144: 1912 KIRK, p. 77. 

PL 20, fig. 23, differs by the r a the r sharply flattened Cd. 
Occurrence: Lower Cretaceous (neocomian, valanginian), Switzerland. 

7) Solanocrinus canal iculatus (P. H. CARPENTER) 1881. 

AntedoH canaliculata 1881 b P. II. CARPENTER, pp. 195, 199, 212, 214, 
PI. 9, tig. 6; 1888 DE LOKIOL, p. 528; 1908 ENGEL, p. 455. 

Occurrence: Upper Jurassic (virgulian), Wi i r t t emberg . 

8) Solanocrinus changarnier i (DE LORIOL) 1888. 

Anfedon changarnieri 1888 DE LORIOL, pp. 484, 524, PH. 219, 220. 

In this species we are acquainted with impressions only. Arms 
are X, sharply tending towards biser ial i ty . I Br 1 and 2 united in close 
connection. 

Occurrence: Upper Jurass ic (rauracian), France . 
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9) Solanocrinus choffati (DE LOEIOL) 1880. 

Antedon choffati 1880a DE LORIOL, p. 11, PI. 1, figg. 12—16; 1890 DELORIOL, 
pp. 161, 163, 172, PI. 29, figg. 7—11. 

PI . 29, fig. 8, represents a young specimen still having X cir rus-
rows only. The prominences of the dorsal free pa r t o f R R a r e also still 
but l i t t le developed. 

Occurrence: Upper Jurass ic (lusitanian = sequanian), Por tuga l . 

10) Solanocrinus costatus GOLDFUSS 1831. 

Milleria costata 1830 GOLDFUSS in HARTMANN'S Catalogue, p. 45. No descrip
tion of the genus nor of the species. 

Solanocrinites costatus 1831 GOLDFUSS, pp. 166, 168, Tab. 50, fig. 7 a, b, 
e—f (reviewed in Neues Jahrb. f. Mineralogie 1833, p. 104); 1833 v. MUNSTER, 
»Verzeichniss», p. 31 (2. Aufl. by F . BRAUN 1840, p. 16}; 1835 v. MANDELSLOH, 
p. 15; 1836 BRONN, p. 272, Taf. 17, fig. 14 a—b, e—f; 1851 QUENSTEDT, p. 469; 
1852 QUENSTEDT, p. 601, Tab. 51, figg. 35, 36 (2. Aufl. 1867, p. 717, Tab. 65, 
figg. 35, 36; 3. Aufl., p. 915, Tab. 72, figg. 5—9); ?1858 QUENSTEDT, p. 722, 
Tab. 88, figg. 9—11; 1879 P. H. CARPENTER, pp. 6, 104—105. 

Solacrinus costatus 1835 L. AGASSIZ, p. 196. 
Solanocrinus costatus 1848 BRONN, p. 1150; 1857 PICTET, pp. 288 — 289, 

PI. 99, fig. 1; ?1863b A. MULLER, p. 62 (2. Aufl. 1884, p. 88); 1871 OOSTEB, 
p. 132; 1875 DE LOEIOL et PELLAT, p. 286; 1876 QUENSTEDT, p. 172, Tab. 96, 
figg. 26—48; 1878 SCHLÜTEK, p. 36; 1880 a P. H. CARPENTER, p. 48, 54; 1881b 
P. H. CAEPENTER, pp. 191, 196 — 197; 1884 P. H. CARPENTER, p. 402; 1886 
WALTHBE, pp. 171—173, 183, 188, PI. 25, figg. 1, 5, and 6, PI. 26, fig. 11; 
1887 P. H. CAEPENTEE, pp. 83—87; 1888 P. H. CAEPENTEE, pp. 90, 93, 101, 211, 
372; 1892 ENGEL, p. 49. 

Comatula costata 1850 D'ORBIGNY, Tome 1, p. 381; 1852 D'OEBIGNY, figg. 
286, 463; 1867 MOESCH, p. 205; i?)1867 OGÉEIEN, p. 675. 

Comaster (Solanocrinus) costatus 1862 DUJAEDIN & HUPÉ, p. 213; 1874 
LUNDGEBN, pp. 68, 69. 

Solonaerium costatus part. 1862 a ETALLON, p. 341. 
Antedon costafus(-a) 1878 ScHLtJTEE, p. 49; 1879 DE LORIOL, pp. 261, 263, 

266; 1881b P. H. CARPENTER, pp. 192—196, 199—205, 207—209, 212, 213, 
215, PI. 9, figg. 1—2, ? 4 — 5 ; 1888 P. H. CARPENTER, pp. 93, 135, 214, 372; 
1888 DE LORIOL, pp. 463, 470, 475—478, 486, 490, 515, 525; 1891 WOODS, 
p. 37; 1895 DE LOEIOL, p. 4; 1902 ScniiiEEER, p. 572, 587; 1908 ENGEL, p. 455; 
1911 LEUTIIAEDT, p. 109 ft'., textfigg. 1 — 3, PlI. 6 - 8 ; 1920 MUSPEE, p. 14. 

This species, so often mentioned and with i ts present l imits so very 
multiform, is surely in g rea t need of a more thorough review, giving 
an analysis of the types . As was s ta ted by CAKPENTER (1881 b) the 
figures t ha t are found in QUENSTEDT'S work (1858) differ very evident ly 
from GoLDFUss's. species (1831, PI . 50, figg. 7 a and b . Fig. c- dis Sol. 
d'ovhignyi and. PI. 51 , fig. 2 is Thiolliericrinus sigillatus). With the excep
tion of QUENSTEDT 1858, PI. 88, fig. 11, the BB project at the in ter radia l 
corners and the cirr i are ar ranged in X rows on a low columnar Cd. 



150 T. G I S L K N 

The chief var ia t ions concern the free dorsal pa r t of Cd which may be 
broad ( = the type) or absent (QUENSTEDT 1858, PI. 88, fig. 9), and the 
vent ra l border of the radial face which may be topped ( = the type) or 
t runcated (QUENSTEDT 1858, PI. 88, fig. 10. P . H. CAKPENTER 1881 b, PI. 9, 

fig. 2). 

The arms are usually X(—XI ENGEL 1892; XII, a s ix-rayed specimen. 
LEUTHAKDT 1911). I Br 1 and 2 are united in a close connection or 
anchylosed. As to the form of the Br r we have different types , which 
also corroborates the belief t ha t several different species have been con
founded under S. costatus. Thus W A L T H E R (1886) reproduces both a rms 
of the common type tha t QUENSTEDT had already figured, where the 
Brr in the middle a rm-par t s are oblique, tending towards , but scarcely 
reaching the biserial s tage (PI. 25, fig. 6, cf. also 1911 LEUTHAKDT, 
Pl l . 6—8), and arms of an exclusively biserial type, reminding one of 
the arms of Encriniia liliiformis (PI. 25, fig. 5). The syzygies seem to 
have been provided with few septa . The dorsal nervous system (ring-
canal etc.) and radial coelomic processes ( type as in Lamprometra) are 
shown beautifully in a drawing by LEUTHAKDT (1911). 

Occurrence: Upper Jurass ic (sequanian?—virgulian) , S. Germany, 
Switzerland, PFrance (the French localities given by D'ORBIGNY and 
OGÉRIEN, callovian and oxfordian, are ve ry doubtful). 

11) Solanocrinus decameros (,P. H. CAKPENTEU) 1881. 

Antedon decameros 1881 b P. H. CARPENTER, pp. 198, 201, PI. 10, fig. 11; 
1882 P. H. CARPENTER, p. 42; 1888 P. H. CARPENTER, p. 38; 1888 DE LOKIOL, 

p 528; (decamerus) 1908 ENGEL, p. 455. 

Occurrence: Upper Jurass ic (virgulian), Wi i r t t emberg . 

12) Solanocrinus delgadoi DE LOKIOL 1890. 

Antedon delgadoi 1890 DE LORIOL, pp. 164, 172, PI. 29, fig. 15. 

Occurrence: Upper Jurass ic (lusitanian = sequanian), Por tuga l . 

13) Solanocrinus depressus (D'ORBIGNY) 1850. 

Gotnatula depressa 1850 o'ORBiGNr, Tome 2, p. 28; 1862 DÜJARDIN & HUPE, 
p. 213. 

Antedon depressus(-a) 1878 SCHLUTEB, p. 49; 1888 DE LOEIOL, pp. 493, 524, 
PI. 221, figg. 1 — 6; 1912 KIRK, pp. 79—80, PI. 8, figg. 7 — 8. 

I Br 1 and 2 united in a close connection. Arms probably XI. II Br 
is 1. Syzygies with few septa. Distal Br r with s t rong processes on the 
dorsal and pinnular sides. 
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This species is completely diiferent from Decamerof< depressiis D 'OR' 
BiGNY to which I have given the name S. Jiumitis. 

Occurrence: Upper Jurass ic (sequanian), F rance . 

14) Solanocrinus ga ioens is (DE LORIOL) 1890. 

Antedon gaioensis 1890 DE LORIOL, pp. 162, 172, PI. 29, figg. 12—14. 

A younger specimen has only X rows of cirr i . 
Occurrence: Upper Jurass ic ( lusitanian = sequanian), Por tuga l . 

15) Solanocrinus gevrey i (DE LORIOL) 1902. 

Antedon Gevreyi 1902 DE LOHIOL, p. 38, PI. 2, fig. 5; 1908 DE LORIOL, 
p. 156. 

Occurrence: Lower Cretaceous (valanginian), F rance . 

16) Solanocrinus gi l l ieroni (DE LORIOL) 1879. 

Antedon Gillieroni 1879 DE LORIOL, pp. 271, 290, Pi. 21, figg. 6—8. 
Antedon gillerioni 1881 b P. H. CARPENTER, pp. 199, 206. 

Occurrence: Lower Cretaceous (valanginian), Switzer land. 

17) Solanocrinus greppini (DE LORIOL) 1879. 

Antedon Greppini 1879 DE LORIOL, pp. 262, 290, PI. 20, fig. 10; 1882 
P. H. CARPENTER, p. 42; 1888 P. H. CARPENTER, p. 38; 1888 DE LORIOL, 

pp. 510, 529. 

Occurrence: Upper Jurass ic (sequanian), Switzer land. 

18) Solanocrinus gress ly i (ETALLON) 1862. 

Comatida gresslyi 1862 a ETALLON, p. 340, PI. 49, fig. 1: 1864 WAAGEN, 
p. 223; 1867 MOESCH, p. 157; 1869 JACOARD, p. 200; 1870 GREPPIN, p. 105; 1873 

DE TRIBOLET, p. 28. 

Solanocrinus sequanus MÉRIAN, M . S., 1863 a A. MULLER, p. 146; 1863 b 
A. MULLER, p. 62 (2. Aufl. 1884, p. 88); 1873 DE TRIBOLET, p. 28; 1879 DE LORIOL, 

p. 261. 
Antedon gresslyi 1879 DE LORIOL, pp. 258, 263, 266, 290, PI. 20, figg. 1—7; 

1881b P. H. CARPENTER, pp. 196, 198; 1888 P. H. CARPENTER, p. 214; 1888 

DE LORIOL, pp. 478, 479, 488, 498, 514, 524, PI. 222, fig. 1; 1895 DE LORIOL, 

p. 4; 1902 ScHMiEREE, p. 587; 1911 LEUTHARDT, p. 110; 1920 MUSPER, p. 14. 

Br-segments a re also known. 
Occurrence: Upper Jurass ic (sequanian), W . France , S. W . Germany, 

Switzerland. 
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' 19) Solanocrinus herberti (DE LOKIOL) 1838. 

Antedon depressa 1881b P. H. CAKPENTER, p. 201, PI. 10, figg. 12, 13; 
1888 DE LOKIOL, p. 499; 1891 WOODS, p. 37. 

Antedon herberti 1888 DE LOEIOL, pp. 499, 529; 1908 ENGEL, p. 455. 

Occurrence: Upper Jurass ic (virgulian), Wür t t emberg . 

20) Solanocrinus hiselyi (DE LOKIOL) 1869. 

Comatula (Ophiocrinus) hiselyi 1869 DE LORIOL, p. 57, PI. 3, fig. 13. 
Gomatula hiselyi 1870 GBEPPIN, p. 139; 1878 SCHLUTER, p. 40. 
Comatula hyselyi 1870 JACCAED, p. 28. 
Antedon hiselyi 1878 SCHLUTER, p. 49. 
Ophiocrinus hyselii 1879 DE LOEIOL, pp. 277, 290, PI. 21, figg, 9—14; 

1881 b P. H. CAEPENTEE, p. 199. 
Eudiocrinus hyselyi 1888 P. H. CARPENTER, pp. 37, 75. 

The arms are V, the syzygies seem to be lacking. Br 1 with a large 
pinnule, possibly most often to the left. 

Occurrence: Lower Cretaceous (neocomian, urogonian), Switzerland. 

21) Solanocrinus humilis nov. nom. 

Becameros depressus 1850 D'ORBIGNY, Tome 2, p. 121; 1857 PICTET, p. 289; 
1862 DuJARDiN & HupÉ, p. 197; 1876 QÜENSTEDT, p. 184; 1900 DE LORIOL, p. 77. 

Antedon depressus 1878 SCHLDTEE, p. 49. 

According to the complementary information of DE LORIOL th is 
species may have a low Cd with a low radial r ing ; the cirri are XXXIII 
in total , in a double whorl , here and there a tr iple one, i. e. 3 cir rus-
rows per radius . Wi l l perhaps tu rn out to be a Palaeocomaster. 

Occurrence: Lower Cretaceous (neocomian, aptian), France . 

22) Solanocrinus infracretaceus OOSTEK 1871. 

Glenotremites infracretaceus 1871 OOSTEE, pp. 131, 142, PI. 19, figg. 
2 — 5, 24. 

Solanocrinus infracretaceus 1871 OOSTER, p. 132, PL 19, figg. 6—7. 
Antedon infracrctaccus(-a) 1879 DE LOEIOL, pp. 274, 290, PI. 20, figg. 

34—36; 1881 b P. H. CAEPENTER, pp. 199, 201; 1882 P. H. CARPENTER, p. 42; 
1888 P. H. CARPENTER, pp. 26, 39. 

Occurrence: Lower Cretaceons (valanginian), Switzer land. 

23) Solanocrinus jutieri (DE LORIOL) 1879. 

Antedon jutieri 1879 DE LORIOL, pp. 265, 290, PI. 21, figg. 1 — 5; 1888 
DE LOEIOL, pp. 510, 519, 524, PL 226, figg. 1—5. 
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I Br 1 and 2 ancliylosed. Arms usually X, in 2 cases out of 7, XI; 
II Brr 3 or 4. Cirri long, with short and stout segments, 1 = V2— /̂a br. 
Br segments rather slightly oblique with lateral prominences on the pin-
nular side. Syzygies not distinguishable. 

Occurrence: Upper Jurassic (virgulian), France. 

24) Solanocrinus lamberti (DE LOKIOL) 1888. 

Antedon lamberti 1888 DE LORIOL, pp. 504, 515, 524, PI. 225, figg. 2—4; 
1893 LAMBERT, p. 209; 1899 LAMBERT, p. 122: 1902 LEMOINE & ROUYER, p. 105. 

Occurrence: Upper Jurassic (virgulian), France. 

25) Solanocrinus leenhardti (DE LORIOL) 1908. 

Antedon leenhardti 1908 DE LORIOL, p. 154, PI. 5, figg. 13—10. 

Occurrence: Lower Cretaceous (aptian), France. 

26) Solanocrinus ooliticus nov. sp. (figg. 209—211). 

Dimensions: Cd + radial ring, h: 5-2 mm. Cd, br: 7'2 mm., h: 
2-0 mm. Radial ring, br: 8*0 mm., radial cavity 4'7 mm. in diameter; 
central depression 2-0 mm. in diameter. 

Cd truncated-conical, with a flattened surface dorsally, its dorsal 
diameter being 4-2 mm. The dorsal surface is provided with irregular 
shallow pits and has an indistinct, stellate deepening in the centre. The 
diameter of this star is 1-5 mm , its rays being interradially situated. 
Cirri in X rows, in each row 1—2 large cirrus-sockets provided with 
stout transverse crests; these crests are claviformly thickened at both 
the lateral ends; stout longitudinal ridges between the cirrus-rows. 

BB protruding at the interradial corners, their surface indistinctly 
granulated. 

The free dorsal part of Rli rather broad, nearly horizontal, sloping 
sharply inwards, the surface granular. The radial ring somewhat over
lapping the ventral border of the Cd. Dorsal ligament fossa low, h = 
'/i—'/s br. Ligament pit well marked, br: 0-7 mm., twice as broad as 
the nerve-lumen. The fossae of the interarticular ligaments truncated-
triangular, larger than the muscular fosste, which become somewhat 
broader towards the median radial lines. Between the muscular fossae 
there are 5 stout intermuscular grooves which, like the interradial fur
rows, continue on the centripetal slopes of the radials towards the 
central shallow depression. Between each of these 10 rows there appear 
about 3 shallow furrows on the inner slopes of the RR. 

A Cd (diameter 8-3 mm), possibly belonging to the same species, 



154 T GISLEN 

has an opening of the Cd-cavity measur ing 0'5 mm. The h. of this Cd 
is 4-0 mm; 2—3 cirri appear in each row. A small centra l p i t dorsally. 

This species reminds one of S. jufieri by the granular free dorsal 
pa r t of the RR. I t differs, however , from this species by the appear
ance of the dorsal face of the Cd, by the higher Cd, and by the s tout 
and pronounced ribs between the cirrus-rows. 

Occurrence: Middle Jurass ic (Oolite; according to a complementary 
le t ter from Dr. F . A. BATHER this means bajocian or bathonian) , England. 
The type specimen in the Bri t ish Museum. 

27) Solanocrinus d'orbignyi (P. H. CARPENTER) 1881. 

Solanocrinites costaius (part.) 1831 GOLDFÜSS, Tab. 50, fig. 7 c—d; 1836 
BRONN, Taf. 17, fig. 14 c—d. 

Comatulina costata 1852, D'ORBIGNY, p. 139. 
Antedon (d')OrMgnyi 1881 b CARPENTER, p. 197, PI. 9, fig. 8; 1888 P. H. 

CARPENTER, p. 38; 1888 DE LORIOL, pp. 492, 527; 1908 ENGEL, p. 455. 
Solanocrinus costatus 1908 ENGEL, p. 449. 

I t is open to some doubt whether the figure tha t CARPENTEE gives 
of this species is really the same as was once figured by GOLDFUSS. 

Occurrence: uppe r Jurass ic (virgulian), WUrt temberg . 

28) Solanocrinus peroni (DE LORIOL) 1888. 

Antedon peroni 1888 DE LORIOL, pp. 490, 524, PI. 222, fig. 2. 

Occurrence: Upper Jurass ic (sequanian), Algiers . 

29) Solanocrinus pictet i (DE LORIOL) 1879. 

Antedon picteti 1879 UE LORIOL, pp. 268, 272, 276, 290, PI. 20, figg. 28 
— 31; 1881 b P. H. CARPENTER, pp. 196, 199, 201; 1882 P. H. CARPENTER, p. 
42; 1888 P. H. CARPENTER, pp. 26, 39. 

?Antedon valdensis 1879 DE LORIOL, PI. 20, fig. 33. 

Occurrence: Lower Cretaceous (valanginian), Switzerland. 

30) Solanocrinus ricordeanus (D'ORBIGNY) 1850. 

Becamcros ricordeanus 1850 D'ORBIGNY, Tome 2, p. 121; 1857 PICTET, p. 
289; 1862 DUJARDIN & HUPÉ, p. 197; 1876 QUENSTEDT, p. 184; 1878 SCHLUTER, 
p. 38; 1900 DE LORIOL, p. 76. 

Antedon ricordeanus 1878 SCHLUTER, p. 49. 

According to DE LORIOL (1900) this species is, perhaps, the same as 
Act. (Sol.) vagnacensis, which seems ra ther l ikely when one also takes 
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into consideration the fact that the two species are of the same geo
logical age. 

Occurrence: Lower Cretaceous (aptian), France. 

31) Solanocrinus tessoni (P. H. CARPENTER) 1881. 

Antedon Tessoni 1881 b P. H. CARPENTER, pp. 198, 200—201, PI. 10, 
fig. 10; 1882 P. H. CARPENTER, p. 42; 1888 P. H. CARPENTER, p. 38; 1888 
DE LüRiOL, pp. 469, 524, PL 21G, fig. 6. 

Occurrence: Upper Jurassic (oxfordian), N. France. 

32) Solanocrinus thioUieri (DE LORIOL) 1888. 

Antedon ThioUieri 1888 DE LOBIOL, pp. 513, 524, Pll 224, 225, fig. I; 
1895 DE LoEioL, p. 3, PI. 1, fig. 2; 1912 KIRK, p. 78. 

The arms are X, very stout and coarse, partly strongly biserial, 
especially in the middle, excessively thickened parts. Cirri long and 
stout, with rather short segments (1 = ^/s br.), without discernable dorsal 
spines. 

Occurrence: Upper Jurassic (virgulian), E. France. 

33) Solanocrinus truncatus (P. H. CARPENTER) 1881 

Antedon truncata 1881b P. H. CARPENTER, pp. 194, 200, Pi 9, fig 3; 
1888 DE LORIOL, p. 527. 

QUENSTEDT'S figure (1852, PI. 51, fig. 36) of Solanocrinites costatus 
possibly belongs to the same species as CARPENTER'S specimen. 

Occurrence: Upper Jurassic (virgulian), Wiirttemberg. 

34) Solanocrinus vagnacensis (BE LORIOL) 1888. 

Actinometra vagnacensis 1888 DE liORiOL, pp. 538, 540, PI. 227, fig. 3; 
1900 DE LORIOL, p. 76. 

It must be observed that the first statement given by DE LOKIOL 

as to the geological age of the species is incorrect. 
Occurrence: Lower Cretaceous (aptian), France. 

35) Solanocrinus valdensis DE LORIOL 1868. 

Solanocrinus valdensis 1868 DE LORIOL, p. 83, PI. 7, fig. 19 a—c; 1871 
OO&TER, p. 132. 

Antedon valdensis 1879 DE LORIOL, pp. 266, 290, PI. 20, figg. 19, 32; 
1902 DE LORIOL, p. 39. 
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Pi. 20, fig. 33, 1879 DE LoRioL seems me should be referred to S. 
picteti. Fig. 20 of the same plate DE LORIOL himself (1889) called Tkiol-
liericrinus arzierensis. 

Occurrence: Lower Cretaceous (neocomian, valanginian), Switzerland. 

B. Arcliaeometra nov. gen. 

Cd a truncated cone, conical, or a high column. Cirrus-socket (not 
bordered by a thickened rim) with a weak or indiscernable transverse 
crest. Never any radial, longitudinal crests between the rows on Cd. 
In the interradial corners of Cd, on the other hand, there are stout 
longitudinal crests, which separate the radial cirrus-areas from each other. 
BB powerfully protruding. The free dorsal pait of the KR broad and 
overlapping the border of Cd. Radial face rather high. Muscular fossa; 
more or less vertical bands surrounding the intermuscular furrow. Radial 
cavity of medium size to rather small, the central depression deep. 
Type: A. aspera. 

Geological appearance: Upper Jurassic. The following 5 species 
belong to this genus: aspera QUENSTEDT, hronnii MUNSTER, carpenteri 
nov. sp., kopJivnicensis KEMES, scrohiculata GOLDFUSS. 

Survery of the species. 

A. Cirri in a single whoil. Cd strongly flattened. 
1. Visible parts of BB granulated. Radial face broader than 

high. Muscular foss:e of uniform breadth. Without fulcral 
ligament. aspera. 

2. BB smooth. Radial face higher, h = br. Muscular fossie 
narrowing dorsally. With accessory interarticular ligaments 
(fulcral ligaments). carpenteri. 

B. Cirri in a double whorl. Cd conical—columnar. 
1. The visible part of BB and free dorsal part of RR granular. 

Radial cavity '/-i of the diameter of the radial ring. 
kopnmiicensis. 

2. BB and dorsal free part of the RR smooth. Radial cavity 
Vs—V2 of the diameter of the radial ring. 
a. Interradial costre of Cd conspicuously prominent hronnii. 
b. Interradial costrc of Cd not conspicuously piominent 

scrohiculata. 

1) Archaeometra aspera (QUENSTEDT) 1858. 

Solanocrinites asper 1858 QUENSTEDT, p. 659, Tab. 81, figg. 23 — 33; 1863 
CARTIEE, p. 52; 1891 J^KEL, p. 627. 
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Solanocrinus aspcr 1866 OPPEL, p. 300; 1874 MOE&CH, p, 50; 1876 
QuENSTEDT, p. 182, Tab. 96, figg. 77 — 90; 1881b P. II. CABPEKTER, p. 202. 

Comatula aspera 1867 MOESCH, p. 136. 
Antedon asper(-a) 1878 SCIILÜTER, p. 49; 1879 DE LOEIOL, pp. 257, 290, 

PI. 20, figg. 13—17; ? 1881b P. H. CARPENTER, p. 202, PI. 11, fig. 19; 1888 
DE LOEIOL, pp. 458. 465, 524, PI. 215, figg. 2—4, PI. 216, figg. 1—4; 1891 
WOODS, p. 37; 1902 REMES, pp. 207, 208; 1908 ENGEL, pp. 376, 429. 

CARPENTER (cf. above) has figured a form with this name which prob
ably does not belong h e r e ; the specimen is, however , so fretted tha t i t 
is impossible to say any th ing as to i ts relat ionship. 

Of th is species numerous Brr are known which are granula ted like 
the free dorsal pa r t of RR. The connection between I Br 1 and 2 (axillary) 
was close, something intermediate between synostosis and syna r th ry . 
Syzygial faces wi th 4 or 5 septa. 

According to J ^ K E L (1891) QUENSTEDT'S figures of Br r (1876, PI . 96, 
figg. 77 — 87) represent B r r o{ Sderocrimis comprcssiis. I t must , however , 
be observed tha t similar Br r also are figured by DE LOEIOL (1888), and 
this shows t ha t the Br r of A. aspera real ly were granula ted . 

A four-rayed specimen is figured by QUENSTEDT (1876). 
Occurrence: Upper Jurass ic (oxfordian), S. Germany, France , Swit

zerland. 

2) Archaeometra bronnii (MUNSTER) 1839. 

Solanocrinus Bronnii 1839, MUNSTER, p. 89, Tab. 11, fig. 7 (1843 2. 
Aufl., p. 101, Tab. 11, fig. 7); 1848 BKONN, p. 1150; 1857 PICTET, p. 289; 
1878 ScHLUTER, p. 36; 1879 DE LOEIOL, p. 261; 1881 b P. H. CARPEETER, Pl. 
10, fig. 16. 

Comatula Bronnii 1850 D'ORBIGNY, Tome 1, p. 382. 
Solanocrinites Bronnii 1858 QUENSTEDT, p. 657. 
Comasfer Bronnii 1862 DUJARDIN & HUPÉ, p. 213. 
Solanocrinus scrobiculatus (part.) 1876 QUENSTEDT, p. 181, Tab. 96, figg. 

52—53. 
Antedon Bronni(i) 1878 SCHLÜTER, p. 49; 1888 DE LORIOL, pp. 456, 520. 

Occurrence: Upper Jurass ic (oxfordian), Bavar ia . 

3) Archaeometra carpenteri nov. sp. 

Antedon scrobiculatus 1881 b P. H. CARPENTER, PI. 10, fig. 17; 1891 (part.) 
WOODS, p. 37. 

Cd flattened wi th cirr i in an, at least par t ly , double whorl . BB 
very conspicuously prot ruding a t the corners , over lapping the Cd border . 
Their visible surface is smooth. The free dorsal pa r t of RR broad, 
granula ted. Radial faces very high, h > br. The t ransverse r idge wi th 
fulcral l igament . The br. of the muscular fossa; decreasing towards the 
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nerve-lumen. Radial cavi ty r a the r large, d iameter near ly '/a of the 
radial r ing. 

Is well dist inguished from A. aspera to which i t is most closely 
related. 

Occurrence: Upper Jurass ic (oxfordian), Bavar ia . 

4) Archaeometra kopf ivnicens i s (REMES) 1902. 

Antedon koprivnkensis 1902 REMES, pp. 207, 216, PI. 20, fig. 17. 

Occurrence: Upper Jurass ic ( t i thonian), Moravia, Czecho-Slovakia. 

5) Archaeometra scrobiculata (GOLDFUSS) 1831. 

?Modioli rarissima species 1716 SCHEUCHZEK, p. 99, No. 120; 1718 
SCHEUCHZEK, p . 330 , fig. 167. 

Solanocrinites scrobiculatus 1831 GOLDFUSS, p. 167, Tab. 50, fig. 8; 1840 
HAGENOW, p. 665; 1840 F. BRAUK, Verzeichniss p. 16; 1852 QUENSTEDT, p. 601, 
Tab. 51, fig. 34 (2. Aufl. 1867, Tab. 65, fig. 34; 3. Aufl. 1885, p. 915, Tab. 
72, fig. 13); 1858 QUENSTEDT, p. 657, Tab. 81, figg. 12—22; 1863 CAETIER, p. 
52; 1879 P. H. CAKPENTER, pp. 6, 104—105. 

Solacrinus scrobiculatus 1835 L. AOASSIZ, p. 19R. 
Solanocrinus scrobiculatus 1839 a MUNSTER, p. 89 (2. Aufl. 1843, p. 101); 

1848 BRONX, p. 1150; 1857 PICTET, p. 289; 1860 BRONN, PI. 29, fig. 5; 1866 
OPPEL, p. 300; 1874 MoEscn, p. 50; 1876 QUENSTEDT, p. 177, Tab. 96, figg. 54 
—74; 1878 SCHLÜTER, pp. 36—37; 1879 ZITTEL, fig. 283 b - d ; 1880 a P. H. 
CARPENTER, p. 38; 1884 P. H. CARPENTER, p. 402; 1887 P. H. CARPENTER, p. 83; 
1891 J^KEL, p. 631, Tab. 43, fig. 3; 1913 ZITTEL-EASTHAN, fig. 340b —d; 1915 
ZITTEL, fig. 320 b—e; 1918 J^KEL, fig. 68. 

Comatula scrobiculata 1850 D'ORBIGNY, Tome 1, p. 381; 1858 OPPEL, 
p. 689; 1867 MOESCH, pp. 136, 138, 277; 1869 JACCARD, p. 210; 1873 DE TRI-
BOLÉT, p. 7. 

Comaster scrobiculatus 1862 DUJARDIN & H U P É , p . 2 1 3 ; 1874 LUND-
GREN, p. 69. 

Antedon scrobiculatus(-a) 1878 SCHLÜTER p. 49; 1879 DE LORIOL, pp. 255, 
290, Pi. 20, figg. 11 — 12; 1880 c P. H. CARPENTER, p. 10, PI. 6, fig. 9; 1881 b 
P. H. CARPENTER, pp. 198, 202—205, 207—208, 212, 215, PI. 10, figg. 14, 
15, (?) 18; 1882 P. H. CARPENTER, p. 42; 1884 P. H. CARPENTER, p. 336; 1888 
DE LOKIOL, pp. 452, 455, 464, 465, 468, 524, PI. 214, figg. 2—4, PI. 215, 
fig. 1; 1891 (part.) WOODS, p. 37; 1900 LISSAJOUS, p. 24; 1908 ENGEL, p. 429; 
1912 KIRK, pp. 69, 79, 80, PI. 8, figg. 3 — 4. 

I t seems to me to be ra the r desirable to ge t a revision of this 
species. Cd varies from a ra ther low cone to a high and narrow column. 
BB also, and to a certain degree the muscular fossae, are somewhat 
var iable . The types t ha t are figured by P . H. CARPENTER (1881 b, PI . 10, 
fig. 18) and DE LORIOL (1888, PI. 214. fig. 4) differ most . 

Occurrence: Upper Jurass ic (oxfordian), W . France , S. Germany 
(Bavaria, Wür t t emberg ) , Switzerland. 
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C) Cypelometra nov. gen. 

From xÓTtYjXXov = bowl, with reference to the form of Cd. 
Cd hemispheric. Cd-cavity small. Cirrus-sockets large, rather shallow, 

without transverse crest. Cirri in X rows, coupled two and two, with 
wide radial interspaces, BB almost completely hidden. The free dorsal 
part of RR indistinct. Radial face sloping rather sharply inwards. The 
radial cavity therefore only V*- ' /» of the br. of the radial ring. Mus
cular fossae horizontal bands, rather broad, h = br. Type: C. ilieringi. 

Geological appearance: Tertiary (miocene). One species only be
longs here. 

1) Cypelometra iheringi (DE LOEIOL) 1902. 

Antedon iheringi 1902 DE LOEIOL p. 22, PI. 2, figg. 3—4; 1906'AMEGHl̂ o 
p. 172. 

Catoptometra iheringi 1915 b A. H. CLARK p. 112. 

I cannot see any cause why this species should be referred to the re
cent genus Catoptomeira, to which it shows scarcely any close similarity. 

Occurrence: Tertiary (patagonian = miocene), S. America. 

Conometridae nov. fam. 

Cd conical or discoidal. Cd-cavity at least '/* of the diameter of 
Cd. No radial pits or pores on the ventral side of Cd. No dorsal star. 
Cirri in more or less distinct rows. Cirrus-sockets rather large with 
or without indistinct sculpture. BB from large and contiguous to hidden. 
The free, dorsal part of RR visible as broad bands or hidden. Muscular 
fossae large when compared with the interarticular ligament fossae. 
Radial cavity large to medium-sized. 

Geological appearance: Upper Cretaceous—Tertiary (miocene). 
Probably, besides the genera Amphorometra, Placomefra, Conometra, 

and Jaekelometra, the pellati and anglescnsis groups of the genus Gleno-
tremites belong here. 

A) Ampliorometra nov. gen. 

From 'a[j.'fopsü? = vase. 
Cd conical. No dorsal star, no radial pits. Cd-cavity rather large. 

Cirrus-sockets in X rows, with very faint indications of a transverse 
ridge. BB visible at the interradial corners. Free dorsal part of Rll 
broad; deep subradial clefts. A distinct dorsal ligament pit. Muscular 
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fossa3 larger than the interarticular ligament fossse. Radial cavity 
rather large, about Vs of the diameter of the radial ring. Type A. 
conoidea. 

Probably the majority of the angle^ensin group of the genus Gleno-
fremiles must also be reckoned here. 

Geological appearance: Upper Cretaceous. Two species belong hei*e: 
hrydonei nov. sp. and conoidea GOLDFUSS 1839 (with var. Icevior and var. 
gramdata). 

Survey of the species: 

A. 3—4 cirrus-sockets in each row. size of the Cd-cavity moderate 
(diameter ^jt of the br. of Cd). Muscular fossfB moderate. 

conoidea. 
1. The free dorsal part of RR almost smooth. Cd slightly 

truncated. var. hwior 
2. The free dorsal part of RR granulated. Cd a pointed cone. 

var. gramdata. 
B. 5 cirri in each row. Cd-cavity very large and deep (probably 

considerably more than '/s of the br. of Cd). Muscular fossae 
about twice the size of the interarticular ligament fossa?. 

hrydonei. 

1) Amphorometra brydonei nov. sp. (figg. 212, 213). 

Dimensions: Cd + radial ring, h : 7.1 mm. Cd. h : 4.0 mm., br. : 4.4 
mm. Diameter of the radial ring : 4.8 mm., of the radial cavity: 1.5 mm. 

Cd a high, somewhat bulgy cone. Cirri in X rows, with (4-)5(-6) 
cirrus-sockets in each row. About L in total. Interradial interspaces 
free from cirri in the ventral half of Cd. Cirrus-sockets with two large, 
indistinctly bordered swellings laterally of the lumen. 

BB small, visible in the interradial corners. 
Deep subradial clefts. The free dorsal part of the RR rather broad, 

smooth, almost horizontal. Dorsal ligament pit 1 /̂2 times as broad as 
the rather large nerve-lumen of the radial face. Muscular fossae high, 
rather narrow, about twice as large as the interarticular ligment fossae. 
Radial cavity wide and very deep, directly continued dorsally in the 
large Cd-cavity (depth of radial and Cd-cavity 5.0 mm.). 

The species reminds one of certain recent species of Atelecriniis. 
This magnificent species I have dedicated to Mr. R. M. BEYDONE 

F. G. S. 
Occurrence: Upper Cretaceous (lower senonian, zone oi Actinocaniax 

qnndratus) Seaford. England. The type specimen in the collections of 
Mr. R. M. BRYDONE. 
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2) Amphorometra conoidea (GOLDFUSS) 1839. 

Glenotremites conoidcus 1839 GOLDFUSS Petref. German., 2. Theil p. 286, 
PI. 160, fig. 18; 1840 HAGENOW p. 661; 1848 BRONN p. 532; 1857 PICTET p. 
290; 1862 DU.IAUDIN & HUPB p. 214; 1870 SCHLUTER p. 957; 1871 OOSTER p. 
131; 1874 LuNDGREN pp. 65, 69; 1878 SCHLUTEE pp 37, 38; 1879 P. H. CAR
PENTER p. 73. 

Gomatula conoidea 1850 D'OEHIGNY Torae 2. p. 273; 1868 DETALQUE p. 380 
(2« Ed. 1880 p. 429); 1878 SCHLUTER p. 39. 

Antedon conoideus 1878 SCHLUTER pp. 41, 44, 47—49; 1895 DEEKE p. 71. 

Occurrence: Upper Cretaceous (senonian), N. Germany, Holland. 

Var. laevior nov. var. (figg. 214 216). 

Dimensions: Cd + radial ring, h : 6'4 mm. Cd h :3'5 mm., br : 3'8 
mm. Radial ring h : 2-9 mm., br : 4-4 mm. Radial cavity, diameter : 
1-2 mm. 

Cd conical, somewhat truncated dorsally. Cirri in X rows, 3 —4 in 
each row, the sockets with 2 weak swellings laterally of the lumen. 
No radial pits. Cd-cavity about '/4 of the diameter of Cd. Cd strongly 
sloping in under the RR, therefore deep sub-radial clefts. 

BB rather stout and large, projecting at the interradial corners. 
The free dorsal parts of RR broad, indistinctly pitted to smooth, 

sloping strongly inwards towards the sub-radial clefts, therefore partly 
horizontal. Radial facet narrower ventrally of the transverse ridge than 
dorsally of it. Muscular fossae about 1 '/s times the size of the inter-
articular ligament fossae. 

The type specimen for this description is in the Greifswald museum 
(the radial ring separated from the Cd by insignificant pressure; thus 
the figures from the ventral face of the Cd, from the dorsal face of the 
radial ring, and from the lateral view of Cd + radial ring originate from 
the same specimen). 

Var. granulata nov. var. (tigg. 217—218). 

This variety differs from preceding one by the Cd being somewhat 
more pointedly conical and by the free dorsal surface of the RR being 
strongly granulated. 

The type specimen for this variety is found in the British Museum. 
Of this species I have seen numerous Odd, some of the more trun

cated type, others of the more pointedly conical type. It is not always 
possible to keep the two types apart with certainty. Possibly GOLD

FUSS when giving his figure of Glenotremites conoideus had a representative 
of the latter variety. 

11 — 24120. 2'. Gislin. 
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Occurrence of the varieties deseribed: Upper Cretaceous (upper 
senonian, zone of Belemnitella mucronata), Riigen, N. Germany. 

B. Placometra nov. gen. 

From :iXaê = disk, because of the shape of Cd. 
Cd discoidal, without stellate impression dorsally. Cirri large, in 

X rows, their sockets without distinct sculpture. BB hidden. Radial 
ring overlapping the ventral border of the Cd. Free dorsal part of the 
RR nearly horizontal. Nerve-lumen of the radial facet very large. Mus
cular fossae conspicuous. Radial cavity large, about V2 of the diameter 
of the radial ring. Type and only species P. mortenseni nov. sp. 

Probably the pellati group of the genus Glenotremites may also be 
reckoned here. 

Geological appearance: Upper Cretaceous (—Tertiary, miocene). 

1) Placometra mortenseni nov. sp. (figg. 230—232). 

This species I have dedicated to Dr. TH. MOKTENSEN of the Zoolog
ical Museum, Copenhagen. 

Dimensions: Cd + radial ring, h : 2*6 mm. Cd h : 0*9 mm., b r : l "6 
mm. Radial ring br:2-3 mm., radial cavity I'O mm. in diameter. 

Cd discoidal, irregularly pentagonal, smooth and flattened dorsally. 
With large cirrus-sockets in X rows laterally, 1 or 2 in each row, in 
all about XII Cirrus-sockets with very indistinct eminences on both 
sides of the nerve-lumen, ortherwiese without sculpture. 

BB hidden. The radial ring strongly overlapping the ventral border 
of Cd. The free dorsal part of RR smooth, rather broad, horizontal. 
Dorsal ligament fossa rather low and angular without a distinctly marked 
off ligament pit. Nerve-lumen very large. Interartieular ligament fossje 
truncated-triangular, smaller than the muscular fossae, which are in
distinctly separated from one another by an intermuscular ridge, visible in 
some of the interradii only. Between the muscular fossae a notch radially. 
Radial cavity large, its diameter nearly V2 of the br of the radial ring. 

Occurrence: Upper Cretaceous (turonian, zone of Terehratulina lata) 
Compton Bay, Isle of Wight, England. Type specimen in the collections 
of Mr. R. M. BKYDONE, F . G. S . 

C, Jaekelometra nov. gen. 

Called after Geheimerat 0 . J ^ K E L , Greifswald who kindly permitted 
me to borrow the type specimens for a new description. 
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Cd (bluntly) conical. Cirrus-sockets more or less distincly arranged 
in X rows with a weak transverse crest. Cd-cavity of medium size. 
No radial pits. BB large, contiguous, forming centrally a primitive 
rosette. Radial face low and triangular. Interarticular fossre low and 
indistinct. Muscular fossae broad and low. Radial cavity large and deep. 
Type J. hel()ica. 

Geological appearance: Upper Cretaceous. Two species: J. belgica 
JjïKEL 1901 and J. columnaris nov. sp. belong here. 

Survey of the species: 

1. BBhigh, h > b r . Cirri ± XV belgica. 
2. BB low, h = 73 br. Cirri ± XXXV columnaris. 

1) Jaekelometra belgica ( J ^ E L ) 1901 (figg. 219—227). 

? einen neuen Comatuliden-typus 1878 SCHLÜTEB p. 66. 
Atelecrmus belgicus 1901 JJEKEL p. 1084, Fig. 15 B; 1918 J^KEL fig. 69. 

Cd + BB + RR: h - 7 mm. Cd, h : 2-7 mm., br : 2-6 mm. BB, h : 1-8 
mm.; br of the BB ring ± 3-5 mm. RR, br of the radial ring 5*6 mm., 
h of the dorsal free part 2-3 mm., br of the radial face 2-8 mm., h : r 2 
mm., radial cavity br: 3-7 mm. 

Cd bluntly conical. Cirri about XV, ± 3 per radius, tending to arrange 
themselves in X sparse columns, cirrus-sockets large with a weak trans
verse crest. 

BB large and high, pentagonal, h > br, smooth, bent slightly outwards. 
The free dorsal part of RR large and high with a median longitudinal 

crest except m the proximal quarter. The RR are strongly bent outwards. 
Radial face low and broad, nearly triangular. Muscular fosses deepened 
towards the intermuscular crest. Intei articular fossaj indistinct but 
indicated here and there as weak depressions. Evidently they were 
rather low. Radial cavity very large and deep. The bottom of it is 
formed by centripetal processes from the BB. 

A Cd with adhering basal ring belongs also here. It differs only 
by an inconspicuously lower Cd and a basal ring that is less bent out
wards. This Cd has a small pit dorsally. The dimensions of the BB 
here are: h:l*5 mm., br of the basal ring 3 mm., basal cavity b r : r 5 
mm. Thickness of the BB ^/i mm. 

Occurrence: Upper Cretaceous (senonian, maastrichtian), Holland. 
Two spp. in the Berlin Museum, Coll. Binkhorst. , 

2) Jaekelolometra columnaris nov. sp. (figg. 228—229). 

Only Cd and the BB ring are preserved. 
Dimensions: Cd + BB-ring h:4-2 mm. Cd h:3-2 mm., b r : 3 mm. 
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Figg 212—229 212—213) Ampho)omett a bri/donei 212) Cd + basal and radial rings in 
lateral view, 213) Basal and radial imgs , ventral view, " i , 21i—218) Amphorometia conuidea 
214—216) var Icpvioi 214) Cd + b i s a l and radial r ings, lateral \ iew 215) Basal and radial 
l ings, dorsal view, 216) Cd, ventral view, */i 217 — 218) var gtanulata^ 217) Cd + basal and 
radial rings, la teral view, 218) Do ventral view, one radial has dropped ont, "/i 219—227) 
JaeLelometia belgica 219) Cd + basal and ladial rings, Sp 1 lateral Mew, " / i , 220) Basal and 
radial r ings, vent ra l view, */ i , 221) A radial facet, ' " / i , 222) Cd + basal ring, lateral view, 
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H. of the basal ring: 0'6 mm. interradially, 1-0 mm. radially, br of the 
basal ring: 3-3 mm. Size of the basal cavity br :2-5 mm. Thickness of 
the BB : 0-4 mm. 

Cd conical, no pit dorsally. Cirrus-sockets with a distinct, but 
rather weak, transverse crest. Cirri in X rows, 3 or 4 in each row, 
total ± XXXV. The rows are closely set and nearly reach the dorsal 
top of Cd. At the ventral border of Cd they leave narrow radial spaces 
free from cirri. 

BB pentagonal, low, h == ± '/s br, scarcely bent outwards. 
This species cannot be an older specimen of the preceding species. 

As is well-known, hew cirri form on the ventral border of the growing 
Cd, and as the Cd of colwnnaris is only inconspicuously larger than that 
of helgica one cannot explain the many cirri of the former species 
by the increase in the growth of Cd. The cirrus-sockets here are 
also smaller and arranged in X distinct close rows, Cd is pronouncedly 
conical, and the BB essentially different, much lower and thinner. 

Occurrence: Upper Cretaceous (senonian, maastrichtian), Holland. 
One sp. in the Berlin Museum, Coll. Binkhorst. 

At the bottom of the basal cavity in both species there appears a 
central and 5 surrounding pits radially situated. The last mentioned should 
possibly have been interpreted as openings to radial pits and therefore 
I had sections prepared by grinding through the Cd of Sp. 2 of Jaelcelo-
metra belgica (cf. figg. 225—227). It has, however, turned out that no 
radial pits occur in Cd. Nevertheless, when approaching the ventral 
side of Cd there appear marks of a central and 5 surrounding pores. 
The latter do not reach beyond the diameter of the opening of the Cd-
eavity and are interradially arranged. They must therefore represent 
the entrances of the nerves from the chambered organ into the BB. 
These nerves are continued on the ventral side of the thin centripetal 
processes from the BB which form the bottom of the basal cavity, in 
radially emerging paired nerves. The perforations for these nerves, 
however, are not here, as in recent Comatulids, separated by a calcareous 
bridge. Nevertheless, we have a trace of this condition in J. colttmnaris, 
where in some radii there are two openings close together. Perhaps 
in other cases the narrow calcareous bridge was destroyed at the fossilisa-
tion or during the preparation of the specimens. The BB are therefore 
interesting since the are only thick and massive peripherally. In 
the centre, on the other hand, they form only a thin plate, which 

*/i; 223) Basal ring, Sp. 2, ventral view, '"ji; 224) Cd + basal ring, Sp. 2, lateral view; the 
figures laterally of the Cd mark the diiferent sections prepared by grinding and reproduced 
in figg. 225—227; the size of the Cd-cavity is indicated by a dotted line, */i; 225) Grinding-
section 1 — 1; 226) Do. 2 - 2 , 227) Do. 3 — 3, "/i; 228—229) Jaekelometra columnaris i2%) C d + 
basal ring, lateral view, "/i; 229) Basal ring, ventral view, '"/i. 
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separa tes the centrodorsai cavi ty from the ven t ra l weak p a r t s and thus 
represents a pr imit ive rose t te . 

I t seems to me incorrect to range these forms in AteJecrinidae. In 
Jaekelometra t he Cd-cavi ty is ve ry much smaller . The appearance of 
the cirrus-sockets is qui te different (among recent forms At. anomalus 
is the closest, cf. A. H. CLAKK 1 9 1 5 C, fig. 414). According to P. H. 
CARPENTER Atelecrinus lacks the roset te completely. Final ly and most 
impor tant , the radial faces a re quite different. Jaekelometra, in v i r tue of 
i ts median carina on the free dorsal pa r t of RR, of i ts low radial face 
and certain other character is t ics , is closer to the recent Thalassometridae. 

D. Conometra nov. gen. 

Cd conical. Cirrus-sockets in X—XX rows. BB hidden. No sub-
radial clefts. The free dorsal p a r t of RR broad to hidden. The radial 
faces high, muscular fossse large . The radial cavity about V* of the br . 
of the radial r ing. Type C. alticeps. 

Geological appearance : Upper Cretaceous—Tert iary (miocene). 
Three species: alticeps P H I L I P P I 1844, hungaricus VADASZ 1915, and 

rugiana nov. sp. belong here . 

Survey of the species: 

A. Cirri in X rows. No free dorsal pa r t of the RR visible rugiana. 
B. Cirri in XV rows. The free dorsal par t of the RR broad. 

Muscular fossae considerably la rger than the in terar t icular l igament 
fossae alticeps. 

C. Cirri in ± XX rows. Muscular fossae of about the same size as 
the in terar t icu lar l igament fossae hungaiica. 

1) Conometra alt iceps (PHIUPPI) 1844. 

Alectu alticeps 1844 PHILIPPI pp. 540—542, Taf. 6 B, figg. a—d; 1876 
QuENSTEDT p. 185, Tab. 96, fig. 103; 1878 SCHLUTER p. 38; 1879 P. H. CAR

PENTER p. 13; 1879 a FONTANNES p. 498; 1879 b FONTANNES p. 414; 1900 NOËLLI 

pp. 42—43. 
Alecto anticeps 1846 GEINITZ p. 545. 
Antedon alticeps 1878 SCHLUTER p. 50; 1878 MENEGHINI p. XXXI; 1879 a 

FONTANNES p. 500, 1879b FONTANNES p. 416; 1881b P. H. CARPENTER p. 213; 

1888 P. H. CARPENTER p. 38 ; 1897 DE LORIOL p. 121; 1897 NICOLAS p. 131; 

1898 NICOLAS pp. 408, 410; 1915 VADISZ pp. 9, 10. 

Occurrence: Te r t i a ry (eocene), S. I t a ly . 

2) Conometra hungar ica VADASZ 1915 

Antedon Jmngarica 1915 VADASZ pp. 9, 171, Tab 1, figg. 7—9. 

Occurrence: Te r t i a ry (miocene, helvet ian) , Hungary . 
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3) Conometra rugiana nov. sp. (figg. 233—234). 

Dimensions: Cd + radial ring h: 2-5 mm., diameter: 2*0 mm. Cd 
h: 1-8 mm., radial ring h: r 2 mm. The specimen very flattened owing 
to pressure. 

Cd conical, without any impression dorsally. Cirrus-sockets rather 
deep, in X rows, about 3 cirri in each row, XXVII in total. No sculp
ture of the cirrus-sockets. Between the rows a narrow area devoid of 
cirri interradially. 

BB hidden. The free dorsal part of RR hidden in the median line, 
indistinctly visible at the interradial corners. Dorsal ligament fossa 
broad and nearly rectangular; a large but indistinct dorsal pit occurs. 
Interarticular ligament fossae small and triangular, muscular fossae high 
and rather narrow. Radial cavity small, evidently compressed. 

. Occurrence: Upper Cretaceous (upper senonian, zone of Belemni-
tella mucronata), Riigen, N. Germany. Type specimen in the British 
Museum. 

Notocriiiidae MORTENSEN 1917. 

Cd conical to hemispherical. Cd-cavity mesophreate (diameter of 
the opening Vs — > the diameter of Cd). Radial pits or pores occur, or 
a strongly lobated opening of the Cd-cavity. Often a dorsal star. Cirri in 
rows or alternating indistinctly. Cirrus-sockets large, sometimes with 
a weak transverse crest, often peripherally striated. BB protruding 
more or less at the corners. The free dorsal part of RR visible as 
more or less broad bands, rarely hidden in the median line. Radial faces 
with muscular fossjc that are ^ than the interarticular ligament fossae. 
Radial cavity large — medium-sized. 

To this family belong, besides the genera Loriolometra and Sphaero-
metra and the recent genus Nofocrinus, the essenent^is and the paradoxus 
groups, probably also the lettennis and rolnndtis groups of the genus 
Glenofremites. 

Geological appearance: Lower — upper Cretaceous — recent. 

A. Loriolometra nov. gen. 

Named in honour of M. P. DE LORIOL. 

Cd a truncated cone — bluntly columnar. Often a stellate depression 
dorsally, or a real dorsal star. Large and very deep radial pits. Cirri 
in X rows, cirrus-sockets with indistinct sculpture, peripherally striated, 
with 2 small and indistinct tubercles laterally of the lumen. BB pro
truding at the corners. Deep sub-radial clefts. The free dorsal part of 
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the RR broad. Radial faces large and broad, h about ^/s of'br. Radial 
cavity rather large, diameter ± '/^ ot the radial ring. 

The arms seem to have been X, as only axillaries of one size are 
known from the same locality. The Br-segments were of normal obli
queness. Syzygies well developed with numerous septa. 

The essenensin, and perhaps the lettensis groups also, belong to this 
genus. Type L. retzii. 

Geological appearance: Upper Cretaceous. The only species with a 
radial ring known is L. retzii. 

1) Loriolometra retzii (LUNDGREN) 1874 (figg. 235, 236). 

Comatula sp. 1870 SCHLÜTER, p. 957. 
Comaster EetzU 1874 LUNDGEEN, pp. 66—'70, Taf. 3, figg. 1—13; 1876 

QuENSTEDT, p. 183, Taf. 96, fig. 98; 1878 SCHLÜTER, pp. 37, 39. 
Antedon Metzii 1878 SCHLUTEE, pp. 42, 44, 48—49, Taf. 2, figg. 3—7; 

1880a P. H. CARPENTER, pp. 38, 45—47; 1880b P. H. CARPENTER, p. 555; 1888 
P. H. CARPENTER pp. 8—9: 1894 UB LORIOL, p. 482. 

I have investigated more than 50 Cdd and one specimen with the 
radial ring preserved of this species, all of which I received on loan 
from the Riksmuseum, Stockholm. LUNDGEEN speaks of the great vari
ability in the development of the radial pits and of the Cd-cavity. He 
figures not less than 3 different types: 1) With a central cavity and 5 
surrounding isolated pits, 2) All these pits confluent to a stellate figure, 
3) 6 indistinct and shallow deepenings. In reality, however, only the 
first mentioned type is the correct expression of the normal condition. 
The 2nd type appears when, as is often the case, the thin and very 
fragile calcareous walls which separate the Cd-cavity and the radial pits 
are damaged. Finally, the 3rd case occurs by a partial filling out of the 
Cd-cavity and pits with the surrounding limestone. LUNDGBEN states 
furthermore that the perforations for the cirrus-nerves start from the 
walls of the radial pits, a completely inexplicable fact, if these pits 
really contained the proximal ends of the dorsal eoelom. This informa
tion, however, is incorrect; the nervous perforations are always situated 
in the interradial interspaces between the radial pits where they emerge 
from the Cd-cavity in paired rows (as is also indicated on SCHLLTER'S 

figure 1878, Tab. 2, fig. 3 c). 

The radial pits are very deep and somewhat converging towards 
the dorsal tip of Cd (cf. fig. 236). It is therefore very probable that 
the dorsal star is a remnant of the continuation of these pits in the stem 
rather than of the cavities of the chambered organ (as e. g. in Noto-
crinus fig. 196). 

Among the 56 specimens investigated 54 have a diameter of 4-5—9 
mm. Two specimens (only the Cdd preserved), on the other hand, are 
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enormously large, measuring 12-5 and 13-5 mm. in diameter. They dif
fer besides from the other specimens by having, usually, 4 instead of 
3 cirrus-sockets in each row; on the ventral margin of Cd there is 
radially an area devoid of cirri, often more or less deepened. I shall 
only mention them here as a separate variety, giganten, which approaches 
Genotremifes arnaiidi. 

B. Sphacrometra nov. gen. 

Cd hemispherical. A stellate impression dorsally or a dorsal star. 
Opening of the radial cavity surrounded by radial pits or pores or else 
stellate (secondary?). Cirrus-sockets indistinctly alternating, tending to 
arrange themselves in rows, large, sometimes with peripheral stria-
tion. BB inconspicuously protruding at the interradial corners. The 
free dorsal part of RR visible as bands which are sometimes interrupted 
in the radial median lines, broader towards the interradii. Radial face 
rather high. Muscular fossae conspicuous. Radial cavity about V*—Ve 
of the br. of the radial ring. 

The paradoxus group of Glenotremites also belongs to this genus. 
Type. S. semiglohosa. 

Geological appearance: Lower—upper Cretaceous. The following 5 
species belong here: aequimarginata P. H. CAEPENTEK 1880, carento-
nensis DE LOKIOL 1894, incurva P. H. CAKPENTER 1880, semiglohosa 
ScHLÜTER 1878, teleusi WEGNEE 1911. 

Survey of the species: 

A. Radial facets high, h ^ b r . incurva. 
B. Radial facets broader than high. 

1. Radial cavity about Ve of the br. of the radial ring. Large 
species. semiglohosa. 

2. Radial cavity about '/^ of the br. of the radial ring. 
a. Cirri about LX. carentonensis. 
b. Cirri about XL. 

a. Diameter of Cd 9 5 mm. Cd in the median radial 
lines protecting the RR and a part of I Brr 1. 

aequimarginata. 
j3. Diameter of Cd 5-3 mm. The free dorsal part of 

the RR visible as narrow bands. tetensi. 

1) Sphaerometra aequimarginata (P. H, CAUPENTEE) 1880. 

Antedon aequimarginata 1880 a P. H. CARPENTER, pp. 44, 45, 49, 54, PI. 
5, fig. 4; 1880b P. H. CHAEPENTEB, pp. 553-555; 1881b P. H. CAEPENTEE, p. 
199; 1888 P. H. CAEPENTEK, pp. 26, 28. 

Occurrence: Lower Cretaceous (gault), England. 
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2) Sphaerometra carentonensis (DE LOEIOL) 1894. 

Antedon carentonensis 1894 DE LORIOL p. 483, PI. 24, fig. 3. 

Occurrence: Upper Cretaceous (coniacian), France . 

3) Sphaerometra incurva (P. H. CAHPENTEE) 1880. 

Antedon incurva 1880 b P. H. CARPENTER, p. 552, PI. 23, tig. 1; 1882 
DowNES, p. 86; 1888 P. H. CARPENTER, p. 38; 1894 DE LOEIOL, p. 484. 

Occurrence: Upper Cretaceous (cenomanian), England. 

4) Sphaerometra semiglobosa (SOHLÜTEE) 1878. 

Antedon senüglobosusC-a) 1878 SCHLÜTEE, pp. 41, 49, Taf. 1, figg. 7—12; 
1880a P. H. CARPENTER, pp. 38, 45, 4 9 - 5 0 ; 1880b P. H. CARPENTER, pp. 553 
—555; 1888 P. H. CARPENTER, p. 8; 1894 DE LOEIOL, p. 482. 

Occurrence: Upper Cretaceous, Germany. 

5) Sphaerometra tetensi (WEGNER) 1911. 

Comatula tetensi 1911 WEGNER, pp. 21, 32; 1913 WEÖNEK, p. 187, fig. 2. 

Occurrence: Upper Cretaceous (senonian), Germany (Silesia). 

Palaeantedonidae nov. fam. 

Cd sharply flattened, to hemispherical . Cd-cavity meso — macroph-
rea te . Very rare ly a dorsal s t a r and radial pi ts (shallow: in Semiometra). 
Cirrus-sockets small , in close and a l te rna t ing whorls, wi thout t ransverse 
crest or peripheral s t r ia t ion. BB hidden. The free dorsal pa r t of RR 
scarcely visible. Radial faces sloping inwards , muscular fossae from 
ra ther high to very high and large . Radial cavity r a the r small to 
very small. 

Slender forms with moderately oblique Br-joints. No biserial a rms. 
Synar thr ies and syzygies well developed. Arms in the known cases X. 
Cirrus segments long. 

Besides the genera Semiometra, Hertha, Discomefra, and Palaeantedon 
included below, the ransomi group of the genus Glenotremites also seems 
to belong here . 

Geological appearance : Upper Cretaceous - Quar te rnary . 
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Figg 230—244 230—232) Placomeli u moi lenseni, 230) Cd + radial ring, la te ia l view, 
231) Radial ring, ventral view, 232) Cd and radial i ing, dorsal view, ' " / ' 233—234) Cunu-
meti I ruffiana, 233) Cd + r ad i i l u n g , la te ial view, 234) E a d i i l luig ra thei compressed, ven
t i a l view, '"/i 235 — 236) Loi colometra tefzii, 235) A radial f icet and two BB, 236) A t i a n s -
verse section through a Cd, a la ige and deep ladial pit to the left, ' / i 237—238) Semio-
iiiHia impiesaa Cd and ladial i iug m latei il and ventra l view, 238 a) The dorsal s tar from 
t h e doisa l centre of Cd, "/i 239 — 241) Scmiometta plana 239) Cd + radial r ing, la teral 
view, 240) D o , vent ia l view 241) Cd, doi->al view, '^'i 242—243) Semioniet) a pommei anta, 
242) Cd + ladial i ing, la te ia l view, 243) Do ventral view one radial has d iopped out, two 
basal lods are visible, 244) Cd, dorsal view, '"/i 
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A. Seinioinetra nov. gen. 

From GT||i.£fov -= seal. 
Cd a low hemisphere to very flattened, usually with a more or less 

distinct dorsal star. The radial pits are very shallow or lacking. The 
Cd-cavity large. BB hidden, sometimes visible at single corners. 
Gd in the median ladial lines projecting very much beyond the radial 
faces, which are deeply sunken in. Generally the radial face is rather 
low. Radial cavity usually '/s —Vs of the br. of the radial ring. Type: 
S. impresi^a. 

Geological appearance: Upper Cretaceous - eocene. 
The following 8 species belong here: coitrvillensis VALETTE 1917, 

impressa P. H. CAEPENTER 1881, italica SCHLÜTEK 1878, lenticiüaris 
SCHLÜTEK 1878, plana BRÜNNICH-NIELSEN 1913, pommerania nov. sp., 
rotvei nov. sp., scanica nov. sp. 

Survey of the species: 

A. Cirri in a double -or triple whorl, XXX—XL. 
1. Cd very much lower than the radial ring. Radial cavity 

about V* of the br. of the radial ring. coitrvillensis. 
2. H. of the Cd and radial ring nearly equal. 

a. Radial cavity about '/a of ihe br. of the radial ring. 
pommerania. 

b. Radial cavity about Vs of the br. of the radial ring. 
rotvei. 

B . Cirri in 3 or 4 whorls, at least about L. 
1. Radial face 1 '/^ times as high as Cd. Radial cavity large, 

sloping slightly inwards. Muscular fossae large and broad. 
scanica. 

2. Radial face about = the h. of Cd. Radial cavity smaller, 
Vs — V T of the br. of the radial ring. 
a. Radial cavity ± VT of the br. of the radial ring. Mus

cular fossae almost horizontal. plana. 
b. Radial cavity V3 - V» of the br. of the radial ring. 

Muscular fossae directed dorso-ventrally. 
a. With a distinct stellate impression dorsally. 

+ . Large species (Cd br: 8"5 mm.). The dorsal 
impression situated in a concavity, lenticiilaris. 

+ + . Smaller species (Cd br: 4 mm.). The dorsal 
impression level with the Cd surface. 

impressa. 
,3. With a dorsal pit only. italica. 
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1) Semiometra courvillensis (VALETTE) 1917. 

Antedon courvillensis 1017 VALLETTE, pp. 172, 176—177, fig. 31. 

Occurence: Upper Cretaceous (santonian), France. 

2) Semiometra impressa (P. H. CAUPENTEU) 1881 (figg. 237, 238). 

Antedon impressa 1881 a P. H. CARPENTER, p. 135, PI. 6, figg. 8—9; 1910 
HENNIG, p. 56. 

I have a specimen of this species with the radial ring preserved 
from the Riksmuseum, Stockholm. 

Dimensions. Cd, diameter: 4-7 mm. Cd 4 RR, h: 8 mm. Cd, h: 
1'5 mm. RR, h: 1"5 mm. Radial ring, diameter: 4 0 mm. 

Cd flattened with cirri in about 4 close alternating whorls; cirri 
about LXV. Cd with a real dorsal star. 

BB hidden. Radial ring deeply sunken in the radial median lines, 
the interradial angles just reaching the border of Cd. In the radial 
median lines about 0'7 mm. of the ventral surface of Cd is visible. The 
distal parts of the thickenings described by CARPENTER are also visible 
surrounding the shallow radial pits. The dorsal ligament fossa is narrow, 
the dorsal pit about twice as broad as the nerve-lumen. The interartic-
ular ligament and muscular fossse of about equal size. Between the 
paired muscular fossa) a weak notch. Radial cavity I ' l mm., sloping 
sharply inwards. The central depression measures 0-6 mm. At the 
bottom of this the r o s e t t e is visible. 

Occurrence: Upper Cretaceous (senonian), S.Sweden. The specimen 
described above is fro.m Köpinge, Scania. 

3) Semiometra italica (SCHLÜTEE) 1878. 

Antedon ifalicus(-a) 1878 SCHLCTER, pp. 37, 46, 48—49, Tab. 3, figg. 8 
— 10; 1878 MENEGHIM, p. XXXI; 1879 a FONTANNES, pp. 498, 500; 1879 b, 
FoNTANNEs, pp. 412, 415; 1880a P. H. CARPENTER, pp. 38—40, 44—45, 50; 
1880 b P. H. CARPENTER, pp. 553—554; 1881b P. H. CARPENTER, pp. 199, 213; 
1888 P. H. CARPENTER, p. 38; 1897 DE LORIOL, pp. 123, 127; 1897 NICOLAS, p. 
131; 1910 DoNciEux, p. 161. 

Occurrence: Tertiary (eocene), Italy. 

4) Semiometra lenticularis (SCHLÜTEE) 1878. 

Antedon lenticularis 1878 SCHLÜTEE, pp. 44, 46, 48—49, 66, Tab. 3, figg. 
1 - 3 ; 1879 b FONTANNES, p. 412; 1880a P. H. CARPENTER, pp. 38—40,44—45, 
50; 1880b P. H. CARPENTER, pp. 553—554; 1881b P. 11. CARPENTER, p. 199; 
1897 DE LORIOL, p. 124; 1897 NICOLAS, p. 131. 

Occurrence: Upper Cretaceous (senonian, maastrichtian), Holland. 
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5) Semiometra plana (BRÜNNICH-NIELSEN) 1913 (figg. 239—241). 

Antedon plana 1913 BELNNICH-NIELSEN, pp. 24, 99, 100, 106, Tab. 12, 
figg. 54—56. 

Dimensions: Cd + radial ring h; 1 3 mm. Cd br: 2-8 mm., h: 0-6 
mm. Radial ring h: 0 7 mm,, br: 2-0 mm. Diameter of the radial cav
ity 0-3 mm. Dimensions of separate Cdd: diameter: 1-8—4-5 mm, h: 0-5 
— I'O mm. Diameter of the Cd-cavity: 0-4—1*0 mm. 

Cd strongly flattened, with an irregular notched border. Cirri LX 
— LXX in 3 - 4 close alternating whorls. Cirrus-sockets small, rhomboid, 
with ridges between them, forming a characteristic net-work on the dor
sal side of the Cd. The dorsal centre of Cd without any star, often 
rather smooth, sometimes with cirri covering the whole dorsal surface. 
Large parts of the ventral face of Cd bare because of the RR being 
very deeply sunken in the median radial lines. Cd-cavity large and 
deep. Basal furrows narrow, distinct in small specimens only. Some
times very shallow radial pits. The ventral face of Cd often inconspicu
ously wavy with shallow radiating impressions. 

BB hidden. No dorsal free part of the RR, which are deeply 
sunken in the radial median lines. Radial faces very low and concave, 
only the interradial tips reaching the border of Cd. Dorsal ligament 
fossa low, with a stout ligament pit. Nerve-lumen transversely oval, 
large. Interarticular ligament fossas rhombic, smaller than the rather 
long and deep muscular fossae. These are almost horizontal, surrounding 
the small radial cavity, the diameter of which is about V? of the br. of 
the radial ring. 

As far as I can ascertain the appearance of the Cd is exactly the 
same as in the species described by BRÜNNICH-NIELSEN as Antedon -plana. 

Occurrence: Upper Cretaceous (upper Senonian, zone oïBelemnitella 
mucronata), Rügen, N. Germany, and (danian), Denmark. The type spec
imen of the description given above is in the British Museum. Besides 
this I have seen numerous specimens (Cdd + radial rings and Cdd only) 
both from the Greifswald and British Museums. 

6) Semiometra pommerania nov. sp. (figg. 242—244). 

Dimensions: Cd + radial ring h: 2-0 mm. Cd br: 3-0 mm., h: 0-9 
mm. Radial ring h: 1*1 mm., br: 1-5 mm. Diameter of the radial cavity 
0-7 mm. 

Cd a flattened hemisphere, somewhat pointed dorsally. The central 
dorsal parts lack cirri usually. There is no stellate impression. Cirrus-
sockets in 2—3 whorls, ± XXXV in all, rather sparse and large. The 
border of Cd somewhat notched by the encroaching lateral cirrus-sockets. 
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No BB visible to external view. Between the Cd and the RR they 
form 5 rods almost reaching the border of Cd. The RR sunken in the 
median radial lines, leaving about 0-5 mm. of the ventral face of Cd 
bare in each radius. Narrow subradial clefts. Radial faces with a rather 
narrow dorsal ligament fossa without distinct pit. Interarticular liga
ment and muscular fossae of about the same size. Radial cavity large, 
diameter Va —V2, central depression about '/* of the diameter of the 
radial ring. 

Moreover, I have seen 14 other specimens of this species with the 
radial rings preserved, some of them rather worn, from the collections 
of the Greifswald and British Museums. In some of them the ventral 
free border of Cd is rather more insignificant than in the type-specimen. 
The numerous loose Cdd occurring may be distinguished from the Cdd of 
S. plana which are found in the same localities by the cirrus-sockets 
being larger and fewer; moreover the Cd is not so flattened. 

Occurrence: Upper Cretaceous (upper senonian, zone of Beleninitella 
nmcronata), Riigen, N. Germany. Type specimen in the Greifswald Museum. 

7) Semiometra rowei nov. sp. (figg. 245—247). 

Dimensions: Cd + radial ring h: 2-7 mm. Cd h: 1-0 mm. radially, 
1-5 mm interradially, br: 5-0 mm. Radial ring diameter: 4-0 mm. Dia
meter of radial cavity: 0'5 mm. 

Cd a flattened hemisphere, concave ventrally, irregularly pentagonal 
in dorsal view, with about XL cirri in 2 - 3 whorls. A small stellate 
impression in the dorsal centre; diameter of this 1'2 mm. Very large 
areas of the ventral face of Cd bare, as the RR are sunken in the radial 
median lines very considerably. About 2 swellings in each radius running 
towards the peripheral margin of Cd. 

BB hidden. Radial facets, as usual, very concave, reaching the 
border of Cd at the interradial corners only. Nerve-lumen large, though 
somewhat smaller than the indistinctly bounded ligament pit. Muscular 
fossae narrow, somewhat larger than the interarticular ligament fossae. 
The radial face is rather narrow ventrally of the transverse ridge. Radial 
cavity very small, its diameter about Vs of the br. of the radial ring. 

The new species seems to be rather closely related to S. courvil-
lensis, but differs from this species by the Cd and radial ring being of 
about equal h., by the radial cavity being considerably smaller, and by 
the ventral part of the radial faces being more narrow. 

I have dedicated this species to Dr. A. ROWE of Margate. 
Occurrence: Upper Cretaceous (lower turonian, zone oi RhynchonelJa 

citvieri), Branscombe, S. Devon, England. Type specimen in the collec
tions of Dr. A. ROWE. 
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8) Semiometra scanica nov. sp. (figg. 248—250). 

Dimensions: Cd-t-radial ring h: 4 mm. Cd h: 1-5 mm, br: 5-5 mm. 
Ril h: 2-5 mm. Radial ring br: 4-5 mm. 

Cd sharply flattened, when viewed from the dorsal side pentagonal, 
with the angles interradially. In the dorsal centre 5 radial, shallow 
pits. Cirri about LX, small, in ± 4 close, alternating whorls. 

BB hidden. No free dorsal parts of RR. Radial faces sloping 
inconspicuously inwards, somewhat sunken in the median radial lines. 
The Cd thus in the radial median lines shows about 0-6 mm of its ventral 
face The dorsal ligament fossa rather narrow with a large and broad 
dorsal pit. Interarticular ligament fossae triangular, somewhat smaller 
than the muscular fossae. Muscular fossae partly separated by a deep 
radial notch. Radial cavity rather large, pronouncedly pentagonal, dia
meter 3 mm., slowly sloping inwards towards the central depression, the 
diameter of which is 0"5 mm. 

Occurrence: Upper Cretaceous (senonian), S. Sweden. The type 
specimen in the Rikstnuseum, Stockholm, from Köpinge, Scania. 

B. Hertha HAGENOW. 

Cd hemispherical, without a dorsal star. Cirrus-sockets toler
ably large, in alternating whorls. No radial pits. BB hidden. No 
free dorsal part of the RR. Radial faces sometimes inconsiderably 
sunken in the radial median lines, high, sloping sharply inwards. Muscular 
fossae rather high. Radial cavity very small. Diameter of it Ve—Vio 
of the br. of the radial ring. Type H mystica. 

Geological appearance: Upper Cretaceous-Tertiary (miocene). The 
following 5 species belong here: cava BEIJNNICH-NIELSEN 1913, mystica 
HAGENOW 1840, pygmea nov. sp , suecica nov. sp., taurinensis NOËLLI 1900. 

Survey of the species: 

A. Cd about as high as, or higher than, the radial ring. 
1. Very small species, the br. of Cd not exceeding 2 mm. Cirri 

numerous pygmea. 
2. A large species, br. of Cd 4—5 mm. Cirri ± XL suecica. 

B Cd lower than the radial ring. 
1. Radial facets sloping evenly inwards. Muscular fossae rather 

broad. Cirri ± L cava. 
2. Radial facets somewhat bent at an angle between the interarticular 

ligament and the muscular fossae Muscular fossae rather narrow. 
Cirri ± XXXV. 
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^57 
Figg 245—258 l^h—l^l) Semiümetru ruuei 245) Cd + radial ring, Ktera l view, 246) 

Do , ven t ra l view, 247) Cd, one margin somewhat broken, dorsal view, ' " / i , 248—250) Semio-
metia icamca 248) Cd + radial i ing, la teral view 249) Do , ventral view, 250) Cd, dorsal 
view, */i , 251—252) Hertha mijshca Cd + ladial ring in la teial and vent ia l view, */i , 253— 
256) Heilha pygmea 253—254) Cd + radial r ing in la te ia l and ventral view, ^"/i, 25D—256) 
A Cd in dorsal and ventral view, ' " / i , 257—258) Ileiiha suectca Cd + radial ring m la teral 
and ventral view, */i 

12 — 24120 T Gialen. 
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a. Diameter of Cd 4-1 mm. Cd dorsally rounded mystica. 
b. Diameter of Cd 2-4 mm. Cd wi th a shallow pit in the dorsal 

centre taurinensis. 

1) Hertha cava (BRCKNICH-NIELSEN) 1913. 

Antedon cava 1913 BRÜNNICH-NIELSEN, pp. 16, 24—25, 99, 100, 104, Tab. 11, 
figg. 45 — 49, Tab. 12, figg. 1—35. 

Axil lar segments of this species are also known, having a syn-
ar thry proximal ly and distal syzygial jo in ts with a r a the r high number 
of septa . The cirrals a re long and slender. 

Occurrence: Upper Cretaceous (danian), Denmark. 

2) Hertha myst ica HAGENOW 1840 (figg. 2 5 1 - 2 5 2 ) . 

Hertha mystica 1840 HAGENOW, p. 665, Taf. 9, fig. 8; 1841 J. MULLER, 
p. 139; 1852 QÜENSTBDT, p. 601 (2. Aufl. 1867, p. 717, 3. Aufl. 1885, p. 915); 
1857 PICTET, p. 289, PI. 99, fig. 3; 1868 DEVALQUE, p. 380 (2^ Ed. 1880, p. 429); 

1870 SCHLÜTER, p. 957; 1874 LUNDGREN, p. 63; 1876 QUENSTEDT, p. 184, Tab. 96, 

fig. 101; 1878 SCHLÜTER, pp. 38—39, 46; 1879 P. H. CARPENTER, pp. 8, 9; 1880 b 

P. H. CAEPENTEE, p. 553; 1881b P. H. CARPENTER, pp. 199, 213. 

Alecto mystica 1846 GEINITZ, p. 545. 
Comatula mystica 1848 BEONN, p. 321. 
Antedon mysticus(-a) 1878 SCHLÜTER, p. 42; 1880 b P. H. CARPENTER, p. 554; 

1881b P. H. GAKPENTER, p. 213; 1894 DE LORIOL, p. 484; 1895 DEEKE, p. 71. 

W i t h the kind assistance of S t ad t r a t H A H N E of Ste t t in , I have had an 
opportuni ty of s tudying the type-specimen of HAGENOW. 

Dimensions: Cd + RR ring, h : 3'8 mm. Diameter of Cd: 4-2 mm., 
h : 1-7 mm. Radial r ing, h : 2-1 mm., b r : 4-1 mm. Radial cavi ty , d iameter : 
0-5 mm. 

Cd a low hemisphere, somewhat worn dorsal ly; thus the small dorsal 
cirri a re near ly effaced. The ven t r a l cirrus-sockets are la rge and deep 
wi th a very indist inct t ransverse crest. No dorsal s tar . Cirri XXX + , 
in 2—3 al te rna t ing whorls . 

No BE visible. The free dorsal pa r t of RR = 0, radia l face some
what sunken in the median radial lines, protruding a t t he interradial 
corners. Dorsally of the dorsal l igament a dist inct sub-radial furrow. 
The dorsal l igament pit broad and flattened, only sl ightly broader than 
the r a the r la rge nerve- lumen. Radial face sloping ra ther sharp ly inwards, 
somewhat concave. Muscular fossae twice as high and somewhat nar
rower than the in terar t icular fossae. Radial cavity very small , Vs—V9 
of the diameter of the radial r ing . 

Occurrence: Upper Cretaceous (senonian), N . Germany, Belgium. 
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3) Hertha pygmea nov. sp. (figg. 253—256). 

Dimensions: In the largest Cd the diameter is 1-8 mm., h: TO mm., 
diameter of the Cd-cavity: 0-6 mm. In the smallest Cdd the diameter is 
0'7 and 0-8 mm., h: 0-5 mm., diameter of the Cd-cavity: 0-4 mm The 
type specimen described below has h. of Cd + radial ring: I B mm., 
diameter: 1-2 mm., h. of Cd: 0-65 mm. Diameter of the radial cavity 
0-2 mm. 

Cd sub-conical, the ventral border indistinctly pentagonal and 
serrated by the encroaching cirrus-sockets. Cirrus-sockets small, in 8—4 
alternating close whorls, XLV—LV, without any sculpture. Cd-cavity 
large and deep, the opening bordered by a lip. Basal furrows rather 
distinct, but narrow; no radial pits. 

BB not protruding between Cd and the radial ring. No free dorsal 
part of RR. Radial faces insignificantly sunken in the radial median 
lines; rather strongly concave, so that the interradial ridges project 
distinctly. Dorsal ligament fossa large, as is also the nerve-lumen. 
Muscular fossae larger than the interarticular fossae. Radial cavity ^U — VT 
of the diameter of the radial ring. 

This species is easily distinguished from the other species of the 
genus by its small size, by its numerous cirri, and by its sub-conical Cd. 

Occurrence: Upper Cretaceous (upper senonian, zone of BelemnileJla 
mucronata), Riigen, N. Germany. The type specimen in the British 
Museum. 1 have seen numerous (± 55) Cdd, both in the collections of 
the Greifswald and British Museum, and 4 specimens with the radial ring 
preserved. 

4) Hertha suecica nov. sp. (figg. 257, 258). 

Dimensions: Cd + radial ring, h: 4-3 mm. Diameter of Cd: 5-1 mm., 
h: 2-2 mm. Radial ring h: 2-1 mm., diameter: 4-7 mm. Radial cavity, 
diameter: 0-7 mm. 

Cd hemispherical, pentagonal when viewed dorsally. No dorsal star. 
Cirrus-sockets rather large, in 2—3 alternating whorls, ± XL. There i& 
no sculpture of the cirrus-facets. 

No BB visible. No free dorsal part of RR. Deep sub-radial fur
rows. Dorsal ligament pit considerably larger than the nerve-lumen. 
Muscular fossae sloping evenly inwards, not as high and narrow as in 
H. mystica, though larger than the interarticular fossae. Radial cavity 
about V? of the br. of the radial ring. 

In another specimen the dimensions are as follows: Cd + radial ring 
h: 3'7 mm.; diameter of Cd: 4-8 mm., h: 2"1 mm. H. of the radial ring: 
1*6 mm. 



180 T. GISLÉN 

A separate Cd measures 4-7 mm. in diameter. The opening of the 
Cd-cavity decagonal, measuring 1-2 mm. There are no radial pits. Basal 
fossae narrow. 

The specimens are somewhat worn. 
Occurrence: Upper Cretaceous (danian), S. Sweden. The specimens 

described above originate from Annetorp, near Malmö, Scania. The type 
specimen is in the Riksmuseum, Stockholm. 

5) Hertha taurinensis (NOËLLI) 1900. 

Antedon taurinensis 1900 NOÊLLI, pp. 20, 3M, Tav. 1, figg. 58 — 60; 1905 
BELLINI, p. 641. 

Occurrence: Tertiary (miocene), N. Italy. 

C. Discometra nov. gen. 

Cd thickly discoidal, usually somewhat deepened and without cirri 
dorsally. No dorsal star. Cd-cavity large with a rounded opening. Cirrus-
sockets small, closely set in alternating whorls, without sculpture. BB 
not at all or indistinctly protruding. The free dorsal part of RR = or 
approximates to 0. Radial face rather low. h <^ br. Muscular fossae 
relatively small. Radial cavity ^Z*—VB of the diameter of the radial ring. 

I am not quite sure th'at this genus is of exactly uniform character. 
The species I have referred to it are known in a couple of cases by 
rather worn specimens only. The survey of the species therefore is 
only provisional. The Cd-cavity is only known in a couple of cases, 
and therefore it is possible that some solitary species on a closer 
examination may turn out to be of Oligophreate origin. Nevertheless, 
the species included here show so many characteristics in common that 
I think it reasonable to unite them at least temporarily. Type D. rho-
danica. 

Geological appearance: Tertiary (miocene). The following 6 species 
seem to belong here: eygenburgensis- SCHAFFEE 1912 (syn. excavata SCHAFFEK 

1912), meneghiniana FONTANNES 1879, micheloiti'No^LLi 1900, oblita MICHE-

LOTTi 1861, rhodanica FONTANNES 1877, speciosa POMEL 1887. 

Grouping of the species: 

A. Radial cavity >, ^ 2 of the diameter of the radial ring. 
1. Radial face = the h. of Cd oblita. 
2. Radial face nearly twice as high as Cd speciosa. 

B. Radial cavity about Va of the diameter of the radial ring. 
1. The central depression at the bottom of the radial cavity as large 

as the opening meneghiniana. 
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2. The bottom of the radial cavity scarcely half the diameter of 
the opening eggenhurgensis, rhodanica. 

C. Radial cavity only Vs of the br. of the radial ring michelotti. 

1) Discometra eggenhurgensis (SCHAFFEB) 1912. 

Antedon rhodanicus part. 1904 SCHÜTZE, p. 159 if. 
Antedon eggenhurgensis 1912 SCHAFFEB, p. 185, Taf. 58, figg. 14—16. 
Antedon excavatus 1912 SCHAFFEB, p. 186, Taf. 58, figg. 9—13, 17—19. 

I cannot detect any difference between the two species described by 
ScHAFFER except the different size. A somewhat more flattened Cd in 
this group always seems to go with increasing age. This species is 
surely very closely related to if not identical with rhodanicus. 

Occurrence: Tertiary (miocene), Austria. 

2) Discometra meneghiniana (FONTANNES) 1879. 

Antedon menegJdnianus 1879 a FONTANNES, p. 479; 1879 b FONTANNES, pp. 
412, 415—416, PI. 2, fig. 11; 1897 DE LOBIOL, p. 127; 1897 NICOLAS, pp. 
130-131. 

This species seems to be rather closely related to D. ohlita, as 
described by NOËLLI. The radial cavity in D. ohlita has. however, a 
larger, and gradual,'inward slope of the radial cavity. 

Occurrence: Tertiary (miocene), France. 

3) Discometra michelotti (NOELLI) 1900. 

Antedon michelotti 1900 NOËLLI, pp. 20, 34, Tav. 1, figg. 47—49; 1905 
BELLINI, p. 641. 

Occurrence: Tertiary (miocene), N. Italy. 

4) Discometra ohlita (MICHELOTTI) 1861. 

Allionia ohlita 1861 MICHELOTTI, p. 353, Pi. 10, fig. 1; 1878 MENEGHINI, 
p. XZXI; 1879 a FONTANNES, pp. 498—499; 1879 b FONTANNES, pp. 415—416; 
1897 DE LOEIOL, p. 125; 1897 NICOLAS, p. 131; 1898 NICOLAS, p. 410; 1900 
NOËLLI, p. 33. 

Antedon ohlitus(-a) 1879 a FONTANNES, p. 500; 1879 b FONTANNES, p. 416; 
1897 DE LOEIOL, p. 123; 1900 NOËLLI, pp. 20, 31, Tav. 1, figg. 39—46; 1904 
AiKAGHi, p. 46; 1905 BELLINI, p. 641. 

Occurrence: Tertiary (miocene), N. Italy. 
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5) Discometra rhodanica (FONTANNES) 1877. 

Eugeniacrinus (?) rhodanicus 1877 FONTANNES, p. 6ü9; 1H97 NICOLAS, p. 130. 
Antedon rhodci,nicus(-a) 1879 a FONTANNES, pp. 499—500; 1(S79 b FONTAN

NES, pp 410, 415—416, tigg. 1—3, PI. 2, fig. 10; 1884 P. H. CABPENTEK, p. 
144; 1888 P. H. CARPENTER, p. 40; 1897 DE LORIOL, pp. 115, 121, 123, PI. 4, 

figg. 8—10; 1897 NICOLAS, pp. 104, 131—132; 1897 PELLAT, pp. 112, 114; 
1898 NicoL-As, pp. 398, 403, 408, fig. 1; 1899 LAMBERT, p. 123; 1900 NOÉLLI, 

pp. 32 — 34; 1904 AIEAGHI, pp. 44—45, figg. 14—15; 1904 SCHÜTZE, p. 156, 
Taf. 2, figg. 4 — 5 ; 1908 ENGEL, p. 520; 1912 SCHAFEER, p. 185; 1915 VADASZ, 

pp. 11, 12, 164, 171, Taf. 1, figg. 2 4 - 2 6 . 

Occurrence: Ter t i a ry (miocene), S. Germany, W . France , N . I ta ly , 
Hunga ry . 

6) Discometra speciosa (POMEL) 1887. 

Antedon speciosus 1887 POMEL, p. 337, D. PI. 3, figg. 1 —4(—? 10); 1897 
DE LOEIOL, p. 123; 1915 VADASZ, p. 12; ? 1920 FOÜBTAU, p. 94. 

POMEL figured an axi l lary wi th a synar th ry proximally, which 
possibly belongs to this species. I t seems to be very doubtful if FOUR-
TAu's specimen rea l ly belongs here . He only saw "un piece basale" 
( = C d ? ) . 

This species seems to me to be well distinguished from rhodanica 
by the large opening of the radial cavi ty and by the proport ional height 
of the radial face. 

Occurrence: Te r t i a ry (miocene, sahelian, vindobonian), Algiers, 
? Sinai. 

D. Palaeantedon nov. gen. 

Cd hemispherical , no impression dorsally and no large a rea devoid 
of cirri , sometimes with a small dorsal cone. Never any dorsal s tar or 
radial p i t s . Cd-cavity large, the opening sometimes slightly lobate. 
Cirrus-sockets closely set , in a l t e rna t ing whorls , small, wi thout sculpture 
or with an areola only. BE s t rongly reduced, not pro t ruding at the 
in ter radia l corners (exception danica?). The free dorsal pa r t of RR 
inconspicuously visible (broader a t the corners) . Radial face usually 
high (exceptions depressa, lineata, pannonica); the muscular fossae ra ther 
large to very broad and high. The diameter of the radial cavity V^—V* 
of the d iameter of the radial r ing . Type P. solnta. 

Geological appearance: Upper Cretaceous—Quaternary. I have in
cluded the following 10 species h e r e : amhigua POMEL 1887, cartenniensis 
POMEL 1887, ? danica BKÜNNICH-NIELSEN 1913, depressa nov. sp . , glohosa 
POMEL 1887, lineata POMEL 1887, minima N O Ë L L I 1900, ^Janwo/fica,VADASZ 

1915, rosacea POMEL 1887, sohda POMEL 1887. 
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Survey of the species: 

I. Cirrus-sockets rather large, but ± 3 in each radius, i. e. in total 
XV—XX danica. 

II. Cirrus-sockets smaller, at least XXX. 
A. Cd with a small point dorsally minima. 
B. Cd dorsally rounded. 

1. 

2. 

3. 

Radial ring ^a as high as Cd. 
a. Radial face h = */2 br. 
b. Radial face h =- br. 

a. Cirri about XXX 
j3. Cirri about XL 

Radial ring and Cd of equal height. 
a. Radial face h =- ^2 br. 

a. Cirri ± XXX 
|3. Cirri ± L 

b. Radial face h = br. 
Cd Va as high as the radial ring 

depressa. 

soluta. 
cartenniensis. 

lineata. 
pannonica. 

rosacea. 
gJohosa. 

1) Palaeantedon ambigua (POMEL) 1887. 

Antedon ambiguus 1887 POMEL, pp. 337, 344, D. Pi. 2, fig. 15 

Occurrence: Tertiary (miocene, cartennian = burdigalian), Algiers. 

2) Palaeantedon cartenniensis (POMEL) 1887. 

Antedon cartenniensis 1887 POMEL, pp. 333, 335, 337, D. PI. 2, figg. 
10-12 . 

Antedon cartcn(n)ensis 1897 DE LORIOL, p 125, 1898 NICOLAS, p. 410. 

Occurrence: Tertiary (miocene. cartennian), Algiers. 

3) Palaeantedon danica (BRUNNICU-NIELSEN) 1913. 

Antedon danica 1913 BRÜKNICH-NIELSEN, pp. 24—25, 99 — 100, 106. Tab. 
11, figg. 1—44. 

As has already been pointed out, the differing Cd on PI. 10 is thought 
by me to represent another species, Glenotremites parvicavus. 

The arms seem to have been X. I Br 1 and 2 were united b) 
synarthry. The syzygial faces had numerous well-marked septa, especi
ally peripherally. A segment is figured with 2 pinnule-sockets. BB 
were perhaps inconspicuously visible at the interradial corners. 

This species may perhaps be derived from Sphaei ometra, but can 
scarcely be referred to this genus because of the lack of any dorsal star 
and radial pits. 

Occurrence: Upper Cretaceous (danian), Denmark. 



184 T. GISLÉN 

4) Palaeantedon depressa nov. sp. 

Antedon taurinensis 1915 VADASZ, pp. II , IC4, 171, Taf. 1. figg. 1—6. 

The taurinensis of VADASZ is something quite different from NOËLLI'S 

species. Distinguishing marks for this new species are: great size of 
the Cd-cavity; pentagonal, low and depressed Cd, lacking cirrus-sockets 
in the dorsal centre; XL cirri; broad radial face with low muscular fossa?, 
their size about = the interarticular fossae; radial cavity = Vs of the br. 
of the radial ring. 

This species resembles the 7>wco>Ke<ra-species rather closely because 
of its low and broad radial faces, as do also P. lineata and pannonica. 

Occurrence: Tertiary (miocene), Hungary. 

5) Palaeantedon globosa (POMEL) 1887. 

Antedon glohosus 1887 POMEL, pp. 334, 337, D. PI. 2, figg. 13—14; 1897 
DE LoEiOL, p. 126; 1915 VADASZ, p. 9. 

Occurrence: Tertiary (miocene, cartennian), Algiers. 

6) Palaeantedon lineata (POMEL) 1887. 

Antedon lineatus 1887 POMEL, pp. 335, 337. 338, D. PI. 2, figg. 16—18; 
1897 DB LoRioL, p. 125; 1898 NICOLAS, p. 410. 

Occurrence: Tertiary (upper miocene, sahelian), Algiers. 

7) Palaeantedon minima (NOËLLI) 1900. 

Antedon minimus 1900 NOELLI, pp. 20. 39, Tav. 1, figg. 61 — 63. 

Occurrence: Tertiary (miocene), N. Italy. 

8) Palaeantedon pannonica (VADASZ) 1915. 

Antedon pannonicus 1915 VADASZ, pp. 10, 11, 171. PI. 1, figg. 10—13. 
? Antedon allardi 1915 VADASZ, pp. 10. 11. 171, PI. 1. figg. 14 — 17. 

It is quite possible that the allardi of VADASZ represents a distinct 
species which in that case is closely related to P. pannonicn. Under 
any circumstances it is quite different from the allardi of DE LOEIOL, which 
has a rather small opening of the Cd-cavity and larger cirrus-sockets in 
(indistinct) rows. 

Occurrence: Tertiary (miocene), Hungary. 
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9) Palaeautedon rosacea (POMEL) 1887. 

Antedon rosaceus? 1887 POMEL, pp. 336, 337, D. PI. 2, figg. 19 — 21. 

Possibly this species is identical with Antedon mediterranea; this, 
however, cannot be settled before seeing the original specimen. The 
drawing differs rather considerably as to the appearance of the radial 
faces. 

This species resembles P . lineata very closely, but is distinguished 
by the somewhat higher radial faces. 

Occurrence: Quaternary, Algiers. 

10) Palaeantedon soluta (POMEL) 1887. 

Antedon solutus 1887 POMEL, p. 336, D. PI. 2, figg. 22—27; 1897 
DE LoRiOL, p. 127; 1898 NICOLAS, p. 410. 

POMEL, though with hesitation, has referred some axillaries of rather 
different shape to this species. 

Occurrence: Tertiary (upper miocene, sahelian), Algiers. 

IX. Appendix. 

For the sake of completeness I include here the known Thiollieri-
crinidae. They seem to me to require revision, and are also lather 
closely treated in the chapter on The Phylogeny of the Comatulids. 

Thiolliericrinidae JJ;KEL 1918. 

Stalked Articnlata with a Cd which articulates with the stem by a 
synarthry. The lumen of the dorsal side of Cd is round and small. 
Cd-cavity small. Stem-joints coarse and clumsy, 1. = /̂s — 2 x br, short, 
obliquely conical or hour-glass-shaped, united l)y synarthry or, rarely, 
trifascial articulation. The synarthiial transverse crest of the proximal 
face of a stem-joint forms an angle with that of the distal face. Cd with 
shallow cirrus-sockets, which are sometimes rudimentary or (?) lacking. 
BB small or hidden. Radial faces low and broad. Radial cavity large 
and shallow. 

Besides the species of the genera ThioUiericnnus and Burdigalocrinus 
mentioned below, probably the two following species, known by stem-
joints only, also belong here: 
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1) Apiocrinites flexuosus GOLDFUSS 1831. 

Apiocrinites flexuosus 1831 GOLDFUSS, p. 186, PI. 57, fig. 4; 1836 BRONN, 
p. 262; 1851 QÜENSTBDT, p. 468; 1852 QÜEKSTEDT. p. 612, Tab. 53, fig. 17 (2. 
Aufl. 1867, p. 729, Tab. 67, fig. 17; 3. Aufl. 1885, p. 931, Tab. 73, figg. 26); 
1858 QuENSTEDT, p. 721, Tab. 87, fig. 11. 

Bourgueticrinus flexuosus 1848 BRONN, p. 173; 1858 D'OEBiGNr, p. 96, PI. 
17, figg. 13—15. 

ThioUiericrinus flexuosus 1859 ETALLON, p. 445; 1862 ETALLON, p. 222; 
1908 ENGEL, p. 455; 1920 MUSPEE, p. 15. 

Apiocrinus flexuosus 1876 QUENSTEDT, p. 367, PI. 104, figg. 57—58; 1879 
DE LOBIOL, p. 195. 

This species, known as stem-joints from Württemberg only, is usu
ally identified with French specimens from Valfin which are consi
derably better known. For various reasons this procedure seems to me 
somewhat unsuitable. The first and least important reason is that it is 
not fitting to group together stem-joints from one locality and similar 
stem-joints and a cwlyx from another. The second reason is that 
the German stem-joints originate from the white Jurassic s or virgulian 
while the French ones are from sequanian. The third and last reason is 
that there is already known at Nattheim, Württemberg, the calyx of a 
species of ThioUiericrinus (sigiUatus). If the stem-joints mentioned above 
are to be referred to any species with a known calyx they should there
fore most suitably be referred to Th. sigiUatus. 

Occurrence: Upper Jurassic (virgulian), S. Germany. 

2) Bourgueticrinus ooliticus Mc COY 1848. 

Bourgueticrinus ooliticus 1848 Mc COY, p. 405; 1879 DE LORIOL, p. 195; 
1880 DE LORIOL, p. 11; 1889 DE LOEIOL, p. 559. 

Occurrence: Middle Jurassic (bathonian), England. 
Geological appearance of the family: (Middle?—) upper Jurass ic-

lower Cretaceous. 

A. ThioUiericrinus ETALLON 1859. 

Thiolliericrinids whose cirrus-sockets are large and stout with a 
more or less distinct transverse crest. Cirri arranged in rows or in a 
(close) single whorl. Type Ih. favieri. 

Geological appearance: Upper Jurassic—lower Cretaceous. 
The following 4 species belong here: arzierensis DE LOBIOL 1889; 

favieri DE LOEIOL 1879; riheiroi DE LORIOL 1880; .ligiUatus QUENSTEDT 

1876. 
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Survey of the species: 

A. Cirri in a single whorl . 
1. Cirrus-sockets reach from the dorsal to the vent ra l border of the 

flattened Cd. Transverse crests weak. 
a. Cirri about X, close toge ther favieri. 
b. Cirri fewer, c i rrus-sockets not contiguous la teral ly arzierensis. 

2. Cirrus-sockets do not reach from the dorsal to the ven t ra l border 
of the high and cup-shaped Cd. Stout t r ansverse crests ribeiroi. 

B. Cirri in a double whorl and X rows sigillatus. 

1) ThioUiericrinus arzierensis DE LOKIOL 1889. 

Antedon valdensis (part.) 1879 DE LOEIOL, p. 267, PI. 20, fig. 20. 
ThioUiericrinus arzierensis 1889 DE LORIOL, p. 560. 

Occurrence: Lower Cretaceous (valanginian), Switzerland. 

2) ThioUiericrinus favieri (DE LORIOL) 1879. 

ThioUiericrinus flexuosus 1859 ETALLON, p. 445; 1860 ETALLON, p. 188; 
1862 b ETALLON, p. 222; 1867 OGÉRIEN, p. 621; 1879 DE LORIOL, p. 194, PI. 18, 

figg. 8—10; 1880 a DE LORIOL, pp. 12 — 13; 1889 DE LORIOL, p. 553, PL 229, figg. 
2—8; 1890 DE LORIOL, pp. 166, 168; ?1897 ROMAN, pp. 88, 331, 334: ?1900 
BATHER, p. 195, fig. 117 :1 ; ?1912 KIRK, p. 75, PL 7, figg. 4—5. 

Hmnberticrinus Favieri ETALLON M . S.; 1879 DE LORIOL, p. 195; 1889 
DE LORIOL, p. 556. 

Under the name of ThioUiericrinus flexuosus a t least 3 species seem to 
have been brought toge ther . F i rs t the stem-joints described by GOLDFUSS 
(cf. above). Secondly the species here t rea ted , which ETALLON, a t least 
to begin with, thought to be identical wi th the first-mentioned one. 
Thirdly a species which REMES described under the name mentioned above, 
bu t which must be ranged under Burdigalocrinus. 

ROMAN'S species, which is of younger geological age than the typical 
favieri, possibly does not belong here. The form t h a t is figured by 
B A T H E R (the figure reproduced by K I R K ) is perhaps another species. 

Occurrence: Upper Jurass ic (sequanian—Ptithonian), F rance . 

3) ThioUiericrinus ribeiroi DE LORIOL 1880. 

ThioUiericrinus Bibeiroi 1880 a DE LORIOL, pp. 11, 14, PI. 1, figg. 3—11; 
1881 (P. H. CARPENTER) Nature, Vol. 23, p. 377; 1889 DE LORIOL, p. 558, PL 229, 

fig. 9; 1890 DK LORIOL, pp. 165, 168, PL 29, figg. 16, 18—22; 1900 BATHER, 
p. 195, fig. 117: 2. 

ThioUiericrinus choffati 1889 DE LORIOL, p. 556 (err. typ.). 

Occurrence: Upper Jurass ic (lusitanian = sequanian), Por tuga l . 
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4) Thiolliericrinus sigillatus (QUENSTEDT) 1876. 

Solanocrinites costatus (part.) 1831 GOLDFÜSS, p. 16G part., Tab. 51, figg. 
2 a aud b; 1862 b ETALLON, p. 222. 

Solonmrium costatus part. 1862 a ETALLON, p. 341. 
ComatuJa sigillata 1876 QUENSTEDT, p. 176, Tab. 96, figg. 49—50; 1878 

ScHLtJTER, p. 37; 1879 DE LOEIOL, p. 267. 
Solanocrinus sigillatus 1878 SCHLÜTEK, p. 37. 
Antedon sigillata 1881 b P. H. CARPENTER, pp. 201—202, 209. 
Thiolliericrinus sigillatus 1889 DE LORIOL, p. 558: 19ö8 ENGEL, p. 455. 

Occurrence: Upper Jurassic (virguliau), Württemberg. 

B. Burdigalocrinus J ^ K E L 1918. 

Thiolliericrinids whose cirrus-sockets are small and insignificant 
when compared with the size of Cd (sometimes lacking when the species 
is mature?). Cirri appear in a single whorl towards the ventral margin 
of Cd or in several, alternating whorls. 

This genus, created by J^EKEL in 1918, seems to me to be well 
grounded, DE LOEIOL, when he got specimens with small and indistinct 
cirrus-sockets, always thought that this was caused by the fossil being 
worn and rolled by the waves. It might then be questioned why the 
waves did not also wear off the borders of the Cd and the radial faces, 
which are often well preserved in the same specimens. In the genus 
Solanocrinus we sometimes have worn specimens (cf. e. g. the type specimen 
of S. d'orhignyi). As in such specimens we ought also in Burdigalocrinus 
to have a remnant of the transverse crest in worn specimens; or, where 
the crest is weakly developed, a rather large, diffuse facet ought to 
remain (cf. e. g. I'li. favieri). In Burdigalocrinus, on the contrary, we 
find small, rather well bounded cirrus-sockets, sometimes more or less 
indistinctly visible. Though these forms were probably forms from shallow 
water, "Rifftypus°, I do* not think that one can ascribe the lack or 
small size of the cirrus-sockets to fretting alone. Possibly the age of the 
individual plays a certain role. We might hint at the upper-Jurassic 
genus Loriolocrinus, created by J ^ K E L , which, at least often, seems to lack 
cirri completely, and which reminds one rather strongly of the Cretaceous 
Bourgueticrinus. We have here, probably, a series tending towards the 
loss of cirri. The small cirrus-sockets in Burdigalocrinus under such 
circumstances would then be analogous to those in certain recent Coma-
sterids. Type B. lorioli. 

Geological appearance: Upper Jurassic- lower Cretaceous. I have 
referred the following 5 species to this genus: algarhiensis DE LOEIOL 1888, 
crassus nov. sp., heheiti DE LOEIOL 1868, lorioli J ^ K E L 1918, lemeki 
nov. sp. 
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Survey of the species: 

A. Cirri in several alternating whorls lorioli. 
B. Cirrus-sockets in a single whorl, often 3 per radius and indistinct. 

1. Cd ventrally contracted under the radial ring algarhiensis. 
2. Cd not contracted ventrally. 

a. Cd rather high, the dorsal facet situated on a high transverse 
ridge remesi. 

b. Cd low, dorsal facet not especially projecting. 
a. The free dorsal part of RR broad. The radial cavity ± ^/t 

of the diameter of the radial ring crassiia. 
j3. Free dorsal part of RR narrow or 0. The radial cavity 

about V2 of the diameter of the radial ring heberti. 

I) Burdigalocrinus algarbiensis (DE LORIOL) 1888. 

Thiolliericrinus algarbiensis 1888b DE LOKIOL, pp. I l l , 117, PI. 22, figg. 
10—11; 1889 DE LoEioL, p. 560; 1900 CHOPFAT, p. 185. 

Occurrence: Lower Cretaceous (neocomian, hauterivian), Portugal. 

2) Burdigalocrinus crassus nov. sp. 

Apiocrinites flexuosus etc. part. 1861 HOHENEGGEE, p. 21. 
Thiolliericrinus Heberti 1905 REMES, p. 60, Taf. 7, figg. 2(—3?). 

Besides its occurrence in a stage of different geological age, the 
species figured by REMES differs from B. heberti by the free dorsal part 
of RR, which is strongly developed, and by the larger radial cavity. Fig. 3 
perhaps belongs to another species, but the species is too worn to allow 
the distinction of close details. 

Occurrence: Upper Jurassic (tithonian), Moravia, Czecko-Slovakia. 

3) Burdigalocrinus heberti (DE LORIOL) 1868. 

Eugeniacrinus Heberti 1868 b DE LORIOL, p. 281, PI. 42, figg. 7—8; 1871 
PiLLET, p. 140; 1875 FILLET & FROMENTEL, p. 162, PI. 10, figg. 31 — 35. 

Thiolliericrinus heberti 1888b DE LORIOL, p. I l l ; 1889 DE LORIOL, p. 545, 
PI. 228, figg. 1 — 11, 229, fig. 1; ?1897 ROMAN, pp. 88, 331, 334; 1912 KIRK, 
p. 75, PI. 7, fig. 3; 1913 JOUKOWSKY & FAURE, p. 386, PI. 15, figg. 1—6; 1920 
FAUEE-MARGUERIT, p. 27. 

ROMAN'S statements about finding-places for this species are rather 
dubious. DE LOEIOL'S figures PI. 228, figg. 5 (6), probably do not belong 
to this species. 

Occurrence: Upper Jurassic (Psequanian—tithonian), France. 
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4) Burdigalocrinus lorioli J^KEL 1918. 

Thiolliericrinus Riheiroi (part.) 1890 DE LOEIOL, pp. 165, 168, 172, Tab. 29, 
fig. 17. 

Burdigalocrinus lorioli 1918 J^KKL, p. 71, fig. 64. 
Occurrence: Upper Jurassic (lusitanian = sequanian), Portugal. 

5) Burdigalocrinus remesi nov. sp. 

Apiocrinites flexuosus etc. part. 1861 HOHENEGGEE, p. 21. 
Thiolliericrinus flexuosus 1905 KEMES, p. 61, Taf. 7, figg. 4—6 (?7—14). 
This species, referred by REME§ to Thiolliericrinus flexuosus, differs 

from that species by the shape of Cd — high, rounded with a stout 
transverse ridge dorsally, where the dorsal synarthry is situated — and 
by the small, solitary cirrus-sockets. Also the form of the RR aud the 
inward slope of the radial face is quite different. 

Occurrence: Upper Jurassic (tithonian), Moravia, Czecko-Slovakia. 

DE LoRioL once described a Thiolliericrinus devoid of cirri. This 
species J ^ K E L in 1918 made the type of a new genus, Loriolocrinus, which 
he ranged under Bourgueticrinidae. In the 4th Chapter I have tried to 
show that his interpretation of the proximal is incorrect, and that this 
species is a real Thiolliericrinid, though in many respects approaching 
Bourgueticrinidae. Whether it should be ranged in a separate genus is 
still somewhat doubtful, for if, as DE LOEIOL states (1890, p. 169), some 
specimens belonging to this species really have ventral rudimentary 
cirrus-sockets, the species may be referred to Burdigalocrinus. The type 
and only species of the genus is: 

Loriolocrinus insuetus (DE LORIOL) 1890. 

Thiolliericrinus insuetus 1890 DE LORIOL, pp. 167, ?169, PL 29, figg. 23—29. 
Loriolocrinus insuetus 1918 J^KEL, p. 72, fig. 65. 

The species described on p. 169 seems possibly to have possessed a 
number of ventral rudimentary cirri. The BB here are not visible in 
external view. 

Occurrence: Upper Jurassic (lusitanian = sequanian), Portugal. 

X. Summary of the geological appearance of the Comatulids. 

I give below a summary of the geological appearance of the Coma
tulids. The Comatulids that are incompletely known or not described at 
all, and to which I have not given any special generic names, are put 
in brackets, and so are the Thiolliericrinids. ^̂  
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The following Comatulids are known from lower Jurassic: f Antedon 
angulati, caraboeufij, Glenotremites morieri or 1 (3) Comatulids. 

In middle Jurassic appear: (Comatula polydactylus, Com. sp. MOESCH, 
Actinometra cheltonensis, Antedon prisca), Glenotremites abnormis, ladoixensis, 
mülleri, ranvillensis, Pdlaeocomaster calloviensis, latiradius, schlmnbergeri 
stellatus, Solanocrinus ooliticus, (Bourgueticriniis ooliticusj, or in all 9 (13) 
Comatulids. 

In upper Jurassic appear: (Cornatula claudiana, matheyi, Comaturella 
wagneri, Antedon spp. DOWNES, FUELANI, Antedon complanata), Pachyantedon 
gracilis, imperialis, Pterocoma formosa, pennata, Glenotremites bronnii, desori, 
guirandi, lorioli, Pdlaeocomaster guirandi, wurtembergicus, Solanocrinus beau-
grandi. beltremietixi, bituricensis, biirgundiacus, canaliculatus, changarnieri, 
choffati, costatus, decameros, delgadoi, depressus, gaioensis, greppini, gresslyi, 
herberti, jutieri, lamherti, d'orbignyi, peroni, tessoni, thiollieri, Irnncatus, 
Archaeometra aspera, bronnii, carpenteri, kopfivnicensis, scrobiculata (Apio-
crinites flexuosus, Thiolliericrinus favieri, rïbeiroi, sigillatus, Burdigalocrinus 
crassus, heberti, lorioli, reme.H) or in all 37 (43) Comatulids. 

In lower Cretaceous are found: [Comalula sp. ETALLON), Glenotrem
ites exilis, rotundiis, Palaeocomaster loveni, Solanocrinus almerai, cani-
pichei, gevreyi, gillieroni, hiselyi, humilis, infracretaceus, leenhardti, picleti, 
ricordeanus, vagnacensis, valdensis, Sphaerometra aequimarginata (Thiollieri
crinus arzierensis, Burdigalocrinus algarbiensis) or in all 16 (17) Coma
tulids. 

In upper Cretaceous appear: (Antedon spp. STOLLEY, JAHN, HENNIG, 

Eudiocrinus sp. BRÜNNICH-NIELSEN, Antedon granulata, stevensis), Pachy
antedon beyrichi, Pterocoma pinnulata, Glenotremites angelini, arnaudi, 
batheri, concavits, essenensis, faxensis, janeti, laticirrus, lettensis, lundgreni, 
minutissimus, paradoxus, parvicavus, perforatus, pusillus, pyropa, rosaceus, 
schlueterianus, semiglobularis, striatus, sulcatus, tourtiae, valetti, Amphoro-
metra brydonei, conoidea (var. laevior and var. granulata), Placonietra 
mortenseni, Jaekelometra belgica, columnaris, Conometra rugiana, Loriolo-
metra retzii, Sphaerometra carentonensis, incurva, semiglobosa, tetensi, Semio-
metra courvillensis, impressa, lenticularis, plana, ponimerania, roivei, scanica, 
Hertha cava, mystica, pygmea, suecica, Palaeantedon danica. Or in all 
49 (55) species. 

One species recorded from Cretaceous only: Glenotremites rugosus. 
In Tertiary (eocene) occur: f Antedon breviceps, pertusa) Glenotremites 

atacicus, conoideus, Conometra alticeps, Semiometra italica or 4 (6) species. 
In Tertiary (miocene) appear: (Antedon admirabilis, avenionensis, 

glandiferus, miocenicus, pilularis, sphaeroidalis, Antedon spp. CHAPMAN 

1911, 1913), Glenotremites allardi, anglesensis, depereti, fontannesi, hungari-
cus, hungaricus var. rotundatus, miocaenicus, nicolaisi, parouai, pellati, 
protomacronema, stellatus, Palaeocomaster formae, Cypelometra iheringi, Cono
metra hungarica, Hertha faurinensis, Discometra eggenburgensis, meneghiniana. 
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michelotti, ohlita, rhodanica, speciosa, Palaeantedon ambigua, cartejiniensis, 
depressa, glohosa, lineata, minima, pannonica, soluta. In all therefore 30 (38) 
species. 

In Tertiary (pliocene) are found: Glenotremites brownii, ransomi — 
2 species. 

From Quaternary we have Palaeantedon rosacea — 1 species. 
If we look at the lists given above, it seems evident that the 

Comatulids flourished at 3 different times, and that in each of these 
periods different types dominated. 
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The first period falls in upper Jurassic, where we have an over
whelming predominance of Solanocrinids. Certainly, a rather consider
able number of this family remain in lower Cretaceous (12 species of 
Solanocrinus) but of these 6 reach only to the oldest stage of neocomian 
and none occurs higher than aptian. 

The next period in which the Comatulids flourished falls in upper 
Cretaceous. Here the Conometridae, Notocrinidae, Semiometra, and Hertha 
dominate. During the preceding period, with its massive and firmly built 
Solanocrinids, the connection between the Cd and the radial ring was 
very firm, just as in certain recent Oligophreata. The Glenotremites 
species from this period are therefore few in number. In upper Cretaceous, 
on the contrary, we get a very large number of species of which the 
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Cdd only are known. Most of these show affinities to the Cotwmetridae 
or Notocrinidae which, like the recent Tiialassomelndae and Notocrinus, 
had an extremely loose connection between the Cd and the radial ring as 
well as between the RR mutually. The number of species where both 
Cd and the radial ring are known is therefore rather small here. 

The third and last flourishing period for the Comatulids we get in 
miocene, the Palaeantedonidae being predominant. Here we get also an 
increase of the Glenofremites species, which however now, at least partly, 
represent other types than during upper Cretaceous. 

Of course these three flourishing periods are partly only apparent. 
As the predominating number of discoveries refer to Europe and N. Africa 
they show the Crinoid fauna of these regions in the first place. The 
paucity of Crinoids in the upper part of lower Cretaceous is partly 
explained by the fact that smaller parts of Europe were submerged at 
that time. Nevertheless, in miocene also we find a similar condition, 
but at this time a rich Comatulid fauna prevails. I t is, however, a note
worthy circumstance that certain types disappear so completely and that 
new forms appear in their place. The complete disappearance of the 
older types from such relatively large territories as those discussed makes 
a hypothesis of extinction or of strong transformation plausible. The 
appearance of new forms makes the question of their descent from pre
ceding forms and immigration from other places important In the Chapter 
on The Phylogeny of the Comatulids I have tried as far as is possible 
at present to clear up these questions. 

I have made a diagrammatical sketch above (fig. 259) showing the 
frequency of different genera during different times. The groups of the 
genus Glenotremites which I suggest stand in a certain relation to the 
genera mentioned below are indicated by dotted lines. The morieri 
group is referred to Palaeocomaster, the cxilis group to Solanocrinus, the 
anglesensia group to Amphorometra, the pellati group to Placometra, the 
essenensis group to Loriolomeira, the paradoxus group to Sphaerometra, 
and the rnnsonii group to Palaenntedon. 

13-24120. T. Gialén 
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CHAPTER IV. 

Phylogeny of t h e Comatul ids . 

I. Introduction. 

In the historical sketch leading up to the 'description of the fossil 
Comatulids, I gave a short account of KIEK'S views on the question of 
the origin and development of the Comatulids. In the hypothetical line 
of evolution according to which this author imagined the development to 
have taken place (about corresponding to the series Mcsocrinns — Thiollieri-
crinus — free Comatulid) the cirri first made their appearance after libera
tion (p. 74). Only through the acquisition of cirri did the first real 
Cd make its appearance. The author continues: "The extreme irregu
larity as regards the appearance of these cirri and their variable 
number point to the conclusion that they are not modified verticils of 
cirri originally borne by a nodal. In such forms, indeed, I think we 
have to look among stalked Crinoidea without verticils of cirri upon the 
column for the ancestors of the free types." 

Let us see now how these assertions agree with the facts known. 
"The extreme irregularity as regards the appearance of the cirri" is a 
sentence, which, as far as the ontogeny of the Comatulids is concerned, 
is completely erroneous. In reality among all known cases ^ in young 
of recent Comatulids, the first 5 cirri appear in a single verticil. This 
verticil is always oriented radially, as e. g. in the Pentacrinids, or in 
other words, as in dicyclic forms. The Comatulid larvae, where the first 
appearance of the cirri is known, are: Comactinia mcridionalis, Lampro-
metra sp., Tropiomeira carinata, Crotalometra porrceta{?), Ptilometra tnüUerl 
(which I have had the opportunity of controlling myself), Antedon peta-
sus, A. bifida, Compsometra serrafa. Isomefra vivipara, Hebometra eschrichti, 
Promachocrinus Ji-erguelenensis (1922 A. H. CLAEK, Sp. 43), Anfliometra 

' W. B. CARPENTER informs us (1866) that the first 5 cirri in A. bifida appear 
interradially. MORTENSEX (1920 a, p. 77) has pointed out that this information is in
correct, besides which CARPENTER'S fig. (PI. 41, flg. 6) also shows a radial position of 
the cirri. 



BCHINODERM STUDIES 195 

adrianl, Poliometra prolixa, Halhrometra tenella tenella and H. t. var. sarsii 
(fig. 263), Thaiimatometra .nutrix. I can add to these from my own 
experience Notocrinus virilis (fig. 260, cf. also figg. 261, 277, 280). We 
are thus able to assert with certainty that the first ontogenetical appear
ance of the cirri is specially regular, and that a Cd with the first 
verticil of cirri reminds one very much of a nodal in a stalked Crinoid. 

If we turn to the fossil species of the Comatulids, we meet, except
ing Comasteridae, with the same amount of regularity in the oldest 
forms. The above-mentioned family forms, as I shall try to show later 
on, a special phylogenetical line, presumably much older than the Solano-
crinidae and therefore compared with this family representing a phylogene
tical advance in the structure of Cd. During the whole Jurassic and lower 
Cretaceous we meet, excluding the Comasterids, Cdd with cirri arranged 
in rows only. These rows are X originally, as is seen from the figures given 
below. If we examine the 5 species of Glenotremites belonging to the exilis 
group, the 35 species of Solanocrinus and the 5 species of Archaeomelra 
we find the following: In middle and upper Jurassic M'e have 22 species 
with cirri in X rows (1 species in middle and 21 in upper Jurassic), and 
10 species with cirri in XV to XX rows (1 in middle, 9 in upper Jurassic). 
In lower Cretaceous we have, on the contrary, only 3 species with cirri 
in X rows, but 10 species with cirri in XV to XX rows. 

Not the least sign is found which would indicate that the cirri in 
the Jurassic Comatulids appeared first at a late ontogenetical stage.' 

The connection be'tween, on the one hand, a Cd having ciiri, appear
ing with regularity both among the older fossil Comatulids and among 
the young of recent types and, on the other hand, the nodal cirrus-provided 
joint in stalked Crinoids will become evident later on. 

The regularity of the appearance of cirri both during ontogeny and 
phylogeny seems to me to point towards the correctness of the theory 
that the cirri are not a new acquisition in the Comatulids, obtained 
in connection with their transition to an eleutherozoic manner of life. 
When in certain recent Comasteridae we have forms whose Cd forms a 
stellate plate devoid of cirri, we always find in the young well-devel
oped cirri which are replaced, with increasing age of the animal, 
by rudimentary cirri finally disappearing altogether. The.lack of cirri 
in Comasteridae is, therefore, nothing primary, but may be ascribed to a 
secondary condition. If, like KIRK, we were to imagine cirri appearing 
quite suddenly in irregular numbers among Thiolliericrinus (= Burdigalo-
criniis) heberti, this theory meets with several difficulties. First, it 
conflicts with the ontogenetic and phylogenetic facts emphasized above; 
secondly, it is contradicted by the fact that the development of the cirri in the 

' Cf. 1912 KiKK, p. 74: »ïhese cirri appearing first in the free-swimming stages 
perhaps are progressively found earlier and earlier in the ontogeny.» 



196 T. GISLÉN 

Crinoids is, in all other cases, a gradually advancing process of speci
alization of the distal, rhizoidal appendages of the stem, which only in 
the final stages stretched as far as to the crown. 

Before passing on to consider where among the stalked Crinoids 
one should look when seeking the ancestors of the Coniatulids, I shall 
give a short description of the appearance of the cirri among the 
stalked Crinoids. 

II. The appearance of the cirri among the fossil Crinoids. 

I have mentioned above that the cirri developed from the distal 
rhizoidal appendages of the stem. A beautiful example of this is found 
in BATHER'S work of 1900 (p. 107, fig. 16: 1) where the stem and the 
primary cirri of a Silurian Crinoid are drawn. Here the cirri are still 
forked in the distal parts and not arranged on any specially marked 
nodals. In reality the rhizoidal type of stem-appendages is the ruling 
one during the greater part of the older palaeozoicum. The stem is. 
therefore, usually without appendages proximally and finished off distally 
by a bunch of rhizoids, more rarely attached by a lobate plate. This 
concerns Camerata (cf. e. g. 1897 WACHSMUTH & SPEINGER, PI. 30 figg. 
1—2, PI. 64 fig. 1, PI. 72 fig. 1, PI. 82 fig. 1) as well as Flexibilia 
(cf. 1920 SPRINGER, PI. 4 figg. 2 2 - 2 3 , PI. 50 fig. 1, PI. 56 fig. 3, PI. 63 
fig. 6) and the fistulate Inadunata (cf. e. g. 1831 GOLDFUSS Gyathocrinites 
pinnatus, PI. 58 fig. 7; 1878 ANGELIN Crotalocrinus, Tab. 8 fig. 9; 1893 
BATHER Gissocrinus, PI. 10 fig. 342; 1895 J ^ K E L Parisocrinus, Lophocrinus, 
Tab. 4 fig. 2, Tab. 7 fig. 1). 

In order to fix the stem in an upright position against foreign 
objects strong ribs or spinous processes, when necessary, perform the 
function of the cirri (1897 WACHSMUTH & SPRINGER, PI. 22 fig. 3, PI. 57 
fig. 7, PI. 59 figg. 1 -2) . 

It is only with the increasing prefection of the cirri that they 
spread upwards towards the more proximal parts of the stem. (Among 
Camerata, cf. 1897 WACHSMUTH & SPRINGER, P. 1 fig. 2, PI. 33 fig. 5, PI. 45 
fig. 4, among Inadunata, cf. e. g. 1854 KONINCK et LE HON, Woodocrinus, 
PL 8 fig. 1, 1883 MEEK & WOETHEN (Pohriociinus =) Woodocrinus, Sca-
phiocrinus, Tab. 28 figg. 2—8, cf. also 1909 BATHER, p. 249.) 

The nerve canal to the cirrus always runs out through one segment, 
but the joint-face itself for the primitive cirrus may often be stretched 
out over several stem-joints (cf. further 1844 the AUSTINS, PI. 9 fig. 2 a, 
fPoteriocrinus) Scytalocrinus; 1876 QUENSTEDT, Tab. 108 figg. 40—41, Po-
feriocrinusj. 

It is only in extremely rare cases that the cirri spread up over 
the distal half of the stem, as among Camerata in Camptocrinus (1897 
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WACHSMUTH & SPKINGEE, P I . 75 figg. 1—2, PI. 76 fig. 13) or Cordylocrinus 
(cf. 1861 HALL 'Platycrinus parvus", PI. 4 figg. 6—7), among the fistulate 
Inadunala in Herpetocrinus (1893 BATHER, PI. 1 fig. 24 ff.). Among all 
these, however, there are none having a nodal with pentamerous verticils 
of cirri, but the cirri appear to a number of (1—)2, seldom 3—4, on 
every or every other joint and form longitudinal rows of supporting 
appendages on both sides of the stem. 

In the lower Devonian Inadunate Gastrocrinus we find, on the 
contrary, completely typical nodals bearing pentamerous verticils of cirri 
(1895 J^KEL, p. 81, fig. 25). Only in some solitary and special cases do 
we find verticils of 5 cirri among Camerala, cf. Lenneocrinus (1918 J^:KEL, 

fig. 25, lower Devonian), Hapalocrinus retiarius (BATHER 1900, p. 156, 
fig. 69, upper Silurian; referred by J^IIKEL, under the name of Clemato-
crinus to his group Costata 1918, p. 91). Flexihilia have never developed 
nodals with pentamerous cirrus-whorls. 

Among the Carboniferous Poteriocrinids, on the contrary, we find 
in numerous cases forms where the stem-joints are pentagonal and bear 
verticils of cirri up to the crown; either with 2—3 cirri in each verticil, 
as I found in Scaphiocrimis nnicus (HALL), Aesiocrinus magnificus MILL. & 
GuEL., and Erisocrinns typus MEEK & WORTHEN, or with regular penta
merous cirrus-whorls as in e. g. Eiiphachycrmiis and (Poferiocrinus =) 
Scaphiocrimis (1875 MEEK & WORIHEN, PI. 32 fig. 2, 1883 PI. 29 fig. 15). 
Stems with joints bearing verticils with 5 cirri from the Australian 
Permo-Carboniferous have been drawn by ETHERIDGE 1892. We also find 
a similar case in the Permian genus Paleriiiocrinus ( J ^ K E L 1918, p. 67). 

Geheimerat J ^ K E L has kindly entrusted to me, for description and 
figuring, 6 stem-fragments of the type-species, still undescribed, of the 
genus Palermocrinus. It is a mere tribute of gratitude when I dedicate 
the new species to him. 

Palermocrinus jsekeli nov. sp. (figg. 270—273). 

Sp. 1. Dimensions: br. of nodal 18-5—19-0 mm., h: 4-2 mm.; br. 
of internodals 14-5—15-0 mm., h: 0-5—1-2 mm. Length of an internodium 
8 mm., 1. of 4 nodals and 3 internodia: 42 mm. 

The nodals with some few indistinct tubercles, much larger and 
broader than the internodals, which are 15 to each internodium. The 
midmost of the internodals is largest, h. 1-2 mm.; on each side it is 
surrounded by 7 very low internodals. The midmost of these 7 ossicles 
is often likewise somewhat higher with 3 narrower segments on each 
side of it. The suture lines between the nodals are distinctly wavy. 
Nerve-lumen very large, diameter about 4 mm., surrounded by ± 100 
radiating septa. The stem is somewhat abraded on one side; it is there-

\ 
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fore impossible to say if it supported any cirrus-sockets; possibly, how
ever, there was not more than one per nodal; on the other side there 
occur (2—)3 cirrus-sockets. The lumen of these sockets proceeds from 
the margin of the nodal. The facet stretches out over 3—4 internodals 
and a part of the nodal; diameter of it rather variable: 2'2—4'0 mm. 
The cirrus-sockets on a nodal are not situated at equal distances; between 
the 3 cirrus-sockets described above the distance is 5'5 and 8—10-5 mm. 
respectively. Nevertheless, the longitudinal rows seem to correspond. 
Three cirrals remain in a smaller cirrus-socket; the br. is 2-4 mm., the 
h. of each is 0-6 mm. 

Sp. 2. There are 2 nodals and one internodium (1. 8 mm.) with 15 
internodals. The surface of the nodals is ornamented with a low and 
fine calcareous reticulum and provided with 5 tubercles round the lateral 
border. The tubercles are situated at nearly equal distances. There are 
only 1—2 distinct cirrus-sockets per nodal. The nerve-lumen, as in 
Sp. 1, large. 

Sp. 3. A loose nodal. There are 6 — 7 tubercles on the lateral 
border. 

Sp. 4. Half embedded in matrix. Two(-three) nodals, br: 15 mm., 
h: 3-8 mm., and two internodia, 1. of each of them 5 mm. only; br. of 
internodals: 10-5 mm. The number of internodals is also here 15. The 
nodals are tuberculated as in Sp. 2. No cirrus-sockets visible. In the 
same piece there occurs also a loose part of a cirrus: 14 segments, 
1: 46 mm., br. of each cirral 4 3 mm., h: 2-4—3'5 mm. Nerve-lumen of 
the stem large. 

Sp. 5. Four nodals, weakly tuberculated, 4 internodia; br. of nodal 
15'8 mm., of internodals 11 mm. L. of internodium only 4 mm.; there 
are about 7 internodals, the midmost of them is the largest. Cirrus-
sockets restricted to the nodal, about 4 per nodal. Nerve-lumen small, 
diameter 1-3 mm. Septa of an internodal articular facet ± 60. In the 
same piece two cirrus fragments occur, one with 10 segments, total 
1. ± 34 mm. (1. of each cirral 3-2 mm., br: 4-3 mm.), another with 6 seg
ments, total 1. 27 mm. (1. of each cirral 4-0—4-6 mm., br. 5-6 mm.). The 
segments are globular. 

Sp. 6. There are 37 segments in all, total length 58 mm. Every 
second segment thicker and stouter, a nodal, supporting 2 - 3 cirrus-
sockets; br. of nodal 8-1 mm., h: 1-7 mm. Internodal, br: 7-7 mm., 
h: 1-0 mm. Cirrus-sockets, br: 1-5 mm. In proximal(?) parts the stem 
is somewhat thicker (diameter 9 mm.) and seems to lack cirri almost 
completely. In one case 9 cirrals are visible proceeding from a nodal 
(total 1: 12-3 mm., br: 1-5 mm.. 1. of each cirral ± 1-2 mm ). The nerve-
lumen is small, diameter 0'4 mm. 
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Figg 260—273. 260) ^oioc) mus ti» (ijs Pentacrinnla trom the Swedish Antaictic Expedi
tion 1901—1903, bt 5 (Giaham Land, S E of the Seymoni Island, 64° 20' b , 56° 38' W., 
150 M, S'ind and gia\el, '"/i 1902), viewed from the anal interradins,'"/i, 261 — 268) Hathro-
inetia tenella var sarsii 261) Cd + 2 BB in lateial view, 262) Do vential \iew, 263) Do 
dorsal view, 264) The uppeimost stem-joint, 265) The 4th stem-joint, aiticnlar facet, 266) The 
5th stem-joint do , 267) The 7th atem-joint, distal part to the lelt 268) Distal aiticular facet 
of a ladiil All these diawings fiom a Pontatnnula with about X \ C and an aim-length of 
about 8 mm , ™/i 269) Metnct mub nobdis tenuis, the 2nd veiy young stem-joint,''*/i, 270— 
273) Palermoo mus jcekeh, 270) Two nodals and an internodium of Sp 1, the more distal pait 
of the stem, as m flg 273, is probably repiesented by the uppei part of the drawing, 271) 
bome cirrus-joints from Sp 4, 272) Do from Sp 5, 273) Some stem-joints fiom Sp 6, */i 



200 T. GISLÉN 

I considered at first that these 6 specimens represented 2 or 3 
different species, but a closer examination has shown me that they in 
reality belong to the same species. Spp. 1 — 3 probably originate from 
the distal part of the stem of a full-grown specimen. The internodals 
are here of full size and definite in number. Sp. 1 is somewhat 
abraded. In Spp. 4 and 5 the length of the internodia is shorter, especi
ally in the specimen last mentioned where also the internodals are 
fewer. Probably they belong to a more proximal part of the stem. 
Finally, Sp. 6 evidently represents a part of the stalk of a young, as 
the diameter of the stem and cirri is smaller and the internodals only 
one per internodium. It is open to doubt whether the large nerve-lumen 
in Spp. 1 — 4 is due to a secondary phenomenon. 

It is evident from the description given above that each cirrus-
whorl consists of not more than 4 cirrus-sockets which are rather irregul
arly situated. 

The stems described and figured by ETHEEIDGE (1892, pp. 116, 117, 
PI. 17 fig. 5 and PI. 18 fig 4) seem to present certain, though rather 
weak, similarities (cf. also 1885 WAAGEN, PI. 96 fig. 11). 

Occurrence: Upper Permian, Palazzo Adriano, Sicily, Italy. The 
specimen kindly lent out from the Greifswald Museum by Geheimerat 
0 . J^KEL. 

In the Triassic Articulala verticils of cirri become still more usual. 
The genera HoJocrinus, Isocrinus, Balanocrinus, and Pentacrinus appear 
now, all of them furnished with cirri. (Cf. BATHEE 1909, SCALIA 1910, 
ScHAFHAUTL 1851.) I t appears to be open to some doubt whether those 
species of Encriniis that are said to have verticils of cirri do not 
belong to some of the genera mentioned first. BEONN states in 1837 
(pp. 3 2 - 3 3 , Taf. 2, cf. also v. MEYEE 1837) that Encrinus (Chelo-
crinusj pentactinus has verticils with 5 cirri. According to WAGNEE 

(1892, p. 99) this is a case of a stem of Holocrinus wagneri. BEONN'S 

figure cannot, however, represent any Holocrinus. BEYEICH states (1858, 
p. 5) that he has seen cirrus-bearing stems, "die vielleicht zuin Encri
nus aculeatits gehören". KOKEN'S figure of Enfrochus rotiformis (1900, 
Tab. 10 fig. 16) ought probably to be ranked with Holocrinus or Balano-
criniis. 

The genus Holocrinus is the oldest genus among those mentioned 
above in which cirri occur. The older of the two species belonging to 
this genus, H. nagneri {= Encrinus gracilis WAGNEE 1887 a and b, cf. also 
BENECKE 1887) has only 2—3 cirri per nodal-joint, the younger, H. hey-
richi {= Encrinus B., PICAED 1883, Tab. 9 fig. 1, cf. also 1893 J ^ K E L ) 

has, on the contrary, pentamerous verticils of cirri. 
The two Triassic types remaining, Dadocrimis and Apiocrinus re-
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cubariensis\ lack cirri (BATHER 181)7, Crema 1896, GÜRICH 1887, v. KOE

NEN 1895, KuNiscH 1883, v. MEYER 1851). 
Apiocrinidae and Millericrinidae are added with Jurassic, and from 

the first beginning they had non-cirriferous stems. The Eudesicrinidae, 
Eugeniacrinidak, and Ilolopodidae^, appearing from the very oldest Jurassic 
are attached to the botton by a broad, undivided, basal surface and also 
lack cirri. 

Among the Jurassic forms we have thus Pentacrinidae (Trias—recent) 
and ThiolUericrinidae (upper Jurassic and lower Cretaceous) remaining, 
all of which possess cirri; in the latter group, however, they show a 
tendency towards disappearing in the younger forms (cf. Chap, 3 and 
below). But it is only the former family that has real nodals with 
pentamerous verticils of cirri; the latter has a Cd developed as in the 
Comatulids. 

III. The appearance of cirri during the ontogeny of the 
Pentacrinids. 

During the ontogeny of the Pentacrinids the verticils of cirri make 
their appearance on still longer joints and at still shorter intervals the 
younger the specimens are (1884 P. H. CARPENTER Isocrinus decorus PI. 
35, fig. 1, crown-length 15—18 mm.; 1909 c. A. H. CLARK Isocrinus 
decorus p. 88, fig. 3 (cf. footnote 1922 T. GISLÉN, p. 175), and 1918 H. L. 
CLARK, PI. 3, figg. 2—3, crown-length 16 mm.; 1912 A. H. CLARK CO-

maslocrinus (TeliocrinusJ Kliaceus, pp. 259, 263, fig. 55, crown-length 70 
mm.; 1922 T. GISLÉN Metacrinus interrujptus, sp. 15, p. 171 and sp. 16, 
p. 172, PL 2, figg. 13—14, crown-length 18 mm.). 

Dr. MoRTENSEN, wlio brought home from the Kei Islands (Taam) an 
extraordinary collection of extremely young Metaciini (the crowns are 
only 7 mm. long) has with his usual kindness placed at my disposal 
the following facts regarding the first appearance of the cirri. He writes 
that it seems to be perfectly certain that the most distal joints of the 
stem, in the specimens examined, bear no cirri at all. The stems in 
these specimens give the impression of lacking only a very few joints to 
the point of attachment. I give a table below showing the number of 
internodal joints and the number of cirri in the verticils, based on the 

^ J^KEi- (1918) has given th is species t he name of Cremacrinus, a name which, 
however, is anticipated (cf. e. g. 1913 ZITÏEL-EASTMAN, p. 213). Instead of th is name 
I propose that of Recoarocr inus . 

' The Permian Prophyllocrinidae are denoted by WANNER (1916, p . 276) as »Vor-
laufer» to Etigeniacrinidae; Palaeholopus (p. 283) as a form leaving «Beweis fur eine 
wirklicho Verwandschaft des regenten Holopus mi t den Flexibilia Impinnata". 
SPRINGER (1923) in carefully chosen words agrees with him. Both these forms are 
Impinna te . JJJKEL suggests (1918) tha t we have here a case of convergent deve-
lopenient. 



202 T. GISLÉN 

information given by Dr. MORTENSEN. In this table the 1st internodium 
is taken as being the internodium appearing between the most proximal 
cirrus-bearing nodal-joint and the 2nd nodal. In the column for cirri (C) 
the number of cirri in the verticils is given. I = the number of inter-
nodals; D.S = distal segments without cirri. 

Sp 1 
2 
3 
4 

0 

5 

I 

8 

C 

5 
5 
5 
5 

I 

6 
8 
7 
6 

C 

5 
5 
5 
4 

I 

6 
5 
4 
4 

C 

1 
3 
2 
2 

I 

3 
2 
3 
3 

C 

> 
3 

3 
3 

I 

1 
1 
1 
1 

0 

2 
1 
1 

1 

D.S. 

5 
9 
7 

8(?9) 

It is seen from this not only that the number of internodal joints 
decreases in tiny young, but also, and this is of importance, firstly that 
a number of the most distal segments lack cirri, secondly that the penta-
merous symmetry of the cirrus-whorl is not yet attained in the younger 
stages, which thus in this case stands at the same level as the case I 
described above in palaeozoic Crinoids (cf. also Holocrinus ivagneri). The 
cirri are, in all the specimens described above, of the usual type, and 
therefore not rhizoidal. In Metacrinus inierruptus Sp. 16 (GISLÉN 1922) I 
have found in the two most distal nodal joints the same defective ver
ticils of cirri (only 3 cirri on every nodal-joint). One may compare also 
1884 P. H. CAKPENTEB'S figure of the young Isocrinus decorus (PI. 35, 
fig. 1). In certain Pentacrinids this peculiarity is evidently retained 
even among full-grown specimens ((Pentacrmtis) Diplocrinus alternicirni^ 
1884 P. H. CARPENTEE, certain Balanocrini 1917 F. A. BATHER). Among 
the Comatulids we find an analogous case in the development of the 1st 
(radial) verticil of cirri on Cd, as the 5 cirri do not appear simultane
ously but successively, so that the cirrus in the right posterior radius 
is often developed last (cf. MORTENSEN 1920 a, p. 77). 

IV. The predecessors of the Comatulids. 

If we look at the stalked forms from Trias - Jurassic which have 
verticils of cirri — and it is among these one ought to search for the 
forerunner of the Comatulids — they are not so very abundant. Cirri 
were found in Trias, among Encrinidae possibly in certain Encriiti, among 
HoJocrinidae in Holocrinns, among Pentacnnidae in Balanocrinm, Hypnlo-
crinus, Isocrinus, and Fentacrinus (from Rhaetic). In Jurassic none of 
these remain excepting Penfacrimdae, within which family also the genus 
Pentacrinus becomes more abundantly represented all tlie way from lias. 
During the previous Carboniferous and Permian ages there remained, 
according to the results of the investigations of WANNER and others. 
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a large amount of the palaeozoic fauna, although often in modified and 
aberrant forms (e. g. Embryocrinidae). From these ages we find forms 
with real verticils of cirri in e. g. Scaphiocrinidae, Eupachycrinidae, Gra-
jihiocrinidae, and Palerniocnmis. 

We will first study the appearance of the nodal-joints and cirrus-
sockets in the Jurassic Pentacrinidae, where they are known particularly 
well. We find here two things which are deserving of careful attention. 
Firstly, the cirrus faces of the nodal-joints are always provided with a 
strong transverse crest, precisely the same condition as we have found 
before in Solanocrinidae. (This appearance of the cirrus-face we find 
likewise in Isocrinus — also in the Triassic Isocrini, cf. BATHER 1909 — 
and in Balanocrinus and Penfacrinus. The cirrus faces of the Triassic 
Holocrinus wagneri have a similar appearance; cf. 1887 a. WAGNEE, p. 14 
and Tab. 1, fig. 7). Secondly, the stem shows the same conditions re
garding the articulations as we find among the recent Pentacrinidae, 
i. e. all the joint-faces, with one exception only, bear a sharply cut 
petaloid figure, and the joints are connected by loose suture (cf. 1884— 
89 DE LoEiOL, e. g. PI. 148, fig. 3 b; PI. 178, fig. 2 b; PI. 192, figg. 8 b, 
12 b; PI. 201, figg. 2 b and c). The exception mentioned above consists 
of the articulation between a nodal and an infranodal which is of syn-
ostotic character, sometimes approaching anchylosis. We find here, 
therefore, smooth or almost smooth joint-faces (Cf. DE LOEIOL, op. cit. 
PI. 148, fig. 5 a; PL 178, fig. 5 c; PI. 180, fig. 5; PI. 183, fig. 7 c; PI. 
192, figg. 4 a, 10 b). It seems to approach anchylosis in certain iJa^awo-
crini (PI. 185, fig. 5 a; PI. 193, fig. 24 a; PI. 195, fig. 1 a; PI. 196, fig. 
2 b; PI. 197, figg. 3 c, 4 b). Usually a number of internodal joints are 
intercalated between the nodal joints. In this case there is great power 
of flexibility in the stem. According to observations made on living 
specimens the stem may be flexed to such an extent that the head may 
become hanging (1895 NUTTING, p. 75, quoted by H. L. CLAEK 1918). 
In the species belonging to Pentacrinus we get a reduced number of 
internodals in the proximal parts of the stem — they may in certain 
cases even be lacking. In the case last mentioned we thus have a stem 
in which the proximal part consists of nodals only. Here the connection 
between the stem-joints becomes considerably closer and the capacity 
for motion more inconsiderable. Regarding the question of the degree 
of closeness, the articulation is a compromise between the infranodal 
and the supranodal connection (cf. DE LOBIOL op. cit., PI. 206, e. g. figg. 
2 b, 8 a, 12 b). 

One may imagine that the fusion of the nodal-joints may have been 
prepared for in this way. If the nodal-joints are high, the cirrus-socket 
has sufficient room to retain its original place in the radial median line 
of the joint (DE LOEIOL op. cit. PI. 200, fig. 1 a). If, on the contrary, 
the nodal-joints are shortened, the cirrus-sockets in successive nodals 
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come into contact with, and press against, each other. In such a case 
we get a displacement of the row of cirri, now to the right, now to the 
left of the radial median line, which in extreme cases may lead to the 
appearance of not V but X rows of cirri on the stem (cf. 1884—1889 DE 
LoKioL, PL 212, figg. 2 a and c; 1897 POMPECKJ, Tab. 30, fig. 12 and 
description; 1876 QUENSTEDT, PI. 101, fig. 16). If one imagines a fusion 
of, let us say, 4 nodal joints of the type described above, where the 
nodal joints are only a little more shortened, one would get a perfectly 
typical Cd of a Solanocrinid. 

It is obvious now that among the forms depicted above, the genus Penla-
crinus especially supplies the illustrations showing the course of evolution 
sketched above, although it scarcely contains the real transition forms. 
This becomes clear to us if, for a moment, we compare the appearance of 
the Pentacrinus-form with the stalked young Comatulid. The most distal 
part of the stem in the latter consists of a fixation plate, similar to that 
in e. g. Encrinidae, then follow a number of non-cirrate joints, and 
immediately after these a cirrus-bearing Cd. The hypothetical ancestor 
of the Comatulids must thus, with the development of the 1st verticil 
of cirri, have ceased to form individualized nodal joints for the success
ive verticils of cirri, or expressed more correctly, all the nodal joints 
must have coalesced. The observations of Dr. MORTENSEN'S young of the 
genus Metacrinus described above offer very great interest in this con
nection. These show, firstly that the most distal part of the stem lacks 
cirri — exactly as in the young Comatulid — secondly that the nodal 
joints which from the very beginning bear cirri of the usual type, at 
this stage are very much nearer each other than in full-grown specimens. 
These young, therefore, approach the type which I have depicted above 
as the hypothetical primitive form of the Comatulids. The difference, 
however, among other things, is that these young, like all the other 
Pentacrinids, develop a large number of individualized nodal joints, while 
the Jurassic Comatulids, on the contrary, only get a few verticils of 
cirri proceeding from a unit Cd. The genus Pentacriniis in this character 
goes still a step nearer towards the Comatulid type, as the distal inter-
nodia are very long, with as many as 80 or even more internodal joints: 
the proximal ones are extremely short consisting of 1—2 joints only, 
and may even be lacking altogether (cf. DE LOEIOL, op. cit. and 1897 
POMPECKJ, 1876 QUENSTEDT, 1918 SPKINGEE). 

V. ThioUiericrinidae and their descendants. 

It has generally been considered that the transition form sought, 
between the stalked type with individual nodals and the free Comatulid 
having a Cd, ought to be found among the ThioUiericrinidae. I must 
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confess that at the beginning I shared this conception. It cannot be 
denied either that forms like Thiolliericrinus sigillatus stand very near to 
Solanocrinidae. Nevertheless, it has become still clearer to me that one 
is more nearly right in looking upon the ThioUierici inidae as a type derived 
together with Solanocrinidae from a common ancestor, but which quickly 
started on a special course of evolution. It has been emphasized 
before, that Thiollieiicrinidae are distinguished by the strong synarthry 
between Cd and the stem. Such a connection is never found among 
the Comatulids in this articulation. 

W. B. CARPENTER in his work (1866, Pi. 41 fig. 6) has drawn the 
dorsal side of a Cd in the Pentacrinula of Antedon bifida. The mark 
after the uppermost stem-joint here, as in the Pentacrinids, is pentagonal 
with the angles situated interradially. I have drawn the dorsal side of 
the Cd of a young stalked Halhiometra lenella var. sarsii. Here too we 
liave a pentagonal mark after the. stem, where the corners are situated 
interradially (fig. 263). The perforated impression for prolongations of 
the 5-chambered organ, descending in the stem, is likewise pentagonal 
and the corners are directed interradially. The uppermost stem-joints 
are also pentalobate, reminding one very strongly of the young stem-
joints of the Pentacrinids (cf. figg. 264, 269). We do not get a more 
rounded transverse section until we reach the 5th stem-joint (figg. 265, 
266). A distinct synarthrial articulation between the stem-joints, now 
very long (fig. 267), appears first at about the 10th joint — evidently for 
tlie purpose of giving this part of the stem, which in a given length 
lias few joints only, increased power of flexibility. 

If we look at the fossil forms among the Comatulids, we do not 
find in them either any indication that the articulation between the Cd 
and the uppermost stem-joint has been sj^narthrial. Distinct marks after 
an articulation with the stem are hardly to be found, but, on the other 
hand, a dorsal star is often present, which always seems to be oriented 
radially. It seems possible that the radial dorsal coelomic canals may 
have passed through it. This dorsal star occurs in most of the Noto-
crinidae. A large indistinct stellate impression seems to be found too, 
even if rather rarely, in a number of Comasteridae (Glenotremiles ab-
normis and millleri, Palaeocomaster Jatiradius and .itellatus), in some Sola
nocrinidae (as ooliticus and bellretnieuxi), and in Nofocrinidae (Glenotrenntes 
batheri). As the cavity of the Cd is particularly tiny in most of these 
forms and any impressions for the radial coelom-canals are lacking on 
the ventral side of the Cd, the stellate impression being, on the other 
hand, very large and taking up the greater part of the Cd's cirrus-
free dorsal side, there can hardly be any question here of scars 
after coelomic pores. One ought probably instead to interpret it as 
the remains of a petaloid articulation face towards the stem. As 
in the Pentacrinids these marks are almost without exception directed 
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interradially (only in Glenotremites abnormis and mülleri they seem to 
be radially -situated, as in Balanocrinus). 

Among recent forms we do not find any indication of a dorsal star 
among nearly full-grown individuals, excepting in one single case in 
the genus Notocrinus, as MORTENSEN (1918, p. 2) has mentioned. I have 
had the pleasure of borrowing Dr. MORTENSEN'S specimen and give a 
figure of the Cd's dorsal side here (fig. 196). Elucidated by reflected 
light, 5 pores placed radially are lighter — they were the places 
for the passage of the prolongation of the 5-chambered organ. Besides 
this a number of smaller pits are found which collectively form an in
distinct pentagon, with the corners oriented interradially (cf. above Cd 
of the young of Comatulids). I have found, moreover, a similar penta
gonal, but not perforative, impression in a very young specimen of 
Asteromefra anthus (fig. 277, length of arms 15 mm., C : XX, orals 0, Pg 
small. All pinnules developed). 

After stating all these facts it seems to me fairly probable that the 
Comatulids descended from forms having a pentagonal stem which had 
no synarthrial articulations in its proximal part. 

I will now return to Thiolliericrinidae. The strongly pronounced 
synarthrial articulation which we find here between the Cd and the 
uppermost stem-joint and between the stem-joints themselves, is not 
a usual type of stem-connection. It occurs further only among Bour-
gueticrinidae, Bathycrinidae, Phrynocrinidae, between the long stem-joints 
in the young of Comatulids and Pentacrinids, as well as in a somewhat 
similar form evidently developed convergently among Platycrinidae. This 
type of articulation is often connected with long joints, when a smaller 
number of articulations must be able to carry out movements sufficiently 
great to correspond to the total amount of flexibility of all the articul
ations between shorter joints which are more closely connected and 
where each connection can only accomplish insignificant flexions. Stem-
connections where the synarthrial type of articulations seems to be pre
supposed by very long juvenile joints, are met with in the young of 
Comatulids and Pentacrinids — here therefore, most probably, it is of 
a coenogenetic nature. The stem-joints in Thiolliericrinidae are, on the 
contrary, relatively short (1. often < br.). The power of flexibility in 
the stem has therefore been very great here. 

The cirrus-sockets in Thiolliericrinidae, although owing to the size 
and transverse crest similar to those among Solanocrinidue, are much 
shallower and more weakly marked. Along the ventral edge of the Cd 
small pits appear which evidently derive from the attachments for ru
dimentary cirri, like those one meets with among the recent Comasteridae. 
It has been emphasized that the obliteration of the cirrus-sockets either 
in part or entirely might indicate that the Cd has been rolled by the 
waves. This may well have been the case sometimes. The dorsal 
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synarthrial articulation towards the stem is never, however, obliterated, 
scarcely even worn, which shows both that the rolling must have been 
rather moderate, and also that this connection was much deeper and 
stronger than the cirrus-facets. The genus Burdigalocrinus, which taken 
as a whole is younger than ThioUiericrinus, shows small or weak cirrus-
sockets only, or even no sculpture at all on the sides of Cd. These 
forms are more strongly and stoutly built and of pronounced "Riff-
typus" as JJEKEL calls it. They were certainly shallow-water forms, 
and this also explains, at least partly, the reason for the great power 
of flexibility found in the stem (cf. above). 

It seems to me that we have here a series showing a strong tend
ency towards the loss of the cirri. The non-cirriferous type developed 
in this way approaches Bourgueticrinus, a genus from upper Creta
ceous, characterized by the occurrence of a non-cirriferous proximal, 
provided dorsally with a synarthry. ' We have thus on the one side 
the genus ThioUiericrinus with representatives having distinct cirrus-
sockets, geological occurrence (middle? —) upper Jurassic - lower Cre
taceous, and on the other side the genus Bourgueticrinus (upper Cre
taceous) with a non-cirriferous proximal; and both these types are 
connected through the intermediate genus Burdigalocrinus {Loriolocrinus 
included), which has a Cd with more or less indistinct cirrus-sockets^ 

' .T^KBL has dist inguished one of these non-cirriferous forms (Th. insuelus 
DK LoBioL 1890, from lusitanian = sequanian) as a part icular genus Loriolocrinus 
(1918) This genus, which I consider can scarcely be separated from Burdigolo 
crinus, he went so far as to include in t h e family Bourgneticrinidae with the inform
ation that the proximal consists of the coalesced BB. This interpretat ion, how
ever, seems to me lacking in probality. The proximal in Bourgneticrinidae disap
pears as a specially marked ossicle first in the very uppermost Cretaceous and 
among eocene forms. Among younger forms we often find an ossicle similar 
to a proximal, but formed by the coalesced BB We never, however, find tha t the 
coalesced BB have any synar thr ia l connection with the stem One might, on the 
other hand, imagine that the proximal in Loriolocrinus was formed both by the 
original proximal and the coalesced basal r ing. Nevertheless , it seems to me tha t 
DE LoRTOi.'s point of view is presumably the most correct, as in one specimen he 
found small pits after rudimentary cirri close under t he radial ring. The BB did 
not appear here at the coiners. I t seems possible to me, however, tha t the cirrus-
bearing specimens ought properly to be referred to Burdigalocrinus Im-ioli. In such 
a case Loriolocrinus s tands so near to th is species that there can be no doubt on 
the question of the similarity of s t ructure found in their Odd. 

" In 1896 CRBMA described, under t he name of Apiocrinus recubariensis, an 
interesting form from the middle Trias of I taly. BATHER (1897) referred th is species 
to the genus Millericrinus, and .T^KEL (1918) created a special genus Cremacrinus for 
this form (as was pointed out above, p. 201, this generic name is anticipated). The 
author last ment ioned considers, possibly rightly, tha t th i s form is a connecting 
link between Dadocrinus and Millericrinidae. A. H. CLARK considered in 1912 (p. 
277) that this form might approach certain Bathycrinus-{oTu\a which he described 
in ZITTBL-KASTMAN'S Textbook in 1913 under the name of Monachocrinus. Hence the 
s ta tement that Bourgueticr inids appear in the Muschelkalk is derived from th is . 
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or even none at all. The genus Bourgueticrinus mentioned above, which 
stands nearest to the ThioUiericrinids, has stoutly built, powerful reef-
forms to show. Only in later forms do we get a more slender type, 
presumably in connection with the transference to deeper and calmer 
water. It seems to me that we may almost assume that the ThioUieri
crinids stand near to the ancestral forms of the Bourgueticrinids. Such 
an explanation seems to me best to solve the problem as to how we 
get a large proximal in Bourgueticrinus, which would then be nothing 
else than a non-cirriferous Cd. 

Perhaps someone will demur here that a couple of other foim-
series may be found which in the characteristics mentioned above offer 
an approach to the Bourgueticrinid-type, and which therefore might, 
with the same right, be looked upon as ancestral forms of the Bourgue-
ticrinidae. Certain species of the families Apiocrmidae and Mdlericrinidae, 
iu fact, show a development of an, if not always so well marked, still 
distinctly stronger uppermost stem-joint, which might foreshadow a 
proximal. I refer to e. g. Apiocrinus elegans, mervmi, roissi/anus, 
magnificus (1884 DE LOEIOL PU. 34, 35, 40, 41, 46-48) and also to 
Mdlericrinits nodoHnnus. dilatatus, scalaris, goldfussi, charpi/i, brecis, elatus 
(DE LOEIOL op. cit. Pll. 91 93, 100, 117, 119). We find a similiarty to 
the high BB of the fossil genus Conocriniis and the recent Bi/thocrinus 
and Democrinus in Millericrinus fimriausianus (DE LOEIOL PI. 106). All 
these forms, however, lack every trace of prolonged stem-joints or 
synarthrial articulations between the joints mutually as well as between 
the proximal and the stem. These similarities I consider therefore ought 
most probably to be interpreted as convergent phenomena, which are 
found in greater number in form-groups the nearer these are related — 
a natural consequence of the fact that the greater the similarities offered 
by heredity — the more hereditary factors they possess in common — 
the more often similarly combined constellations will make their ap-
pearance\ 

In the genus Bourgueticrinus we have the synarthrial articulation 
between the proximal and the 1st stem-joint remaining in most cases 
(cf. 1900 BATHEE fig. 115, p. 193; 1913 BKUNNICH-NIELSEN; 1876 QUEN-

STEDT Tab. 104, fig. 76). In Mesocrinus the proximal has been reduced 
in size and is connected with tlie uppermost stem-joint by a joint-face 
without any sculpture. The synarthrial articulations between the more 

This s ta tement slipped also into Zittel 's Grundztige (1915). The similarity between 
the Triassic form ment ioned above and the Bourgueticrinids is certainly o£ a super
ficial na ture only. A. H. CLARK too (1915 b) has dropped the s ta tement no^\, and 
states regarding Monachocrimis: »nur rezent bekannt». 

' The relat ionship between Bourgucticrinidae and the two families ment ioned 
above is most likely tha t dur ing Trias, perhaps earlier, they issued from a common 
Articulate root. 
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Figg. 274—288. 274—277) Asterometra anthiis, a yonng specimen, arm-length 15 ram, 
C. ± XX, no orals, all the pinnules developed, Pj small, 274) Cd lateral view, interradial 
spaces free from cirri, 275) The basals in dorsal view, 276) One basal a) from the dorsal 
side, the central end of the ossicle; b) from the ventral side, 277) Distal articular radial 
facet, -"/i. 278—281) A Comasterid young. Arms about 20 mm, a pinnule-gap after P,, 
278) Cd -f radial ring, lateral view, 279) Cd ventral view, N. B. no basal star, 280) Cd and 
radial ring, dorsal view, 2811 Cd and radial ring, ventral view, one radial has dropped out, '"/i . 
282) Rhizocrinus lofotensis proximal portion of the stem, calyx with Ell and Brr 1, ^"/i. 
283—284) Zeaerinus wortheni 283) Some Brr from the proximal portion of the stem, ventral 
view, half embedded in matrix, ' / i . 284) llight posterior interradius, °/i. 285) Cromyocrinus 
ornatits Brr 2—6, ventral view, "/r; 286) Aesiocrinus (Graphiocrinus) magnipcus Grinding-
section through the ventral sac, a pore-shaped slit is seen in the upper part of the drawing, 
''li; 287) Pterometra trichopoda Section through a Cd, a radial pit to the left, '"/i; 2ii) Astero
metra anthus Section through a Cd, a radial pit to the left, '"/»• 

14—24120. T. OisUn. 
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distal stem-joints, however, are still pronounced in this and all the 
younger forms. 

Many species of the genus Bourgueticrinus acquire a greatly pro
longed proximal which may take very different forms (cf. 1913 BRÜN-

NIOH-NIELSEN). In the eocene Conocrinus thorenti, on the contrary (1846 
D'AKCHIAC p. 200, PI. 5 fig. 20 a, Bourgueticrinus Th.; 1850 Tome 2 
D'OEBIGNY p. 332, Conocrinus Th.), we find a proximal like that in Meso-
crinus, but the BB are extraordinarily prolonged and united by close 
sutures. That it is a question here of prolonged BB is evident from 
the description and from the figure which above the 5 prolonged ossicles 
shows 5 short RR alternating with the BB. On one of D'ARCHIAC'S 

figures, the proximal has by mistake been drawn with 5 parts which 
cannot be right because these 5 ossicles would then represent IBB. 
One may, moreover, compare the description: "Tête . . . composée a la 
base d'une seule piece arrondie sur la quelles s'articulent cinq pieces 
basales, longues, étroites, et surmontées de cinques pieces supérieures 
courtes, portant en dessus un nombre égal d'attache's brachiales . . . " 

Among recent forms we get a usual stem-joint immediately dorsally 
of the basal ring, which is connected with this stem-joint by a more or 
less pronounced synostosis. The uppermost part of the stem consists 
in Bycrinus and Bathycriniis of some 20 short discoidal joints; in 
Monachocrinus these are often fewer; and in Bythocrimis, Democrinus, 
and Rhizocrinus the joints already become longer than they are broad 
after the 1st or 2nd joint. 

We never find, however, that the uppermost stem-joint is enlarged 
as among Bourgueticrinidae (Bourgueticrinus, Mesocrimis, Conocrinus). In 
llycrinus, Bathycrinus, BJiizocrinus, and some of the species belonging to 
Monachocrinus we really find a large ossicle between the radial ring and 
the uppermost stem-joint reminding one of the proximal in the Bourgueti
crinidae. In this case three possibilities may be imagined: (1st) the 
BB are reduced as in the recent Comatulids, (2ndly) the ossicle is 
formed by the coalesced BB, the proximal has disappeared, (3rdly) the 
joint is formed by both the coalesced basal ring and the proximal. The 
first of these solutions was defended by many of the older scientists (cf. 
1884 P. H. CARPENTER'S history pp. 226 and 246 ff.). A calcareous plug 
in the centre between the RR was interpreted as "the rosette". CAR
PENTER showed, however, the similarity between this and the central plug 
in Pentacrinidae. The second interpretation is favoured by DANIELSSON'S 

observation (1892, PI. 1 fig. 2) that in the young of llycrinus carpenteri 
"the proximal" in its whole extension is divided into 5 not yet coa
lesced BB. The discovery of P. H. CARPENTER that Bathycrinus 
aldrichianus shows in section a division of the proximal into 5 different 
parts, corresponding to the 5 BB (1884, PI. 76 fig. 2, p. 226) points in 
the same direction. One might imagine, in the third case, that the 
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proximal had coalesced with the anchylosed basal ring. This, however, 
is contradicted by the fact, that in the cases where one finds sutures 
between the BB [Byfhocrinus, Bemocrinus, 3Ionachocrinus, and the two 
cases mentioned above) they run through the whole "proximal". Owing 
to this the uppermost stem-joint often also shows 5 slightly marked 
ridges on its proximal face which fitted in between the sutures of 
the BB (1884 P. H. CAEPENTEE, PI. X fig. 9). It is thus seen that 
in all cases where the BB are known in the family Bathycrinidae, it is 
these BB alone which form the "proximal". The only exception to 
this would, possibly, be formed by the genus Rhizocrinus. Here the 
anchylosed RR ring also forms a part of its large "proximal", where, 
however, the boundaries of the different radials are often distinct, even 

RhUocf. Bathvcr. / lytr. Monaehocr. Bythccr. Ojmoci-. Haumochocr. Phr^noci: 

Solanocr, 

M M Of 
\ tonocr 

divatocr, \ I 

DourCj 

if they cannot be separated by boiling in KOH (cf. fig. 282). In this 
genus, moreover, we have no observations on the BB which however, 
probably form the dorsal half of the "proximal". In this genus one 
might imagine the possibility of a real old proximal having coalesced 
with the other two rings. 

If the Bathycrinids ate more or less direct descendants oi Boiirgueticrinus 
— and their appearance in other respects makes this very probable — 
they have then, presumably, lost a once well-marked proximal completely. 
The fam. Phrynocrinidae stands near the Bathycrinids and like this 
family lacks a specially set off proximal. Phrynocrinns is the least 
differentiated genus, having both its radial and basal rings of normal 
size. Naumachocrinus, on the contrary, has its dorsal cup prolonged as 
in certain Bathycrinids, but while in the Bathycrinids it was the BB 
which were prolonged, it is the RR here which have been lengthened. 
It is interesting to notice that Phrynocrinus, which of all the recent 
Bathycrinidae and Phrynocrinidae is the most primitive in type (the least 
modified basal and radial rings, high disk, cf. below) has also a short 
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and coarse stem, similar to that of the Bourgueticrinidae and Thiollieri-
crinidae. 

The family last mentioned had, as I mentioned above, forms approach
ing the Bourgueticrinids. The Thiolliericrinids, however, can scarcely be 
the direct ancestral forms of the Bourgueticrinids, for their BB are 
greatly reduced, while the genus Bourgiieticrinus has 5 free, certainly 
rather low, but still laterally contiguous BB. The phyletic development 
of the forms discussed in this connection would therefore probably be 
drawn most correctly as above, p. 211. 

VI. The pinnule-gap in the proximal parts of the 
arm among Articnlata. 

It has long been known that a pinnule-gap appears in the proximal 
parts of the arm in the young of Comatulids, i. e. the first pinnules, 
at the ends of the arms, are not developed until these latter have first 
developed a certain number of Brr. The arm-part devoid of pinnules is not 
filled up till later on by the successive appearance of P j , then usually 
P3, and finally P2 and P^ (Cf. MOETENSEN 1920 a, p. 28). This appear
ance of a pinnule-gap seems to be universal in the young Comatulids. 
In Macrophreata the first pinnules appear on Br 10 — 12, when about 
15 arm-joints have developed. Among other Comatulids the pinnule-
gap is possibly in certain cases somewhat smaller, and possibly the forma
tion of the proximal pinnules does not always take place as regularly 
as MOETENSEN stated (Cf. 1922 GISLÉN, pp. 5 7 - 6 3 , 110, 118). Among 
full-grown Comatulids we have the pinnule-gap retained in Atelecrinus, 
where up to 15 Br-joints lack pinnules, and in a reduced degree in 
Comatilia, Hypalometra, Clarkomelra, Balanometra, Pentametrocrinus, as 
well as in certain Colobometridae and Perometrinae (in the two last-men
tioned groups, however, only P^ and in rafe special cases Pj are 
lacking). 

A. H. CLARK (1922) has tried to explain the cause of this by assum
ing (pp. 191—192) that the Comatulids, before the appearance of the 
first pinnules, might be ' a fairly typical representative of theFlexibilia 
Impinnata". He mentions also several other similarities to this group, 
which might support the assumption of a nearer relationship. As regards 
the part of the arm found proximally of the 2nd syzygy in a full-grown 
Comatulid, these similarities are, according to him: 1) Short, oblong, 
wedge-shaped brachials. I have investigated the cause of this in the 
Chapter on the Obliqueness of the joints. 2) The absence of syzygies 
after the 1st syzygial pair, which is of course a correlative to the 
statement above. The syzygial interval between the 1st and 2nd syzygies 
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is also said to be the greatest in the whole arm. This, however, only 
concerns those Comatulids which have very short syzygial intervals 
distally and the 2nd syzygy about Br 10. In certain Mariametridae, in 
Pfilometra, Notocrinidae, Pentamelrocrinidae, and Atelecrinidae the interval 
is, on the contrary, often very short and the 2nd syzygy appears as early 
as about Br 7. 3) Before the 2nd syzygy the pinnules are said to "be 
absent until after the brachials are completely formed". This sentence 
only becomes explicable if we understand it as meaning: until after the 
brachials that form the 2nd syzygial pair are completely formed. The 
assertion, however, does not concern forms where the 2nd syzygy first 
appears far out on the arm (certain Oligopltreata). 

Among the young of Comatulids there also appear, according to 
CLAEK these similarities to Flexibila Impinnata: 1) All the Br articula
tions are of the same nature. This, however, is not correct, for when 
the first pinnules begin to be developed one can distinguish histologically 
between muscular and non-muscular articulations. 2) The flexibility 
of the arm is caused by a continuous ventral muscle-band which 
is not subdivided into interbrachial muscles. It is easy to prove by 
means of dissection or section of young Comatulids that interbrachial 
muscles really occur. There are other similarities found there certainly, 
but they are of a too general nature to point directly towards Flexihilia 
Impinnata — they might just as well be mentioned as similarities with 
the Inadtmata (excepting his paragraphs 4 and 9 about the pinnule-gap 
and the formation of a Cd). 

Here, however, the point concerned is the closer discussion of the 
pinnule-gap. For a long time this was a puzzle to me, until at last 
through comparison with the condition in the recent genus Fhrynocrimis 
(Cf. 1907 a, A. H. CLAEK) I began to see the matter more clearly. 
The disk here extends at least as far as the 20th Br-joint. half burying 
a number of pinnules in the perisome. The first pinnules appear 
about I Br 8; proximally of this they are suppressed completely, evi
dently because, even if they had been present, they would have been 
far from reaching up to the surface of the disk, and therefore would 
have been of no use for obtaining nourishment here. If the pinnule-gap 
of the Comatulids was caused by historical factors, it seemed to me 
that one ought perhaps, in analogy with the case quoted above, to be 
able to find something similar in the fossil ancestors of the Coma
tulids. One should then most likely seek first among the Pentacrinids 
which, as was mentioned above, come nearest in other respects to the 
Comatulids. 

My investigations of recent forms gave, however, only a negative 
result. The young of Metacrinus interruptus (Sp. 16), which I described 
in my work of 1922, have a complete series of pinnules. Dr. MOETENSEN 

has been kind enough to give me the information that among his small 
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young of the same genus (total length of the crown 7 mm) there can 
also be no question of the oral pinnules being developed later on as 
among the Comatulids. The specimens had one pinnule to the right and 
one to the left before the first axillary and 2 pinnules on the arm-
branches. The most proximal pinnules are the largest. — The disk is also 
unusually thin and insignificant. I t extends, in Sp. 16 mentioned above, 
only as far as I Br 2 inclusive, the anal tube is likewise short, only 
reaching to I Br 3 inclusive. Among full-grown specimens the disk is 
somewhat larger and reaches, when the arms are spread out, to I Br 5—6, 
when the arms are folded up, to I Br 6. The corresponding figure in 
Metacrinus rotundus is (folded up arms) I Br 7, in Metacnnus nohilis 
tenuis (full-grown specimen, folded up arms) II Br 2 inclusive (I Br 4 Ax.). 
In the young specimen 9 of this species (Gislén 1922) it reached only 
to I Br 2 inclusive. Among young specimens of Isocrinus decoriis (1884 
P. H. CAEPENTEK P I . 85) the disk likewise seems to extend only as far 
as I Br 2 inclusive. In a specimen of Diplocriniis tcyviUe-thomnom 
which I examined the disk extended (folded up arms) to II Br 2 in
clusive (I Br 2 Ax). 

VII. Defective pianulation in tlie Articulata. 

It was not until I turned to the fossil species of Pentacrinus 
— it should be noticed that just this genus, as we found above, comes 
nearest to the Comatulids — that I found the solution. Here, in fact, 
the ventral perisome rises between the arms to half their length or to 
the 5th or 6th arm-division; in other words, to at least the 40th 
Br-joint, if all the series are reckoned consecutively (Cf. 1837 BUCKLAND, 

PI. 51 fig. 2, 1844 The AUSTINS, PI. 12 fig. 18., 1891 a J ^ K E L ) . JJSKEL 

has now pointed out (1891 a) that the high perisome in BUCKLAND'S 

specimen was probably caused by the folding up of the arms, by which 
the disk was pressed up between the arms. This is partly true. 

If we compare the disk in Heliometra eschrichtiy where we find an 
unsually voluminous one, it reaches with folded up arms and seen in 
profile to Br 15—18, the anal tube in one case observed up to Br 21 in
clusive; with outspread arms it reaches to Br 8 only or, in other words, 
as far as it is connected with the arms. In Notocrintis virilis the disk 
with folded up arms reaches to Br 8 or 9, the arms are grown fast as 
far as Br 5 or 6. In Hathrometra tenella var. sarsii (full-grown specimens) 
the disk extends to Br 5 to 7 with folded up arms; these are 
grown fast to Br 3 or 4. The anal tube is very long here and reaches 
to Br 12. It possesses its own interest to notice that already in the 
older Pentacrinulas of the same species the disk reaches about as high 
as in full-grown specimens or to Br 6 (the disk grown fast to Br 4 or .5), 
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the anal tube reaching Br 10. And none the less the arm-joints are 
relatively longer in the young than in the full-grown specimens. In 
still younger Pentacrinulas, where the budding of the pinnules in the 
distal parts of the arm has recently begun, the disk reaches, however, 
only to Br 1 and the anal cone to Br 4, but then the reduction of the 
BB and RR has not yet set in to any degree worth mentioning either. 

Among forms having thin disks the difference, on the contrary, is 
hardly noticeable. The disk is attached as far as to Br 6 or 7 (II Br 
4 Ax.) in e. g. Heteromelra crenulata, but does not reach noticeably 
higher with folded up arms. In Asterometra anfhus we have a similar 
condition; the disk here reaches to Br 3 (Cf. the specimen of Metacrinus 
interruptus given above). The Triassic Encrinidae also possibly had 
such thin disks (cf. 1894 J ^ K E L , p. 158). Encrinus cnmalli which JJEKEL 

has drawn had therefore a disk which, with folded up arms, did not 
reach farther than to Br 3 (I Br 2, II Br 2). The anal tube was short 
here (op. cit. fig. 2). 

We may therefore assume that the arms in BUCKLAND'S specimen 
were grown fast to the disk, at least to the 15th or 20th Br-joint 
or to the III Br series. (N.B. the arms are only folded up about 
half way in the specimen in his drawing). If the proximal pinnules are 
very long and slender they may, in spite of a fairly high disk, be of 
use in taking up nourishment or act as tactile organs round the mouth 
(oral pinnules) — this is seen e. g. in Heliometra eschrichti. With an 
enlarged disk, however, it may come to the point where the proximal 
pinnules cannot reach up to the ventral side of the disk; they are then 
excluded from playing any part in conveying nourishment or as tactile 
oral pinnules. It is evident that this has often been the case in a 
number of Pentacrinus species. If the perisome then bulged out round 
them and they became imbedded in it, evidently their reduction and 
disappearance was not far off̂ . This seems hardly to have been the 
case in the (briareus =Jfossilis gvom^, while, on the contrary, the siiban-
gnlaris group shows evident reduction of the proximal pinnules. Among 
other matters this is evidenced by QUENSTEDT'S figures of P . siibangularis 
and colligatus (cf. 1876 QUENSTEDT, PI. 101 figg. 34, 35, 39). 

J. MILLER, however, as early as 1821 gave a figure of P . suhan-
gularis (p. 59, PL 1). He says, too (p. 61): "The plated in tegument . . . 
extended beyond the scapulae" (I Br) "connecting the sides of the arm-
joints and the hands as far as the first finger-joints" (IV Br 1) "together" 
(i. e. to about the 16th Br-joint, reckoned from R) and continues: 
"A question here suggests itself, whether the animal in age loses the 
tentacula" (pinnules) "of the arms", (II Br) "and those of the commence
ment of the hand" (III Br). I will not quote further from this inter
esting argument here, only proving that MILLER supposed that the greater 
extension of the integument, caused by the increase of the apparatus 
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for obtaining food, gave rise to a reduction of the proximal pin
nules. The two AUSTINS, who in their work (1844, PI. 13 fig. 1 a) have 
figured a specimen of Exiracrinus lepidotus, i. e. Pentacrinus subangularis, 
from the English lias, give a figure of the reduction of the proximal 
pinnules in this species. Their figure indicates a perisome to about IV 
Ax, i. e. to about the 40th Br-joint. In the description (p. 108) it is 
stated: "From the manner in which the p l a t e s . . . adhere laterally to 
the lower portion of the rays it is evident that the outer sides of the 
leading r a y s . . . are devoid of tentacula" (i. e. pinnules). QUENSTEDT, 

in the work quoted above, says (p. 304) on the extension of the perisome, 
that it is united with the arms till about the first IV BIT . He continues 
(p. 303) (es) "lasst sich nach obeu hin nicht sicher entscheiden, wann 
die Zwischenplatten aufhoren und die Pinnulse beginnen", (p. 304) "An 
den Interbrachialplatten fig. 35 beginnen auf der linken Handseite" 
(III Br) "die Platten sich alsbald in Reihen zu stellen und scheinbar in 
Pinnulse überzugehen". Further down on the same page: "die unteren 
Plattchen . . . sind oflfenbar noch Zwischenplatten, die erst oben sich zu 
Pinnulse gestalten". QUENSTEDT'S specimens from the Posidonia schist 
are possibly not to be considered as belonging to the species subangularis, 
even if they stand near it. In a specimen from this locality preserved in 
the Riksmuseum, Stockholm, I have observed the first pinnule on III 
Br 1 and III Br 4 (II Brr in the first case ± 13, in the latter 10 + ) . 
Besides this there is a large polished slab in the Riksmuseum in which 
occur more than 10 crowns of the species mentioned above. About 5 of 
them have been cut by chance in a longitudinal direction and we can 
verify a large and high disk in them all (cf. fig. 303). The length of 
the arms varies between 100 and 150 mm., and the height of the disk in 
the 3 cut almost medially between 30 and 40 mm. (the 2 specimens 
remaining, evidently cut somewhat laterally of the median longitudinal 
line, had disks 20—25 mm. in height). The horizontal section of the 
mouth surrounded by ambulacral furrows is, probably, to be seen in one 
specimen (cf. fig. 304). 

One may learn from this that at least 15 of the proximal arm-joints 
in the species of the subangularis group lacked pinnules, and that the 
bases of the first pinnules appearing later, as in Phrynocrinus, were 
hidden by the perisome, here plated. 

The genus Pentacrinus, according as we understand it now, includes, 
as is indicated above, two groups which might suitably be characterized 
as two separate genera. The first, the fossilis {briareus) group: Penta
crinus s. str., is characterized by short stems which along their whole 
length have closely set nodals carrying long stout cirri. These cirri, 
at least in the proximal half, are pronouncedly rhombic when seen in 
transverse section. The perisome extends high up among the arms, 
but does not seem to have caused any defective pinnulation worth 
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Figg. 289—302. 289—292) Isometia vwipara. 289) Cd + radial ring, lateral view; 
290) ladial ring, ventral view; 291) Cd ventral view, 292) Eadial ring, dorsal v iew, 'Vi 293— 
294) Pterometra tiichopoda. 293) Cd, vent ra l view, 294) Badial r ing and basal s t a i , dorsal 
view, ' ° / i . 295) Metacnnus rotundits 2nd cir ial , dist . ar t icular facet, '"/i 296—298) Ptero
metra irtchopoda Cura l s fiom diffeient pa i t s of a c i r rus; flg 298 fiom the distal p a i t of the 
cir ins, '"/i 299) Asterometra anthus A cirral , " / ' • 300) Pectinometra flavopurpurea A c u r a l , 
' " / i . 301) Leptometra phalangtum Section th rough a Cd, " / i . 302) Pohomett a prolixa Seaiioa 
t h iough a Cd, '»/i . 
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mentioning. Type, P. fossilis BLUMENB. The other group, the subangid-
aris group, is distinguished by very long stems, carrying nodals which 
are extremely closely placed in the proximal part of the stem, and having 
a slowly, constantly increasing, number of internodals distally, ac
cording to QuENSTEDT (1876) reaching to more than 80, according to 
SPEINGEE (1918) to at least 63, perhaps 120, joints per internodium. The 
cirri are short and rudimentary. The perisome, which here too stretches 
high up among the arms, has caused a more or less powerful reduction 
of the proximal pinnules. I call this genus on account of the long rope
like stems Seirocrinus (from ostpa = rope). Type S. suhangularis (J. M I L -
LEE) (? = Chladocrinus L. AGASSIZ 1835). 

I t is now evident that the hypothetical ancestral form of the 
Comatulids described above unites in itself characteristics belonging 
to both these genera. It approaches Pentacnnus by its short stem, 
consisting, after the development of the first nodal, of nodals only, as 
well as by the strong cirri. Among known forms P . dargienesi comes 
nearest here to the Comatulids (cf. 1888 DE LOEIOL, pp. 417—420). The 
stem in this case did not reach more than 60—70 mm., while the cirri 
were 100 mm. DE LORIOL says too (p. 420): "Suivant tout probabilite', 
ce crinoïde . . . llottait librement". The Comatulids approach jSêirocmutó 
through the defective pinnulation appearing during their ontogeny which, 
as seems probable, is caused by the perisome once upon a time having 
swelled out between the arms. Perhaps we may conclude from this that 
a Pentacrinus-tjpe existed once which united these characteristics, and 
which was older than both the genera mentioned above. 

The oldest form of Pentacrinus we know is P. versistellatus from the 
uppermost Trias, described by SCHAFHAUTL (1851; ef. also 1909 BATHER, 

p. 23). The recent type of Pentacrinid had then already flourished for 
a long time. Typical Isocrini are known already in middle Trias 
(1915 CLARK & TWITCHELL. Those from lower Trias, on the contrary, are 
uncertain). The middle Triassic forms had, however, even then the 
following distinctive characteristics appearing also in recent forms and 
deviating from Pentacrinus and Seirocrinus: Rapid attainment of the 
maximum number of internodals (usually between 5 and 15), IBB hidden, 
normal RR with their proximal ends not directed backwards, rounded 
or dorso-ventrally flattened cirri, complete pinnulation, insignificant arm-
branching, and, as far as we know, a small disk. I t appears evident to 
me that Isocrinus and the Pentacrinids that correspond to this genus 
in the definition given above, already form during the Triassic age a 
well-defined and out-crystallized form-group distinct from the Penfacrinus-
type. I propose therefore that they are discriminated as a family of 
their own, Isocrinidae. Pentacrinidae will then include Pentacrinus and 
Seirocrinus only, and may be characterized thus: Cirrus-provided nodals 
very closely set proximally, often without internodals; when retreating 
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distally of the crown a slowly increasing number of internodals sets in, 
in long stems reaching a very high number. The cirri in transverse 
section rhombic, either powerful or rudimentary. IBB hidden. RR with 
long, often segmented, processes, pointing downward, inlaid in the stem. 
Often defective proximal pinnule-series, very extensive and characteristic 
arm-branching (cf. example below), high disk. 

Example of the mode of arm-division in a Seirocrinus suhangularis 
(Posidonia schist, Holzmaden): 

[111? Ax 

, |IV 10 (V 13 [VI 11 jVII 13 jVIII 11 |IX 13 (X 11 jXI 9 (XII11 fXIII 
' JBr )Br |Br )Br jBr )Br |Br (Br |Br |Br 

-H^S 
,TT , J I V 21 (V 15 (VI 11 (VII 13 (VIII 

("^^MBr Br Br Br Br 
[I5 + Axi ' " ' 

^ TTTlĴ '' P'' P̂ ' P^ î ^ \^' 
\ i l l ID <j j ^ j ^ 1^ j ^ l ^ j J J JYjj j 3 l^j^j j ^ jj-j^ 

N. B. The odd figures prevail, as in the recent forms (cf. Chap. 1). 

It is not, however, only among the Articulata discussed above that 
we find a pinnule-gap proximally. 

Among recent forms it appears also in some full-grown stalked 
types. It is met with throughout in Bathycrinidae. In Bythocrinus the 
first pinnule appears on Br 4—12 {B. cf. braueri 4—6, braueri 8, chimi 
10 — 12), in Democrinus (rawsoni and weberij on Br 6, in Rhizocrinus (lofo-
tensis) on Br 8, in Balhycrimis on Br 8 —10 {B. pacificufi 8, campbellianus 9, 
serratus 10?), in Ilycrinus on Br 9 — ':'12 [australis 9—11, cnrpenteri II—12, 
complanatus 10—12), in Monachocrinus (sexradiatus) on Br 10—14. In 
Phrynocrinidae only the arms of Ph. nudus are known. The first pinnule 
appears here on I Br 8. Among Hyocrinidae too a proximal pinnule-gap 
is found, as one pinnule to the right and one to the left is lacking. The 
first pinnule therefore appears on (I) Br 4—6 (the variation is due to 
the different distribution of the syzygies). 

In case the idea is correct which I have expressed above concerning 
the derivation of the Bathycrinids from Bourgueticrinidae, and the descent 
of these latter from a form nearly related to the Comatulids and Thiol-
liericrinids, the explanation of the pinnule-gap in the Bathycrinids will 
be the same as that given in the case of the Comatulids. The disk in 
the Bathycrinids of the present time does not reach far; in Rhizocrinus 
(V arms) to Br 2 and in llycrinus (X arms) to Br 2 (i. e. to the 4th Br 
reckoned from the R). I t seems, however, in many cases as though this 

\ 
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may be explained partly by the disk having sunken in between the 
greatly prolonged BB (Bythocrinus, Democrinus, and some species of 
Monachocrinus). 

In Phryocrinus we have, as was mentioned above, a very large 
perisome which reaches up to about Br 20. The disk and arms of Nait-
machocrinus are not known; the RR here are very prolonged. 

A high disk is also found in certain Hyocrinidae. In Ptilocrinus, 
where it stretches out to Br 6, the arms are grown fast up to Br 5. 
In Calamocnnns, where the disk is connected with the arms to I Br 
9—10, the anal proboscis reaches to II Br 3 (I Br 10 Ax.; ef. A. AGASSIZ 

1892j. Thalafisocrinus and Hyocrinus seem, on the contrary, to have thin 
disks. Gephyrocrinus takes a middle position. 

Among fossil Articulata we notice that Saccocomidae lacked pinnules 
until about Br 15 (cf. e. g. 1893 b J ^ K E L ) . 

But among certain of the fossil Articulata which have complete pin-
nulation we also have evidence of a plated perisome which might extend 
rather a long way up between the arms. We find this in Apiocrinns and 
Uintacrimcs (cf. 1887 DE LOEIOL, 1901 SPEINGEE). 

The genus Holocrinus from middle Trias shows us the appearance 
of a primitive Isocrinid. It answers completely, with the exception of 
the occurrence of visible IBB, to the definition for Isocrinidae given 
above, but its primitiveness is marked by the cirri appearing 2—3 in 
each whorl only (in one of the species), by the large BB, as well as by 
the powerful development of the IBB (cf. FICAED 1883, WAGNEE 1887, 
J^KEi 1893 a). There is therefore a certain interest in seeing how the 
conical disk, which in H. iiagneri was covered by rather stout and large 
calcareous plates, had grown fast at least to Br 3 and reached up even 
to Br 8, i. e. higher than in any now living ten-armed Isocrinid (WAGNER 

1887 b and 1891, v. KOENEN 1895). 

Dadocrinus gracilis, which may be considered as the representative 
of the prototype for Millericrinid forms had, likewise, a relatively high 
disk^ (GüRiCH 1887, v. KOENEN 1887 a and b, 1895). 

We find in the Encrinids, on the contrary, a thin disk formed of small 
calcareous granules which reaches only to Br 3 (I, II Br 2) (cf. J ^ K E L 

1894). J^KEL is right when he points out (p. 162) that here we have 
already a differentiated type of disk which was first attained by the 
Pentacrinidae ( = Isocrinidae) and Comatulids in post-liassic times. The 
Encrinids show, as he rightly points out, an extensive specialization in 
this characteristic as well as in others. It was once supposed by WACHS-

MÜTH and SPEINGEE that, possibly, young Encrini had a disk which 

'• Possibly the Millericrinid type has developed from a number of con
vergent types, partly descending from ancestors similar to Dadocrinus, partly, through 
the suppression of cirri, deriving from Isocrinidae (cf. Proisooi-inus). 
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stretched considerably higher up between the arms (cf. 1885 WACHSMUTH 

& SPRINGER, p. 263). This observation was, however, modified later on 
(1886, p. 183). Mr. SRINGER has had the great kindness to inform me 
that the whole statement is due to a misconception of the young, caused 
by the specimen being subjected to abrasion, from which one gets the 
impression that there was a small groove separating some few perisomatic 
plates and the Brr. But this is merely a superficial appearance. According 
to him it is, moreover, impossible to say if there was any gap in the 
proximal pinnule-series, but, so far as Mr. SPRINGER was able to see, 
the young specimen does not seem to differ from the larger ones except 
in size. 

Finally we may conclude that a voluminous disk is of very common 
occurrence among the primitively organized Articulala. Sometimes this 
high disk is combined with the loss of the proximal pinnules. In the 
('omatulids we have evidence of defective pinnuiation having once been 
present in the occurrence of a proximal pinnule-gap during the juvenile 
stages. 

VIIT. The cause of the enlargement of the disk. 

Two views have been brought into opposition with each other in 
attempting to establish the ancestors of the Aiiiculata. The first 
maintains that they were descended from the fistulate Inadunata, the 
other emphasizes their similarity to Flexibilia. In the first school we 
have above all to reckon BATHER, J ^ K E L , NETJMAYE, WACHSMUTH & 
SPRINGER, in the latter one A. H. CLARK and WANNER. SPRINGER, during 
later years has taken up the former opinion, after having inclined 
during an earlier peroid towards the latter one (cf. BATHER 1900, 
1909, J^KEL 1918, NEUMAYR 1889, WACHSMUTH & SPRINGER 1885, A. H. 
CLARK 1922, WANNER 1916, SPRINGER 1920, 1923, cf. too ZITTEL-EASTMAN 

1913, p. 227). 

Whichever of these standpoints one has taken up, similarities 
can be pointed out and difficulties have arisen. In the last represen
tatives of the fistulate Inadunata, Poteriocrinites, one may find numerous 
similarities with Encrinidae, to which the transition through Eriso-
ciinus — Stemmatocrinus may be considered as fairly unbroken. In 
Fistidata we have, however, as is well-known, a subtegminal mouth and 
covered ambulacral furrows on the disk ever since the Silurian period 
(cf. e. g. 1897 WACHSMUTH & SPRINGER, PI. 3; 1900 BATHER, figg. 39, 48, 
pp. 127, 128). In Articulala the ambulacral groove is open and the mouth 
uncovered. A disk is found in Flexibilia from the oldest times which 
very much resembles that of the Articulala, but in this group neither 
pentamerous cirrus-whorls nor pinnules have ever been developed. One 
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thing worth pointing out is the fact that V simple arms is an arm-type 
which is unknown in Flexibilia but, on the contrary, is common both in 
Poteriocrinites and Articulata. Among Flexibilia the Carboniferous genus 
Onychocrinus comes nearest to the pinnulate stage, but the similarities 
between its armlets and real pinnules are rather distant. It is there
fore quite natural that SPEINGEK (1920) comes to the conclusion (pp. 92, 
97, 106—107) that, "The Inadunate type . . . is in its essential features 
carried forward with the Articulate type", and was not "a pinnulate 
division of the Flexibilia'', and that Flexibilia became extinct near, or 
shortly after, the end of palaezoicum. He did not know then of WANNEE'S 

investigations (1916), but these seem to have made him doubtful in 
certain respects. In his Supplement to the Crinoidea Flexibilia he says 
(1923) that: "Prophyllocrinus . . . seems to anticipate some characters of 
Mesozoic types". He is thinking here of Eugeniacrinidae and Holopodidae, 
which among the Articulata represent a type well-distinguished even in 
Jurassic, and sharply separated from the other members of the order. 
These have not been touched upon in the previous discussion, as their 
derivation seems to me still to be veiled in mystery. 

I t seems to me as if J ^ K E L (1918) interpret the opinions of his 
partisans in a very happy manner, when he (p. 65) sketches the transi
tion of Fistidata to Articulata as a "Sprengung der primaren Kelch-
kapsel (des Cyathocrinidenstadiums) . . . " by which "der Analtubus die 
ganze Kelchdecke in sich aufnahm, hob und von den Radialien ablöste. 
Sie wurde nun zwischen den unteren Teilen der Arme ausgebreitet". We 
know that in Poteriocrinids the anal opening lay on the aboral side usually 
at or near the base of the ventral sac (cf. 1897 WACHSMUTH & SPKINGEK, 

pp. 137—138, PI. 7). We know further that there existed in the older 
Crinoids, between the anal opening and the mouth, a pore for the primit
ive gonad, to which the present axial gland corresponds ( = labial plexus 
part. 1884 P. H. CAKPENTEE, p . 97, "der dem driisigen Organ angelagerte 
Zellpolster" 1905 REICHENSPEEGEE, p. 183). According to what KEICHEN-

SPEEGEE'S investigations brought to light, the genital glands of the pin
nules are to be considered from the beginning as processes from the 
organ above-mentioned. It is only at a later stage that they lose their con
nection with it. As I have pointed out in another connection, the gonads, 
in some of the recent forms, do not appear in the pinnules but in the 
arms (Metacrinus, Notocrinus, Gomatula). Thus no decided correlation 
between the pinnule and the gonad, as one was inclined to assume 
earlier (P. H. CAEPENTEE 1884; WACHSMUTH & SPEINGEE 1885, p. 289; 
1897, p. 80), really exists. On the contrary, all the ontogenetic signs 
indicate a late migration of the gonads in the arms and in the pinnules. 

We may therefore suppose that the ventral sac enclosed, besides a 
part of the intestine, at least a part of the gonad (cf. also 1897 WACHS-
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MUTH & SPRINGER, pp. 114, 138, Aulocrinus PI. 7 fig. 9).* "When the ventral 
sac later on absorbed the whole of the disk, we may assume that the 
gonad stretched out under all the inter-radii. The perisome then rose 
between the arms and caused, at least in a number of forms, a reduction 
of the proximal pinnules. When finally the disk once more dwindles 
in size the migration of the gonad into the arms has begun. In a number 
of forms there still remains, as a reminder of the high disk and pin-
nular reduction, a proximal pinnule-gap in full-grown forms, marked best 
among Bathycrinidae and Atelecrinidae and appearing during ontogeny 
among all Comatulids. I t is noticeable that Flexibilia, which never 
developed pinnules and had no ventral sac, always had a perisome exten
ding high up between the arms. 

There has seemed to me to be a certain amount of interest in 
trying to ascertain the total volume of the genital glands in some of the 
recent forms. One might suppose that if the perisome was increased 
by this volume, one would get about the measure of how far the disk 
would extend up between the arms in recent forms, in case the gonads 
had not migrated out into the arms or pinnules. I therefore picked 
loose all the genital glands from an arm in some specimens with greatly 
swollen genital pinnules — a rather troublesome undertaking — weighed 
the mass thus obtained, multiplied by the number of arms, divided by 
the specific weight, which for the soft parts should not be placed higher 
than r i (cf. Chap. V), and in this way obtained the total volume of the 
gonad. From this I calculated the raising of the disk and obtained the 
following results: Heliometra eschrichti: (genital pinnules relatively in
conspicuously distended) weight of genital glands 7-43 gr., volume 6"76ccm., 
radius of the disk 10-5 mm. Raising of disk 19-5 mm. or corresponding 
to 14 Br-joints. As the disk before reached to Br 10, a disk with the 
gonad included would thus reach to about Br 24. Antedon petasus: total 
weight of the gonads 0-53 gr. Volume 0-48 ccm. Radius of the disk 
3-3 mm. Raising 14-1 mm. or 18 Br-joints. As the disk with folded up 
arms before reached to Br 7 a disk with the gonads included would reach 
to about Br 25. Compsometra serrata: total weight of the gonads 0'36 gr. 
Volume 0-33 ccm. Radius of the disk 3-4 mm. Raising 9'1 mm. or 16—17 
Br-joints. As the disk before reached to Br 6 it would reach, with the 
gonads included, up to about Br 22. It seems therefore as though 
the enlargement of the disk, under the conditions given above, was 

^ ÏRADTSCHOLD supposed (1882) tha t certain depressions on the sides of the 
ventral sac Avere genital openings. This, however, at least in many instances, seems 
scarcely to have been the case (1890, 1893 BATHER). A S these depressions are here 
found in the suture-lines be tween the plates which form the ventra l sac it is easy 
to assume that the pi ts shel tered flexing ligament-bundles. Probably BATHER'S view 
is r ight here, though it may be possible tha t there existed real pores in certain 
Poteriocrinites (fig. 286). 
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rather considerable and fully sufficient to give rise to the reduction of 
the proximal pinnules. 

This assumption, of the extension of the gonads under the inter-
radii being the chief cause for the enlargement of the perisome, makes it 
clear also why in young Comatulids we do not get a high disk in con
nexion with the pinnule-gap, for at this stage the gonads are perfectly 
rudimentary. 

IX. The re-openiug of the subtegminal month. 

At about the same time as the disk rose between the arms, the 
subtegminal mouth and the covered proximal parts of the ambulacral 
grooves were presumably opened again. The Permian form Timore-
chinus, offering the interesting figure of an Inadunate\ where the anal 
tube has absorbed the whole disk which reaches up over the ends of the 
short arms, still has subtegminal ambulacral furrows (cf. WANNER 1912, 
1916). Whether Encrinidae and Pentacrinidae had open ambulacral 
furrows must still be considered as not quite settled, although it may be 
assumed that such was the case (cf. also fig. 304). The middle Triassic 
Holocrimis had certainly, however, open ambulacral furrows (1895 v. KOENEN, 

p. 292). 
It seems to me that valid ontogenetic evidence of the descent of 

recent forms from forms having a subtegminal mouth is found in the 
formation of the marsupium over the mouth of the young Comatulid 
Pentacrinula. Directly after the larva has become attached and the first 
beginning of the development of the stem has set in, a mound appears 
round the mouth which grows over the latter. It develops a closed cavity 
beneath the roof so formed in which, besides the mouth, the developing 
primary tentacles are also contained. The marsupium is not opened until 
after the orals have reached their full size, and at about the same time 
as the first radials appear (cf. 1886 PERKIER, 1920 a MORTENSEN). 

X. The pinnule-gap in the Poteriocrinids. 

The above-mentioned large ventral sac which often attained quite 
gigantic proportions, was developed in the anal interradius (cf. 1911 
SPRINGER). It may be questioned now whether under such circum
stances the proximal pinnules in the anal interradius had room to 
develop. On many occasions this was certainly the case. In Scytalo-

^ I agree here with JJ';KEL (1918) on the question of the systematical position 
of this form. The subtegminal ambulacral grooves show that it cannot be a member 
of the Flexibilia. 
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crinus hijugus (TEAUTSCHOLD) I have found in the anal area a large and 
powerful Pj on Br 1 and afterwards on the following Brr pinnules, now 
to the right, now to the left. In Scaphiocrinus unicus (HALL) too, as 
well as in Scaphiocrinus multiplex (TEAUTSCHOLD), I have found a complete 
row of pinnules in the anal area. I have also seen completely pinnul-
ated arms in Graphiocrinus fAesiocrinusJ magnificus (MILLEE & GUEELEY) 

and in Erisocrinus typus (MEEK & WOETHEN). In Cromijocrinus ornatus, 
on the contrary, I did not find the first pinnule-face until Br 4 (fig. 
285). One also sometimes finds in the literature figures which seem to 
show the possibility of a number of pinnules being missing in the anal 
area, e. g. (Poferiocrinus Coreyi = ) Scytalocrinus decadactylus (1875 MEEK 
& WouTHEN, PL 29, fig. 3 b), Coeliocrinus {Zeacriniis) lyra (1873 MEEK & 
WOETHEN, PI. 1, fig. l i b ) , Zeacrinus elegans (1858 HALL, PI. 9, fig. 2), 
Btirsacrinus procerus and pyramidalus (1916 WANNEE, PI. 106, figg. 7 c, 
8 b). I t has been stated several times that the proximal pinnules in 
forms with large ventral sacs must have been short, smaller than the distal 
ones; cf. 1911 SPEINGER (p. 155) on Poteriocrinus magniventrus and 1912 
BATHEE (p. 69) on Hydreionocrinus ivoodianus. Hydreionocrinus is a form 
in which the ventral sac takes up the whole of the disk. In the species 
last mentioned the pinnules were possibly missing on the proximal 
parts of the arms. Thus BATHEE says: "The pinnules in the American 
species are said to be very short. I can see no trace of them in the 
specimens from Invertiel and there cannot have been much room for 
them between the arms and the ventral s a c ' . 

In a specimen of Zeacrinus wortheni HALL, observed by me, the 
baso-anal plates fill up completely the space between the radii I—V up 
to HI Br 3 (I Br 1, II Br 3). But in 3 of the other interradii too 
(between radii II—HI, III—IV, IV — V) a narrow oval appears, formed 
of 3—4 calcareous plates (cf. fig. 284). When an arm was removed 
it turned out that these continue in between the arms and evid
ently form the covering of the disk bulging out interradially between 
the arms (fig. 307). On the basal arm-joints I could observe no trace 
of pinnule-facets (fig. 283). It seems to me that in this case we have an 
interesting first stage of the condition which we meet with in Timorechinus 
in an exaggerated form. 

It seems therefore as though here also a suppression of the prox
imal pinnules may take place with the extension of the disk up between 
the arms — exactly as we found in the Pentacrinidae. 

A form in which this enlargement of the disk has gone so far as 
to reach absurdity is, as was said before, Timorechinus. Here the disk 
pushes its way up and out between the arms and reaches as far as their 
ends. Whether the few arm-branches should be interpreted as pinnules or as 
arms it may be rather difficult to decide. It seems to me, however, more 
plausible to consider them, with WANNEE, as weakly divided, non-pin-

15 — 24120. T. GisUn. 
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J07 
Figg 303—308 303—305) Seiroo mus subangularit,, Posidonia schist, Holzmaden 

Photos fiom a polished plate contiimng more than 10 spp 303) A longitudinal section 
through a crown N B the powerful disk, V» "fi-t 9'ze 304) Plane section of the month 
and the 5 snironnding ambulacial fuirows The proximal pait of the stem below, some 
arms in the upper part of the photo, ^/i 305) Section through the basal ring (nariow BB), 
the ladial backward processes (broad) and one of the uppermost stem joints (stai shaped),^/] 



ECHINODERM STUDIES 227 

nulate arms (the side-branches are scarcely weaker than the chief bran
ches, the pinnules are generally markedly weaker than the Br-joints). 
WANNEE, however, has drawn from this the conclusion that the form 
should be referred to Flexihilia Impinnata. JJEKEL points out (1918) that 
the structure of the ventral capsule excludes such a supposition. The 
approach towards the Flexihilia Impinnata which the non-pinnulation 
implies is therefore only a convergent phenomenon caused by the exces
sive development of the disk. 

Among the short-armed late-palaeozoic Inadunata it seems there
fore as though sometimes a condition of secondary non-pinnulation may 
have taken place. In cases of pinnule-reduction in more long-armed 
forms, the enlargement of the disk caused only a proximal pinnule-gap. 
But if, as is often the case, only the bases of the arms are preserved, 
one may here, in some cases, get an impression of an impinnate Crinoid. 

XI. Summary of the probable manner of evolution of the Articul-
ata treated above. 

If we summarize what has been said above, we obtain a picture of 
the evolution of the Articulata of about the following kind. 

In the Carboniferous age a number of Crinoid forms of the Poterio-
crinid type left the fistulate stage, the organs contained in the ventral 
sac spreading out under the whole disk. In this way the disk was 
raised up between the arms and the subtegminal mouth and the proximal 
ambulacral furrows were again opened. We seem to have an ontogenetic 
reminder of this in the marsupium of the young of the recent Coma-
tulids. With the elevation and dilation of the disk between the arms 
the proximal pinnules often became suppressed. We find evidence of 
this at the present time in the pinnule-gap in a number of full-grown 
Crinoids and in the young of Comatulids. After this the gonad pro
ceeded first to the arms, and then to the pinnules — as ontogenetic 
evidence shows. Then the disk contracted, so that the suppressed 
proximal pinnules could again develop. That it was the gonad which 
caused the enlargement of the disk explains why in young Comatulids 
we do not find any enlargement of the disk worth mentioning. Among 
the older Articulata, a large disk is found in Apiocrinidae, TJintacrinus, 
and Pentacrinidae. In the family last-mentioned the enlarged perisome 
gave rise to a reduction of the proximal pinnules. 

Presumably the Encrinid type developed first. Through Erisocrinus 
and Stemmatocrinus we are carried as early as Carboniferous in an 

306) Scaphiucrinus multiplex. The distal parts of the long and branched P, are distinctly-
visible. The anal interradins to the right, i nat. size. 307) Zeaerinus wortfieni. A part of 
the heavily plated disk visible between ray II—III. The left arm-divisions of ray II are 
removed by preparation, X l'/2. 308) Asteronyx loveni on a Funiculina quadrangularis. The 
ophinran has grazed away all the polyps on the part of the rachis where it is situated, '/<• 
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even series to the Encrinids. For this reason we find that the Triassic 
Encrinids show very far-reaching specializations, not reached by Penta-
crinidae and Comatulids until a much later time. The specialized char
acteristics of the Encrinids are: the fixation of the component number 
of the division-series as well as of the number of arms, the biseriality 
of the Br-joints (more usual in younger than older Triassic forms, cf. 
1879 ECK), the small and thin disk, plated with small granules, ? the 
lack of cirri (probably at least certain of the Encrinidae have developed 
from forms with cirrus-provided stems similar to e. g. Palermocrinus; cf. 
the stems of Encrinus liUiformis, where the development of the stem-
joints takes place according to the usual type of stem-growth in Penta-
crinidae and Isocrinidae — interpolation of internodals between the, here, 
non-cirrate nodals; 1837 BUCKLAND, 1887 v. KOENEN). 

Later on Isocrinidae developed from forms similar to Holocrinus. At 
the latest in middle Trias this type was definitely out-crystallized and was 
of about the same type as in our own time. We find in Dadocrinus and 
Becoarocrinus, about contemporary with Holocrinus, the prototypes of 
Millericrinidae and Apiocrinidae. Finally, the Pentacrinid type appeared, 
which still in lower Jurassic preserves several old characteristics, such 
as the irregular number of component parts in the division-series, the 
enormously far-advanced forking of the arms, the primitive development 
of the cirri (no dorsal spines, no opposing spine), the relatively powerful 
IBB, the high and large disk, the pinnule-series often with proximal 
pinnule-gaps, the primitive arrangement of the calcareous plates on the 
anal-cone (cf. 1891 a J.i:KEL). 

The type last-mentioned divided into 2 branches which rapidly 
became highly specialized and, presumably, soon died out. The Coma
tulids and ?üintacrinus (cf. 1901 SPEINGEK) seem to be derived from 
some nearly allied form. The Comatulids which presumably arose late 
from the Pentacrinid type appear therefore even to-day as fairly old-
fashioned in comparison with Isocrinidae, owing to the occurrence of a 
couple of embryonic characteristics: the embryonic pinnule-gap, and a 
comparatively late disappearance of the orals and anal x; my sp. 16 of 
Metacrinus interruptus (GISLEN 1922), with only about 27 Br joints in total 
from the R to the end of the arm (total length of crown 18 mm.), lacked 
both orals and anal x. 

A branch nearly allied to the Comatulids gave rise to Thiollieri-
crinidae, which soon lost their cirri and whose typical representatives 
disappeared in lower Cretaceous with the more or less non-cirrate genus 
Burdigalocrinus. Presumably Bourgueticrinidae, Bathycrinidae, and Phnj-
nocrinidae, which together form a distinctly related unit descend from 
a form nearly allied to the Thiolliericrinids. 

Hijocrinidae seem to represent the terminal point of a special line 
which reached the Articulate stage by its own way. Probably its forms 
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are related to the Jurassic Plicatocrinids (N. B. these are X-arnied, 
lack syzygies, and have no proximal pinnule-gap). It does not seem 
necessary to me, however, to link them together, as J ^ K E L did, with 
certain palaeozoic forms whose last representatives are found in middle 
Devonian. It seems to me that they proceeded from some Poteriocrinid 
form in a similar manner to that of the other Articidata, but independently, 
through the suppression of the IBB and the anal plates, through the 
acquirement of flexible arms, through the absorption of the disk by the 
ventral sac, and through the sinking in of the disk after the gonads had 
made their way out into the arms (cf. e. g. 1918 J ^ K E L , Culmicrinus 
fig. 53). I consider it to be incorrect to place Calamocrinus close to 
Millericrinidae and in a position in the system totally different from the 
rest of the Hyocrinids. Calamocrinus is distinguished from Millericrinidae 
by its proximal pinnule-gap, and by the arms being forked first at about 
Br 10, characteristics which are entirely foreign to all the Millericrinids 
known. On the other hand the relationship between Calamocrinus and 
Ptilocrimis is unmistakable, and if it were not for the different mode 
of arm-division one would scarcely be able to distinguish them from each 
other even generically. Hyocrinus shows by the strong fusion of its BB., 
by its numerous syzygies, and by the small size of its disk that it is 
the terminal point in this series. 

Among the Articulate forms which I have not mentioned above there 
remain Eugeniacrinidae, Phyllocrinidae, and Hohpodidae; Marsiipites, Eu-
desicrinidae, and Saccocomidae. The 3 first-mentioned families seem to 
form a more closely related group ( J ^ K E L 1891 b, 1907). Regarding the 
two families last mentioned J ^ K E L has made himself the interpreter of 
the idea that they may stand in genetic connection with Plicatocrinus 
and Hyocrinus, but apart from this the phyletic origin of these forms is 
still veiled in obscurity. 

XII. Mutual relationship of the Comatulids. 

A. Natural groups among recent Comatulida. 

Before passing on to discuss the relationship of the fossil Comatulids 
to the recent forms, I must carry out a grouping of the latter. The 
recent Comatulids, it seems to me, may be brought together into not 2, 
but 4, natural groups or tribes which may be distinguished by the follow
ing characteristics: 

(1) Comasterida. Cd discoidal.^ Centrodorsal cavity (excepting in 

' Comatonia is an exception to this, as it deviates from all Comasterids by 
having a rounded-conical Cd, with cirri in 3—4 whorls and powerful synarthrial 
backward projections, and by the occurrence of sacculi. This form, according to 
my opinion, is a Macrophreate form, possibly related to Heliometriniie. 
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small forms, e. g. Comalilia) small and shallow. Cirri often rudimentary 
or lacking, rarely more than in a double whorl, nearly always alternat
ing whorls (exception Palaeocomatella). Cirrus-sockets without sculpture. 
Basal star sometimes developed. Radial joint-faces vertical. Radial cavity 
large, filled up by a large central calcareous plug. Muscular fossae be
tween RR and I Brr 1 very low, broad bands. Arms X or more. Number 
of the component parts of the division-series in the multibrachiate forms 
often very variable in systematically proximal groups as well as in 
different rays of the same individual. Synarthries weakly developed, 
often replaced by cryptosynarthries, pseudosyzygies, or syzygies. No 
synarthrial tubercle or synarthrial backward projection. Many syzygial 
septa (except in small forms). The syzygies are usually numerous. 
Covering plates in Nemaster and Comatilia. Pear-shaped organs instead 
of sacculi. The proximal and sometimes the distal pinnules also with a 
comb. (In the following groups only Heliometrinae with a rudimentary 
comb.) Pj is the longest proximal pinnule, the following proximal pin
nules decreasing evenly. Distal pinnules with strong hooks on the most 
distal segments. Disk often exocyclic, sometimes with calcareous granules. 
Genital glands especially well developed in the posterior arms. Creeping 
forms. The only family belonging to this group is Comasteridae. 

(2) Mariametrida. Cd more or less distinctly discoidal, very rarely 
a low hemisphere. The Cd-cavity generally small and shallow. Radial 
coelomic processes usually protruding between Cd and the RR, and 
harboured in shallow depressions or meandering grooves. Cirri, as in 
all the following groups, always well-developed. The cirrus-sockets 
sometimes with an areola, otherwise without sculpture, rarely in more 
than two alternating whorls. Seldom any basal star. BB rarely pro
truding. The radial cavity large to moderate, usually filled up by a 
central plug. The muscular foss£e on the radial face of moderate size, 
sometimes very reduced or even lacking. Synarthries usually well-
developed, only in Zygometridae partly replaced by syzygies. Arms 
generally more than X. The number of the segments which constitute 
the division-series most frequently fixed (exceptions, Zygometridae and 
Himeromelridae). No synarthrial backward projections; synarthrial tub
ercles in some Himeronietridae. Syzygial septa numerous (except in 
small forms). Syzygies occurring at rather long intervals on the arms. 
No side- or covering-plates. Sacculi present in this and all the following 
groups. No combs. Proximal pinnules in Zygometridae, certain Himero-
metridae, and Mariametridae of about the same length and unmodified; 
in the other families one or more pinnules are distinguished by their 
length, thickness or stifftiess. The distal segments of the pinnules in 
this and the following groups without hooks or with rudimentary ones 
only. Disk here as in the following groups always endocyclic. rarely 
with calcareous granules (MariametraJ. Swimming forms = the following 
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groups. Zygomelridae, Himerometridae, Mariametridae, Stephanomelridae, 
Tropiometridae, and Colohometridae belong to this group. 

(3) Thalassometrida. Cd conical to discoidal, very variable. The 
Cd-cavity rather deep. Cirri usually in rows. Cirrus-sockets often 
somewhat sculptured — contrary to the rest of the Comatulids excepting 
Atelecrinidae. A. basal star generally. Basals often protruding at the 
corners. The muscular fossae of the radial articular face rather large, 
often narrow and high and bent at an angle towards the rest of the 
facet. Radial cavity usually of medium size or small. Calcareous plug 
inconspicuous or lacking. Arms usually wall-sided and betwen X and 
XX. The number of the components in the division-series rather fixed 
(exception, e. g. Cnnometra). Synarthries well-developed. Sometimes 
a synarthrial backward projection. The syzygial septa rather few. 
The interval between the syzygies variable. The side- and covering-
plates well-developed. Arms usually laterally flattened distally, in 
cross section triangular. The ends of the arms terminate abruptly with 
5—7 segments supporting rudimentary pinnules (a contrast to all the 
other Comatulids). The proximal pinnules insignificantly specialized. 
The pinnulars generally rectangular or pronouncedly triangular (contrary 
to the rest of the Comatulids). Disk often covered with calcareous plates 
or granules. 

There are 2 sub-tribes here. 

(a) Thalassometrida s. str. No radial pits. Articular facets of the 
synarthries narrow, only occupying a part of the synarthrial 
face. Thalassometridae, Charitometridae, Calometridae. 

(b) Notocrinida. Deep radial pits. Articular facets occupying almost 
the whole of the synarthrial face. 
(1) Side- and covering-plates moderate. Brr and pinnulars 

rounded. Genital glands in the arms. 'Notocrinidae. 
(2) Side- and covering-plates well-developed. Brr and pinnulars 

prismatic—triangular. Genital glands in the pinnules. Astero-
metridae n. fam. [Asterometra, Pterometra, figg. 287, 288, 
293, 294). 

(4) Macrophreata. Cd conical, hemispherical, or, rarely, discoidal. 
The Cd-cavity large and deep. Basal star generally reduced {Atelecrini
dae with large BB). The muscular fossae of the radial facet very large, 
> the rest of the face (relatively smallest in Antedoninae). No calcareous 
plug. Synarthrial backward projection present. Syzygies numerous with 
few septa (except in the largest forms). Arms X with very rare ex
ceptions. Side- and covering-plates strongly reduced (largest in Helio-
metrinae). Proximal pinnules strongly polymorphous and differentiated. 
Two groups: (1) Cd more or less hemispherical (rarely discoidal — Eumetra 
and others). The Cd-cavity rather moderate. Cirri in alternating whorls. 
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Synarthrial backward projection moderate. Articular facets of the syn-
arthries occupying almost the whole of the synarthrial face. Antedoninae, 
Perometrinae^, Thijsanometrinae, perhaps also Thaumatocrinus. (2) Cd 
conical —columnar. The Cd-cavity large—excessively large. Cirri in rows 
or tending towards rows. Synarthrial backward projection generally 
very large. Articular facets narrow, occupying a part of the synarthrial 
face only. Zenometrinae, Bathymetrinae, Heliometrinae, ? Comatonia, Iso-
melrinae (figg. 289—292), Alelecrinidae, Pentametrocrinidae (perhaps ex
cluding Thaumatocrinus). 

B. The evolution of certain Comatulid characteristics. 

When in connexion with a description of the appearance of the 
stem in Pentacrinus I gave an account of the transition-stages leading 
to a typical Cd, it was shown that the cirri were arranged originally in 
5 longitudinal radial rows. It is not until the suppression of the 
internodals and the increased shortening of the nodals took place that 
we find two alternating, longitudinal rows, for the sake of space, in 
every radius. As after the development of the Cd the number of cirri 
increased still more, a third radial row appeared, but finally the arrange
ment was converted into close irregular alternating whorls. This course of 
development may also be noticed more or less distinctly in the ontogeny 
of the Comatulids. Cdd with close alternating whorls are therefore the 
last developed and most highly specialized in the evolution series. 

Originally the cirrus-sockets had a distinct sculpture, but this has 
disappeared more or less completely among the younger forms. 

The cavity of the Cd was originally, as all the fossil Comatulids show, 
fairly small to very inconspicuous, never larger than in the corresponding 
recent forms. It has been supposed that from the considerably larger size 
of the Cd-cavity in the young we might conclude that a smaller Cd-
cavity represents a more specialized stage (A. H. CLARK 1915 c, p. 234). 
This character has, however, just as little phyletical significance as the 
longer joints in the young, and must be attributed to a yet unfinished 
calcareous deposit in the walls round the chambered organ. Small, 
weakly calcified species always have, in comparison with the usual type 
of their family, an unusually large Cd-cavity. 

The stronger development of the BB is a more primitive feature, 
noticeable both during the phylogeny and during the ontogeny of the 
Comatulids. 

The joint-facet of the RR seems originally to have been moderately 
developed and to have had an inwardly broader muscular fossa of about 

' Perometrinae is, possibly, a type developed convergently towards the Macro-
phreata from the Colobometridae. 
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the same size as the interarticular ligament. This nmscular fossa was 
reduced later on to a low, broad band which may even disappear 
entirely (cf. Comasterida, Mariametrida) or may also become enormously 
enlarged in comparison with the interarticular ligament (MacrophreataJ. 
This expresses itself in the ontogeny by the young of the group first 
mentioned having relatively larger muscular attachments, while the 
young in the latter group have, on the contrary, relatively smaller ones 
(figg. 268, 277, 278). A small radial cavity is found only in later Coma-
tulids (from upper Cretaceous and upwards), and a radial cavity filled 
with spongy calcareous tissue is never found in the earlier Comatulids 
but, in recent times, it is found in Comasterida and Mariametrida. 

As far as we are acquainted with the fossil Comatulids, syzygies 
appear in the older forms, and synarthries not till the younger ones. 
In the great majority of the older forms the syzygies seem to have been 
few in number and their septa not very many. The arms were usually 
X in number, sometimes V, or. if greater, the number of the component 
parts in the division-series was very variable in older times. 

C. The evolution of the Comasterid type. 

The oldest Comatulids we know are found in lowest Jurassic and 
belong to the Comasterid type. This type had, even then, a highly de
veloped Cd with small, closely set, and alternating cirrus-sockets, 
usually indistinctly or not at all sculptured, and rather strongly reduced 
BB. We may therefore assumme that the Comasterid type even at that 
period of time had a fairly long development behind it. Primary charac
teristics in the older forms are as follows: the Cd-cavity is still ex
tremely small and the radial face has inwardly broader, fairly large 
muscular fossae. The characteristics which even to-day distinguish the 
Comasterids were developed early. We meet with the first non-cirrate 
form in lower Cretaceous. The Cd is always more or less flattened. The 
radial fossse are, ever since the very beginning, vertical and the radial 
cavity large, its central depression broad and deep, filled up, in recent 
forms, with spongy calcareous tissue. The muscular fossse in the younger 
forms are low and broad. The arms in fossil forms are very little known, 
but, as far as we are acquainted with them, V—X, uniserial Two unique 
characteristics which in recent times specially mark the separation of 
this group, are the exocyclic mouth and the pear-shaped organs instead 
of sacculi. 

We may reckon the following as primitive features which are 
retained in forms now living: the clumsiness, the often undeveloped 
synarthries (e. g. Conmltda, Comaster), the usually variable number of 
division-series and the number of component parts in them, the plating 
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of the disk occurring sometimes, and the covering-plates in Nemaster 
and Comatilia, the gonads (best developed in the posterior radii) some
times appearing in the arms, the creeping mode of locomotion. Specialized 
features are the reduction of the cirri, the numerous arms and syzygial 
septa, the powerful hooks on the distal pinnules, and the comb on the 
proximal pinnules and sometimes also on the distal ones. 

D. The evolution of the Solanocrinid type. 

The Solanocrinids appear first in the Middle Jurassic and become 
more common in the upper. None the less they have Cdd which are more 
primitively developed than in PaJaeocomaster, and the appearance of the 
cirrus-sockets approaches more closely to the Pentacrinid type; moreover 
the BB in the oldest forms are strongly developed. We may suppose, 
therefore, that the Solanocrinids developed into Comatulids later than 
Falaecomaster. 

It is also possible that they are derived from another branch of 
the Pentacrinids. In Palaeocomaster, and in its descendants the recent 
Comasterids, a strong tendency is found towards reduction of the cirri 
— as in Seirocrinus. A reduction of the cirri never takes place in 
Solanocrinidae, which always have large and powerful cirrus-sockets as in 
Pentacrinus. Possibly therefore the type first mentioned may have 
descended from a form more nearly related to the former Pentacrinid 
genus, the second type from a form more nearly related to the later one. 

Among Solanocrinids, Archaeometra is the most primitive as regards 
the BB, which are very powerful. The cirrus-sockets are still rather 
few and large here. In Solanocrinus the number of cirrus-whorls and 
rows is increased and in lower Cretaceous XV cirrus-rows become usual. 
In typical Solanocrinids, however, a Cd with cirri in alternating whorls 
is never attained. The genus Solanocrinus seems, on the other hand, to 
show more primitive features in respect to the size and shallowness of 
the radial cavity and to the sculpture of the cirrus-socket. 

It may now be asked whether the Solanocrinids died out or whether 
they survive in any of the recent forms. The former has probably 
been the ease with a number of clumsy forms from upper Jurassic having 
biserial arms. Besides these we have, on the other hand, in upper Jurassic 
as well as in lower Cretaceous fully typical Solanocrinids with mono-
serial arms. Among the younger of these we find rows of large cirri 
on a flattened Cd, the sculpture of the cirrus-sockets has, however, nearly 
disappeared, the muscular fossae are low and broadj and are possibly 
sometimes missing. The Cd-cavity still continues small and shallow; 
the radial facets lean only inconspicuously inwards and the radial cavity 
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is therefore large (possibly it is beginning to be filled by spongy 
calcareous tissue, S. leenhardti?). 

It seems to me very probable that in the recent tribe Mariametrida, 
we have the recent descendants of the Solanocrinids. The difference is 
that the sculpture of the cirrus-sockets in the younger forms has been 
still further reduced and therefore at its highest consists only of an 
areola and that the cirri, generally at least, alternate distinctly. We 
have further the following specialized features: the reduction of the 
muscular fossae (distinctly pronounced already in Solanocrinidae) is often 
very advanced and sometimes complete (Pontiometra, Stephanometra); the 
radial cavity is generally filled up with spongy calcareous tissue; the 
syzygial septa have increased; the BB are generally strongly reduced 
(exceptions, certain Himeromctridae, Tropiomelridae). 

Most of the primitive characteristics are shown by Zygometridae, 
certain Himeromelridae, and Mariametridae. Such charateristics are: 
syzygy between I Br 1 and 2 in Zygometridae, undecided number of 
components in the division-series [Zygometridae, certain Himeromctridae), 
few connecting fibres between the parietal and visceral layer of the 
coelom-sacs in the disk (thus the disk is easily thrown off; especially 
marked in Zygometridae), the disk covered by calcareous granules, few 
syzygial septa [Mariametra, Zygometridae), non-differentiated proximal 
pinnules [Zygometridae, certain Himeromelridae and Mariametridae). 

The whole of the group Mariametridae (with the exception of Co-
lobometridae) has a rather coarse and clumsy structure, a small and 
shallow Cd-cavity and sparse syzygies. Among these characteristics the 2 
first mentioned at least and probably also the last mentioned are primitive 
features. Besides this we have Solanocrinid characteristics in the 
discoidal Cd with rather coarse cirri, as well as in the shallow, often 
meandering, branched furrows which have lodged the dorsal coelom be
tween the Cd and the radial ring. 

As regards the structure of Cd, and in Comasterida and Mariame
trida as regards the radial ring too, there seems, taken on the whole, 
to appear a struggle towards a similar ideal type. The farther the 
Comatulids had reached in their development, the nearer they advanced 
towards this goal usually, and it is therefore often more difficult 
to distinguish later forms of different groups than is the case with 
earlier ones. This explains also why the Cd and radial ring in certain 
recent forms of Comasterida and Mariametrida, although in many 
instances easy to distinguish from each other, in some cases cannot 
be diagnosed with certainty. The same is the case in a number of 
younger fossil forms. We find types among the forms from upper 
Cretaceous known only by. the Cd which can only doubtfully be referred 
to Comasteridae or to the descendants of the Solanocrinids. To these 
latter it seems to me, however, that the parvicavus group of the genus 
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Glenotremites may be assumed to belong on account of the size of the 
cirrus-faces. Presumably the angelini-group may be referred here too 
(N. B. Shallow furrows after the dorsal coelom on the ventral face of 
Cd). I t seems to me that we find in Cypelometra a specialized descendant 
of the Solanocrinids, which as regards the appearance of the cirrus-faces 
has reached the Mariametrid stage. 

E. The evolution of tlie Notocrinid and Conoinetrid type. 

These two form-series may be treated most suitably in connection 
with one another. 

In the first-mentioned series the most primitive type is Loriolometra, 
represented among the species belonging to Glenotremites by Gl. arnaudi 
and the essenensis group. Loriolometra is continued by Sphaerometra, re
presented among the Glenotremites species by the paradoxus and, possibly, 
the rolundus groups. With the genus Semiometm the type has acquired 
so many new characteristics that I must place it in the family FaJeanfe-
donidae. The series has originally rather few large cirrus-sockets, 
arranged in rows, with a weak transverse crest, often peripherally 
striated, protruding BB, broad free margin of the dorsal side of the 
RR, relatively large radial cavity, a more or less distinct dorsal 
star, and, most important of all, the specially characteristic, deep radial 
pits in the Cd for the dorsal coelom (cf. fig. 236). The youngest 
representatives have numerous small cirrus-sockets without sculpture, 
in alternating rings, hidden BB, no free dorsal margin of the RR and 
a fairly small radial cavity; the radial pits are shallow or obliterated. 
I have observed a rosette in Semiometra impressa. The recent form 
Notocrinus may suitably be inserted in this series, as it is undoubtedly 
nearly related to Loriolometra, from which genus it deviates by its 
shallower and wider radial coelom-pits, by having a relatively larger 
Cd-cavity and, in full-grown individuals, by the absence of sculpture 
on its cirrus-sockets. The later forms of this series advance towards 
group 1 of Maerophreata (cf. above p. 231). The letlensis group with 
its fine radial pores is a corresponding form as regards this character 
to the Aslerometridae, where we have deep but very narrow radial pits 
(cf. figg. 287, 288). 

The second series, represented relatively insignificantly among 
species where the radial ring is also known by the genera Amphorometra, 
Placometra, Conometra, and Jaelcelometra, is more numerously represented 
within the genus Glenotremites by the anglesensis and pellati groups. 
This series is distinguished from the previous one by the absence of 
radial coelomic pits. Among recent forms it has its analogy in Thalas-
sometrida s. str. 
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It is very remarkable in both these series, contrary to the Solanocrinid 
series, what a large number of species are found of which only the Cd 
is known. In the genus Glenotremites of the Solanocrinid type only 5 
species are found (the exilis group). But as species which can certainly 
be included in the two series now under discussion we have 30 species. 
This is due to the components in the radial ring in the case last 
mentioned being weakly connected both with one another and with Cd. 
In the recent Thalassometrida we find that with boiling in KOH the 
corresponding ossicles soon fall apart from each other and extraordinarily 
easily. A feature to be noticed is that the Cd and radial ring are very 
closely connected with each other in the recent Mariametrida, exactly 
as the case seems to have been in the fossil Solanocrinids. 

It seems scarcely probable to me that the Notocrinids can have 
descended from any of the Comasterids or Solanocrinids. In the latter 
family, certainly, we sometimes find oifshoots from the dorsal coelom 
between the Cd and radial ring, indicated by the meandering branched 
shallow furrows mentioned above. This, however, is something entirely 
different to the deep and stout, perpendicularly penetrating, pits which 
we find in Loriolometra. On account of their depth — they pierce through 
nearly the whole of the Cd even in full-grown individuals (cf. figg. 199, 
236, 287, 288) — it is easy to assume their prolongation into the stem 
in stalked young. 

Although we find a good many similarities as regards general features 
between Archaeomeira and Amphorometra it is not very probable that the 
Conometrids either are derived from either of the 2 families first mentioned. 
This is made still less likely by the fact that in upper Jurassic we 
meet with a form which it seems might fairly well be considered a 
primitive ancestral form of Thalassometrida and Conometridae in general 
and of Placometra in particular. 

We therefore reach the conclusion in these 2 cases also that these 
2 families possibly represent one or, perhaps, two special offshoots from 
the Pentacrinid stock which in that case have attained the Comatulid 
type by independent paths. 

In Pterocoma pennata from upper Jurassic we have a form exhibiting 
many characteristics in common with certain Comatulids from upper 
Cretaceous as well as with Thalassometrida. This early form does not 
show the least approach towards the contemporary Solanocrinids. Pos
sibly in this species we have a type standing near to the ancestral form 
of one or, perhaps, both of the series mentioned above, Thalassometrida 
and Notocrinida. The slender shape, the long, non-differentiated, rather 
scanty cirri, the numerous syzygies, the prismatic pinnules with powerful 
side- and covering-plates (cf. GOLDFUSS 1831, WAI^THEK 1886) all of them 
indicate that Pterocoma pennata should be placed in the nearest connex
ion with the younger Comatulid types and that it has nothing in com-



238 T. GISLÉN 

mon with the Solanocrinids. Although masses of this species, otherwise 
almost perfectly preserved, are known, yet it is remarkable how 
extremely seldom the Cd has been noticed. This is presumably due 
to the fact that the Cd very easily becomes detached from the other 
parts of the animal, and possibly also that at the animal's death it was 
left remaining upon a still existent stem. In fact WALTHER (1886), in 
the only specimen among 81 examined where he found a Cd preserved, 
observed and figured a large round opening in the centre of the dorsal 
face of Cd. I observed a similar pore on the dorsal side of a Cd in a 
specimen I examined where the Cd had been preserved (fig. 193). 

A circumstance possibly speaking in favour of Thalassometrida and 
Notocrinida having reached the eleutherozoic mode of life at diflfeient 
times is the very different point of time at which their Pentacrinulas 
detach themselves from the stem — in the former very early, in the 
latter type at a very late stage. 

Thalassometrida and Notocrinida among the Comatulids are the 
groups which, in recent times, have retained most of the characteristics 
belonging to the stalked forms. We find these specially numerous among 
Thalassometrida: Cirri long, in transverse section somewhat rhombic 
(figg. 296—300, cf. fig. 295). Cd with cirri in rows, sometimes in an 
almost simple radial row. BB relatively well-developed. The free 
dorsal surface of RR generally broad. Arm-bases closely set, wallsided, 
ending abruptly with a piece of arm bearing rudimentary pinnules. The 
pinnules prismatic to triangular in transverse section. The side- and 
covering-plates strongly developed. The disk often closely studded with 
calcareous granules or plates. 

F. The evolution of the Palseantedonids. 

Semiometra, as was mentioned above, is a final type in the Noto-
crinid series and constitutes a transition form to the Palaeantedonids. 
The genus Palaeantedon is typical of this family. I do not consider it 
can possibly be doubted that this genus constitutes a corresponding 
type to the recent Antedonins or, in other words, group 1 among the 
Macrophreata. This is guaranteed by the Cd being closely set with numerous 
unsculptured cirrus-sockets in alternating whorls, by the large Cd-cavity, 
by the lack of any radial pores or pits on the ventral face of Cd, by the 
obliterated BB, by the large radial muscular fossa?, by the inward 
inclination of the radial faces, by the slender oblique Br-joints, etc. The 
genus Hertha may be considered as a predecessor of the Palaeantedon id 
type, specialized and characterized by the development of high 
narrow muscular fossae and a small radial cavity. The recent genus 
Coccometra is a typologically corresponding form to the genus Hertha. 
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The genus Discometra too comes nearest to the Macrophreate type, 
although, as I have pointed out above, it is possible that with better 
knowledge the type may prove not to be genetically completely uniform. 
Among recent Macrophreata belonging to group 1, Antedoninae exhibit 
a number of more primitive characteristics, such as a relatively small 
Cd-cavity, rather inconspicuous muscular fossae, weak synarthrial back
ward projection. I t is interesting to notice that we sometimes get here 
radial prolongations of the dorsal coelom which reach dow n to the ventral 
side of Cd and there form small and shallow pits (cf. 1879 P. H. CAE-
PENTEK, PI. 4 figg. 15, 16). 

It seems also to me very plausible to assume that the 2nd group 
of Macrophreata mentioned above proceeded from a type nearly allied 
to Thalassometridae as well as to the fossil genera Amphorometra and 
Conometra. If we imagine a reduction of the side- and covering-plates 
in the Thalassometrid type, we get a form extremely similar to the more 
primitive types within group 2 — the sub-family Zenometrinae. The size 
of the Cd-cavity for which this group 2 among more advanced forms is 
remarkable, shows, as moreover the synarthrial backward projection 
also does, a more moderate development in certain Zenomettinae (cf. figg. 
301 with 302). If it were a question of placing the genus Conometra in 
one of the recent groups, it would be difficult to decide whether it should 
be referred to Thalassometridae or Zenometrinae. In the same way it would 
be nearly impossible, in certain cases, to distinguish between recent 
Thalassometrida and Zenometrinae if the Cd and radial ring only were 
known. The genus Amphorometra like Placometra shows, on the contrary, 
distinct points of contact to Thalassometrid forms (to Thalassometridae 
and Charitometridae). It seems hardly possible that the genus Jaekelo-
metra can have been the ancestral form of Atelecrinidae. We certainly 
find similarities here in the size of the BB-ring, but the relative smooth
ness of the cirrus-faces in Jaehelometra, the small size of the Cd-cavity 
and the steep inward inclination of the radial faces provided with 
relatively insignificant muscular fossae, deviate radically from Atelecrinidae, 
where the cirrus-faces have a strong crest and where the Cd-cavity and 
the radial muscular fossae are extraordinarily large. It looks too as if 
in Jaekelometra we are able to find an indication of the development of 
a rosette, through thin centripetal continuations on the BB. According 
to the scanty information we possess about ^teZecmws no such formation 
seems to be present there (cf. HAKTLAUB 1912). Jaekelometra is thus a 
type standing nearer certain primitive Thalassometrida. 

G. Final survey of the evolution of the Comatulids. 

Our investigation of the mutual relations between the Comatulids 
has led us therefore to assume the possibility of 3, or perhaps 4, cases 
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of stalked Crinoids of the Pentacrinid type having reached the eleutherozoic 
mode of life and become Comatulids. 

The first and oldest branch of the Comatulids is represented by 
Falaeocomanter, to which the recent Comasterids correspond. They still show 
at the present time their unique nature by the strong tendency towards 
reduction of the cirri, by the frequent occurrence of exocyclic forms, by 
the absence of sacculi which are replaced by the pear-shaped organs, 
by the combs, and by the dorsal hooks. Contrary to all the other Co
matulids they have never acquired the capacity for swimming, but still 
continue to employ a creeping mode of locomotion. 

The second somewhat younger branch consists of the Solanocrinids. 
We find forms among these in upper Jurassic having strongly biserial 
arms, very clumsily built. These were, as I have pointed out in another 
connexion, very probably creeping forms. This type has, presumably, 
died out, while less specialized Solanocrinids with monoserial arms have 
given rise to the recent tribe Mariamefrida. This is more specialized 
than the Solanocrinids through the appearance and arrangement of the 
cirrus-sockets, through the far advanced reduction of the BB, through 
the development of the calcareous plug, through the numerous arms, through 
the many syzygial septa. The relatively coarse arms, the small Cd-
cavity, and, probably, the scanty syzygies also may be reckoned as 
primitive characteristics which have been retained. Besides this the 
Zygometridae, Mariametridae, and certain Himerometridae show a number 
of primitive features. 

The third group which possibly has a double origin is found in 
Notocrinidae and Conometridae. It is divided into two distinct series of 
which the one, Notocrinidae, leads towards Palceantedonidae and group 1 
of Macrophreata, the other to Thalassometnda and group 2 oiMacrophreata 
A form which possibly may be interpreted as a prototype to one or pos
sibly both of these series is found in Pterocoma pennata. Thalassometrida 
has preserved a number of Pentacrinid characteristics in the long cirri, 
somewhat prismatic in transverse section, arranged in radial rows, in the 
prismatic or triangular Brr and pinnulars, in the relatively well-developed 
BB, in the broad free dorsal surface of the RR, in the strong development 
of the side- and covering-plates, and in the covering of the disk with 
calcareous granules. 

The nearer one comes to the present time, the more difficult it 
may become in critical cases to distinguish the types of these different 
groups from each other. If I except the Comasterids, which, as is pointed 
out below (Chap. 5), have followed their own particular course of develop
ment, and certain Mariametrida, where a reductionof the radial muscular 
fossae is strongly pronounced, the Comatulid groups tend toward an ideal 
type of Comatulid. For this reason it becomes exti'emely difficult to 
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keep apart the converging forms which by different paths have approached 
this ideal type. 

In my work of 1922 I pointed out that I considered the sub-family 
Perometi inae, which A. H. CLARK referred to Antedomdue, as one such series, 
leading from Colobometrid forms towards the Antedonid type. It might 
have been desirable to divide the Macrophreata into more groups which 
could afterwards have been placed at the apices of the different series 
of the older Comatulid types. I have not, however, chosen this way as 
in special cases it seemed to me to be systematically unpractical and 
unfeasible. I have contented myself with depicting instead as nearly as 
possible, guided by the facts known, the different paths of development 
through which the distinctly emphasized polyphyletic character of the 
Macrophreate group becomes explicable. 

16 — 2 t l 2 ü T Gisten. 



CHAPTER V. 

Ciliary cur ren ts on t h e surface of t he body 
of Ech inoderms . 

I. Introduction. 

To begin with, I thought of studying only the feeding of the Crinoids 
and the ciliary currents connected with this, but I soon found that the 
task could be extended with advantage so as to include an examina
tion of the ciliary currents found on the surface of the body in other 
groups among the Echinoderms too. 

The feeding by means of ciliary currents in the Echinoderms is 
not in any way special for the Crinoids although it has long been known, 
and is most obvious, among the class of lily-stars. For the complete un
derstanding of these ciliary currents, however, one must not regard 
them from the standpoint of supplying nourishment only. For often 
they also play a larger role in respiration and in cleansing the surface 
of the body. Sometimes the division of labour is more thoroughly 
realised, so that certain ciliary currents are more exclusively of service 
for one or the other of these purposes, but usually the boundary is less 
distinctly defined and the ciliary currents satisfy at the same time the 
need of nourishment, renewal of the water for respiration, and cleansing 
of the surface of the body. 

By the guidance of the literature on this subject, together with 
my own investigations, I hope to be able to give in what follows an 
account of the occurrence and resulting effects of the ciliary currents 
found among the various groups of Echinoderms. As I have devoted 
my most profund studies to the Crinoids, the chief interest will be found 
to lie in the investigation of this class. 

When treating of the forms in which the taking up of nourishment 
takes place by means of the ciliary currents, I shall use the term 
plankton-catcher only for the animals that live upon real plankton, and 
detritus-catcher for those where the food preponderatingly consists of 
detritus or benthonic organisms. 
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When observing the ciliary currents 1 have used carmine, finely 
powdered and mixed with sea-water. Very often some fresh crab-liver 
has been added. 

It has proved of great importance that the animals were in good 
condition, otherwise it might happen that some of the weaker ciliary 
currents might not be seen, and the strong ones might appear weak. 
Unfortunately Ophiactis balli, Ampliilepis norvegica, and Pleraster pulvilliis 
were dying and could not therefore be included in this comparison. 
Ophioscolex glacialis and Poraniomorpha hispida, on the contrary, have 
been included although they might have been in better condition; they 
sliowed, however, a number of ciliary currents which made it possible 
to place them in their right connexion. This is done, however, with 
the reservation that more and stronger currents might be found in 
these forms. 

I have obtained the material partly from the Kristineberg Zoological 
station, and partly from the Biological station of Hsegdalen at Trondhjem 
(the Echinoderms marked by an asterisk originate from tha last-men
tioned place). 

II. Holothuiioidea. 

I can express myself rather shortly on the Holothuiioidea. Even 
in quite young Holothurians all exterior ciliation is completely lacking. 
I have examined *Eclnnociicumis hispida (BAERETT), Cucimiaria ladea (FOR

BES), '^'Psolits squamatus (KOREN). Mesofhuria intestinaJia (ASCAN), Lepto-
synapta hergensis (OSTERGREN), and Labidoplax huski (MCINTOSH) and 
could only find that the statements made by other authors respecting 
the absence of ciliation were correct. 

The taking up of nourishment, as is well known, is performed by 
tlie tentacles round the mouth, abundantly provided with glands secreting 
mucus. Thus tiny particles of mud, crustaceans, molluscs, bryozoans, 
etc., are collected and stuck together, and by Dendrochirota and Stjnap-
tidae afterwards swept off by pushing the tentacles down into the gul
let. Within the Aspidochirota, which shovel the mud into the mouth, 
tliis is glued together by the mucus. One obtains an interesting idea 
regarding the amount of bottom-material collected and ingested from 
CROZIER'S paper (1918). 

A stream of water for respiratory purposes aiises from contrac
tions of the muscles of the respiratory trees, but exchange of gases is 
also performed through the thin skin. This breathing through the skin 
in Synaptids and Elasipods, which lack respiratory trees, is, as far as we 
know, the only manner of respiration in these animals. To facilitate 
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the exchange of gases the walls of the coelom are strongly ciliated in 
all Holothurians and the coelomic fluid is thus kept in motion. 

There is no question of cleansing the body-surface in the same sense 
as with other Echinoderms, and perhaps this is not so necessary either. 
Many Holothurians sit really buried, and these usually keep the surface 
of the body free from mud through the secretion of mucus in which the 
mud becomes imbedded. The tube of mud thus formed is kept away 
from the body by means of strong movements of the muscles in the 
body-wall (e. g. Lahidoplax). Others cover the body with small stones 
and similar things which are fixed to the body by the sucker-feet, e. g. 
the C'((CM»(anV(-species. Such species as Cucumaria lactea, for example, 
have very feeble power of removing the particles that have rained down 
upon them, and grains of carmine would remain lying on the body-
surface for days. 

But still it is possible that within this class we shall find the only 
Echinoderm which is really a true plankton-catcher, and where the 
plankton is brought to the mouth by means of ciliary movement: Pela-
gothuria. Unfortunately no investigations concerning the ciliary currents 
have been carried out with living animals, and the material collected 
by the Valdivia expedition, which is said to contain fixated Pelagothuria, 
has not yet been examined. According to CHUN (1900, p. 511) typical 
plankton nourishment is found in the intestine. KEMNA (1905) has imag
ined the possibility of nourishment being collected by means of ciliary 
currents. In case of his assumption being right, it is easy to suppose 
that the whole of the ventral side of the disk or swimming-bell is 
ciliated. I may, however, point out the possibility of there being still 
another way for the catching of food which on the whole is more in 
accordance with the rest of the Holofhurians-. In P. bouvieri the ten
tacles are long, forked at the ends, and provided with small branches. 
Under these sit the finger-shaped appendages united by a swimming-web. 
One may imagine that the tentacles lick off the plankton which falls 
down on this disk and afterwards sweep the food into the gullet in the 
usual manner. The tentacles in the above-mentioned species are 35 mm. 
long, the finger-shaped appendages 70 mm. at most. In both the other 
species the tentacles are much shorter in comparison M ith the finger-shaped 
appendages. One may, however, express oneself like HEEOUAED (1906) 
and say that the tentacles in these species are contracted to a very 
high degree. 

GiLCHEiST (1920) has described an interesting form from the Cape 
of Good Hope, Planhtothuria, forming a link between Pelagothuria and 
the Elpidiid type by the occurrence of podia, a stone-canal in 
connexion with the surface of the body, and, although only weakly 
developed, a calcareous skeleton. The finger-shaped organs are not 
nearly so well-developed as in Pelagofhuria; they consist of a number 
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of oral podia, arranged in an incompletely closed hood-shaped circle 
round the ventral mouth and its tentacles. The transparent animal, 
deeply imbedded in gelatinous epidermis, is probably bentho-planktonic. 
The stomach contained: greenish flocculent material, radiolarians, fora-
minifera, many diatoms, sponge-spicules. One may assume that the 
typical form for the feeding is a combination of the usual Holothurian 
method of collecting mud (the appearance of sponge-spicules points in 
this direction) and the above sketched planktonic manner of food-
catching ill Pelagothuria. 

III. Echinoidea. 

In the sea-urchins the surface of the body has a ciliated epithelium 
which, however, does not extend over the spines. 

The Echinoids I have examined are the following: Fsammechinus 
miUaiü (L.), Strongijlocentrotus dröbachiensis (0. F. MULL.), Echinocyanms 
jmtjillus (0. F. MULL.), 5m.so^.s/.s' lyrifera (FOEBES), "Brisaster fragilis 
(DUB. & KoR.), Echinocardium cordatum (PENN.), E. flavescens (0. F. MULL.), 

and Spaniangus purpureiis (0. F. MULL.). 

The conditions exhibited by Psannnechinus and Strongylocetürohis 
are fairly simple. The bases of the spines, like the epithelium appearing 
between them, are ciliated, and the ciliary movement drives a current 
towards the mouth. Centrifugal ciliation is found on the aboral side of 
the ten gills appearing in the region of the mouth. Other parts of the 
mouth-region, however, ciliate centrifugally. Usually the grains brought 
in by the ciliation are rejected at the bases of the teeth. The exterior 
of the tube-feet is scarcely ciliated, but a rapid current runs inside 
them which enters the feet through one of the ambulaeral pores and 
goes out through the other. Even inside the gills the circulation of 
the coelomic fluid is very rapid, but here the exterior epithelium is 
also ciliated. In the periproct the current sets towards the anal opening. 
The carmine grains are often left lying on the calcareous plates of the 
periproct, but sometimes they are carried down by the currents into the 
anal opening. The madreporite in Strongylocentrotus ciliates, as in 
Fsammechinus, from right to left along the proximal ( = adperiproctal) 
margin; in other respects the current runs adorally or in a circle round the 
margin of the madreporite. The grains are glued together in large masses 
by the mucous secretion and may, like the excrement, be removed by 
the movements of the animal. The- excrement in Strongi/locentrotus was 
picked away from the animal by means of the pedicellariae and the 
small spines which acted like pincers and levers respectively. 

Echinocijamus pusillns. The dorsal side shows centrifugal ciliation 
of the bases of the spines and the epithelium between them, as in the 
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previous species. The currents on the ventral side are either centri- or 
axipetal (cf. fig. 309). Usually the grains of carmine pass over the 
mouth and afterwards continue at a quick speed to the anus, where 
there is a rapidly discharging current which whirls the particles out from 
the body. 

Among these forms provided with teeth, the ciliary currents seem 
to serve in the first place to facilitate the circulation of the respira
tory water; but to some degree they assist in the cleansing of the body. 
A great part of the cleasing is, however, performed by the pedicellariae 
and the spines which always come into activity when anything falls 
upon the animal. The latter are also used in some species, e. g. Strongylo-
cenlrotus and Centrostephanes longispino.sus, for removing the excrement. 
VoN UEXKÜLL (1900) has given an account of, and explained, the way in 
which the excrement is generally removed from the surface of the body 
(Klinken der Stacheln) e. g. in Echinus and Spherechimis. Arhacia ptistu-
losa lacks ciliation and cannot "Klink" the spines, so that in the still 
water of the aquarium the excrement remains lying on the animal for 
days, and very soon poisons it (MANGOLD 1907 a, v. UEXKÜLL 1900,1909). 
— The regular sea-urchins, like Echinocyamus, are predaceans, eaters 
of carrion, vegetables, or detritus, according to the statements of BLEG-

VAD (1914) , ElCHELBAUM (1910) , MiLLIGAN (1916) , PETERSEN (1889) , P R O U H O 

(1887, p. 229), SüssBACH & BRECKNEB (1911), and many others. The 
nourishment is caught either by the sucker-feet or by the strong teeth. 
Occasionally it is transported by the help of the spines to the mouth 
[Echinus lividiis, according to Eisio 1883). Among most of the families 
belonging to Regulnria, forms have been described which live in the 
surf or at the low-water mark in holes burrowed in the cliffs by them
selves (JOHN 1887, SIMROTH 1888, and others). Presumably these forms 
have not developed any special manner of feeding. They are nearly 
related to. or even identical with, species living a free life, and as they 
live in the region of the surf, detritus and small animals are constantly 
being washed down into their holes. SIMROTH has stated that they 
often cover the entrance to their homes with a Patella-shell which is 
held fast by the tube-feet. Presumably this is a manifestation of the 
same instinct which causes certain of the free-living sea-urchins to 
disguise themselves. The stay-at-home sea-urchins may possibly in this 
way surprise a passing prey. The poisonous forms of Diadematidae and 
the Echinothurids which have been described by KÜKENTHAL (according 
to HAMANN), and SARASINS (1887) are presumably also endowed with 
predatory instincts. 

Some forms are found among the Gnathostomata which are so 
flattened that the animal becomes a more or less thick disk only. Such 
forms are found partly within the sub-family Araclmoidinae of the Cly-
peastridae, and partly among the Scntellidae. The last-mentioned family 
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contains genera with holes or incisions in the disk-shaped test, and the 
ambulacral groove is also very forcibly forked (cf. fig. 310). I have 
examined sections through the ambulacral groove of Arachnoides placenta 
(L.) and of Asterichjpetis manni (VERILL) without being able to come to 
any certain cornclusion concerning the presence or absence of ciliation. 
As regards the Scutellidae I suspect, however, that the extensive forking 
of the ambulacral groove has something to do with the manner of feeding. 
Asteri-dypeus manni is a littoral form from Japan which lives buried 
immediately below the surface of the sandy bottom. The intestine in 
comparison with the size of the body is very small, if one compares it 
for example with the intestine of the Spatangids. The contents of the 
intestine consisted of tiny grains of sand (0-05—0"15 mm., occasionally 
0"30 mm.), bits of vegetable epidermis (to 0-5 mm.), detritus, diatoms, 
and foraminifera, tiny copepods (to 0'25 mm.), flagellata, algous fibres, 
siphonophores (the largest pieces 0-7 x 3-0 mm.), rotifers, single Acarida^ 
and Chaetopode-bristles. I consider it probable that the subdivisions of 
the ambulacral groove, which all converge on the mouth, carry to 
tlie animal at least some part of these nutritive particles by means of 
ciliation, even if the ciliary currents, which undoubtedly appear on the 
surface of the animal, are also of considerable importance for the circula
tion of the respiratory water. 

BLEGVAD, EICHELBAUM, GANDOLFI HORNYOLD, GRAVE, HOFFMANN, 

KoRERTsoN, and v. UEXKÜLL have given their attention to the feeding, 
the ciliary currents, and the habits among the Spatangids, especially 
investigating these conditions in Echinocardium cordatum, E. ftavescetis, 
and Spatangus purpiireus; GRAVE has devoted his studies to the examina
tion of the biology of Maera (=- Moira). 

It is evident from the investigations of these authors that the 
Spatangids live buried in sand or mud in a burrow which is con
nected with the surface of the bottom by means of a canal, lined 
with mucus. Behind the anal opening a similar canal exists which is 
lengthened according as the animal slowly digs its way forward through 
the mud. By means of the canal leading to the surface, the aerating funnel, 
the animal is supplied with oxygenated water and the rosette feet 
draw down small grains of sand and nutritive particles which they have 
collected from the surface (CÜÉNOT, ROBERTSON, V. UEXKÜLL). GANDOLFI 

HORNYOLD distinguishes between the rosette feet of the mouth, which 
pluck up grains of nourishment and carry them to the mouth, where 
the small circumoral spines push them down into the gullet, and the 
rosette feet of the median ambulacrum of the trivium, which are 
differently built and act chiefly as organs of sensation and sense, and at 
the same time according to v. UEXKÜLL probably assist in lining the 
aerating funnel with mucus. According to the observations of GANDOLFI 
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HoRNYOLD and myself, there is no shovelling of the bottom material 
into the mouth, as some of the older authors and v. ÜEXKÜLL assume. 

There is no necessity for the aerating funnel mentioned above 
to be alwaj'̂ s present, I even suspect that in normal cases it is often 
missing. I let down 20 specimens or so of Echinocardium cordatinn 
on a loose mud-bottom (the same bottom from which the animals had 
been taken). After a quarter of an hour the majority had dug them
selves down, after an hour they were all buried. Among them a num
ber of young, 10—13 mm. high, could be seen through the glass-wall of 
the aquarium. They dug down deeply into the mud, the dorsal side 
was sometimes as much as 25 mm. under the surface of the bottom. 
Larger specimens did not dig down so deeply in proportion. No funnels 
could be observed leading from the burrows in which the animals were 
situated to the surface. The mud was, however, very loose and mellow 
so that presumably the circulation of the water was fairly active never
theless. Spatangus purpureus lived for a fortnight in an aquarium, buried 
in shell-sand taken from the place of discovery (Bonden, a small Island, 
6 miles outside the Kristineberg Zoological station). The height of the 
test was 19 mm., the dorsal spines shot up 7 mm. further. The dorsal 
surface was about 20 ram. below the surface of the bottom. I was not 
able to observe any funnel to the surface in this case either. The par
ticles of clean-washed shell-sand lay very loosely, however, so it was 
certainly easy for the water to circulate between the particles. With 
this Spatangus I was also able to observe how the rosette feet of the 
mouth picked up tiny particles from the walls and floor of the burrow. 
Sometimes they let these go again, sometimes they carried them to the 
mouth. Brissopsis also buries itself in natural bottom, but not so deeply 
as both the preceding species do. One can therefore often observe the 
rosette feet from the median ambulacrum of the trivium moving over the 
surface of the bottom. The clay in which this sea-urchin lives is also 
much more tenacious and of a less penetrable consistency. 

It may be remarked that diseased and dying animals, and those 
living in water insufficiently supplied with air, only bury themselves 
very slightly in the bottom or even not at all. 

The epithelium of the surface of the body is ciliated. GANDOLFI 

HoKNYOLD (1910 and 1914) expressed the view that the ciliary move
ments thus brought about, together with the mucous secretion, would 
assist in removing the small particles which have rained down on the 
surface of the body. (It is remarkable how clean the animal can keep 
itself in the aquarium, even in the most clayey water.) GANDOLFI 

HoENYOLD and v. UEXKÜLL consider that the spines cause the circulatory 
currents round the animal which are so important for the respiration. 
According to the former it is the oar-shaped sternal spines which cause 
the movements of the water. But doubtless the ciliary currents describ-
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Figg. 309—317. 309) EchinocyainiiD piisilliis Diagrammatical sketch of ciliary currents 
of ventral side, ^/ i ; 310) Astericlijpeus manni The ramifications of the ambulacra l furrow, 
' /a; 311—312) Brisastev frai/Uis Diagrammatical sketch of the ciliary currents of the dorsal 
and ventral sides respectively, X 1 '/a; 3 1 3 - 3 1 5 ) Hi-ix^opxis li/rifera 313—314) Ciliary cun-ents 
of the dorsal and ventral sides respectively, '/a, 315) Ciliary currents of the subanal fasciole, 
"h. 316—317) Echinocardiuiii cordatum 316) Ciliary currents of the ventral side, X 1 '/•'> 
317) Ciliary currents of the snhanal fasciole; + means perpendicular ly discharging currcMits, °/i. 
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ed below are of importance for the respiration too. The direction of 
these ciliary currents has not before been made the subject of aiij' 
investigation, and therefore I shall now proceed to describe the course 
they take in the forms which I have had an opportunity of studying. 

Brisaster fragilis. The dorsal side ciliates centrifugally. The part 
situated inside the peripetalous fasciole-band is freed by this means from 

' the particles of mud which are thus collected upon the mucilaginous 
fasciole. In the posterior part of the dorsal side the mud is concen
trated on the lateral fasciole. On the ventral side the lateral paired 
interambulacral areas ciliate centrifugally, and here the grains are there
fore thrown out from the animal's sides. The sternal interambulacrum too 
ciliates centrifugally at its posterior margin; adorally the currents set 
towards the mouth. The ambulacra ciliate aborally with the exception 
of the adoral parts of the bivium, where the current runs in towards 
the mouth (cf. figg. 311, 312). 

Brissopsis lyrifera. The dorsal side shows on the whole the same 
currents as Brisaster. The interambulacral parts inside the fasciole, 
however, all ciliate towards the ambulacra. Ventral side: Posterior 
part of sternum ciliates towards the subanal fasciole. The greater 
part of the ambulacral trivium ciliates towards the mouth. The margins 
of the subanal fasciole ciliate between the bases of the clavulae towards 
the centre of the fasciole. Between the two tufts of spines runs a scattered 
band of clavulae and the current proceeds along this a short way from 
both sides. Then the grains proceed out between the spines (cf. fig. 
315). Rosette feet are found within the subanal fasciole as well as in 
the median ambulacrum of the ambulacral trivium. The rosette feet 
first-mentioned, and the tufts of spines, together with the grains of mud 
embedded in mucus, probably serve to keep open and model the posterior 
funnel as far as this goes. The grains of mud are therefore concentrated 
partly on the subanal, partly on the peripetalous fasciole; partly they 
are thrown off from the animal's sides, and lastly, an inconsiderable 
number of them are carried to the mouth. (Cf. figg. 313, 314.) 

Ecldnocarditim flavescens. Ventrally the ambulacral trivium ciliates 
adorally, .but the currents bend when passing the mouth and continue 
centrifugally in the ambulacral bivium. The particles of mud are con
centrated on the subanal and the interior petalous fasciole, or are re
jected from the body. According to the closely set spines round the 
interior petalous fasciole and the mucus secreted here, the grains of 
carmine, in normal cases, do not reach the body, but are embedded in 
a mucous layer, which is picked off by the movements of the spines. 

Echinocardium cordafum. In this species the currents are practic
ally identical with those in E. flaveseens, but the body-surface and so 
also the ciliary currents were easier to observe (fig. 316). In this 
species, as well as in the other Spatangids, it may be considered the 
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rule that the young have proportionately more scattered spines, and it 
is easier therefore to observe the currents. From the interior part of 
the subanal fasciole run strong discharging currents (fig. 317). Two 
groups of rosette feet (in young specimens only 2) occur, which are 
exceedingly extensible and are certainly used in lining the subanal 
passage, to which the excrement is transported. 

Spatangus purpureus lacks a dorsal fasciole. Tlie dorsal side ciliates, 
as in the preceding species, centrifugally — on the posterior part of the 
test therefore, towards the subanal fasciole. The ciliation of the venti al 
side corresponds almost completely to that of the preceding species 
(cf. fig. 318). 

We thus see that currents arise in all the Spatangids which serve 
partly to keep the animal clean — especially necessary and very effec
tive, as one can ascertain from the specimens of Brissopsis creeping up 
from the mud in the "clay-tubs' at Kristineberg — partly to concen
trate the grains of detritus on the fasciole bands. The grains are ghied 
together here by the mucus secreted by the clavulse. The detritus and 
sand respectively are removed and packed by the rosette feet and the 
dorsal long spines towards the walls of the funnel (cf. VON UEXKÜLL 

1907, p. 316), which in this way is enabled to form a firm wall against 
the loose mud lying round it or against the surrounding sand. (Cf., 
however, also my biological observations recorded above.) In the same 
way the lateral and subanal fasciole respectively may assist in building 
a wall for the tunnel, proceeding from the posterior part of the animal, 
which is then held open and modelled by means of the two posterior tufts 
of spines and the posterior rosette feet. (Cf. VON UEXKÜLL 1907. fig. 7.) 
The ciliary currents have probably some significance as regards the 
circulation of water, although the work of the sternal spines must be 
considered of importance too, as these may give rise to considerable 
water-currents. Those currents chiefly used for cleansing, as has been 
shown above, are of insignificant importance as regards the feeding. 

IV. Ophiiiroidea. 

A. Different types of ciliary currents. 

In the brittle-stars the epithelium is usually rubbed off or is indis
tinct — a syncytium fused with the usually calcified corium (HAMANN). 

Only at the margin of and in the bursse the epithelium is always devel
oped in a normal way and is furnished here with ciliary bands too. 

Corresponding to this I have often found ciliary currents in the 
neighbourhood of the bursjc only. But in many of the forms, as will 
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be seen from the descriptions, currents also occur in other parts of the 
surface of the body. 

The Ophiurans investigated were the following: Ophiura texturata 
LAMARCK, 0. albida FORBES, 0. rohusta AYRES, 0. affinis LÜTKEN, Amphitira 
chiajei FOKBES; A. filiformis (0. F. MULL.), *Ophiacanthu abyssicola G. 0 . 
SARS, *0. anomala G. 0 . SARS, Ophiopholis acideata (0. F. MULL.), 

*()phioscolex glacialis MULL. & TROSCH., Ophiothrix fragilis ABILDG., 

Ophiocomina nigra (ABILDG.), Asteromjx loveni MULL. & TKOSCH.*, and 
*Gorgonocephalus capid-medusae (L.). 

For the sake of greater convenience, I have distinguished three 
different types of ciliary currents among the brittle-stars examined. 

The first group includes the Amphiura species. The current in the 
bursae takes a reverse direction here to that in the following groups, as 
the intruding current appears adorally and the extruding current, on the 
contrary, at the aboral angle. Along the lips of the bursal slits the 
ciliation runs orofugally. The animal has otherwise no currents, ex
cepting in the radial corners of the mouth, and on the first proximal 
segment, where the current runs centripetally. 

As typical of the second group I choose to describe Ophiura texht-
rata. The currents round the bursal slits correspond on the whole to 
those which WINTZELL (1918) described in 0. ciliaris (= 0. texturata). 
On the dorsal side, at the bases of the arms where the bursal slits end, 
the water flows in; on the ventral side, especially adorally, the grains 
are thrown out from the bursas. In the radial corners of the mouth 
runs an adoral current which may also be observed on 2 or 3 of the 
most proximal arm-joints. As is well known, this species has a row of 
pits on the ventral side in the articulations (organs of sense?). The 
three most proximal of these ciliate centripetally, one or two of the fol
lowing ones only whirl up the grains, the 6th—8th of the pores have 
centrifugally directed currents. Otherwise the surface of the body lacks 
ciliation (fig. 320). Ophiura albida (like the following Ophiurids) lacks 
these pits and their ciliation, excepting on the first arm-joint, where the 
ciliation is centripetal. Otherwise its ciliation corresponds exactly to 
that of the preceding species (fig. 319). In 0. robusta the bursal slits 
are short and therefore confined to the ventral side, where the aboral 
part, the bottom, and proximal margin ciliate adorally. Centripetal 
ciliation appears at the bases of the mouth-feet too, and in the radial 

' I have not been able to observe this species alive, but the statements given 
below, regarding the ciliary ourrrents in this species, were made by Professor A. 
WiRKN and Fil. lie. M. AURIVILLIÜS. These gentlemen, during the summer of 1923, 
had the opportunity of studying living specimens at the Kristineberg Zoological 
Station, and were kind enough to observe this species on my account. The ani
mals were dredged in the depths of the Skagerack (250mtrs.) North of theSkagen. 
They were brought to the station alive in cooled and thoroughly aerated sea-water 
of the salinity obtainable out in the open sea. 
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corners of the mouth. Otherwise ciliation is lacking. The same ciliary 
currents appear in Goiyoiicephalus caput-iueduse, and in Ophioscolex gla-
cialis also the currents are weak and confined to the bursal slits. In 
Asteronyx loveni Prof. WIKÉN and Lie. AUEIVILLIUS could verify the absence 
of ciliary currents everywhere, excepting possibly in the small inter-
radial cavities, into which the bursal fissures open. Here the grains 
were seen to flow from the bursal openings towards the centre of the 
cavity. It was impossible, however, fully to verify the presence of 
ciliary currents, as the animal made rapid contractions of the muscles 
of the ventral side, evidently in order to pump water in and out of the 
bursse, and so started strong currents of water going. 

Taken as a whole, Ophiacantha abyssicola and 0. anomdla correspond 
to Ophiiira albida. I could not, however, verify any axifugal current 
towards the bursas on the proximal arm-joints; and the ventral inter-
radial parts of the disk ciliate centripetally. On 1 - 2 of the proximal 
arm-joints an adoral current is found (fig. 321). 

Ophiiira affinis forms a connecting link with the next group. The 
ventral interradial parts, excepting the mouth-shields ciliate centri
petally, as in both the preceding species. Only the ventral part of the 
first arm-joint has adoral ciliary currents. The grains ciliate upward 
from the bursal slits towards the bases of the feet, i. e. radipetally. 
Kadipetal currents are, however, distinctly visible still further out on the 
arm (even as far as the 9th arm-joint when the animal is viewed from 
the dorsal side). If the arm is observed in dorsal view the direction of 
the ciliation is axifugal. It only occurs between the rows of spines 
and stops at the bases of the ambulacral feet. 

The third group. Ophiocomina nigra. Ventral side: In the distal 
portion of the interradial parts of the disk the water flows into the bursie. 
The middle part of the distal margin of the interradii, however, ciliates 
ceiitrifugally. The currents emerging from the bursse upon the arms 
are weak. The 5 most proximal arm-joints have the currents directed 
adorally (fig. 323). Dorsally the disk shows centrifugal or confused 
currents; in the neighbourhood of the bases of the arms these currents 
are more decidedly centrifugal. In the proximal half of the arm, 
weak axifugal currents run between the rows of spines to the bases of 
the feet. 

Ophiolhrix fragilis has fairly strong currents. Ventral side: The 
bursal slits and the interradii ciliate as in Ophicomina (in the distal 
parts of the interradii the currents run towards the bursse). Four 
proximal arm-joints have an adoral current. The currents between the 
transverse rows of spines to the bases of the ambulacral feet appear 
fairly well-developed in the whole of the proximal half of the arms (at 
least as far as the 10th arm-joint visible in dorsal view); distally the 
currents become slower, but are still evidently visible from the dorsal 
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side as axifugal currents. The dorsal side of the disk ciliates between 
the bases of the spines with which the skin is studded chiefly centri-
fugally (fig. 322). 

Ophiopholis aculeata. Ventral side: The interradial parts of the 
disk, as well as 3 of the proximal arm-joints, ciliate centripetally. The 
4rd—8th ligaments between the 4i-d—9th arm-joints have laterally a 
ciliation directed centrifugally; medially no current appears here (cf. fig. 
324). Otherwise the same as in Ophtocomina. The arms between the 
rows of spines, as in Ophiothrix, show fairly strong currents, which in 
this case also reach as far as the bases of the feet. On the dorsal side 
of the disk confused circular currents or centrifugal ciliation is seen, 
the latter especially in the neighbourhood of the bursas. 

Thus among the Ophiurids examined by me the first group in
cludes the Amphiura species. These have the bursal ciliary currents 
directed aborally. 

In the second group come the genera Ophima, Ophioscolex, Ophi-
acantha, Asteronyx, and Gorgoncephaliis, all of them characterized by the 
lack of ciliation between the transverse rows of spines on the arms, 
and, like the following group, having centripetal (adoral) currents in the 
bursae. 

In the third group we find (Ophiura affinis), Opldocomina, Ophwthrix, 
and Ophiopholis, distinguished by rather strong currents, between the 
rows of the arm-spines, reaching to the ambulacral feet. 

B. Biology. 

The Amphiura species live buried in the mud (cf. DES ARTS 1910), 
and feed on small particles of detritus which are conveyed to the mouth 
by the help of the feet. Possibly the deviating conditions of the ciliary 
currents found in this genus may have some connection with their sub
terranean manner of living. Another peculiarity which certainly can be 
placed in correlation with the sub-benthonic mode of life, is the respira
tory movements, already observed by APOSTOLIDÈS (1882). WINTZELL 

(1918) denied that these movements were of a respiratory nature. The 
Ophiurids examined by him, however, were only 'Ophiura ciliaris and 
albida and a few other Ophiurids" (p. 14). He has sometimes ob
served in these species a rythmical rise and fall of "skivans ryggvagg" 
(the dorsal wall of the disk). These movements were certainly of a 
different kind from those appearing in the Amphiura species, where the 
movements serve to dilate and contract alternately the bursal cavities. 
I have found this respiratory movement marked most plainly in Am
phiura filiformis which is furnished with soft skin on the ventral side: 
it is also found, but is less pronounced, in A. chiajei. It is performed 
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Figg 318 — 324 318) Spalangus pmpiaeus Ciliary t n i r e n t s of the ventral side, X 1 ' / ' 
319) Ophima albida Ciliarj c u n c n t s of the vent ia l side, ' / i 320) Opinuia ieitmata Cil iaiy 
currents of the \ e n t i a l side, " i ; 321) Ophmcantha übyi^sicola Ciliaiv cu i ren t s of the vent ia l 
side, /i 322) Ophiothi ur fingtlis Ciliaiy cni ie i i t s of the doisal side, ' / i , 323) Ophiucomtna 
nigia Ciliary ca r i en t s of the vent ia l side, ' / i , 324) Ophioptioht, atideala Ciliaiy l u u e n t s of 
the ventral side, "" i. 
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once or twice a minute by Amphiura filiformis by strong dilatation 
of the soft skin of the ventral side, which after 35—50 seconds sinks 
down again. The bursal fissures usually stand open during the whole 
process. As the Amphiurids normally lie buried in the bottom-slime, 
one may imagine that these respiratory movements pump the water 
in and out through the narrow canals leading to the surface of the 
bottom in which the arms lie. One may often also see, round the openings 
of the canals through which the arms protude, a hasty whirling up of 
particles of mud which indicates that there is a strong discharge of water 
through the canals. (The same was observed by DES AETS 1910.) The 
transport of food to the mouth takes place by the help of the feet 
(DES AKTS). 

In the 2nd group the particles of nourishment reach their destina
tion partly by the animal bringing its mouth near the prey, partly 
by the curving in towards the mouth of the rolled in arm-tips, 
partly, as verified by BLEGVAD, GRAVE, HAMMANN, VON UEXHÜLL, and 
others, by the food beeing carried along the arms with the aid of 
the tube-feet. I scarely consider it possible that the ciliary currents 
near the bursae, as WINTZELL (1918, pp. 12 and 42) thinks probable, 
have the power of transporting any considerable amount of the bottom-
slime into the stomach. 

A group which in this connection deserves more detailed treatment 
is that of the Euryalids. The species belonging to the order EuryaJae 
fasten themselves upon corals and similar objects, becoming interlaced 
with these. How then do they obtain nourishment and of what does 
their food consist? 

They are able, probably, to capture a small amount of plankton 
from the water with their feet (Dr. OSTEEGREN has mentioned to me 
that he found Oikopleiira among the contents of their stomachs). As I 
shall show below, however, at least in certain cases the food consists 
of material scraped off from the sub-stratum and is carried to the mouth 
by the help of the tube feet or the distal arm-tips. 

In 2 specimens of Gorgoncephalus cnput-medusae which I examined 
the contents of the stomach seemed to consist mostly of remains of the 
crusts which covered the stem of Tiibulana imperialis upon which the 
animal was fixed. I also examined the contents of the stomach in a 
number of specimens of Asteronyx looeni. I found here, too, masses of 
for the most part unrecognizable detritus, organic matter containing 
abundant fat globules. These animals are found clinging upon the Penna-
tulid Funiculina quadrangularis, which pushes down into the clay of the 
bottom, by its stalk. Owing to the complete absence in the stomach of 
Asteronyx of any bottom-material, one was enabled to form the conclusion 
that these animals do not leave their elevated position to collect food 
from the bottom. Regarding the origin of the masses of detritus, which 
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filled the stomachs of the animals I was long doubtful. If it was of 
planktonic origin one might certainly have expected to meet with some 
identifiable remains, like those I shall describe from the stomachs of the 
Crinoids: crustacean casings, diatom-tests, etc. Softer objects also may 
usually be identified for a fairly long time in the stomachs of the Cri
noids (cf. below). As the material was so transformed as to be quite 
unrecognizable, 1 thought it possible that in some way the animals, per
haps being commensals, might get up food out of the stomachs of the 
Funiculinas, and therefore I examined a number of these latter, but 
with a negative result. The inconsiderable remains I found there could 
not possibly be enough to supply an Asteronyx with food. I found an 
answer to the problem, however, in a couple of specimens which were 
fixated shortly after their capture — the rest of the animals were not 
preserved until some time after they were taken. I found in these 
specimens whole tentacle-crowns of Funiculinas, some in a completely, 
others in a partly, undigested condition. Even in the first specimens 
examined I had observed the tentacles, which disintegrate last, as small 
ovoid bodies, but could not explain their origin. The tentacle-crowns 
have no spicules, thus differing from the other parts of the Funiculina-
colony, and may therefore be digested easily and quickly without leaving 
any traces after them. I assume therefore, contrary to MOETENSEN (1912), 
that Asteronyx, at least in certain cases, nourishes itself upon the pinched-
off i^MwicM^ina-polyps. I have actually found that the rachis is sometimes 
scraped quite bare from polyps on the part where the Asteronyx sits 
(cf. fig. 308). In other cases it looks as though the parts scraped clean 
begin to regenerate small polyps anew. 

The role evidently played by the transformed arm-spines must be 
noted here. Among various Ophiurans we often find that one or more 
of the arm-spines are transformed, usually into saw-shaped organs: ten
tacle-hooks. These appear sporadically, and then scantily developed 
among the Ophiurae, as in certain Ophiothrichidae (Ophiothrix, Ophiopter-
on). and in certain Amphiuridae {Amphioplus ancistrotus, Ophiopholis). 
In Ophiomyxidae, Trichasteridae, Asteronychidae, and Gorgoncephalidae, 
on the contrary, they are very numerous and well-developed. Besides 
this we find among the Gorgoncephalids a modified form of these ten
tacle-hooks in the so-called girdle-hooks. These usually appear in double 
rows on the dorsal side of every joint and are strongly curved, one- or 
two-pointed hooks of lesser dimensions than the tentacle-hooks which 
usually have several hook-processes only bluntly bent at an angle. We 
seem to have transition-forms between these two types in the Astero
nychidae (cf. MoKTENSEN 1912; cf. also BROCH 1922, DODEELEIN 1911, 
LuDwiG 1878, 1888, MATSUMOTO 1917, MOETENSEN 1920 b). I refer to the 
drawings of tentacle- and girdle-hooks from one and the same joint of 
Gorgonceplmlus (figg. 325, 826). 

17 — 24120. T. GiaUn. 
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It is probable that the first type of these hooks originally served 
only as anchors, the other type, resembling fish-hooks might, on the 
contrary, it seems to me, play a part in catching and holding fast de
tritus, and pinching off the Anthozoan polyps. DÖDEHLEIN (1912 b) pointed 
out a peculiar circumstance connected with the Gorgoncephalinae. These 
may be arranged in an ascending series in which the lowest forms have 
mutually similar arm-divisions furnished with scanty tentacle-hooks and 
numerous girdle-hooks (Gorgoncephahis belongs to these). The highest 
forms in the series [Astrodactylus, Astrohoa, etc.) have differentiated arm-
divisions, so that the distal are long and slender and furnished only 
with girdle-hooks, while the proximal are short and thick and abun
dantly supplied with tentacle-hooks. The proximal parts of the arm in 
these cases also lack tube-feet. I imagine that a gradually progressive 
division of labour has taken place here, by which the most differentiated 
types obtained their slender greatly divided distal arm-divisions with 
their girdle-hooks, adapted exclusively for catching food, while the thick 
and short, insignificantly branched, proximal arm-divisions have gained 
the role of anchoring organs. In the Euryalids we thus find arms with 
countless small hooked spines, very suitable for capturing all the par
ticles which come into their neighbourhood. In the Trichasferidae and 
Asteronychidae this appaiatus for catching food is still rather primitive, 
but it reaches a high degree of perfection in the Gorgoncephalinae. This 
girdle-hook apparatus of the arms is found in its most original form 
among the Asteronychidae and reminds one very much, in its construction 
and, as it seems to me, also in its function, of the radula of certain 
predatory molluscs. 

In the last group come those Ophiurans in which I have found 
ciliary currents running towards the ambulacral feet between the rows 
of spines. In this case, evidently, we may presume that some amount 
of detritus becomes concentrated at the bases of the tube-feet. By 
the aid of the feet the food may afterwards be transported to the 
mouth, as VON UEXKÜLL (1905) observed in Ophiothrix fragilis. It must 
be noted that two species included in this group, Ophiothrix, and in a 
still higher degree Ophiopholis, are especially sluggish animals, which for 
days or weeks may sit immovable, crept into a mussel-shell or into a 
bit of scoria. These species have very strongly papillate feet, a condi
tion that is generally completely missing in the rest of the forms men
tioned. The carmine grains as they rain down may fasten upon these 
(Ophiopholis). (Cf. also REICHENSPEBGEB'S paper 1908 on the mucous glands 
in Ophiurids.) In Ophiothrix I have noticed that the feet are often bent 
towards the dorsal side in the furrows between the spines. It is evident 
that the ciliary currents of the arms play a part here in cleansing the 
body, but they may also assist in collecting particles of nourishment. 

The currents I have described in the Ophiurans are thus chiefly of 
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importance in respiration; in certain cases, however, they are of a certain 
importance for cleansing purposes, and in some solitary cases they may 
assist in supplying nourishment. In Ophiacanfha anomala, which is vivi
parous, the currents of the bursal slits serve also to supply the young 
with fresh water for respiration. 

Finally I must mention a genus of Ophiurans, Ophiopsila, where 
some very peculiar ciliary currents make their appearance on the middle 
and distal parts of the arms (MANGOLD 1907 b and REICHENSPERGER 1908 a). 
Here it is partly the most ventral of the arm-spines, partly the ventral 
side of the arm which are furnished with ciliated epithelium, arranged 
in the form of ciliary bands. The ciliary bands on the spines are some
what twisted, forming a spiral round them; on the ventral side of the 
arms the ciliary bands run transversely, one over every joint. When 
irritated the ciliated spines are flexed in towards the arm-joints; when 
not irritated they stand straight out from the ventral side at a right 
angle. MANGOLD considers the function of the ciliary currents described 
enigmatical. I agree with REICHENSPEKOER (1908 a) that they may have 
some importance for collecting nourishment. The ciliary bands of the 
ventral side, in spite of their course being transversely over the arm-
joints, start a current running towards the mouth. REICHENSPERGER (p. 
179) has also observed how in this way small animals might be carried 
to the mouth. Naturally these ciliary currents, besides transporting 
nourishment, play a part in keeping the animal clean and facilitate the 
respiration. 

V. Asteroidea. 

A. Survey of the currents in different forms. 

For the most part the body is ciliated in the sea-stars. Most of 
the Asterids employ these ciliary currents for respiratory and cleansing 
purposes, but occasionally, as GEMILL (1915) showed in the case ot Poram'a, 
and as I have observed also, they may be used as an apparatus for catch
ing detritus. One is justified in saying that, taken as a whole, the 
Asterids are carrion-eaters or predaceans. J. M. CLARKE (1912) gives 
an account of a Palaeaster eucharis from middle Devonian which was 
discovered together with the mussels Pterinea and Grammysia in situa
tions making it probable that the Devonian sea-stars supported them
selves in the same way as the recent predatory Asterids do. SCHIEMENZ 

as a consequence of his investigations (1896) set up two biological types 
among the sea-stars: (1) the Astropecten-iy^Q, with pointed feet, living 
in sand and swallowing small mussels whole; and (2) the Asterias-iy^e, 
with sucker-feet, climbing forms, living upon large mussels, which are 
opened by muscular power, during which process the sea-star takes up the 
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characteristic mounted position. BLEGVAD (1914) has pointed out that 
these two types are not sharply distinguished from each other, and that 
the mussel attacked by the sea-star is presumably opened not only by 
muscular power but probablj' also by paralytical poisoning. Besides this 
most of the Asterids live on every kind of carrion or living animals 
(cf. p. 269). Among the latter they do not despise sea-anemones even. 
According to MILLIGAN (1916 a) Solaster papposus ate up Sagartiae without 
troubling about the thronging acontise it was covered with. 

GEMILL has already in 1915 investigated the ciliary' currents ot 
Asterias rubens, Solaster papposus. Poraiiia pulvillus, and Astropecten 
irregularis. He mentioned in passing (p. 15) that he had also had an 
opportunit}^ of examining the ciliary currents in Asterias glacialis, A. 
miilleri, Henricia sangidnolenta, Asterina gibbosa, and Palmipes placenta. 
For the sake of completeness I have included in the following also the 
species examined by GEMILL, when they have been the subject of my 
investigations; when my observations have differed from his, that has 
also been noted. 

I have examined the following sea-stars regarding the ciliary cur
rents found on the surface of the body: 

*Pontaster tenuispimis (DUB. & KOB.), "Pseudarchaster parelii (DUB. 

& KoK.), Astropecten irregularis (PENN.), *Psilaster andromeda (MULL. & 
TEOSCH.), Lnidia sarsi DUB. & KOR., *Ctenodiscus crispatus (BEÜZ.), 

^Ceramaster granularis (RETZ.), *Hippasteria phrygiana (PASELIVS), Porania 
pulvillus (0 . F. MULL.), '"Poraniomorpha hispida (M. SARS), {*)Stichastrella 
rosea (0. F. MULL.), '^Pteraster militaris (0. F. MULL.), Solaster papposus 
(L.). *S. endeca (L.), *Lophaster furcifer (DUB. & KOR.), Henricia sanguino-
lenta (0 . F. MULL.), *Pedicellaster typicus M. SARS, Asterias rubens L., 
A. miilleri M. SARS, A. glacialis L. 

The currents chiefly of value in regard to respiration and cleansing 
purposes are probably found in the species of Asterias. The current is 
slightly axifugal on both the ventral and dorsal sides of the arms, i. e. 
small particles are carried out to the sides of the arms and pushed off 
there. The interradial parts of the oral side ciliate centrifugally. I 
saw in A. glacialis the outside of the spines along the ambulacral groove 
ciliating from the tips towards the bases. On the dorsal side of the 
animal, it is partly the papulfe which ciliate (from the base to the apex, 
cf. JENNINGS 1907)* and partly the bases of the spines. The area nearest 
a spine is therefore usually clean. The grains which drop down are 

'• With strong and rapid contractions of the tube-feet, when the hydrocoelic 
fluid has not time to escape through the madreporic system, the points of the 
papulifi may be of service as an exit for superfluous fluid. This is illustrated 
beautifully by lifting up a very distended Porania out of the water in the aquarium. 
Fine jets, often a decimeter long, of the coelomic fluid then spring from the tips 
of the papulse. 
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glued together by the mucus into larger lumps which are transported up 
on to the spines and afterwards, by the movements of the animal, pushed 
off from the surface of the body. No definite direction is taken by the 
currents on the animal's dorsal side, owing to the appearance of a 
multitude of spines and papulae; only tiny local currents arise, but still 
these rapidly set the skin between the spines free from dirt. I have 
not been able to find any current in the ambulacral furrow. But my 
observations regarding the ciliary currents of the madreporite agree with 
those of GEMILL. 

The dorsal side of Hippadet-ia phrygiana shows the same ciliation as 
is found in Asteria^, i. e. weak circular currents, round the bases of the 
spines, directed centrifugally. The madreporite ciliates centrifugally. 
Currents on the ventral side: The mouth-membrane ciliates centrifugally. 
The ambulacral groove does not ciliate. In the furrows along the ventral 
sides of the arms the currents are weakly axifugal. At the angles of 
the arms the currents are eddying. 

Solastei- papposus, too, has rather weak ciliation on the dorsal side. 
The grains of carmine are whirled round the bases of the spines and, 
as the animal slopes on all sides, following the law of gravity, fall 
farther and farther out on the arms or towards their angles. In the 
ambulacral groove a slow current runs towards the mouth. The mouth-
membrane is scarcely ciliated at all. The ciliation of the ventral side 
is shown in fig. 327 (centripetal in the ambulacral parts, centrifugal in 
the interradial ones). S. endeca shows some differences on the ventral 
side. The arms ciliate axifugally, the ambulacral groove weakly axi-
fugally or centripetally, the mouth-membrane centrifugally. Lophaster 
furcifer shows currents very similar to those of Sol. papposus. (Weakly 
centrifugal at the angles of the arms, otherwise confused on the dorsal 
side. Centripetal in the ambulacral groove, with axifugal ciliation 
between the feet so that very few grains reach the membrane of the 
mouth, which scarcely ciliates at all.) Stichastrella rosea is very similar 
in type to the preceding species. The madreporite has centrifugal cur
rents. The ciliation is axifugal on the dorsal side of the arms as well 
as between the adambulacral spines on the ventral side. The papulae 
are small. On the outside of and between the tube-feet the grains are 
whirled up from and out of the ambulacral groove by the ciliation. 
The angles of the arms have centrifugal currents on the ventral side. 
The carmine-grains are also carried centrifugally upon the radial parts 
of the mouth-membrane, while the interradial parts have no currents or 
they take a contrary direction. The ambulacral groove has no currents 
(cf. fig. 328). 

Psilasfer andromeda has only weak axi- and centrifugal currents on 
the dorsal side; on the ventral side the ciliation is centripetal furthest 
in at the angles of the arms, otherwise it is centri- or axifugal. The 
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ambulacral groove is not ciliated or has only weak axi- and centri
fugal currents. 

The dorsal side of Henricia has the same ciliation as Asterias. The 
ventral sides of the arms have axifugal currents. In the distal parts 
of the angles of the arms (the ventral side) centrifugal ciliation appears, 
but further in at the oral angles the carmine-grains flow towards the 
mouth. The ambulacral grooves ciliate strongly centripetally, 

Similar currents are found in Pedicellaster fijpims (ciliation of the 
arms on the ventral side indistinctly axifugal, an adoral current in the 
ambulacral groove). 

Ceramaster granularis. The dorsal side ciliates centripetally towards 
the anal opening. Observe that the space between the flat spines — only 
this has any ciliation — may be enlarged or disappear, and tlius many 
or only a few grains of detritus or carmine respectively, may fall down 
into these groove-like deepenings. In the neighbourhood of the anal 
opening the grains are often ciliated up between the spines. No cur
rents appear on the marginal plates, but between them centripetal cilia
tion occurs. The interradial areas of the ventral side ciliate oropetally. 
In the ambulacral grooves and on the radial part of the buccal membrane, 
the grains are carried slowly centripetally. The interradial parts of the 
mouth-membrane ciliate, on the contrary, very inconspicuously. The 
margins of the ambulacral grooves ciliate axifugally, but between the 
two rows of spines a longitudinal current runs centripetally (cf. 
fig. 329 and Porania). The ciliary currents in this species are fairly 
strong. 

Pseudarchaster parelii. Dorsal side: Little or no ciliation at the tops 
of the paxillse. Centrifugal ciliation between the spines and their bases. 
The grains eddy up centrifugally or somewhat spirally from the sunken 
madreporite. The sides of the marginal plates ciliate towards the grooves, 
where the grains are carried dorso-ventrally. Ventral side: In the 
grooves between the calcareous plates, which do not ciliate themselves, 
the current flows centri- and axipetally respectively, in between the 
tube-feet. A number of grains, however, in the neigbourhood of the 
mouth are whirled out of the ambulacral groove. At the angles of the 
arms a centripetal current appears towards the mouth-disk. The ambulacral 
groove was very difficult to observe, as it was not easy to induce the 
animal to extend itself for a sufficient length of time; it appeared, how
ever, as if the currents were centripetal here also. 

The ciliary currents in Aslropecten irregidaris run axi- or centri
fugally on the dorsal side, on the ventral side axi- and centripetally. In 
the ambulacral groove centripetally. Luidia sarsi has its currents 
directed similarly. The ciliation on the dorsal side is always confined 
to the bases of the star-shaped spines. The small white arm-tips ciliate 
centripetally. The furrows between the rows of spines on the ventral 
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Figg. 325—332. 325—326) GoiyonocejJJialuf capui-medu'iae. 325) A tentacle-hook, 326) A 
gudle-hook, ' " / i ; 327) Solaster papposus Diagrammatical sketch of the ciliary currents of the 
\ e i i t ra l side oif an arm, the month and the buccal membrance below, - / j ; 328) Stichastrella 
yusca Ciliary currents of the vent ra l side, ' / s ; 329) Ceramaster granularis Ciliary currents of 
the ventral side, X 1'/») 330) Ctenodiscus crispatus Ciliary cur ren ts on and between the 
c i ibnform organs on the sides of the a rms, •'/i; 331) Porania pulvillus Ciliary currents of 
the ventral side, ' / j ; 332) Antedon petasus Ciliary cur ren t s of the disk, in the adoral angle 
often perpendicular currents , mouth half opened, ' " / i . 
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side ciliate axipetally (the spines themselves do not ciliate). The inter-
radial parts, like the ambulacral groove and the ventral side of the arm-
tips, ciliate adorally. The ambulacral feet do not ciliate except at their 
bases (the inside) where the ciliation is directed towards the mouth. On 
the buccal membrane the grains are carried slowly, in the mouth-opening 
quickly, centripetally. 

Similar, but still more powerful currents are found in Pontaster 
teniiispinus. The direction of the ciliary currents on the dorsal side is 
the same as in Astropecten; the direction is a little less marked on the 
disk, where small circular currents appear. The whole of the ventral 
side ciliates axi- or centripetally — the arms axipetally, the ambulacral 
groove and the interradial parts centripetally. 

Ctenodiscus crispatus: Dorsal side: The angles of the arms and the 
disk as well as the middle parts of the arms ciliate centrifugally; the 
sides of the arms axifugally. Ventral side: The plates of the ventral 
side, both on the arms and in their angles, ciliate axi- or centrifugally. 
Between these plates deeper furrows are situated which ciliate centri-
and axipetally, except in the more distal parts of the angles of the 
arms, where the current is weakly centrifugal. The combs on the sides 
of the arms ciliate ventro-dorsally, but in the parts lying deeper be
tween the cribriform organs, the current flows dorso-ventrally, and 
continues on the ventral side as axipetal ciliation in the deeper fur
rows between the calcareous plates, as described above (cf. fig. 330). 
The ambulacral groove has no current itself, but a current is found in 
the groove on the outer side of the row of tube-feet. The ciliation of 
the buccal membrane is weakly centripetal. In this way the currents 
lying deeper are enabled to carry small particles of mud to the pointed 
tube-feet. (N. B. larger objects cannot pass between, or under, the combs.) 
On their way thither, the mucous secretion glues these mud-particles 
into soft lumps, and they are then carried, partly by the feet, and most 
likely also by the help of the centripetal currents running laterally of 
the tube-feet, towards the mouth. A simple experiment was made with 
one of these very sluggish animals. The dorsal side was syringed with 
grains of carmine. After some hours the animal, which had not moved 
noticeably from the original place, was examined. Grains of carmine 
were found imbedded in the mucous membrane of the stomach. 

Porania pulvillus has the calcareous plates of the dorsal side covered 
by a smooth skin, on which the papulae are strewn. Contrary to GEMILL 

I have not been able to find any centripetal currents on the dorsal side. 
If my observations are correct ciliation appears on the dorsal side only on 
the papulae, and these, as usual, ciliate disto-petally; on the madreporite 
which ciliates strongly from its centre (somewhat curved in the directions 
of the hands of a clock); and on a number of whi te -co loured s t r i p s 
or narrow furrows, in which the current is strongly centrifugal, i. e. 
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directed towards the ventral side of the animal. The currents last 
mentioned aie developed chiefly on the sides of the short arms, at right 
angles to their longitudinal direction and continue on the ventral side in 
axipetal furrows. The mud raining down on the dorsal side is imbedded 
in a layer of mucus, and this is drawn down and into the white-
coloured furrows, and is then transported towards the mouth. — The 
currrents on the ventral side are demonstrated by the accompanying 
diagram (fig. 331) which agrees upon the whole with GEMILL'S description. 
In the specimens examined by me, however, axifugal currents were found 
between the spines bounding the ambulacral groove. The spines them
selves, which are arranged in two rows along the ambulacral groove, 
ciliate at their bases only, oropetally. Between the two rows of 
spines runs an oropetal current. Axifugal currents which, sooner or 
later, curve into the longitudinal oropetal currents, run between the 
spines at a right angle to the ambulacral groove. When the ambulacral 
groove is open the spines are flexed outwards. (When the furrow is half-
closed the inner row is bent so as to cover the ambulacral groove.) The 
ambulacral groove itself ciliates centripetally, but the grains near 
the buccal membrane are often ciliated up from the ambulacral groove 
and carried interradially. I, like GEMILL, have verified the presence of 
short centrifugal currents in the interradial angles. Eddying currents 
are set up where this current and the centripetal interradial one meet, 
and the agglutinated grains of carmine are accumulated here. 

In connection with this I must put in Poraniomorpha Jiispida of 
which I found a specimen S. of Tautra in the Trondhjem fjord. The 
specimen was sluggish and poorly when examined. The only currents 
observable were as follows: Dorsally: narrow furrows on the margin 
between the small spines ciliate centrifugally; the madreporite has 
centrifugal ciliation; the papulae ciliate towards their points. Ventrally: 
centripetal currents appear in the interradial angles. 

Finally, I will describe the currents in the only Asterid nursing 
young which I have observed, namely Pterasfer miUtaris. The specimen 
had many young under the membrane of the back. Dorsal side: The 
web connecting the spines does not ciliate. The central opening has a 
constant, strongly discharging, current. M. SAES (1861) has pointed out 
the appearance of small pores in the dorsal membrane; the grains of 
carmine are also thrown out through these, though not so rapidly as 
through the central aboral funnel. Through rents in the membrane too 
a current flows outward. Ventral side: The ambulacral groove ciliates 
weakly adorally. Near the mouth, in the axial middle parts of the 
ambulacral groove, weak currents also appear leading outwards. (The 
radial parts of the buccal membrane and the lips ciliate slowly adorally; 
the interradial parts centrifugally.) At the tube-feet, i. e. in the lateral 
parts of the ambulacral groove, the currents swing to the oral side of 
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the feet, pass out between them and continue axifugally right to the 
bottom of the depressions between the transverse combs, i. e. the rows 
of spines transversely arranged and connected by a membrane. The 
membrane itself does not ciliate. 

Thus an in-current of water on the ventral side of the brood-pouch 
appears and an out-current on the dorsal side, principally through the 
central opening. The aerated water-supply for respiration of both mother 
and young in thus brought into circulation. 

B. Summary of the action of the currents and interpretation of 
their result. 

If we sum up the above and interpret the result we arrive at the 
following conclusion. One ought, when interpreting the function of the 
ciliary currents described above, to bear in mind the whole time that 
they are always of some importance both for respiration and cleansing 
purposes. (On the part played by the pedicellarise for cleansing and 
protection cf. JENNINGS 1907.) In Asterids having ciliary currents run
ning adorally these currents may not always be of very great import
ance for the feeding, owing to the appearance of axifugal currents 
which are able to eliminate the grains from the ambulacral groove, be
fore they would reach the mouth (e. g. SUchastrelld). Neverteless, one 
can easily follow in the Asterids described above how the ciliary cur
rents are used to a greater or lesser extent in catching detritus, or are 
employed exclusively in the service of respiration and for cleansing the 
surface of the body. Ciliary currents of both the types mentioned last 
are found in Asterias, Hippasterin, Stichastrella, Psilaster, Solasfer, 
Lophaster, and Pleraster. In Solaster, Lophaster, Fteraster, and Pedicell-
aster one can also verify weak centripetal ciliation in the ambulacral 
groove. In Psilaster certainly no such current can be found, but on the 
other hand an interradial ciliation, directed centripetally, occurs. In 
the other forms enumerated above the currents lead away from the mouth, 
i. e. the animal does not use the small particles accompanying the 
respiratory water, or transported by the cleansing currents, for nourish
ment. The centripetal current in the ambulacral groove is marked more 
strongly in Henricia, which has. besides, an interradial ciliation directed 
centripetally. Ceramaster has centripetal ciliation in the ambulacral 
groove. But here adambulacral and interradial currents also appear, 
running towards the mouth. A peculiarity remarkable for this species 
is the condition that the ciliary currents on the dorsal side are directed 
centripetally. 

Nevertheless, the Asterids most suited as detritus-catchers which 
I have examined are: Pseuclarchaster, Astropeden, Luidia, Pontaster, 



ECHINODEEM STUDIES 267 

Ctenodisciis, Porania, and Poi-aniomorphaf?) which have well-developed 
adoral currents for the transportation of detritus-particles to the mouth. 
In Pseudarchaster and Aslropecten these currents certainly all run towards 
the mouth, but in these genera they are rather weak and unimportant. 
Astropecten lives upon a sandy or gravel bottom, in which it buries 
itself, either entirely or partly. (As GEMILL 1915, p. 4 also mentions.) 
It finds there small mussels and such things and puts them into its 
stomach. 1 found in the stomach of an Astropecten: 3 Astnrte sp., 1 
Helcion pellucida, 4 Syndosmya alba, 1 small Saxicava, together with 
Lacuna, Hydrohia, a bit of Lithothamnion and some Polychajte-bristles; 
another specimen contained: 1 Gibbula cineraria, 1 Cylichna, 1 Nnctda, 
1 Echinocyamus, together with fragments of small mussel-shells. Luidia 
and Pontaster have ciliary currents corresponding to those of Astropecten, 
but they are more distinct here and more strongly developed. These 
two like, or even in a still higher degree than, Astropecten, ought to be 
able to exist on the particles transported by the ciliation. EICHELBAUM 

(1910) investigated the contents of the stomachs of a number of Asterids. 
While Astropecten and Psilaster nearly always had molluscs or small 
Echinoderms in the stomach, he found it empty in all the specimens of 
Pontaster he examined. I do not think his explanation of this fact can 
be fully correct. According to EICHELBAUM the specimens belonging to 
this species must have emptied their stomachs during the long journey 
up from a depth of 250 metres. But why then should not specimens of 
Psilaster brought up from a depth of 210 metres do the same thing? 
We may possibly assume that Pontaster does not often gather larger 
prey into its stomach as Astropecten and Psilaster do. Porania, as GEMILL 

has shown, can live for a long time on the detritus brought to the 
mouth by the ciliary currents, and in this species the stomach is gener
ally empty. One ought to notice, however, that even typical predaceans 
like Asterias very often have empty stomachs. 

Porania certainly has very evident and distinct currents; a small 
part of these currents, however, as is obvious from the description and 
diagram, counteract the carrying of particles to the mouth. Presumably 
the aboral current is of very slight importance. By means of the current 
mentioned some part of the particles are carried to a small interradial 
area, situated near the corners of the mouth. Many Asterids, as is 
well-known, are tolerably indifferent as to whether the prey to be 
digested is found inside or outside the stomach. In the latter case the 
stomach is simply turned out over the prey. One may imagine that if 
a small part of the food is also concentrated in the corners of the mouth, 
Porania can turn its stomach over these and thus digest the nourish
ment collected. If the accumulated material is not suitable for food it 
need not be absorbed by the mucous membrane of the stomach. (GEMILL'S 

observations seem to make it probable that Porania is sensitive to 
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certain kinds of food; he saw that a Porania soon died in water to 
which sperms had been added. It is possible, however, that the presence 
of the sperms spoilt the respiratory water.) GEMILL'S investigations 
have made it evident that this sea-star can live for 9 months and retain 
its weight, without any other food than the microscopical nourishment 
brought into the acquariums at Plymouth by the circulation of the 
tank-water, while Asterias living under the same conditions dies after a 
shorter time (8 weeks). 

Ctenodisciis lives practically speaking exclusively upon small particles 
of mud, and one nearly always finds its stomach powerfully distended 
by the mud in which the animal lives. These particles of mud, to a 
large extent, are brought to the animal by the ciliary currents described 
above. SLADEN in his Challenger work supposes that the cribriform 
organs serve to purify the respiration water. It is quite probable that 
the respiration is provided for by the ciliary currents described, but it 
is a fact that small particles are carried through the grooves between the 
cribriform organs to the ambulacral groove, to be transported thence 
to the mouth. When laid down on the natural mud-bottom the animal 
ploughs halfway down into the mud, leaving a deep track after it. When 
taken up again, the previously cleanly-washed grooves were found filled 
with mud, which was glued together by the secreted mucus into long 
strings. At the base of the feet, too, mud was found stuck together by 
mucus, and round the mouth was a veil of slime, covering a part of 
the mouth-membrane and connected with the contents of the stomach. 
According to my view the cribriform organs act principally as a sieve 
to get rid of coarser material. 

The sluggishness of Pontaster, Porania, and Ctenodisciis, especially 
of the two latter, supports the view that they are detritus-catchers rather 
than predaceans. Ctenodisciis, in a vessel containing mud from the place 
of discovery, crept about 6 cm. in 2 hours. At the end of another 6 
hours the specimen had travelled 11 cm. 

In Pteraster the currents are made use of by the mother not only 
for respiratory purposes but also in nursing the young. The young, sitting 
under the dorsal membrane, obtain fresh water continually, and probably 
nourishment too, from the current flowing in through the mother-animal's 
ventral side and passing out through the dorsal openings. STIMPSON 

(1854, p. 15) and after him M. SAES (1861, p. 50) reported that the 
water flows "ind og ud av den i Ryggens Centrum beliggende Aabning 
ligesom en Holothuries Kloak" (in and out of the opening lying in the 
centre of the back, like the cloaca of a Holothurian). This, as we have 
seen above, is false, as is also the continued reasoning of M. SAKS 

on p. 70 (op. cit). He says in the passage last-mentioned: " De te r sand-
synligt, at det til Kespirationen fornodne Sovand tilfores Aanderorerne 
(papulas) gennem disse . . . . i den ydre Ryghud forekommende porer. 
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og at det igjen udf0res gjennem den . . . centrale Aabning". (It is 
probable that the sea-water necessary for respiration is brought to the 
respiratory tubes (papulae) through these . . . pores, appearing in tlie 
exterior skin of the back, and that it is carried out again through the 
. . . central opening.) As we have seen, an extruding current appeared 
from the dorsal pores and the water was carried to the pouch containing, 
the young exclusively from the ventral side. It is possible that the 
papulae of the mother-animal can be stuck out through the small pores 
in the dorsal membrane. 

Besides feeding by means of the ciliary currents those Asterids, 
ciliating adorally, under normal conditions support themselves in most cases 
on larger animals too (excepting e. g. Ctenodiscus). A large number of 
observations have been made on sea-stars, mostly on Cryptozonia showing 
the predatory nature of these forms. (Cf. BLEGVAD 1914, CHADWICK 

1916, H. L. CLAEK 1915 b, EICHELBAUM 1910, HESSE & DOFLEIN 1910 -14, 

JENNINGS 1907, KJEKSKOG-AGEESBOEG 1918, MEAD 1900, MILLIGAN 1915, 

1916 a, c.) It has been ascertained that the Asterids eat almost everything; 
carrion of all sorts and living prey, among which we find Porifera, 
Actiniae, mussels, snails, worms, crabs, Balanids, Sea-urchins, Asterids, 
Ophiurids, fish, etc. Among vegetable remains are kelp and algae. Even 
large stones up to ^li pound in weight appear. In both the latter cases, 
however, the objects have been swallowed chiefly on account of the 
animals found upon them. I can add a couple of my own observations 
too, showing the kind of prey captured by the Asterids: I have seen 
Solasler papposus swallow a Pennalula 'phosphorca; I observed Henricia 
in the mounted position over a Mytilus (cf. the account given on p. 267 
of the contents of the stomach in Astropecten). 

The information in respect to predaceans or carrion eaters among 
the Phanerozonia is scantier. Astropecten, however, seems to be a genus 
with more decidedly predatory instincts. It is evident, from the descrip
tion given above, that ciliary currents are rather commonly met with 
among the Phanerozonia which may be of importance in carrying nourish
ment. It is difficult to decide whether this is something primitive or 
not, but it is possible that this form of obtaining nourishment is very 
ancient for this group of Echinodermata. The feeding by means of 
ciliary currents existed almost certainly among the (Thecoidea or) 
Edrioasteroidea which may be considered as the primeval forefathers of 
the Asterids. 

In support of the theory that the Asterids were originally detritus-
catchers, I have observed that the young of Asterias nihens, while 
s m a l l , have certain currents directed adorally. The diameter of 
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the young examined was TO mm. These young had 2 to 3 pairs of 
tube-feet only, and the arm-processes were very short. The ciliary 
currents were relatively strong; centripetal on the dorsal side. On the 
ventral side the ambulacral groove ciliated centripetally, in the inter-
radial parts the currents ran centrifugally and between the feet they 
were axifugally directed. In specimens with a diameter of 3 mm., the 
grains were carried centripetally in the distal half of the ambulacral 
grooves only; in the proximal parts they were eliminated from the 
furrow by axifugal currents. The buccal membrane ciliated weakly 
centrifugally. 

VI. Crinoidea. 

A. Previous investigations as to how the nourishment is obtained and 

what it consists of. 

Earlier investigators who have handled living Crinoids have already 
observed that the ambulacral groove is ciliated, and since the sectional 
method now employed, came into use, the cilia of the epithelium of the 
ambulacral furrow were also observed. I refer here only to the works 
of W. B. CAEPENTEE 1866 and 1876, CHADWICK 1907, DUJAEDIN 1835 

(here, however, the origin of the adoral current is misunderstood, as it 
is considered to be caused by the tentacles), DUJAEDIN and HUPÉ 1862 
(corrected view), HAMANN 1889, LUDVIG 1877, PEEEIEE 1886 and 1890, 
VoGT and YUNG 1888. 

Scattered accounts, respecting analyses of the contents of the 
stomach, are also found in the literature on the subject. W. B. CAEPENTEE 

(1866) mentions the appearance of Peridinium (Ceratium) tripos and 
(1876) Entomostracae, diatoms, spores of algae, and Peridinium tripos. 
P. H. CAEPENTEE (1884) gives the most detailed information (cf. below). 
CHADWICK 1907 states that the food consists of diatoms, radiolarians, 
and foraminifera; A. H. CLARK (1908) that the food consists of small 
crustaceans and pelagic organisms; H. L. CLARK (1915 a) has found uni
cellular and thread-like green a]g?e, some diatoms, and foraminifera, 
together with a number of radiolarians, but no detritus; in a few 
other specimens, the species not noted in any case, but presumably 
Comasterids as these are usual at the place where he worked, he found 
in addition pieces of red algae and small crustaceans (thus chiefly 
vegetable-eaters); in 1917 the same author studied the biology of Tropio-
metra carinata, whose food he found to consist of: living active plankton, 
a mixture of animal and vegetable food, the former predominating (plants: 
diatoms, unicellular green algaj with occasional fragments of other sea
weeds), Crustacea (amphipods, copepods, crab-zoëas), few foraminifera, all 



ECHINODERM STUDIES 271 

alive when ingested; DUJARDIN (1835): microscopical alga), infusoria, 
diatoms, sponge-spicules (of Tethya?); HERDMAN (1906): diatoms and in
fusoria; KIRK (1912): no bottom material, only finely decomposed animal 
remains (in Comanthus japonica). KONINCK & LE HON 1854 mention that 
M. DucHASSAiNG found in the stomach of Pentacriniis caput-medusae 
( = Isocrinus decorus) remains of small crustaceans; LOVÉN (1869) has 
also noted small crustaceans in the contents of the stomach of Hyponome 
Sarsi = Zygometra cf. microdiscus, and finally MULLER 1841 has drawn a 
number of microscopical particles of nourishment from the contents of 
the intestine of Aniedon rosacea {Ceratium, diatoms, foraminifera, tintin-
noids, radiolarians?). 

The same kind of nourishment seems to occur in the stomachs of 
the young Pentacrinulas. (Cf. SEELIGER 1892, p. 397; BURY 1888. p. 281; 
MORTENSEN 1920 a, pp. 44, 45.) MORTENSEN (1918, 1920 a) relates a 
curious case of the young of Isometra vivipara being caught and eaten 
by its mother. 

P. H. CARPENTER, as mentioned above, has made the most important 
statements in regard to food. He considers — quite correctly — that the 
food varies with the bottom — to be quite complete one must add, with 
the plankton nourishment in the surrounding water. According to P. H. 
CARPENTER one usually finds in the intestine the cuticularized casings 
of Entomostracae and the larvae of larger crustaceans, as well as diatoms, 
spores of algae, and among deep-sea types, such as Bathycrinus, Rhizocrinus, 
and Pentacrinus, radiolarians and foraminifera (Globigerina, Biloculina). 

B. My material. 

I have examined, at the Kristineberg Zoological Station, material 
consisting of Antedon petasus DUB. & Kor. brought home from the outer 
parts of the Gullmar fjord, where the species is found on a shell- and 
gravel-bottom at a depth of 30—40 metres. At the Biological Station of 
Haegdalen, Trondhjem, I have studied Hathrometra tenella var. sarsii (DUB. 
& KoR.) and Rhizocrinus lofotensis M. SARS taken between Leksviken and 
Tautra, on muddy bottom at a depth of 250 metres. 

Antedon petasus, which I have' had opportunities of studying in 
aquariums for a long time, I found at the beginning (1917, 1918) rather 
difficult to keep alive. It turned out that the temperature of the tank-
water supplying the aquaria with water was too high (16 ~ 18° C). It 
was not suitable either, when the dredged material was brought home, 
to use water fetched up from the bottom directly, for when this cold 
water became warmer, gas-bubbles was found adhering to the pinnules, and 
the animals floated up to the surface and soon died. This was prevented 
by setting the vessel containing the animals on ice. Afterwards, by 
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setting the aquarium filled with water of very high salinity (taken from 
the outer parts of the Archipelago) in a tub filled with ice-water, I was 
able to keep Antedon alive and vigorous for weeks. The water did not 
need changing more than once every, or every other, week. The salinity 
of the sea-water varied between 26 to 28 "/oo. The necessary supply of 
oxygen was obtained by means of an aerating apparatus of the usual 
type used at the station. The water was kept at a temperature of 
10—12° C, occasionally it was a couple of degrees higher or lower. It 
was soon found that it was not advisable to let the temperature rise 
higher than 14'' C. With a greater amount of salinity, however, the 
animals seemed able to stand a somewhat higher temperature. Another 
year (1919) I found they got on fairly well at a temperature of 15° C. 
when the sea-water had a salinity of 30 "/oo- If the animals are to do 
well, it is absolutely necessary to supply the bottom of the aquarium 
with small pebbles or shells to which the cirri can cling, otherwise the 
Crinoids fall down and soon die. 

C. Currents for cleansing purposes. 

In the Crinoids, as in other Echinoderras, ciliary currents are found 
on the surface of the body for the purpose of keeping the animal clean. 
These are most pronounced in the interradial and interbrachial areas 
of the disk. On the median parts of the interradial areas centripetal 
(adoral) currents run. It is checked in the oral angle by the upright 
adambulacral fold on the margin of the ambulacral furrow (cf. fig. 332). 
Circular currents therefore, running vertically, often arise in the oral 
angles. Along the sides of this median centripetally directed current 
the grains of carmine are carried radipetaliy, and. in the area nearest 
the ambulacral groove, centrifugally. In this way all the grains in the 
interradial area are gradually carried away along the margin of the 
ambulacral furrow. Where the ossicles in this upright margin are rather 
low, or where there is a gap between them, the grains are sucked down 
into the centripetal current of the ambulacral groove, and in this way 
most of the particles, even those falling upon the interradial areas, reach 
the mouth at last. Some of themj however, are carried out to the sides 
of the body and fall off the animal. The interbrachial parts of the 
perisome have ciliary currents going in an oro- or radipetal direction. 
The oral pinnules ciliate slightly towards their points, and the grains of 
carmine carried thither thus sink down on to the surface of the disk, 
and usually reach the mouth sooner or later. The anal cone ciliates at 
the base only, where one may observe weak currents running upwards. 
The excrement consists of the undigested particles from the intestine, 
held together by a jelly-like substance, and formed into large yellow 
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mucous balls. These lumps are too large to be transported by the ciliary 
currents. Instead of this they are removed from the surface of the disk, 
where they usually fall, by the movements of the animal when moving 
to another place, or by stronger movements of the water caused by the 
animal flexing its arms, etc. The cirri and the dorsal side of the animal 
do not ciliate. Nevertheless, they are kept clean by the movements 
of the animal. 

The currents described above refer to Antedon petasus, but those of 
Hathrometra tenella var. sarsii are similar, with the exception that the 
marginal currents directed centrifugally may be followed farther out on 
the sides of the arms than in Antedon. In Bhizocrinus the interradial 
currents are centripetal only. 

D. Currents supplying nourishment and mode of feeding. 

After several unsuccessful attempts at colouring the ambulacral 
furrow in living specimens of Antedon with an intra-vitam staining sub
stance, I succeeded at last, by putting the animal into a solution of 
neutral red mixed with sea-water, in getting the ambulacral groove 
distinctly tinted. The right colouring was obtained after a few hours 
in a saturated solution; after a longer time the part submerged was 
gradually coloured too diffusely dark red to be suitable for investiga
tion. It answers capitally if one lays down a stump of an arm or pin
nules only in the staining fluid, for as there is no centralized nervous 
system the ciliary currents in the ambulacral grooves continue towards 
the mouth, although the part of the body in question is cut off proxim-
ally. The movements of the tentacles are also vivacious and normal 
at least 24 hours after the arm or pinnule has been severed from the 
body — n. b., if the water in which they lie is kept fresh and cold (cf. 
also PEEYER'S observations 1887). 

REICHENSPERGEE (1908 c), by staining with thionin and mucin, lias 
shown the occurrence of mucous glands in the epithelium of the ambul
acral groove. These (unicellular) mucous glands are found in masses in 
the ambulacral groove — they are scanty outside it — and it is probably 
these that are coloured first, but presumably the nuclei of the nerve-
and neuroglia-cells are stained too, and thus show clearly the spread of 
the ciliated epithelium. 

A hungry Antedon, when not irritated, sits immovably fastened to 
the substratum with out-stretched arms, slightly curved upwards. The 
pinnules are spread out from the arms almost at right angles, and the 
tentacles, arranged in groups of 3 on the pinnules, are stiffly stretched 
out. If a plankton sample or a few grains of carmine with some crab-
liver is put into the water of the aquarium, the arms and pinnules at 

18 — 24120. T. Qislm. 
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once become very active. The tentacles all beat rapidly in towards the 
ambulacral furrow. This, the margins of which generally lie pressed 
tightly together, opens as soon as any grains fall upon it, with a wavy 
movement proceeding towards or away from the mouth. The mouth, 
only a narrow slit before, opens to its widest extent, and becomes rounded. 
(Cf. figg. 333, 336.) After some time the tentacles straighten themselves 
again, but now and then, when tiny grains fasten on the papillae, the 
tentacles are whipped with rapid, nervous movements towards the ambul
acral groove, and then again straighten out as quick as lightning. Some 
of the groups opposite each other usually whip in at the same time 
towards the furrow, but one cannot observe any flexing in of the pin
nules proceeding along the arms. As REICHENSPEEGEK (1908 c) has shown, 
unicellular mucous glands open on the papillae of the tentacles. Small 
particles are fastened to the tentacles by their secretion, and with rapid 
motions of the tentacles are cast into the ambulacral groove, where the 
ciliary current takes hold of them and carries them to the mouth. 

Sensory hairs are found on the tentacles too, and it has been sup
posed therefore that these serve as sensory organs. The function 
of the tentacles is probably in reality manifold: 1st, they are certainly 
of considerable importance for the respiration; 2ndly, the mucous secre
tion, as is pointed out above, serves to fasten the falling grains of 
plankton or detritus upon the tentacles temporarily; 3rdly, the sensory 
cilia serve presumably as some kind of organ for taste and feeling. 
When I dropped picric acid upon them, the arms were flexed and relaxed 
violently; when I added a frew drops of sublimate the arms were also 
rapidly bent and twisted; the pinnules were stretched out and the animal 
made swimming motions, as if to escape. On a third occasion quinine 
sulphate + a few grains of carmine tvas added: the arms were waved 
actively to and fro, the pinnules were flexed in to the sides of the 
arms, or rubbed against each other, or laid over the place where the 
drops had fallen, the arms were turned upside down, with the evident 
intention of getting rid of the unpleasant matter (cf. GKABEE'S statements 
1889). When old putrefying crab-liver was added to the fluid containing 
the grains of carmine, the pinnules were flexed in towards the sides of 
the arms. This seems to indicate that a sense of taste is present which, 
presumably, may be considered as localized in the sensory hairs of the 
tentacles' papillae. 

I cannot decide with certainty whether REICHENSPERGEE'S assumption 
is correct that the secretion of the papillae of the tentacles is poisonous, 
and these papillae, like the cnidoblasts in Cnidaria, are partly defensive 
organs. I allowed living pinnules to lie in contact with freshly caught 
plankton (Ephyrae, Peridineans, Diatoms, and Plutei). Nevertheless, I was 
not able to ascertain that any rapid unconsciousness or poisonous action 
took place. A small Cladonema seemed to make motions of escaping 
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when touched by a tentacle, but usually the tentacle bent away from the 
irritating object. In the intestine of Heliomttra eschrichti (see below) I 
have found quantities of copepods. The copepods have a tolerably 
strong power of motion of their own and it is very probable, that in 
this case the secretion of the papillïe of the tentacles in some way para
lyses the prey. Otherwise it is difficult to imagine how the relatively 
weak ciliary currents can transport the captured prey to the mouth (N. B., 
however, the rudimentary combs on the proximal pinnules [cf. p. 287]). 

I mentioned that the tentacles are arranged in groups of 3. The 
most proximal of these 3 tentacles is the shortest and is directed straight 
upwards, the middle one is longer and extended obliquely outwards; the 
most distal is the longest and is directed straight outwards. This con
cerns the pinnules; on the arms this differentiation is indistinct or not 
marked at all (cf. figg. 334, 335). In the proximal parts of the arm and 
on the disk the tentacles are unbranched. The tentacles are often more 
or less contracted, but with maximum extension the longest tentacle 
reaches 0-5—0'7 mm. As the pinnules are placed at a distance of 1"0— 
1 '4 mm. from each other, of course with the maximum extension of the 
tentacles, the inter-pinnular region can be fished competely clean. 

The ciliary epithelium, characteristic of the ambulacral groove, 
begins at the base of every group of tentacles. The ambulacral furrow 
itself is slightly concave and ciliates strongly towards the mouth. The 
mucus is secreted in the ambulacral groove by the mucous glands mentioned 
above, and the grains are glued together into larger lumps by it. These are 
transported to the mouth, the edges of which are often pressed together 
like a pair of lips, during movements similar to swallowing. The centripetal 
ciliary currents have also been verified in Hathrometra and Bhizocrinus. 

In a healthy animal which does not receive any great amount of 
nourishment at the same time the mouth, as I mentioned before, is shaped 
like a slit. This slit in Antedon petasus is always (in all the cases observed 
by me) oriented from the anterior radius towards the posterior inter-
radius, or in the anterior half twisted a little to the right of this line, 
in the posterior half twisted a little to the left of the same line. (See 
fig. 333.) A slit-shaped mouth with the same orientation I have observed 
in a specimen of Thaumatometra comaster preserved in spirit. In HeUo-
metra eschrichti the slit has the same orientation as in Antedon petasus 
but is directed a little more obliquely (from the right anterior inter-
radius towards the left posterior radius), and the same condition is found 
in specimens of Poliometra prolixa, Asterometra anthus, and Oligometrides 
adeonae. The mouth is twisted still more in the same direction in Tro-
piometra afra macrodiscus, where it looks as though it might become 
almost transversal in position, as in Comasteridae. (Most of the Crinoids 
preserved in spirit which have been examined have a rounded mouth-
opening, like diseased or dying specimens of Antedon petasus). 
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E. Character of the nourishment. 

All kinds of tiny particles, eddying up from the bottom owing to 
the movements of the animal or through currents in the water (mostly 
the latter) are carried to the mouth; in other words detritus and benth
onic organisms, as well as some part of the plankton which rains down. 
My experience seems to show, however, that the benthonic nourishment 
is the most important. 

Samples of excrement from living animals examined: 
Antedon petasus. All the samples were brought home from "Smed-

jan", Kristineberg, Sweden, where the animals were dredged from a 
depth of 30—40 metres. 

1. A rough sample. The recently dredged animals were put into 
a vessel of sea-water, where they were allowed to stay for some hours 
and the abundant excrement evacuated was collected. Contents: Detritus, 
small grains of sand, threads of alg£e, diatoms, some peridineans, crustacean 
larvae (0-30—0-50 mm. long), small copepods (0-09 x 0-18 mm.), macerated 
pieces of plants (one piece 0-40 x 0-60 mm.), a half-digested Myzostomid. 

2. A lump of excrement, taken directly from the anal opening: 
Detritus, diatoms (Coscinodiscus, Nuvicula, NitscJiia, etc.), copepods, an 
ostracod, a veliger larva, a Ceratium, a few living infusoria. 

3. Some food, sucked from the mouth by means of a pipette: 
Detritus, diatoms, copepods (empty casings), some ostracods, 1 veliger 
larva, nauplius larvae, empty podiae of small crustaceans, a peridinean, 
some few sponge-spicules. 

Samples of excrement from preserved specimens: 
Metacrinus rolundiis, Sagami, Japan, depth 180 metres. The excre

ment was collected from the bottom of the vessel in which the animal 
had been laid. Contents: Detritus, diatoms, tissues of more highly 
organized plants, solitary crustacean podiae, and crustaceans, foraminifera. 

Comantheria grandicalyx, Bonin Islands, 54 — 72 metres. The sample 
obtained in the same way as in Metacrinus. Contents: Detritus, threads 
of algae, small grains of sand, diatoms, sponge-spicules, bits of leaves 
(the largest 4'5 x 1'25 mm.), bryozoans, solitary holothurian anchors, a 
syllid ( 2 - 1 x 2 mm.), and a syllid larva, a piece of a hydroid colony 
(length 5 mm., breadth of branches 0-15 mm). 

Comaster delicata grandis. Bonin Islands, 72 metres. The sample 
taken directly from the intestine. Contents: Algous threads and radio-
larians (numerous), tintinnoids, crustacean podiee, solitary diatoms, grains 
of sand, foraminifera, bits of bryozoans, sponge-spicules. 

In another sample of the same species (Bonin Islands, 144 metres) 
the diatoms were more abundant [Plankfoniella, Thalassiothrix, Nitschia, 
etc.), otherwise like the previous sample of the same species. 
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Figg. 333—337. 333—336) Anledon pctasus 333) Disk with almost completely closed 
ambulacral furrows and a s l i t -shaped mouth In t h e anal in te i rad ins a Myzostoma cirriferum, 
its proboscis extended, l obbmg food fiom the ambulac ia l furrow This drawing, like the two 
following ones, drawn from living animals, ' " / i ; 334) The ciliary currents of a pinnule , 
saccnli alternating with t h e tentac le-gioups , papillae only indicated in a couple of cases, " ' / i ; 
335) Ciliary cn i i en t s of the a im and the ramification of the tentacles , ' ' ' ' /i; 336) Disk with a 
wide open ambulacral fuiiow and rounded mouth , ' / i ; 337) Tropwmeha nfra macrodiscus $ , 
Genital pinnule, dc = doisa) coelom, ic = ventral coelom, n = doisal neive , g = genital gland, 
Jiij = hydrocoel, p = ciliary pit, s = sacculus, " ' / i . 
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Zjjgometra microdiscus. Broome, Australia, from the shore. The 
sample taken from the anal opening. Grains of sand, diatoms, small 
copepods, ostracods, foraminifera, veliger larvae, 

Tropiometra afra macrodiscus. Sagami (Misaki) Japan, 2 — 3 metres. 
2 specimens dissected. The intestine nearly emptied. Inconsiderable 
remains of grains of sand, crustacean podise, and diatoms. In the gullet 
large parasitic Myzostomas. 

Asterometra anthus, Bonin Islands, 180 metres. The sample taken 
from the intestine. Detritus, radiolarians, solitary bits of crustacean 
podiae, foraminifera, one Ceratium. 

Hdiometra eschrichti. W. of Spitzbergen (79° 30' N, 10° 30' E), 
100 metres. Sample from the intestine. Numerous copepods, solitary 
ostracods, polynoid bristles, one tinntinnoid. 

In order to discover the composition of the diatomaceous flora 
found among the contents of the intestine, I have treated a few samples 
in the usual manner for diatomaceous examination (boiling in HjSO^ + 
+ NaN03 together with washing) and sent them to Dr. ASTBID CLEVE-

EuLEE who kindly carried out the investigation requested. 
A sample of the excrement of Antedon petasus contained: 
Actinocyclus crassus Y.-H., Actinoptychus undulatiis (BAIL?) RALFS., 

Biddulpliia aurita (LYNGB.)BKEB., Campylodiscus Thuretii BKEB., Cerataulus 
Smithii RALFS., Coscinodiscus excentricus IJHB., Cose, oculus iridis^KB., Cose. 
sp. (with large meshes), Cocconeis scutellum EHB. , Diploneis nitescens GREG., 

Grammatophora marina (LYNGB.) KG. , Hyalodiscus scoticus (KG.) GRUN., 

Hyal. stelliger BAIL., Navicula cyprinus (EHB.) W . SM., Paralia sulcata 
(EHB.) KG. + , Nitschia longa GRUN., N. seriata CL. ?, Rhahdonema arcuatum 
(AG.) KG. , Rh. minulum KÜTZ., Rhizosolenia setigera BRIG., Trachyneis 
aspera CL., and, of Silicoflagellata: Distephanes speculum (E.) HASCH and 
Ehria tripartita (SCHUM.) LEMM. 

The excrement of Comantheria grandicalyx: 
Achnanthes longipes AG., Amphora sp., Actinoptychus undulattis (BAIL?) 

RALFS, Coscinodiscus sp. (with large meshes), Diploneis didyma (EHB.) CL., 

Dipl. litoralis (DONK.) CL., Epithemia (Bhopalodia) gibba (E.) KG. , Gruno-
viella marina (GREG.) V . - H . , Grammatophora marina (LYNGB.) KG., Melo-
sira nummuloides (BORG.) AG., Orthosira splendida (GREG.) GRUN., Paralia 
sulcata (EHB.) KG. , Trachyneis aspera CL. Plentiful with sponge-spicules 
and star-shaped hairs. 

Excrement of Comastcr delicata grandis: 
Few diatoms: Asterolampa marylandica var. major H. PER., Nitschia 

marina GRUN., Navicula lyra E. all solitary. Silicoflagellata: Dictyocha 
fibula. Many radiolarians. 

The excrement of Metacrinus rotundus: 
Achnanthes mammalis CASTE, rr, Actinocyclus Ehrenbergi RALFS, 

Actinoptychus undulalus RALFS, Amphora costata W. SM. rr, Amph. mad-
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lenta GREG, rr, Climacospnenia elongata BAIL, r, Cocconeis reticulata CL. r, 
Cocc. dirupfa GKEG. r, Cocc. finmarchica GEUN.? rr, Cocc. pellucida HANDGSCH. 

rr, Coscinodiscus radiatus E., Cosc. excentricus E., Cof<c. curvatidus GEUN., 

Cosc. oculm iridis E., Cyclolella striata (KG.) GEUN., Diploneis sp. rr, 
Grammatophora oceanica var. macilenta SM. 4 , Gr. angulosa E. var. rr, 
Isthmia nervosa fragments rr, Navicula libellus GEEG. rr, Nitschia pandtiri-
formis var. minor GRÜN. rr, Si/nedria affinis KG. rr, Trachyneis aspera 
CL. r, Thalassiosira gelatinosa HENSEN, Thalassiothrioc nitschioides GEUN. + . 

Her opinion on the diatoms identified is as follows: The chief part 
of the species represented are of benthonic origin; the Cocconeis species 
are epiphytes on algse and similar matters. Some of them, such as 
Actinocycliis, Actinoptychus, Coscinodiscus, Cyclotella, Hyalodisctis stelliger, 
and Paralia are tycho-pelagic ( = semi-pelagic), mostly heavy types which 
keep to deeper water. Thalassiofhrix is pelagic. Dr.CLEVE-EuLEE was 
not able to find any pronouncedly pelagic genus such as Chaetoceras in 
either of the first two samples. She says of the last two, "Possibly 
setsG of true pelagic plankton-types, such as Chafeoceras, are present, 
but they could not be determined". And at the end: "It does not seem 
probable that they (true pelagic forms) are devoured to any extent 
worth mentioning by these animals". 

Basing my opinion upon the evidence of the samples of excre
ment, and as a consequence of Mrs. CLEVE-EULEE'S statement, I consider 
it clearly manifest that the Crinoids live upon a mixed diet of detritus 
and benthonic micro-organisms and plankton, but that the detritus-nourish
ment plays a very important part, at least for some of them. 

F. Formation of the ambulacral groove and feeding 
in the Comasterids. 

1. The extension of the ambulacral groove. 

The apparatus for supplying food, the ambulacral groove, is very 
variable in its formation and offers a great deal that is interesting, if 
one follows its varying extension along the arms and pinnules. 

The ambulacral groove originally extended to all the arms and 
appeared on all the pinnules. This primitive condition is still found in 
the stalked Crinoids, e. g. Metacrinus and Bhizocrinus. In the Comatu-
lids, however, a varying number of proximal pinnules have developed 
into tactile organs, and have been transformed into the so-called oral 
pinnules which have no ambulacral groove or genital gland. Only one 
pair (per arm) of such organs are found, e. g. in most of the Bathy-
metrinae, Antedon petasiis has 2 pairs, Antedon mediterranea 3. Simultan
eously with the change of function, their appearance changes too, and 
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they generally become long, whiplash-shaped and exceedingly flexible. 
They are very inconsiderably transformed in Himerometridae, Stephano-
metridae, Charitometridae, and Thalassometridae, while a number of the 
Mariametridae, Calometridae, Colohometridae, most of the Macrophreata, 
and Comasteridae show very advanced specialization. 

Another reason why the extension of the ambulacral groove differs 
from the usual type on certain pinnules is found in the development of 
the gonads. In most of the Comatulids the 1st genital gland appears 
in the 1st post-oral pinnule, and afterwards they appear in all the 
following pinnules until far out on the arms; in the distal pinnules the 
genital glands are not so strongly developed, and gradually become 
partly, or completely, obliterated. In certain types, however, the gonads 
are restricted to certain pinnules, the genital pinnules, and. at the 
same time as these play exclusively the part of egg or sperm pro
ducers respectively, they have grown coarse and clumsy, and have their 
ambulacral groove and their hydrocoel more or less strongly reduced. 
The distal pinnules, on the other hand, begin to play the role of respi
ratory organs and to specialize for collecting nourishment. They often 
become very much longer and slenderer, and have their tentacles and am
bulacral furrow very strongly developed. Thus at least certain species 
of the family Tropiometridae have no ambulacral groove on the first 
8—12 pairs of pinnules which are developed as genital pinnules (cf. figg. 
337, 338). P. H. CARPENTER, in his Challenger work (1884), reports how 
two representatives of the fam. Charitometridae, afterwards distinguished 
(Poecilomefra acoela, Pachjlomctra angusticalyx), sometimes lack the 
ambulacral groove on as many as 20 pairs of the proximal pinnules; 
probably a similar phenomenon to that mentioned above. In accordance 
with this I have found in Diodontometra that the first 9 paii's of pin
nules, which have transformed broad joints protecting the gonads, have 
no ambulacral groove at all (cf. fig. 339). 

The reduction of the ambulacral groove in all these cases is the 
same upon all the arms. The Comasterids, which show far-going reduction 
of the apparatus for obtaining food, have gone in another direction. These 
animals are in a state of transition; from a radial type they are cliang-
ing to a pronouncedly bilateral one. The mouth moves forward in 
the anterior radius, or towards the right anterior interradius, and often 
takes a marginal position on the disk. The anal funnel takes the central 
position of the mouth. (This is a consequence of a lengthening of the 
intestine. Cf. below.) The anterior arms lengthen and obtain long and 
slender pinnules, like the distal pinnules of Tropiometra. The posterior 
aboral arms are shortened and have limited longitudinal growth; they 
become thicker, coarser and more clumsy, perhaps, though not very 
likely (cf. Chap. 2), on account of the abundant formation of sex-pro
ducts here; a co-operating factor with the enlargement of the joints is. 



ECHINODEKM STUDIES 281 

Figg. 338 — 348. 338) Tvopiometra afra macrodiscus Distal pinnule of the same spec
imen as tig. 337; t>n=ventral ne rve ; for the explanation of the other le t te is of. under fig. 
337, ""/ i ; 339) Diudontometra bochi. Genital pinnule, *''/i, 340) Asierometra anthus. Distal 
pinnule, eiliation continuing a little up the tentcular side, no eiliation of the side and 
covering plate, ^*"ji\ 341) Heliometra eschrichti Tip of P , with a rudimentary comb '*/i , 
342) Anthometra adriani Pa, the most distal segments are lacking, a) ' / i , b) ' * / i ; 343) Pro-
macftocrinus heyguelenensis Tip of P j , ^^/i; 344) Comanfhus parvicirra a couwsteylpinna cT. 
Genital pinnule from a poster ior ray, indication of let ters as in fig. 337, ' " / i ; 345 — 347) 
Comaster delienta grandis 345) Section th rough one of the most proximal tooth-provided 
segments of P j , *"/!. 346) The same pinnule cut th rough one of the most distal comb-
provided joints, *'/r. 347) Section through a comb-provided distal pinnule. Dorsal and 
ventra l coelom not completely separated, ' ' " / i , 348) Comatula pectinata Section through the 
distal pinnulars of a distal pinnule to show the dorsal hooks, ' " / i . 
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certainly, to be found in the strengthened muscular and ligamentary connec
tions between the Br-joints (H. L. CLARK 1915 a, cf. also p. 59). As a 
result of this division of labour between the anterior and posterior arms 
the ambulacral furrows lose their radial symmetrical arrangement, and 
are often present in the anterior radii only (cf. figg. 344, 354). It is to 
be observed that the ambulacral furrow really disappears, and is not 
found remaining "in a closed groove" (cf. A. H. CLARK. 1922, p. 93) 
Great variation prevails even in the same species. In a number of 
X-armed specimens of Comatula pectinata, and its variety purpurea from 
Cape Jaubert, Australia, the ambulacral furrow was missing in 0—IV 
of the posterior arms; in a Comanthus parvicirra, Sagami, Japan, out of 
XXXIII arms XIII in the posterior radii had no ambulacral groove, while 
IV neighbouring arms had it developed distally of the 15th or 20th pair 
of pinnules. According to P. H. CARPENTER (1879, § 22, 25 and 26), 
among the 48 species of Comasterids collected during the Challenger 
Expedition, no less than 23 had the ambulacral groove missing on one 
or several of the arms (one observes, however, that a great number of 
these species afterwards proved to be synonymous). The species in this 
work and in the Challenger Report of 1888 which show a partial reduc
tion of the ambulacral groove are: Adinometrapolymorpha {== Comanthus 
parvicirra) with '"/si of the arms without ambulacral furrow, .4c<. (Coma-
tula) Solaris, and Act. {Comaster) belli; Act. regalis and nohilis {=Coman-
thina schlegeli) the latter with a few arms in each ray without ambul
acral groove, Act. (Comantheria) magnifica, and Act. (Comatula) pectinata 
(Synonyms according to A. H. CLARK 1915 c). A. H. CLARK mentions in 
1912 that Comatula micraster may lack the ambulacral groove in as many 
as VI arms out of X. 

The reduction of the ambulacral groove goes so far in this family 
that one is tempted to ask, if the apparatus for supplying food can really 
be sufficiently large to collect nourishment enougli for these, in comparison 
with other Comatulids, coarse and clumsy animals. In order to form an 
opinion of the relations existing between the apparatus for collecting 
food and the size of the animal I have taken steps first to estimate the 
total length of the ambulacral groove, and secondly to measure the vo
lume of the animal, and then by comparing the numbers obtained to 
find their relation to each other. 

2. The total length of the ambulacral groove and its 

relation to the volume. 

The total length of the ambulacral groove was obtained by measur
ing the length of the arms, multiplying by their number, and to the 
figure thus acquired adding the product of the number of pinnules per 
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arm, the average length of the pinnules, and the number of arms. The 
final figure gives the approximate length of the ambulacral groove. 

The investigations regarding the volume of the animal have been 
carried out at the Physical Institution, Uppsala, where balances suitable 
for the purpose were kindly placed at my disposal. 

The total length of the ambulacral groove varies of course to a 
high degree, according to the size of the animal and the number of 
arms. Among the animals I measured Bhizocrinus lofotensis, which only 
has 4 to 5 pair of pinnules per arm, gave the lowest total figure. The 
length of the ambulacral groove (VI arms) was only 0-14—0'22 Me t r e s . 
It is probably several times less in Bathycrinus minimus, the smallest 
Crinoid known. Among the Comatulids I measured, Gomissia ignota 
minuta (X arms, 20 mm.) showed the shortest ambulacral groove, 1"30 M. 
It is about the same length in Compsometra parviflora (X arms, 25 mm.), 
where it measures 1-37 M. It is only inconsiderably longer in Penta-
metrocriniis diomedeae (V arms, 55 mm.) or 1-85 M., and in Thaumato-
metra comaster (X arms, 45 mm.): 2-98 M. Oligometra chinensis with X 
arms, 55 mm., has an ambulacral furrow of 7"15 M., while a large X-
armed Antedon petasus (length of arms 110 mm.) shows a total of 16-28 M. 
Sfephanomelra spicata (XXVI arms, 130 mm.): 38'48 M. Liparometra 
grandis with XXVI arms, 120 mm. has an ambulacral groove 44'72 M. 
long, in the large Heliometra esclirichti (X arms, 200 mm.) it reaches a 
length of 54'5 M. and in the multibrachiate Himerometra magnipinna 
(XLIX arras, 90 mm.) it is 61 •28 M. A large specimen of Metacrinus 
rotundus with LVI arms, which from the radial to the arm-tip measures 
210 mm., has an ambulacral furrow of 71-68 M. The higest numbers 
are, however, found in the Comasterids, where the longest ambulacral 
furrow I have measured, reaches a length of 102-68 M. in Comantheria 
grandicalyx (LXVIII arms, 125 mm.). Further information respecting 
the length of the ambulacral groove in 13 more cases is given in the 
table found below. 

Before I begin to examine this, it seems to me to be necessary to 
state in a few words several facts which may influence the relative 
length of the ambulacral furrow. 

At great depths the nourishment is poorer (partly the bottom-life 
is not so abundant, partly the plankton does not rain down so plenti
fully, cf. A. H. CLAEK 1910 b), in the littoral zone the food is very 
abundant. The deep-sea forms ought therefore to have a relatively long 
ambulacral groove in comparison with their size, while shallow-water 
forms ought to be able to manage with a shorter one.' 

^ A. H. CLARK in 1910 b has created a hypothesis to explain the function of 
the side and covering plates appearing in certain families which are found chiefly 
in deep water. According to his theory the side and covering plates are of serv
ice in increasing the surface taking up nourishment. Now it is noticeable, as 
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The degree of calcification probably plays some part too. A strongly 
calcified animal has relatively less oi'ganic substance than one which is 
inconsiderably calcified. The former has less substance to support, and 
ought to be able to obtain the necessary amount of nourishment with a 
proportionally shorter ambulacral furrow. 

Two objects of similar shape, but different in size, stand in a pro
portion to each other answering to the square of the surface and the 
cube of the volume. If we take a given X-armed Coraatulid of a cer
tain size and compare it with a similar but much smaller one, the lesser 
ought therefore to have a comparatively greater surface in proportion 
to the volume. If again we compare the given type with a very large 
Comatulid, the larger one in proportion to the volume ought to have 
a lesser surface. The figure which the total length of the ambulacral 
groove represents is a function of the surface supplying nourishment 
and changes according to it. The ratio between the ambulacral groove 
and the volume gives, in very small Comatulids, an abnormally high 
figure, in very large Comatulids, an abnormally low one. 

A glance at the table shows at once, in the column giving the 
ratio between the length of the ambulacral groove and the volume, that 
the average figure is much smaller in the Comastfrids than among the 
rest of the Comatulids, or about 1'7 as against 5-0. 

sections of Asterometra anthus show (fig. 340), firstly that these plates are not covered 
with any ciliated epetheliuiii which, however, stretches, as in Antedon, some way 
up the basal parts of the three-forked tentacle-groups, and secondly that these 
tentacle groups which alternate with the side and covering plates are often, even 
in a contracted condition, at least as long as the plates mentioned above. When 
the ambulacral furrow is open and the tentacles extended, these cover the un
folded side and covering plates and, moreover, they fish clean, as in Antedon, a 
more or less broad strip outside the lateral margins of the pinnules. If CLARK'S 
theory is correct, why do we not find side and covering plates in Bathymetrinae, 
the most exclusively deep sea group. The condition is not quite the same 
regarding the stalked families. In Shizocriniis the side and covering plates are 
large, and it does not seem possible for the tentacles to stretch themselves to any 
extent worth mentioning outside their rayon. In this case one might imagine 
CLARK'S theory to be correct. The tentacles here should be able to lick off the 
detritus falling upon the unfolded covering plates, and afterwards to throw the 
nourishment thus collected into the ambulacral groove (c£. mutatis mutandis Pe-
lagothnria). The explanation of the reduction of the side and covering plates in 
the Comatulids may then be sought for in the enlargement and perfecting of the 
tentacles, by which means the region covered by the arms could be effectively 
fished clean, even without these capture-shields. The appearance of side and 
covering plates among certain of the Comatulids would then be a relic of prim
itive ancestors and denote a lower condition of organization. Among certain prim
itive families or genera {Comatilia, Nemaster, Notocrinus, Calometridae, Thalasso-
metridae, and Charitometridae) these formations still remain well developed, but in 
other families they can only be traced as net-shaped open-work thin calcareous 
plates or as variously shaped calcareous spicules. 
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Comissia parvula 
Comatula pectinata 
Coraantheria grandicalyx . . . 
Comaster delicata grandis . . . 
Comanthus parvicirra 

Catoptomptra magnifica minor . 
Eudiocrinus loveni 
Amphimetra crenulata 
Lamprometra protectus . . . . 

L o c a l i t y 

Sagami, Japan 
Cape Jaubert, Australia 
Bonin Islands, Japan . 
Bonin Islands, Japan . 
Misaki, Japan 

Kin Shiu, Japan . . . . 
Bonin Islands, Japan . 
Cape Jaubert, Australia -
Trincomalie, Ceylon . . 

Cyllometra pulchella ' Kiu Shiu, Japan 

Tropiometra afra macrodiscus 
Asterometra anthus 
Pectinometra flavopurpurea 
Perissometra aranea 
Antedon petasus , Kristineberg, Sweden 
Heliometra eschrichti East Greenland . • . 

Misaki, Japan . . . . 
Bonin Islands, Japan 
Sagami, Japan . . . . 
Kiu Shiu, Japan . . 
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Comissia parvula shows for a Comasterid an abnormally high 
figure, as it is partly a small species, partly endocyclie (see p. 294), 
and partly a deep-sea form. Owing to the last-mentioned reason the 
figure for Catoptometra magnifica minor is unusually high too. Lampro-
melra protechis is a littoral type and therefore shows a low figure. 
Species having a high specific weight, i. e. strongly calcified forms, 
usually show low figures too; ia Pecttnometra flavopurpurea the decrease 
is counter-balanced by the great depth at which the animal is found. 
On the contrary, the slightly calcified Antcdon petasus and Cyllometra 
pulchella, which last is also very small, show very high figures. It is 
more difficult to explain the deviation in Tropiometra afra macrodiscus 
and Heliometra eschrichti. Both are, however, exceptionally large types 
and the former is at the same time a littoral species. Regarding He
liometra eschrichti, its body is not calcified very strongly, which should 
perhaps counter-balance its gigantic size, and so should also the fact 
that it is not a littoral form. An analysis of the intestinal contents 
showed a great abundance of almost exclusively copepods, i. e. very 
nourishing food. This Comatulid lives outside the great glaciers of 
Spitzbergen and Greenland, where an abundance of plakton is found. 
Possibly this may explain, to some degree, the low figure. The appear
ance of "rudimentary combs" on the proximal pinnules must, however, 
also be noticed (cf. p. 287 and fig. 341). 

It should be noticed that I have chosen, for my investigations, the 
most divergent types from the most different localities I was able to 
obtain, and therefore one should not feel too much surprised, if a few 
divergences from the general rule appear. It is possible that, in the 
two cases of great divergency described above, some facts unknown to 
me may play a part. Taken as a whole, however, it seems to me that 
the difference between the low figure of the Comasterids and the high 
figure of the rest of the Comatulids is very remarkable. I t is all the 
more noticeable that the figures given for the Comasterids in the table 
are low throughout, as 3 of the 5 species examined belong to Comaster
ids having ambulacral furrows on all the arms and most of the 
pinnules. 

3) Formation and contents of the intestine in the Comasterids. 

Although among the Comasterids the ambulacral groove is abnorm
ally short in proportion to the animal's size, the intestine shows a 
peculiarity which suggests that the food is richer and at the same time 
more difficult to digest. In all the Comatulids, excepting the family 
mentioned above, the intestine on its way from the mouth to the anal 
opening makes a single turn. In most of the Comasterids the mouth is 
displaced towards the anterior radius, thanks to the circumstance that 
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(as P. H. CAKPENTEE brought to light in his work of 1884, p. 92, and 
as I have observed myself in Comanthus japonica) the intestine, with 
the anal cone as centre is wound spirally 4 times. The intestine in the 
Comasterids is thus several times longer than in the other Comatulids. 
According to A. H. CLAKK (1915 c, p. 343) exocyclic Comasterids, i. e. those 
with eccentric mouth and central anal cone, should be confined to shal
low water and muddy bottom. He concludes from this that "the 
ingestion . . . of a large amount of inorganic material and the use of a 
very large percentage of plants with highly developed skeletons as food 
has caused . . . a sudden development of the intestine". This is only 
correct in part. Certainly the Comasterids in general are shallow-water 
types, particularly the exocyclic ones, but certain families with central 
mouths, e. g. Himerometridae, Mariametridae, Stephanometridae, Tropio-
metridae are so too. That the Comasterids are confined to muddy 
bottom is not correct, as may be seen from a critical glance at the 
localities explored by the Siboga Expedition (cf. A. H. CLAKK 1918). 
From 65 localities (the description of bottom noted) Comasterids were 
brought home; 54 of these localities shelter exocyclic Comasterids. In 
41 of these cases they were taken from a bottom consisting of stone, 
sand, "coral" and Lithothaminon; in 3 cases only has mud been found. 
My examination of the intestinal contents of the Comasterids shows 
that the vegetable food is certainly very plentiful and consists for the 
most part of Chlorophyceae, but that inorganic matter is specially 
inconsiderable or missing altogether (cf. also KIRK 1912 and H. L. CLAKK 

1915 a). 

Analyses of the intestinal contents of both the Comasterids examin
ed (p. 276) show that a considerably richer fauna and flora were found 
than in the contents of the intestines of other types. The occurrence óf 
algous threads, bits of leaves, bryozoans, and small pieces of sponges 
was specially noticeable. 

4) The morphology of the combs and their biological function. 

The Comasterids differ from all the rest of the Comatulids, ex
cepting a group discussed below, by the occurrence of the so-called 
combs, which usually appear on the proximal pinnules, but sometimes 
are found far out on the distal parts of the arm in Comaster and in soli
tary species of Comanthus (Vania), Comanthina, and Capillaster. As I 
have mentioned before, there is still a group of Comatulids where a 
comb, even if less perfectly developed, really makes its appearance. P. H. 
CARPENTER (1884) draws the proximal pinnules of Antedon (Solanometra) 
antarctica, Antedon rhomboidea {= Florometra magellanica), and Antedon 
(HeliometraJ eschrkhti, where an insignificant comb is found on Pj and 
Pg. A. H. CLARK (1915 c and 1918) states that rudimentary combs may 
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also appear in Anthometra and the other species of Floromttra. In this 
connection I only mention the genus Comatonia, which is supposed by 
me to be related to Beliometrinae. (The reasons for this genus not being 
a Comasterid are given in Chap. 4.) One may compare also my drawings 
of Anthometra adriani, Promachocrinus kerguelenensis, and Heliometra 
eschrichti, of which the first mentioned has a fairly well-developed comb 
on P, (figg. 341—343). LUDWIG, like P. H. CARPENTER (cf. A. H. CLARK 

1922, p. 95), has observed that the terminal segments of the arms and 
pinnules have no ambulacral groove. All these forms belong to the 
Macrophreata, sub-family Helionietrinae. We thus find the remarkable 
coincidence that in a group not belonging to the Comasterids, where 
the ambulacral furrow, as we saw above, was unusually short, combs 
appear as in the Comasterids and that a change sets in hinting at a 
reduction of the ambulacral furrow. As was pointed out above, the 
intestinal contents in Heliometra show remarkable differences from those 
of the rest of the Comatulids catching plankton or detritus. 

The combs are developed at the ends of the pinnules; only occa
sionally as in Comantheria, Comanthus (cf. the drawings in my work of 
1922) the most distal segments of the comb-provided pinnules are smooth. 
In Comatonia teeth appear on Pj and Pa (the only comb-provided pin
nules) almost to the bases of the pinnules. The teeth are generalijn de
veloped on one side only and are arranged in a single row on the side 
of that pinnule which is turned from the mouth. In Nemaster (A. H. 
CLARK 1922, fig. 609), Comanthina (fig. 645), and in Comanthus (figg. 
651, 653, 655) two rows of teeth occur, an inner row of large ones, and 
an outer row of small ones. I have drawn a transverse section of one such 
comb of the vam'a-type from Comanthus parvicirra (see fig. 352). My 
transverse sections through the proximal comb-provided pinnule and 
the distal pinnule of Comaster delicata grandis (figg. 345—347, 350) 
show that in reality, at least in this form, a small interior tooth occurs 
inside the large exterior tooth, as in Nemaster etc., although it is not 
discernible to the naked eye. The sections make it evident too, that 
these teeth derive from the dorsal hooks, occurring in most of the 
Comatulids and especially well-developed in the Comasterids, which 
have grown stronger and have made their way up on one side of the 
pinnule (cf. fig. 349 and 1922 CLARK'S fig. 645). Usually 3 dorsal 
hooks in breadth are situated on a pinnular that has not been trans
formed. When strengthened to form a comb the hook situated most 
adorally gains the preponderance and surpass the others, which become 
more or less supressed, in size. Nemaster is distinguished by the ap
pearance of covering-plates, a primitive characteristic. In regard to the 
combs also it shows its primitive character, by the occurrence of two rows 
of combs. The inner comb is less evident in the more specialized genus 
Comaster, although quite distinct on sections. In Comanthus (pinguis) 
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where the comb shows a, presumably secondary, tendency to reduction, 
the inner row of teeth is very indistinct (cf. fig. 353). 

The ends of the comb-provided pinnules can, contrary to the distal • 
ends of the other pinnules, be rolled into a tight spiral, as one of the 
interpinnular muscles — always the one found on the pinnule's aboral 
side — is very strongly developed. This muscle continues through a large 
part of the segment, penetrating deeper on the proximal side than on 
the distal one, and so locating the thin dividing wall between the 
muscles of every articulation somewhat distally of the centre of the joint. 
As a consequence of this exceedingly one-sided muscular development, 
the muscular side of the pinnule is very enlarged; the intruding hyper-
trophied muscle has pressed the dorsal coelom towards the adoial side 

Fig . 349 Diagrammat ica l sketch to show the t ransformation of the dorsal hooks into 
combs, ail = - abo ra l muscle, 0 ( i = adoia l muscle , rfc = dorsal coelom, DC = ventral coelom, 
^ = hook and tooth respectively, /ly = hydrocoel , n = dorsal nerve The airow denotes the 
duec t ion of the ciUaiy cu r ren t on the a rm. 

(cf. figg. 345—347, 349—352). Presumably migration of the dorsal hooks 
towards the aboral side is explained by the stronger calcification and 
development of the side turned from the mouth. 

A. H. CLARK (1909 b, p. 123) endeavoured to give an explanation 
of the biological function of the combs by assuming that they pick away 
foreign particles from the arms and pinnules, above all parasitic Myzos-
tomids. The Comasterids are, however, almost more abundantly provided 
with these commensals than any other family of the Comatulids. (Cf. 
CLAKK'S work 1922 pp. 619, 659-674, 680-681.) Of 109 Myzos-
tomids no less than 31 species parasitize on the Comasterids. (I have 
moreover found an ^ntoparasitic Protomyzostomitm (?) on Comaster delicata 
(irandih and ectoparasitic Myzostomids on Comantlnis pinguis and Co-
missia pai vula.) Owing to this I do not think the function of the combs 
can to any essential extent be the one given by CLAKK. The different 

19 — 24120. T. Oislen. 
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species of Myzostomidae are in general each confined to its own partic
ular Comatulid or to a few species of the latter only. Now if the 
principal task of the combs had been to free the animal from parasitic 
Myzostomids, either these parasites would soon have been rooted out 
on the Comasterids or else the Myzostomids must have been endopara-
sitic to escape the catching apparatus developed specially on their 
account. In either case the combs (as an organ for exterminating the 
Myzostomids) would have thus become superfluous at about the same 
time as they appeared. According to this theory it is also difficult to 
understand why certain genera should acquire combs far out on the 
distal pinnules, for the Myzostomids practically always occur on the 
disk or on the arms in its immediate neighbourhood — quite naturally 
as the particles of nourishment concentrate more and more the nearer 
they come to the mouth. Still, there is a possibility that in certain 
forms the combs have an all-round cleansing function (cf. belowl, like 
the ciliary currents and the pedicellarise in the Asterids and Echinoids 
described above. 

In my work of 1922 I championed the idea (p. 55) that the dorsal 
hooks in Comasterids with reduced cirri act as a compensation for 
the cirri, which are used by the rest of the Comatulids as anchoring 
organs. ' I found this theory supported partly by the occurrence of the 
dorsal hooks, so generally and exceptionally strongly developed among 
the Comasterids, and partly by the reduction and disappearance of the 
cirri in species belonging to some of the Qorri&siexiAs [Comanthus pinguis 
had strong cirri, weak dorsal hooks; in Comanthns aninilata the condi
tions were reversed. We may compare in CLAEK'S work 1922, figg. 351 
- 4 3 5 , 525-526, and 593 with 436-524, 527—591). I have suggested 
above that the teeth of the combs are derived from the dorsal hooks. 
The biological development I imagine took place in the following manner. 

At the beginning all the distal segments of the pinnules possessed 
small dorsal hooks. Dorsal hooks appear still in a more or less rudi
mentary form on the farthest segments of the more distal pinnules in 
most of the Comatulids. The oral pinnules, on the contrary, are smooth 
distally except in the sub-family Heliomefrinae. The combs must be 
considered to have appeared first on the oral pinnules. In forms where 
the combs extend far out on the distal pinnules this characteristic 
appears only at an ontogenetically very late stage. (Cf. my investiga
tions of 1922, pp. 36, 38—39, on the young of Comnsfer serrata and C. de-
licata grandis.) The oral pinnules in most of the Comatulids are devel
oped into tactile organs and are very sensitive; in a number of forms, 

* 
' This seems to be t he case too with the grooveless pinnules in Comatulella 

brachiolata (as A. H. CLARK 1922 asserts , pp. 136, 158, fig. 13.32). I t should be noticed 
tha t t h e coiling of the p innule takes place more towards the latero-distal side 
than towards the dorsal side. 
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thanks to short pinnulais, they are also exceedingly flexible. On account 
of the formation of the facets of the pinnular this flexibility can only 
function in a lateral direction (cf. the investigation on this subject p. 97). 
Thanks to the dorsal hooks and the great flexibility of the oral pinnules, 
the latter were able to catch hold of objects falling upon the disk or 
outside the ambulacral grooves, and too great to be carried away by the 
ciliary currents. To do this the pinnule-tip has been greatly contracted 
aborally. 

Between the usual distal pinnulars the transversely striated muscle-
bundles are very small, nearly rudimentary, and the greater part of the 
facets of the segment is taken up by the ligamentary connections; this 
construction does not allow more than rather weak and slow contraction. 
Between the pinnules in the region of the combs, on the contrary, the 
transversely striated muscle-bundles, especially, as we have seen, those 
of the aboral part, are developed enormously which allows of strong 
and rapid contraction. 

I imagine that the aboral muscle, by stronger growth, has grad
ually forced the weaker adoral muscle towards the side, and so obtained 
a more medio-ventral position for itself. Owing to this the pinnule-tip 
was no longer able to curve in laterally when contracted, but was rolled 
up ventrally and the comb must — not to lose its effect — proceed up 
the aboral side of the pinnule. 

In this way we may explain the greatly one-sided strengthening 
of the muscles, the torsion of the pinnule-tip (twisted at 90° to the 
longitudinal direction) and the progress of the dorsal spines up the lateral 
side turned from the mouth. 

As a consequence of the rich innervation the pinnule-tip should be 
able to distinguish if the object seized upon was inedible or edible. 
(In the Comasterids branches from the dorsal nerve run to the bases of 
the teeth, which possibly may be of some importance in connexion with 
the sense of touch or taste.) We have seen above how difficult it often 
proves to draw a sharp line between the ciliary currents for cleansing 
purposes and those carrying nourishment. Here too the possibility of 
an alternation of function may easily be presumed. When the combs 
have once begun to grasp small particles fallen upon the animal, it may 
easily be imagined that instead of letting the object seized drop down 
between the arms, they have put it into the ambulacral groove or into 
the mouth. It is not a veiy long step from this to beginning to pick 
up or pinch off small particles (algous threads, bits of bryozoans, pieces 
of leaves, etc.) which do not directly fall down upon the aninial, but 
which are found in its immediate neighbourhood. The formation of the 
combs upon the oral pinnules may be explained in this way. 

The dorsal hooks on the distal pinnules were used as anchoring 
organs. These would sometimes at the same time catch hold of some 
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35T 
Figg 350—355 350—351) Comaster de^tcate jirandis 350) Comb-provided distal pinnule at 

about the centre of a pinnnlar. For the explanation of the letteis see hg 349, '™/i, 351) 
The same pinnule somewhat distally of the centre of the pinnular Only the aboral muscle 
present. Nerve-strokes towards the tooth, '™/i, 352) Coynanthus parvicirra i vanitpinna 
Proximal comb-provided pinnule, double tooth, *̂**/i, 353), Coutanthus pinguts Comb-provided 
pinnular of Pn the tooth insignflcant, " ' / i , 354) Comatula pectmata cf Section through 
one of the posterior arms, r̂ = gonads, m = muscles, '°/i, 355) Hehometia et,cliricliti Distal 
segment of Pa Dorsal and ventral coeloms not separated, '^"/'-
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soft and loose object, from which small pieces could be severed. By 
curving in the tip of the pinnule over the ambulacral groove of the arm 
or of the pinnule itself, the combs were able to pass on the particles 
of food to the ciliary current to be transported thus to the mouth. In 
this way a torsion must also have been developed in the formation of 
the pinnule, owing to the one-sided development of the muscles. The 
combs upon the distal pinnules might have arisen in this way. The 
animal by means of these formations was supplied with an extra (and 
more heavily digested) contribution of food, the intestine therefore be
come lengthened and a part of the ambulacral groove was reduced as 
being unnecessary. 

5) The Comasterids a family critical in systematization. 

In my systematic work of 1922 I have discussed a number of rea
sons for the difficulty in systematization and the abundance of transition 
forms found in the Comasterids. The primary reason for this exceptional 
variability, development of small-species, and irregular combination of 
different characteristics through hybridization, is probably to be sought, 
at least to a large extent, in the change of habits sketched above. 

6) Summary. 

In the 5 points given below I may summarize the reasons for be
lieving that the Comasterids obtain their food in a different manner from 
the rest of the Comatulids. 

(1) Why is there an abnormally short ambulacral groove in the 
Comasterids, if not because they have other sources of help in obtaining 
nourishment than the other Comatulids? 

(2) Why have the Comasterids an intestine proportionally several 
times longer than all the other Comatulids, if not because the nourish
ment is of another kind, more rich and heavier to digest? 

(3) Why, in spite of the proportionally small ciliary apparatus, are 
the contents of the intestine more abundant, if not because organs exist 
among the Comasterids which (together with the ambulacral groove) can 
supply the intestine with additional nourishment? 

(4) Why have the Comasterids these combs, appearing in some 
genera far out on the distal pinnules and on the grooveless arms? 
Why have the teeth of the combs, which are derived from the dorsal 
hooks, become flattened and tooth-like? Why are the transversely striated 
muscles so strongly developed in the combs, thus giving them the capac
ity of rolling themselves up rapidly? Why have the pinnulars of the 
teeth been so developed that the pinnule-tip is capable of curving in 
over the ambulacral groove, if not because the combs are organs 
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employed in picking up small particles of nourishment, thus supplying 
the animal with the necessary extra food? 

(5) Why do we find such great variability in practically all of the 
systematic characteristics, elsewhere employed with success, if not be
cause the external conditions are altered? As other Comatulids occur 
at all depths and in all latitudes where the Comasterids appear, it is 
most natural to think of the diet and different manner of feeding, 
when one is trying to find a reason for the instability of the systematic 
characteristics. 

In certain Comasterids (the Comissia species, Comntilia, and some 
Comactinia) the combs are limited to one or two pairs of the proximal 
pinnules. These forms are endocyclic, i. e. like the rest of the Coma
sterids they have a central or sub-central mouth and a lateral anal cone, 
excepting possibly one species of Comactinia. I think that in these and 
other endocyclic Comasterids, thus even in the slender endocyclic Comaster-
species mentioned below, the combs are of predominating importance in 
regard to cleansing and for anchoring purposes. 

A specimen of the almost perfectly endocyclic Comasler novae-guineae 
had LXVII arms, + IX short regenerated. The average length of the 
arms was 63 mm. The weight was 11-6 gr., and the volume 8-25 ccm. 
If all the arms and pinnules had possessed a functioning ambulacral 
groove, its total length would have reached 38-1 M. The ratio between 
the ambulacral groove and the volume would have been in this case 4-6. 
Nevertheless, the two posterior radii (XXXIV arms) show a rudimentary 
ambulacral furrow on the arms, and a large number of pinnules — it is 
impossible to give the exact number in figures — which have no ambul
acral furrow. Tiie animal therefore has probably not more than at 
most a 25 to 30 M. long effective ambulacral groove, and the ratio 
would then be 3-0 to 3-6, i. e. unsually small for an ordinary Comatulid, 
and unusually large for a Comasterid. 

Most of the Comasterids are exocyclic, with a marginal mouth, a 
central anal cone and an inflated disk. The most advanced types {Comaster, 
Comantidna, Vania, and Capillaster) have, as has been mentioned before, 
combs even upon certain of the distal pinnules and are in most cases exocyclic 
(excepting various To^wasier-species of a very slender type, e. g. C. mi
nimus, novae guineae, and sihogae). Among these too the combs are most 
likely of importance also for collecting nourishment. The combs appear 
in the Comaster-tjpe, as I have shown in my systematic work mentioned 
above, upon every other or every third pinnule. About half the number 
of genital pinnules are thus furnished with combs. As a result of the 
development of sex-products, these pinnules are greatly swollen, clumsy, 
and, presumably, not very flexible. It is easy to imagine that this 
somewhat impedes the combs when engaged in passing the collected 
food into the ambulacral groove, and that instead it is probably easier 
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to pass the food from one comb to the other along the arm towards 
the mouth — in the same way an Ophiurid transports small particles of 
nourishment along the arms towards the mouth by means of the feet. 
As the combs occur also on the arms with no ambulacral groove, an 
explanation of this sort becomes a necessity, if the combs are to be 
assigned any importance in supplying food. (In e .g. a Comanthusparvi-
cirra f vaniipinna the most distal comb-provided pinnule on a grooveless 
arm was 7 mm. long, while the distance to the nearest ambulacral groove 
was 18 mm.) 

We have an interesting parallel here to the similar method of 
obtaining nourishment found in the Ophiurids. The plan of evolution, 
however, is realized in two different ways in the two different cases, 
but the biological issue is the same. In the Ophiurids it is the tube-
feet ( = the tentacles in the Crinoids) which take over the transport 
of the food to the mouth. The ambulacral groove, which at the be
ginning was undoubtedly ciliated and used for transporting nourishment 
to the mouth, became unnecessary, was closed by the margins growing 
together, and ended by lying in the epineural canal. (N. B. Onto
genetic evidence of this is found in the ambulacral groove still being open 
in very yong specimens, cf. CUÉNOT 1891, p. 458 ff.) In the Comasterids 
it is the combs, i. e. the transformed dorsal hooks on the ends of the 
pinnules, which have begun to take over the transportation of nourish
ment. The process of evolution has not gone so far here, but there is 
an evident tendency to the elimination of the ambulacral furrow. The 
process, however, takes place in another way than among the Ophi-
urans; the epithelium of the ambulacral groove degenerates so that 
the difference between it and the surrounding epithelium disappears. 
In both cases we get a non-ciliated arm, but while in the former case 
the ciliary groove — as in the Echinoids and Holothurians — becomes 
enclosed in an epineural canal and is retained as a cord, now exclusively 
nervous, in the latter case within the Comasterids the ambulacral folds 
are smoothed out and the ambulacral groove obliterated, the complete 
disappearance in this case evidently being possible because theie are al
ready nervous systems developed in the arms. 
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