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INTRODUCTION

EVER siiRT Job. Miiller about seventy years ago published his

celebrated studies on the Echinoderm larvae, showing such un-

expected richness of forms to exist among them and making known in

the main features their wonderful metamorphosis, Ihese larva' have been

among the favourite objects of zoological research. The study of the

larval forms themselves, the dilTerentiation of the original simple larval

type into the many highly specialized or even quite extreme forms (e. g.

Awicularia nudibranchiata or Echinopluleus tiansvcrsus), tracing the mor-

phological transformation of the dillerenl i)arts of the larval body (so

masterly done already by Joh. Miiller) or of the supporting skeleton makes

in itself quite a fascinating subject. The metamorphosis of the bilateral,

free-swimming larva into the radial, more or less sedentary, adult — a

metamorphosis no less striking than that of a caterpillar into a butterlly

(indeed, the l<:chinoderm metamorphosis has been characterized as the

most remarkable ontogenetic change in the animal kingdom) — presents

a numbei- of interesting problems. Then the Echinoderm larvae have

proved to be exceptionally good objects for experimental embryological

studies, for experimental hybridization and lor heredity studies. No

wonder that an extensive lilteralure lias arisen on forms presenting so

many points of interest.

The significance of the pelagic larva* for the study of geograi)iiical

distribution was pointed out in the author's work ..Die bLchinodermen-

larven der Plankton-Expedition" (1898. p. 108), and this was in the

author's mind when, speaking of the relation between the East .Vfrican

and the West Indian Echinoid fauna'), the desirability of studying the

development of the forms common to both regions, as, upon the whole,

that of tropical PLchinoderms in general, was emphasized, this being almost

a terra incognita, „an ample field of most promising research".

') Th. Mortensen. On some Wosl Iiulian liiliiiioids. Bull. T. S. Nat. Museum. 71. 1010.

p. 25.
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The aulhor of llu' ijirsiiil work has lor a long time reahzed that the

slii(l\ ol' the hu\;i' would lia\i' an iiiipoilaiil ht'aring also on llu' classi-

ticalioii ol' llu' adull I'orms. and il \v;is. indeed, mainly liom this point

of view Ihal the invesligalions recorded in this work were undertaken.

While il is obvious enough Ihal the pelagic larva' nuisl he ol' consider-

able importance lor the geographical dislribulion, the question whether

they have also a bearing on classilication is, however, not so easily settled.

It is. ol couise. uncU'niahlf that tlu'ii- organization and shape is stamped

by till' adaptation to llie pelagic lire; l)ul are the laival chin aclers purely

secondary adai)lalions, which cannot possibly alTord any clue to the

natural aflinities of the adnll forms? The aulhor has gradually become

more and more convinced thai this is nol the case, but that they do really

have a classilicalory value. Airead\ in Ihe Pari 1 of the "Ingolf" !'>hi-

noidea (HH).'i. p. Ill) tlic possibility of linding in the laival forms facts

that might be of xalue tor classification was hinted al, the great dif-

ference known to exist e. g. between the larva of Spluvrechinus (iranulaiis

and those of the /'>/?;/7n.s-species being mentioned as indicating "at all

events, tiial very interesting things may be found here."

The fads hilherlo made known regarding Ihe larval forms of Kchino-

derms would seem u|)oii lln' whole to supjiorl the idea thai there is a

distinct inlen-elation Indween the laiv;e and the adults, thai the classi-

lication of the larvcie corresponds to that of their adull |)arenlal forms.

Thus e. g. the Spalangoid larva* have the |)eculiar character in common
that there is a long unpaired process from the hindparl of their body,

and not a single exception is known to this rule. The larvae of Echinus,

Psdiiimcchiniis and l^dnurnliotus all agree in having in their first stage the

body considerably elongated beyond the stomach and supported by

an elongaled, clubshapi'd body lod, while in Ihe later stage this rod

becomes absorbed, so that the body is shortened, being in the same time

provided with vibralile epaulelles, while no posterior transverse roti is

developed. 11 would thus seem that here we have a distinct larval type

peculiai- to the family l^chinida\ The C.lypeastroid larva^ hitherto described

(Echinocf/diniis i)iisillus. I'^chiiKiidchnius jxirmd and Mcllild Icsludinala)

all agree in the general character of tiic larval shape and the structure of

the larval skeleton (the body skeleton foiining a basket structure), so that

il has Ihe apj)earance thai there is a (-lypeastroid larval ty|)c' as distinct

as the Spalangoid type. Among the Asteroids it seems evident that there

is a distinct larval type, Ihe so-called Brachiolaria, peculiar lo the family

.\sterida', characterized mainly by its lound lirachiolarian processes,

while the type of Bipinnaria asleru/eru (the first Echinoderm larva de.scrib-

ed) a|)pears lo be characlerislic of the family l.uidiida'.



While 110 (lefinile conclusions can be drawn from the few larvtv of 1 lo-

ioliinrians hilherto known, and likewise the Ciinoids are onl of (|ueslion

in I his connection haviiii* no line |)elai>ic larvie. the Ophiuroiii hirvie iiave

an imi)orlanl bearini* on the i)rol)leni. Larva' l)eloni<ini> to the genera

Ophiolhri.v, Ophiopholis, Ophiavlis ami Amphiiini are known bnt only one

of each genus. They do not alTord so very characteristic dilTerences as

one should expect, since they belong to three dilTerent families, and

those of Ophiopholis and Ophiavlis are more dilTerent than should l)e

expected after the apparently near relation of these two genera. Then

within the genus Ophiunt we know with certainty the larv?e of the two

species Oph. alhida and Icrliinild. and tliese are so dilTerent that one would

rather think they nuisl belong to dilTerent families. The larvte which are

with a considerable degree of probability referred to Oph. affinis and

Homahphiuia (/Hida (Koehler) again are very dilTerent from each other

as well as from the two named above. These facts are thus decidedly

opi)ose(l to the conclusions to be drawn from our previous knowledge of

the Echinoid and Asteroid larva". Considering, how^ever, that onr knowledge

of the natnial affinities of the vast nund)er of Ophiurids is still rather

unsatisfactory, even in s|)ite ol the more iccent attempt at a natural

classification of this group by Ma I sumo to, it seems to me that the

facts known of the Kchinoid and Asteroid larvcT outweigh those of the

Ophinroid larva>. and lead to the conclusion that these larvae, on the con-

trary, tend to i)rove that there is something wrong with our classification

of the Ophiuroids.

In spite of these OphiuraAmviv it seemed then a legitimate conclusion that

the Echinodei-m larva' are really of considerable classilicatory value, the

larvtv of nearly related forms agreeing in their main characters; the opposite

conclusion would then be equally legitimate, that when the larvae of two

forms, appaiently nearly related, prove to be essentially dilTerent, those

forms are not in reality nearly related. The study of the larval forms will

then alTord a very important test for the value of our classification of

the adult forms.

It is evident thai the knowledge of a very much larger number of

Kchinoderm larva' than the comparatively few known till now is reijuired

for placing the idea of the classilicatory value of these larva' on a more

firm ba.se. Nearly all the researches hilherto iikkK' on the development

and the larval I'oinis of f'.chinoderms were carried onl on species occurring

in the iMiropean ami .North American Seas, only a few forms from the

tropical seas of .Vmerica having more recently been made the object of

study (fen 11 en I). Hut, moreover, it is mainly a few selected types

which have, over and over again, been studied, so that even of Ihe com-
*



paralively lew Xoitli I Miiopciiii Mchinodcrms a jJit-al percenlage still

remain unknown as regards Iheir devolopnu-nl. our knowledge having for

a great pari not reached beyond .loli. Miiller. To a no smaller extent

this holds good also for the North American types.

It is a strange fact that in the numerous works on liybridi/ation of

Kchinoderms it is generally only the first larval stage which is taken into

consideration. Beyond this stage the investigators rarely go. Thus e. g.

Sphierechiniis granularis, which is used over and over again for hybridi-

zation experiments, has not yet been reared to its full larval shape; in

fact, it is only by inductive evidence that we may now with a fair degree

of certainty refer one of the larva> described by .Job. Miiller to that spec-

ies. Similarly the larvae of SlroirgiilocciUiolus franciscdiius and purpuidlus

used so very much for hybridization studies by American investigators

are as yet known only in their first stage. As MacBridei) justly says:

"to judge from imich ol wlial has been written on this subject, no one

would ever suspect that the larva of an b>hinoid had more than four arms."

A highly praiseworthy exception from the rule forms the work by Shearer,

Morgan and Fnchs "On the experimental hybridization of bkhinoids"^)^

these investigators having studied not only both the young and the final

stage of the normal as well as the hybrid larva', but also reared the hybrids

beyond metamorphosis and even nearly to the full size of the sea-urchin.

Hybrids of the same forms (viz. Echinus cscnlentus, aculiis and Psamm-
echinus milidiis) were likewise reared through metamorphosis by De-
baisieux^). Also Ten nen t^) has reared some of the larva' u.sed for his

experiments to their full shape. Hut, as staled, the general rule is that

only the first larval stage is used in the hybridization and heredity studies,

the experimentators having apparently no idea of what the normal larvae

look like in their full shape.

I do not mean to deny, of course, thai the young larva? do very often

afford striking characters already in the first stage, so that something

may be concluded from the mixing up of these characters in the young

hybrid larvse as to the inheritance and dominance of the maternal or

paternal characters. But it seems selfevidenl that imuli more valuable

results would be gained from these hybridization studies if carried through

at least to the final larval form. The ideal must be, evidently, to

rear not only the hybrid larva' to their full size, but to get

') Sludics in HcTi-dily. I. 'I'lie flTi-cls ol crossing tlio Sea-nrcliins Hcliinus csculenlus and
Echinocardiiini conlaUini. Proc-. H. Soc. B. Vol. SI. 1011. p. .H(»«.

°) Philos. Transact. Ser. B. Vol. 204. 1014.

') Quart, .lourn. .\licr. Science. N. S. Vol. .')S. I'.ti:!.

*) David H. Tcnnent. Echinodcrm Hyhridization. Piibl. No. KVi. Carnegie Inst. Wash-
ington. 1910.



lIuMii llnough nu'tamorphosis, and tlu'ii linllier to rear the

metamorphosed hybrids to maturity and I lien again study

their offspring. That this can be done is Ijeyond doubt; the way has

been shown by Shearer, Morgan and Fuchsi). So far, however, nobody

has done this. Ikit, in any case, it shouki be the minimum claim that the

investigators should really know the normal sha])e of the larval species

they use for their hybridization studies. — It is, of course, more explicable

that the students of experimental embryology generally confine their

studies to the youngest larval stage, the larvfe often not being able to

survive after the varied chemical or mechanical treatment. Still, the fact

that MacBride^) has succeeded in rearing unto metamorjjhosis larvae

treated so as to have developed a double hydrocoel or no hydrocoel at

all shows that probably in many ca.ses a good deal more might be done

than is generally the case.

Having for a long time fell this unsatisfactory character of most of

the hvbridization and heredity studies hitherto carried out on Echino-

derms, one of the objects of my studies was this, to aid in bringing about

a more satisfactory base for the hybridization work in making known

the normal larval forms of as many F^chinoderms as possible. — That

1 have confined myself to the study of the normal larvye, not entering on

hvbridization experiments, does not mean that I take no interest in hybrid-

ization studies — on the contrary, I should think such studies, carried out

after the ideal sketched above, most fascinating - but' there was simply

no time to extend the researches so far. On the other hand, the fact that

I did not use artificial parthenogenesis either, although that might have

been very advantageous in several cases, where material for fertilization

was scarce, is in accordance with my wish to study the normal larvae,

there being, as yet, not sufficient guarantee that artificially parlheno-

genetic larv;e show the normal characters of the larvae to the full extent.

As already staled il is only a few species oul of the comparatively

poor Echinoderm fauna of iMirope and North America which have hitherto

been studied as regards their larval forms. A few of the West Indian forms

have been studied; but (he vast majority of the numerous species occurring

there are still unknown as regards their development. .\nd then the im-

mense number of lu-hinoderms peculiar to llie Indo-Pacific region, in-

cluding many forms of I lie greatest nu)rphological and systematic import-

') riu'su auHiors (Op. cit. p. 2.'iti) also point oul tlu' iiiisatisfacloiy charailiT of IIk' usual

method, to take only the skeletal slruitures of the first larval stage into consideration in

the hybridization studies.

-) I-:. \V. .Mae Bride. The aretilieial production of Echinoderm larva' with two waler-

vaseular systems, and also of larv;e devoid of a water-vaseular system. I'roe. H. Soe. B.

Vol. 90. 1918.



ance, were till now :il)solulely unknown as ic^aids tlu'ir (Icvflopinenl.

Tluis e.g. ol' llic I'.chinoidea llu- great and iniportanl lainilics Diadenia-

lida', Temnopleurida' and I'.chinonu'lrida? are, with tlir exception ol

one or two forms of each, confined to the Indopacitic (and. moreovei', the

few forms which do occur in I'-uropean and Ameiican Seas have not been

made the object of endjryological study till now). Only the family Arbaciidie

is confined to the luiropean and American seas and the family Kchinida'

for the main part so. For the rest the European-American Kchinoid-fauna

forms only a small oiitskirt of the Indo-Pacific fauna, and. accordingly,

even if we knew the development of all the European-American forms,

such knowledge would be fragmentary and altogether insufficient for

forming a decisive judgment of the classificalory value of the larva*.

For a long time it has been my ardent desire to tackle this subject,

taking up tiic study of the lu'hinodeiiu laivu' nu'thodically fiom the |)oint

of view expressed here. As an introduction a visit was made at the marine

Laboratory at Plymouth in the summer of 1913, especially in order to

become acquainted with the excellent methods of rearing marine larva

worked out there through the eflorts of the director. Dr. F. .). Allen and

his fellow workers. ,\ preliminary rej)ort on the researches made there,

resulting in the rearing of several forms the larva of which were lill

then unknown, was given in the paper "Notes on the development of

some British hk'-hino(lerms'".i) Hut the main thing was, of course, to

undertake such investigations in the Pacific regions. This was at length

made j)Ossible for me through liberal grants from the (larlsberg Fund and

from the (lovernment (the "Konununitet" Fund), enabling me to spend

more than two years there in diflerent localities. As thie Expedition

had several other objects besides the study of the I^chinoderm larva the

plan of the voyage could not be laid exclusively with regard to the latter

purpose, but it need scarcely be stated that ever\ oppoitunity was seized

for making the most out of this special subject.

The first place visited was the Pliilipiiines, where Zamboanga, on the

Southern end of Mindanao, and .lolo were tlu' main spots chosen for

working places. No embryological researches were carried out lure —
this being mainly due to lack of experience, not of undertaking artificial

fertilization, but of what may be done even where all laboratory facilities

are wanting, as they were here — an experience which there was rich

opportunity of gathering by the continued work during the voyage.

In .Japan, the next place visited, the Biological Station at Misaki. at

the Sagami Bay, oflered splendid opportunities for carrying out embryo-

logical work, and the author's efTorls in this direction weic very succes.s-

') Jouni. Mar. Biol. Assoc. N. S. X. 1913.



fill, the development of no less than 16 dilTerenl forms of Echinoderms

being sUulied more or less completely during the stay there from the end

of April to the beginning of July 1911. A preliminary report on the

researches carried oul lliere was ])ublishe(l in Die "Annotationes Zool.

.laponenses" Vol. VI 11. 191 I ("On the development of some Japanese

Kchinoderms").

r>y tlic tinu' I iiad lo leave Misaki there were several good cultures of

larvai, wiiicli I was very sorry to leave behind and I resolved to try to carry

some of them along with me to the next place to be visited, namely Sydney.

X. S. Wales. This was carried oul partly successfully and an important

experience thus gained which was made useful at later occasions.

During [hv lirsl stav in Australia, fiom the midillc of August to the

middle ol October, there was no oj^pori iiiiitx of making embryological

studies, no species being found lo have ripe products by that lime,')

In New Zealand a few species were leared successfully under very unfav-

ourable circumstances onboard the little steamer Tlinemoa". On an

excursion by land to Napier X. Z. numerous specimens of Arachnoides

placenid wcie found in a small lagoon; as they ap|)eared to he ripe, fertili-

zation was tried, although 1 had only a pocket lens with me and was thus

unable lo test the result. The supposed culture 1 then took along with

me in a jar to the interior of the country, carrying also a jar with pure

seawater for eventually transferring the young embryos. These were found

swimming at the surface the next day, and being then transferred to the

other jar they went on developing normally, and the culture was kept

successfully during a forthnighl without any change of the water, —
Fertilization of the interesting Echinohiissus recenswas made in Wellington

on the day before the departure; the culture was brought succesfully lo

Sydney. On the return hereto opportunity was found of rearing the em-

bryos of Heliocidaris ciiilhnHjiammn. \ jireliminary report on the remark-

able shortened deveiopiiicid of I Ids lu'hinoid was |)ublished in I hi' Proceed-

ings of the Linnean Society of X. S, Wales (Vol. .\l.. 1915),

On Hawaii, the next place visited, fertilization was made of quite a

number of species, among which such interesting forms as Cohborentroius

and Hclcrorvnlrolus. Conditions were, however, not very favourable for

rearing the larva' beyond the younger stages. Al liu- place where the work

was carried oul (near I he HI lie lown llilo), the walei- (wliieh had lo be

taken from liie shore, no boal being available) not being as |)ure as desir-

able and [)erha|)s also less salt than desirable (on account of submarine

springs, which abound in .several localities along the coast of the island

') TluTi' may havf lioeii soiiu' species with ripe sexual products by the midille of .\u-

gust, but I had uo lime lur lualviug such studies jusl then.



of Hawaii); the unfortunalc circumstance Lhal there was no possibility

ol" making drawings of the living specimens also has lessened liu' value

of the researches carried out here.

lieller oj)portunities were found on the following places visited, the

Biological vStation at Xanaimo, Vancouver, B. C. and at La Jolla, Cali-

fornia, where, of course, the usual laboratory facilities were available.

Several interesting forms were studied here, more or less completely.

Also at the next place, Ihe Island of Taboga in the Bay of Panama, a rich

fauna was available for study, and fertilization of quite a number of species

was undertaken; the results were, liovewer. not so good as desirable here,

the larva> generally dying oil before the full shape had been acquired.

This was doubtless due to the water being not pure enough there near

the great Canal and all the traffic.

While staying here at Taboga I had the great pleasure of being invited

to partake in the Carnegie Expedition to Tobago, B. W. I, (near Trinidad).

In the temporary laboratory established here close to the coral reef at

Buccoo Bay excellent results were obtained, the development of ten dif-

ferent species being studied more or less completely during the stay of

only four weeks. — On leaving this place I undertook again to carry some

of the cultures along with me, namely of Tropiumetra rdiiiuda and Echino-

metra lucunler, the first in the Pentacrinoid stage, the second just meta-

morphosed. While the first of these was too much chilled during one

cold night near New York, the latter stood the transport and, after having

been kept for some weeks in the New York Aquarium was again taken

onboard the steamer to Europe and taken to Copenhagen. Some few

of the specimens were still alive and in fairly good condition on the arrival

to Copenhagen and thus had stood the transport from Ihe Westindies to

Denmark under conditions not altogether favourable.

The successful ex|)erlnienls made with such transports of larval cultures,

as upon the witole the several successful rearings of larvae under very

adverse conditions give an indication of their often surprising hardiness

and open the view to Jar reaching experiments.

It is well known to everybody, who has undertaken to rear Echinoderm

larvae, how this ta.sk has been facilitated to a very high degree through the

work of .Vllen and Nelson'), the pure cultures of the Diatom A'//r.s(7iJ«

closlerium, forma lenuissima obtained by them being in many cases very

successfully used as food for the Echinoderm larvae. When starting on

my voyage I had a small sample of such culture sent to lue froni Plynu)uth.

Unfortunately, however, it was all dead, before 1 could arrange for rais-

') C. .J. Allen iind E. W. Nelson. On the artificial culture of marine Plankton organisms.

Quart. .lourn. Micr. Science. Vol. oo. 1910.



ing new cultures from it. Several times it was tried to start new cultures

ill the way indicated by Allen and Nelson, and thus far successfully.

Slill, 1 never succeeded in getting the same species of A' f/z.sc/ji'a or any other

organism, which was so well lit for serving as food for the larvae, and the

full use of such food cultures was not obtained. In the last working place,

Tobago, B. W. 1., this way of rearing the larva' was then given up, and

instead the larvaj were given fresh sea-water every day — a considerably

more troublesome way of rearing the Iarva\ but otherwise perfectly

successful.

I may point out here that, while the Nitzschia-food has proved excellent

l()i- b'chinoid-, Asteroid- and 1 lolothurioid larvse, it appears to be not

well accepted by the Ophiuroid larvaj. In the stomach of these larvae is

very often found the skeletons of different Silicoflagellates. If cultures

could be raised of these forms, they would doubtless prove to be excellent

for rearing the Ophiuritl larvit, which would be of considerable importance.

Possibly other Flagellates would also prove successful.

The main object of my work being, as stated, the comparative study

of the larval forms it is only a matter of course that not much attention

was paid to the embryological processes -cleavage, enterocoel formation

etc., as well as the process of metamorphosis or the postembryonal develop-

ment. Not that I think the study of these processes of minor importance;

on the contrary, I feel convinced that such studies carried out on difl'erent

forms will give most important correctives to the results reached from the

comjjaratively few forms hitherto studied in these regards, such as was

the case with the Crinoids studied by the author. But there was simply

no lime to do all that work: having to do all the work my.self : collecting,

])reserving, making biological observations, rearing cullui-es etc, I had

simply to confine myself to studying the stages especially important for

my purpose; only in cases where unusual features were observed more

attention was paid lo the embryological processes, as e. g. in Pcronelln

Lesiieuri.

As a consequence of my having altogether too much work to do 1 coukl

not always get the nesessary time for making drawings of the living larvae,

which was also in several cases impossible on account of the conditions under

which the cultures were reared. In such cases the dilTerent stages of the

larva> weie carefully preserved for future study at home, partly in alcohol.

|)artly mounted in C.anada balsam. Now this resulted in some very serious

drawbacks. It is. ujjon the whole, a very difficult thing to preserve such

larval forms as the lu-hinoid- and Ophiuroid larvtT quite satisfactorily;

the arms generally shrink considerably, though not in length, of course,

the skeletal rods preventing a shortening. The two figures of the larva of

2
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Mespilia (jlubiilus, \*\. \ II l"ii>s. 1 and 2, onv boin.^ drawn from a living

specimen, Ihe oilier from an especially carefully preserved specimen,

give a striking example of I his. (The Asteroid and Holothurioid larva>,

which have no suppoiliiiij ski-lclon, are much easier to |)reservc in good

shape). liul Ihcn, worst of all, in many cases the sfcelelon was found lo

have been dissolved. The slightest trace of acidity will resull in destroy-

ing such fine calcareous structures: although I used always Ihc jjurest

alcohol obtainable for the preservation of these larvte, the result proved

fatal in only too many cases. Traces of the skeleton are still recognizable

in many cases and the dissolution has generally proceeded so slowly that

the organic matrix of the calcareous substance may still show the shape

of the skeleton almost undisturbed; but for the purpose of studying the

morphology of the skeleton and its specific characters in the dilTerenl

larval forms it is of no use. liven the preservation in Canada balsam does

not give safe guarantee against the dissolution of the skeleton; in some of

these larva^ also their skeleton has disappeared more or less comj)lctely.

The matter is not simply explained by staling thai Ihe alcohol or the

balsam nmst have been acid, ft may happen that while some specimens

have had the skeleton dissolved, others preserved in the same lluid and

lying side by side with them in the same jar have the skeleton well preserv-

ed; in the same way, of larvae imbedded in Canada balsam from one and

the same tube and at the same time some may have the skeleton preserved,

while in others it is completely dissolved. - Whatever now the explana-

tion may be, this dissolution of the larval skeleton has in several cases

considerably deteriorated the value of my researches — especially nuieh

of the work done on Hawaii was spoilt thereby.

Besides the morphology of the larva' attention has also been paid lo

the question about their dislribulion over the ocean. Already during the

author's voyage to Siam in 18'.)9— 1*.)UU opportunities were taken to collect

plankton samples on the passage across the Indian Ocean, and again on

the passage out to the F^ast across the Indian Ocean plankton was collected

daily, by means of the wash-deck pump, the water from it being sifted

through a usual plankton net. Although somewhat deteriorated by rust

such plard<ton samples could be very well utilized and gave very valuable

infonnation about the occurrence of Mchinoderm larva? in the open sea.

In the years 1910 lUl!) |)lanklon .samples were collected for me on

board the Danish cruiser Tngolf" on its cruises lo the West Indies by the

young naturalists 11. Blegvad, 1*. Kranip and 11. Fogh. In this way

six series of samples were collected across the Atlantic, which have resulted

in important information of the distribution of Echinoderm larvae over

this ocean - as also in the finding of several interesting larval types. In
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llu' Mininier of 1920 Mr. G. L. (1 iiifl ii ii d ;il my request undertook to

collect a series of planklou samples (by means of the wash-deck pump)
on a trip to Huenos Aires. The result was remarkably i)oor, only two of

the sam])les containing any Echinoderm larvie at all; still some information

was gainetl liiieby also. Furthei', .Mr. II. Faye, St. Cruz, West Indies,

undertook lo collect sonu' plankton samples for me in the liarbonr of

Chri-stianssled, which conlaincd several interesting Kchinodcrm larvae.

To all these gentlemen I beg lo tender my best lhaid<s for this assistance.

Plankton samples were generally taken at the dilTerent places in the Pacific

where longer stay was made: not few important and interesting forms of

larvae have been secured in that way, especially of the Ophiuroid-larvae

which are generally found quite well preserved in such plankton samples:

descriptions of such forms are included in the following report. On the

author's expedition to Siam in 1899 1900 there were also collected several

Echinoderm larva\ which are likewise included in the present report. —
It may, however, be emphasized that by no means all the larvaj thus

collected have been described here. Only such as were found to present

special and noteworthy features or that could be identified with forms

hitherto described and thus alToiding zoogeographical information have

been included.

It is a very agreable duty lo me lo express my indebtedness and sincere

thanks to all those authorities and colleagues who have rendered me
assistance on my voyage or otherwise in connection with this work. First

of all my thanks are due to the Carlsberg Fund which by its liberal

grant made it |)ossible for me lo lealize my plan of Ihe r^x|)edition lo the

Pacific, and from which grants were also received for ])ublishing this

report. A special grant was also given me from the Danish Govern-
nunl loi' enabling me to complete the reports on the material from my
voyage. — Adopting a chronological arrangement 1 then beg lo address

my sincere thanks to the director of the Biological Station at Misaki,

.Japan, Professor 1. Ijima, Tokio, and Dr. Fujita. then .Vssistant at the

said Biological Station; to Professor W. A. Haswell and Dr. S. .Johnston,

at the University of Sydney; Professor H. B. Kirk, Wellington: Professor

W. A. Bryan. I lonolulu, and Mr. D. Thaanum, Ililo, Hawaii; Dr.

Ch. MacLean Fraser, Director of the Biological Slaliou, Xanaimo,

Vancouver B. C. : Professor Wm. Bitter, Director of the Biological Sta-

tion of the Scripps Inslitution. La .lolla, Galifornia: Professor .lames

Zetek. Panama, and Professor .V. (i. Mayor, Director of the Depart-

ment of Marine Biology of the Carnegie Institution, Washington D. C.

A special thank I owe to the New Zealand (iovernmenl for inviting
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iiK- U) join llu' "I liiienioa" on ils trip roiiiid tlu' Xoitii Island of New
Zealand, and to the Direcloi ol liu" (;aiiu',t*ie Inslilnle lor allowing

me to inehide in this report the resnlls obtained (hiring the I'^xpedilion to

Tobago \i. \V. I. h'or the hospitality olTered me I'rom the I'hilippine,

the .Jajjanese and the Australian (lovernment 1 shall liave to Liiank at

another occasion, having to confine myself at present lo what has a con-

nection willi the j)resent work.

It may be practical, and useful, lo give here a short summary of what

has been accomplished hitherto in the study of the larval forms of the

different species of fkhinoderms, either b}' direct rearing of the larvae or

by identifying the pelagic larvEe found in the plankton, tracing their

origin through combinations of known facts.

From this summary are omitted all larv;e not traced wilii any reason-

able degree of certainty to their parental forms. Further viviparous

forms or such as j)rotect their young, the embryos not having a free or

pelagic stage, are not mentioned. Likewise such cases, where only I lie

postembryonal stages are described (e. g. several species of Comalulids),

are omitted from this summary. Observations relating only to tlie fertili/.a-

lion, cleavage and gastrulation, but not carried so far as to (he beginning

larval form are generally not considered either; further generally no men-

lion is made of the great number of papers relating to ex|)erinienlal

studies on the larvae— treatment with various chemical agents, hybridiza-

tion etc.— , except in cases where also pure bred larvje are reared.

The enumeration of the species mentioned follows the systematic ar-

rangement, not the chronological order of the observations. The arrange-

ment is that adopted in the special part of this work, beginning with the

Fchinoidea.

I. Echinoidea.

Cidaris cUlaiis (L.) (Syn. Durocidaris papilUila): reared until nearly Ihe

full larval shape by Prouho, 1888.

Arbacia lixula (L.) (Syn. Arbacia pustulosa (iray; Echinocidaris a^qui-

tuberculata (Blv.)); reared by W. Busch, A. Krohn. 1853, 18.>4,

to fust larval stage; the fully formed, pelagic larva identified by

.Job. Miiller, 1853; reared through metamorphosis by (iiesbrechlj

1909 (in v. ITbisch, 1913).

Arbacia punctulala (iray; reared to full larval shape by Fewkes, 1880;

to full larval shape by Brooks, 1882. Ilii'ough metamorphosis by

Carman & Colton, 1882.

Psainmcchinus miliaris (Miill.) (Syn. Echinus, I'ai echinus miliaiis); pelagic



13

larva identified 1)\ I he |iresi'iil luillior, 1.S9S; reared lo full larval

shape and llir()iii*h nielaniori)hosis by MacBride, 1898, 1903; by

Theel, 1892 (published 19(»2; no des(ri|)ti()n of larva); by Shearer,

Morgan and luiehs. 19(19 (1913).

Psammechiniis minoliibi'iculaliis (Hlv.) (Syn. luhinus piilchcllus Ag.);

reared lo lirsl larval stage by .loh. Miiller, 1852: Selenka, 1879

(wrongJN' named luhinii^ inilidiis); Seeliger, 1896; reared through

nielaniorphosis by diesbrecht, 1909 (in v. ITbisch, 1913: no

descri])tion given of the fully formed larva).

Echinus esculenlus L. ; reared to full larval shape and Uuough nieta-

niorphosis by MacBride, 1898, 1903; Shearer, Morgan and

Fuchs, 191 ;5.

Echinus (iculus Land<.: reared to full larval shape and through meta-

morphosis by Shearer, Morgan and Fuehs, 1913.

SIciechinus Neunvijicri (Mcissner): ])elagic larva identified by the |)resenl

author, 191:5.

Piuacenlrolus Hindus (Laink.) (Syn. Slionfif/locentrotus Hindus): reared to

young larva by .\. Derbes, 1817; Krolin, 18 19: lo beginning meta-

morphosis by .loh. Miiller, 1852; Metseh nikof f , 1869.

Slronfuiloccnlrolus drolntchicnsis ((). V. Miill.): young pluteus reared by

A. Agassi/.. 1861 (other pelagic larva- wrongly described as the

later stages of this larva by the same author).

Stionyyloccnlrolus (irmciscanus Ag.; young larva reared by Loeb, 1909;

Hagedoorn, 1909.

Slronfiiilocenlrolus purpurcdus Stimps. ; young larva rearerl by Hage-

doorn, 1909.

Lijlcchinus variegiUus (Land<.) (Syn. Toxopneuslcs i>ariey(dus)\ reared to

beginning metamorphosis by Tennent, 1910.

Tripneustes esculenlus (Leske) (Syn. Hipponoc esculenla); young larva

reared by Tennenl, 1910.

Sphivrechinus granularis (Lamk.) (Syn. Echinus brevispinosus Risso): young

larva reared by Krohn, 185.3; fully formed, pelagic larva identified

by .loh. Miiller, 1855.

Echinocyamus pusillus (O. Fr. Miiller); reared through metamorphosis by

Theel, 1892.

Mcllitii lesludinala (Klein); reared through melamorphosis by Caswell

Grave, 1902, but no description given of the larva; reared by Ten-

nenl. 1910.

Echiniudchnius parnid (Land<.); pelagic larva idenlilied by A. .Vgassiz.

18()l: leared through metamorphosis by Fewkes. 1886.

Peronella Lcsucuri (\'al.); reared through metamorphosis by the preseid
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nulhor. l'.)l I (desijJiKilid ;is Ldfidniiin dccayoimle); h\ I\'iinciil,

designated as Lcu/aniim sp. (in (iiace Medes, 1915).

Spalanf/iis purpiircus O. Fr. Miill. ; young larva reared by Krohn, 1X5;'):

roared lo fnll larval shape by the present author, 191o.

Echiiunaidiwu coiddlum (Pennant); pelagic larva identiliefl by the piesenl

author, 1X98; reared through inelaniori)hosis by MacBride, 191;}.

Moiia (diopos (Lanik.); reared through metamorphosis by (irave, 1902.

but no description given of the larva; young larva reared by Ten-
nent, 1910.

Biissopsis hjrijera (Forbes); jielagic larva identified by the present author,

1920.

II. Ophiuroidea.

Opiuolhrix fidyilis (O. Fr. Miill.); pelagic larva identified by .loh. Miiller,

1852; young larva reared by Apostolides, 1881; Metschnikoff

,

1885 (no description); Ziegler, 189fi; reared through metamorphosis

by MacBride, 1898; young larva reared by Carlgren. 1900 (no

description).

Ophiacanlha (inhtrrUai Koehler; pelagic larva identified (not beyond

doubt) by the present author, 191.S.

Ophiocoma echinata Ag. ; reared to lull larval shape by (irave, 1898, but

no descri])lion or figures given.

Ophiocomiiut nitjra (.\bildg.) (Syn. Ophiocoma nif/id): pelagic larva identi-

fied by draham Kerr, 1911; young larva reared by the present

author, 191 .'5.

Ophionen'is Schaiieri (Miill. c'v: Troschel): reaied by 11. B. Kirk. BIlC);

(identification not beyond doubt).

Ophiopholis (iriilcdio (Linn.); young larva reared, pelagic larva identified

by Fewkes, 188(;.

Ophiaclis Ihdli ('fhomps.); young larva reared by the present author, 191;').

Amphiiuit /iliformis ((). P'r. Miill.); young larva reared, pelagic larva

identified by the present author, 1920.

Ophiura (dbida Forbes.; pelagic larva (the Plulcus paradoxus of .loh.

Miiller) identified by V. Hensen. 1886.

Ophiura Icxlurala Lamk. (Syn. Ophioijhjpha riliaris. larrrlosa): pelagic

larva identified by the present aulhor. 1898,

Ophiura affinis Ltk.; pelagic larva identified by the present author. 1920.

Ilomalophiura (/elida (Koehler) (Syn. Ophiofilijpha (jelida); pelagic larva

identified (not beyond doubt) b\ Ihe present author, 1913.

Ophiodcrma hrevispina (Say); reared through metamorphosis by Caswell

(irave, 1900.
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III. AsU'ioidca.

Aalropcctcn aranciaca (Linn.); pelagic larva (the 'Bipinnaria von Triesl"

of .loll. Miiller) identified by (iiaeffe, 1880, (allhoiigh wilhont sul-

Mcient evidence); reared by Me Lschnikoff, 1885, and by Uriesch,

18<)7 (according to Ludwig: Secsterne d. Millelmeeres, p. 16; note);

no lignres o! reared larvae published.

.\slioj)vcl('n ix'iildcdiilhus (Delle Chiaje); reared by Metschnikoff , 1885;

IK) ligures of larva published, but staled to be exactly Uke that of

A. (iKtnciaca, only smaller.

Liiidia Sdisi Diib. cS: Kor. ; j)elagic larva (the Bipinnaiiu (tateriffera Sars)

identified by Ludwig, 1895.

Luidia ciliaris (Phil.); pelagic larva identified 1898, young larva reared

1)\' (he present autlior, 191.'), by (leniniill, 1915.

(Ihviraslei yerlaihei Ludwig; |)elagic larva identified, not beyond doubt,

by MacHride, 1920.

Poiaiiid piilinllus (0. Fr. Miiller); reared to beginning metamorphosis

by Gemmill, 1915.

Solaster endeca (Linn.); reared through metamorphosis by (iemmill,

1912.

Solasler papposus (Linn.); reared through metamorphosis by Gemmill
(not yet ])ublished).

lu-liiiuisirr scpositus (Gray); larva identified by Joii. Miiller, 1852;

reared by L. R. Lohner, 1913; reared through metamorphosis by

11. Xaciitsheim. 191 1.

Slichaster roseiis (O. F. Miiller); young larva reared by Gemmill, 1910;

pelagic larva identified by the present author, 1920.

Aslciias nihciis Linn.; reared to full larval sha])e, but no description or

figures of larva published, (ireeff, 1S7(); young larva reared by

Semon. 1891; (Ihadwick, 1911; pelagic larva identified by the

present autlior. 1898; reared througii metamorphosis by Gemmill,
1916.

Asterids (jldcidUs Linn.; reared a little beyond the gastrula by Busch,
1851; young larva reared by Russo, 1892, the present author. 1913,

(iemmill, 1916; parlhenogenetic larva reared to full larval shape,

Delage, 190-1.

Aslerias Forbesi (Desor) (Syn. Aslcrids bcijilinus \. .Vgass.). Young larva

reared by .\. Agassiz, 1877.

Aslerias inilfidiis Verrill. (Syn. Asl. pdllidiis A. Agass.); pelagic larva

identified by A. .\gassiz, 1877: reared thiongh metamorphosis by

S. Goto, 1896.
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W. Ilolothurioidea.

lAibidoplax di\iilalit (Monlagu) (Syii. Si/napta digilala); |)elagic larva identi-

lit'd by liaur, 1861: melainorpiiosis described IVoiu |)elai^ic material,

Semon, 1888.

LepUm]napla inhivrcns (0. Fr. JVlidler) (Syii. Sjindpla inluvrcns); reared

lliroui*!! melainorpiiosis, Wyv. Thomson, l(S(i2. (11 remains uncert-

ain, whether it has a pelagic larva, the younger stages not having

been noticed in the aquarium, where the rearing took place).

Hololhmia lubulosa (Gmelin); reared to young Auricularia. Selciika,

1876.

Holothuria nigra Peach: reared to young Auricularia, Iho present author,

19i;5.

Hololhuiift floridaiui Fourtales; reared through metamorphosis, Mdwards,
1888 (1909).

Psolus phanlapus Slrussenf. ; larva identified, llu' present author, 1898:

reared through metamorphosis, Runnstrom (not yet published).

"Psolinus hirvis" Forbes, (undecided, which species is really meant, but

probably a ('.ncuiudiia); reared through melamorphosis, Kowa lev-

sky, 1867.

(Auiimaria Planci v. Marenz. (Syn. Cur. doliolum)\ reared through meta-

morphosis, Selenka, 1876; Ludwig, 1891.

Ciicumaria frondosa (Gunnerus); young stages reared (partly abnormal),

Des Arts, 1910: reared through melamorphosis, Ruiinslrom (not

yet published).

(Aicumdiia cchinala v. Marenzeller; reared through metamorphosis, Oh-
shima. 1918.

Cuciimuria Normani Pace; leaied through melamorphosis, 11. G. Newth,
1916.

Cucurnoria saxicola Pace: reared through metamorphosis, Xewtli. 1916.

V. Crinoidea.

Antedon bifida (Pennant): develo|)ment described, Wyv. Thomson. 1863.

Anicdon medilermnea (Lamk.); development described, Piarrois. 1886,

1888; Bury, 1888.

Antedon adrialica \. 11. Clark; development described. Seeliger, 1892.

Antedon petasus (Diib. & Koren); reared to beginning melamorphosis,

\V. P.nsch, 1851'): the present author, 1920.

') The Crinoid from which Biiscli, 18.51, reared the larva to beginning metamor-
phosis was probably this species; the statement that the eggs were dropped "wie einen

Staubregcn" by the ripe female decidedly points to this species, the other .•\n/edo/7-species

keeping their eggs on Ihc piiinuk's until the h>rva is ready to swim.
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Isoinelra vivipara Morlonsoii ; (levclopiuenL described, the present author,

1920.

Conipsonu'lru seirata (A. H. Clark); part ol' the development described,

the present author, 1920.

Tropiomctra carinala (Lamarck); reaied through metamorphosis, tiie pre-

senl author (1916), 1920.

Notocrinus oirilis Mortensen; larva described, the present author, 1920.

In the present memoir are given, besides additional observations on

the fieveloj)nient of I he following species: Slroiufylocenlrolus franciscanas,

Lylcrhinus iHiricydlns, Tripiwiisles esrulenliis and Pcionella Lesuciiri, obser-

vations on Ihe developmenl and the larval form of the following species,

which were hitherto entirely unknown as regards their development:

Phyllacanthiis purvispiniis Woods; cleavage and gastrulation only.

Euridaris Thoiiarsi (Val.); reared to beginning pluleus.

Arbacia stellala (lilv.); pelagic larva identified.

Diadema anlillarum Fhil.; reared to first larval stage.

Astwpijija pulvinata (Lamk.); reared to first larval stage; pelagic larva

identified.

Tripneiistes </ratilla (Linn.); reared to first larval stage.

Lylechinus (iiiamesas 11. L. CJark; reared to full larval shape.

Lylechinus picUis (Verrill); reared to first larval stage; fully formed pelagic

larva identified.

Lylechinus panamensis Mrtsn.; reared to first larval stage.

Lytechiiiiis Dcrruculatus (Ltk.); reared to first larval stage.

Toxopneustes pileohis (Lamk.); reared to first larval stage.

To.vopneiistes roseus (A. Ag.); reared to (irst larval stage; pelagic larva

of more advanced stage identified (not beyond doubt).

Pseudoccntioliis (Icprcssiis: ivared to first larval stage.

Slronyylocculiolus pidchcrrimiis (A. Ag.); reared to nearly full larval shape.

Temnoplcuius IdininKiliciis (Klein); reared to nearly full larval shape.

Tcmnolrema sculpid .\. Ag. ; reared to nearly full larval shape.

Mcspilid (ilohuliis (Linn.); reared to full larval shape.

Evechinus chlorolirus (Val.); reared to full larval shape.

Heliocidaris luheiridalus (Lamk.); reared to full larval shape.

Heliocidaris erylliroyidmiiKt (\'al.); reaicd lin'ough metamorphosis.

Echinomelra lucunler (Linn.); reared through metamorphosis.

Echinonu'lid (ihhiKja (Blv.); reared to nearly full larval shape.

Echinomclid Mdllui'i (Hlv.): reared to first larval stage.

Echinoimira van Bninli \. Ag. : reared to first larval stage.

Colobocentmlus alralus (Linn.); i eared to nearly full larval shape.

3
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Heterocenlrolus nuimillalus (Klein); reared lo lirsl larval stage

Aiachnoidcs pldccnhi (IJiiii.): reared lo rail lai\al shape.

luhinaidchniiis minihilis Ai>ass. ; reared only lo Ihe gaslrula stage.

Dcndraslei cxccnlrirus (l^seh.); reared to lull larval slia|)e.

AsliicliiiJvus manni Verrill; reai'ed llirough melainorpliosis.

Envopc miviopoia Agass. ; reared to full larval sha])e.

Melliln G-perforald (Leske); reared through inelainorjjhosis.

CAilpi'dslcr j(tponiriis Doderl.: reaied lo nearly lull larval shape.

LiHianum diphponi 11. L. (Hark; reared lo Ihsl larval slage.

Iu-liiiu)l)iissus (Olif/opodid) rrrcns (M. Kdw.); reared to lull lai'val shape.

Hiissus Addssizi Ucklerl.; reared to first larval stage.

liiissus ohesus Verrill; reared to first larval stage.

Meonid (/rdiulis (iray: reared lo liisl larval stage.

Echinocdidiiim duslidle (iray; reaied lo nearly full larval stage.

Astropecten scopan'us M. iV: Tr. ; reared to metamorphosis.

Aslwpccleii pohidcdiilhus M. iS: 'fr. ; reared to young Hipinnaria.

Aslcriiid pcclinifcrd (M. c'v: Tr.); reared to full larval shape.

Asleriiui lenuUtiis Verr. ; reared lo young Bipinnaria.

Gymnasteria rdiiiiijcrd (Landv.); reared to young I^ipinnaria.

Ophidiasler Guildiiuiii (Iray; reared lo beginning larva.

Aslcrids caldmarid (Iray; reared to beginning larva.

Pisdslcr ochrdccus (Urandl); reared lo young Hi|)innaria.

ICiidslciids Tioschcli (Stinipson); reared to young Bipinnaria.

Oiihaslerids kploleiui Verrill; reared lo young Bipinnaria.

Pi/cnopodid luiidnlhoidcs (Brandt); reared lo beginning laiva.

Ophiolhri.r diujuhdd vSay (Var.); reared lo young Pluleus.

Ophioiicicis s<pi(miul()sd Koehler; reared through melanior|)hosis.

Ophioiiolus lu'.Kulis {K. \. Smith); larva described^).

Slichopiis r(difornicus (Slinips.); reared lo full larval shape.

Slichopus Kcfersteinii Sel.; reared lo young .Vuricularia.

While thus hilherlo Ihe developinenl has been studied, more or less

completely, or the pelagic larva' identilied. with more or less certainly,

of in all 70 Kchinoderms, excluding the viviparous forms (several ol liuni

being reared or Ihe larvae identified by Ihc present author), there are

given in the present work descriptions of the larval developnuMit. more

') III s|)iti' ot l)i<iiif< viviparous lliis s|H'(ios li;is a very well loiincil larva: llicrc is llu-ii

reason to name this species also in this list.
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or less comploli'ly. ol' no loss lliaii .").') dillVriMil lorms of I'",cliiiio(li"rins,

lilt' (k'vc'l()|)iiu'iil of wliich was totally uiikiiown till now. 'I'Ik' present

c'onliibulioii ac('oi(tiiii»ly represents a veiy eonsitlerable addition to our

knowledge of the developnienl and llu' larval forms of Echinoderrns and

— combined with onr previous knowledge forms a reasonable founda-

tion for a discussion of the problem that was the main object of these

researches: the intenclation between the larva; and the adults in regard

to a natural classification. .Mso the comparative study of pelagic larva*

of uid^nown |)arentage, especially of the ()|)hiurid larva', yields valuable

support for the conclusions to be drawn. Of course, very much more

needs to be done. Ihe investigations here recorded may only lie regarded

as an introduction. Still, enough is done already to give us a glimpse

of the end; it is evident that the way here entered upon is the light way,

which will lead to the desired results. I hope to be able in the future

to carry these researches further towards a definite solution of the problem.

3*



SPECIAL PART

THE liisl Kchinodenn larvtv (lescribed were designated, more or less

consistently, by binominal names — liipinnai in dslcrificrd Sars,

Pluleiis paradoxus Job. Miiller, Plulciis bimarulalus Job. Miillor. II

is true, they were partly not ie(_OjL>nize(l as Kcbinoderm larva*; but this

does not alter tbe fact Ibal Ibesc larva' got binominal names. In the

author's work on the Kchinoderm larva of the Plankton Expedition this

j)rinciple was carried through consistently lor all b",chinoderm larva"

known lill IIumi, in view of liu' necessily of having the dilTerenl larval

forms designated in such a way thai we may understand without loo

much trouble what we are speaking of. This recpiesL is met in a satisfactory

way by the binominal nomenclature, bul nol by such designations as

"Auricularia mit Kugeln", "liipinnaria aus llelsingor" or Ihe like, used

so often in the elder litterature (.loh. Miiller, Metschnikof f). For

larvae of known origin no special larval name was created, wiiich was,

of course, unnecessary. This way of naming the larva has been generally

adopted by the few authors who have since then described lu'hinoderm

larva of unknown parentage (MacHride, demmill).

In the present work the same method is also adopted, bul modified

to some extent. On account of the great number of new larval forms

of unknown origin described here, especially ol Ophiurids, it was felt as

a difficulty that there would result a great number of "specific" names,

from which nothing could be seen as to their mutual interrelation. The

object with describing especially the many different Ophiopluleus species

being mainly to show that also among the Ophiurid larva' there are

several well characterized groups, corresponding to what is found among
the other Echinoderm larva^ notably among the Echinoid larva?, it was

found preferable to give only each type a binominal name, and then to

designate the dilTerent species under that type as species a, b, c etc.

.\ consequence of this is then further that it is incorrect to designate

such new larval type as "nova species"; it is then designated as "nova
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forma". Wc liave thus c. i^. Ophioplulnis uiuhilalus nov. forma, species a,

species b. etc. This melliod will. 1 lliiiik. meet all reasonable claims

to a system of larval nomenclalure, wiiicii will remain a necessity so loni*

as we do not know the origin of all the larva? we meet with in the

plankton.

For Ihe description of the Iaiv;e il was felt a necessity lo have a con-

sistent Moineiiclature of the parts of the larval body, and such was worked

out in the author's said work in the Plankton bLxpedition, which nomen-

clature has also been iJenerally adopted by the recent workers, excepting

most of those dealing with the larva; only from an experimental point

of view. In the said work it was maintained to be less appropriate to

designate the larval prominences as "arms", w'hich could not, in any case,

be used in the descriptions of Auricularife and several forms of Bipinna-

ria', and it was accordingly advocated that they should be termed "pro-

cesses'". This has not been generally adopted. I agree it is not a neces.sity

either and, since it is really somewhat troublesome with all those "pro-

cesses" in the descriptions —the more so as it cannot be avoided speaking

of ""]n-ocesses" also in the skeletal parts — I have given it up and am

designating the long prominences of the larval body as arms, while the

short, less differentiated prominences of the larval body in forms like

Auricularia may be termed processes or lobes. This is easier and con-

fusion is not likely to occur for that reason.

In the following descriptive part the Echinoids are placed first, tluii

the Ophiuroids, Asteroids and Holothurians. This is due to the fact that

the Echinoids have yielded the best results, then the Ophiuroids etc.

No other meaning is connected with this arrangement. Thai no observ-

ations on Crinoids are included in the present work is due to the fact

that my studies on the development of Crinoids have been published

in a separate work^).

I. Echinoidea.

Of all Echinoderms the sea-urchins are the most favourable objects

for artificial fertilization: indeed, there is hardly any other grouj) in the

whole animal kingdom which equals them in this regard. If specimens

with well ripe genital products are available, one may nearly always

be sure to ol^tain feitili/.ation and to secure good cultures, l-lven in such

cases, where the eggs are large and yolk-laden 1 have never had any

diflieuity in obtaining fertilization in the usual way, w^hile in the case

') Stiiflies in the developmen I of Crinoids. Papers from tlie department of Marine

Biology of the Carnegie Instilution, Washington. Vol. XVI. 1920.
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of Asteroids and I lololhiirituis il soi'ins IkikIIv possiljlc lo ohliiiii ;iiti-

ficial ft'ililizalioii ol' I hose forms which liave large eggs, ricii in yolk.

Slill. 1 havi' iiu'l with Iwo siirpiising cxceplioiis lo this gciu'ral rule.

Ono of Ihc ohji'cls of my visit lo New Zealaiui was lo rear the larva of

Pscudcrhiims (ilbocinrliis (llullon): llic syslemalic posilion of this form

is vorv iiiici'rlaiii. and 1 expeiU'd l)y means of rearing its lai\a lo be

able to settle I he (juestion of its line affinities. Perfectly ripe specimens

were available, but in spile of several attempts carried out in the usual

way fertilization was never obtained. The small transparent eggs were

surrounded by the actively swimming spermatozoa, i)ut none of these

succeeded in entering the eggs. Later on I have had the same experience

with an Echinoid of our own seas, namely Biissopsis lijiifera. It is pos-

sible that in lliis case the spermatozoa did entei' the eggs, as a fertiliza-

tion membrane apparently began to form; but it never came to the

beginning of the cleavage. — The reason for the failure in obtaining

fertilization in these two cases is haid to see. Possibly both species are

very sensitive to changes of tem|)crature, so that the failure may be

due to the temperature in the laboratory being somewhat higher than

in Iheii' natural surronndiiigs. 1 have, however, had no oppoilunity of

testing this suggestion by direct experiments. Anyhow, these two ex-

ceptional cases, so disa])])ointing from the view of the present researches,

arc very noteworthy and may give occasion to interesting experiments.

Although the total nundier of Kchinoids here studied is fairly con-

siderable, the author is disappointed in lieing unable to give satisfactory

information about the larval forms within some important families, espe-

cially the Cidarids and Uiadematids. This is mainly dui' to the fact that

the breeding season of these forms did not coincide with the time of my
visit in the dilTerent places; even under the uniform conditions of the

tropical seas they do not breed continuously, and accordingly a stay of

two-three months will not give the ()p])oi tunity of studying the develop-

ment of all the species occurring in such place.

Eucidaris Thouarsi (Val.)

I'l. V lMf>s. 1 2.

Of this species only the very youngest larval stages were reared, but

these already afTord more than usual interest, so that it seems jusliliable

to include a record of them heic.

Ripe specimens were found in considerable numbers at Taboga. in

the Hay of Panama, in October 1\)\d, while in Xoxcmber and l)ecend)er

only very few specimens had ripe sexual products; the breeding season

thus practically had ended before November. iVlthough artificial fertiliza-
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lion \v;is undertaken repeatedly, none of the cultures proved very suc-

cessful, evidently on account of the water being not of sufficiently good

([ualily. The youngest stages were excellent, but as soon as the formation

of Ihe IMuleus was about to begin, the larva' became abnormal and died.

The eggs are very small — I regret to have omitted to notice the exact

size — and very transpaicul. The developing embryos are most beautiful

objects, the cells are large and very clear, and the cell limits are very

(Mslincl. () hours after fertilization they were swimming blastula*; about

20 hours after fertilization the gastrula stage was reached.

The young larva is a very curious object, rather unlike other young

l-.chinoderm larvtt. 11 lias the shape of a biconvex lens, with a perfectly

circular haiu!, and recalls, in fad, a Trochophora by its shape (PI. V
i'ig. 1). while 11 is, of course, cpiite dilTerenl from a Trochophora in its

anatomical structure. The digeslive organs are very small, the moulh

opening being on the upper, the anal opening on the lower side.

This stage was reached in three dilTerenl cultures, and there is no

reason to doubt that this is the normal shape of the young larva. It was

only after this stage was reached liial the cultures went wrong. Only

in one case 1 succeeded in getting them a Utile farther in their develop-

ment. In PI. V Fig. 2 is figured a young Pluleus which is, to all appear-

ance, normal. It is no less peculiar than Ihe younger stage. The postoral

arms are quite horizontal. (In the specimen drawn, — the only good

specimen available — Ihe left arm is slightly upwards directed. It

has been corrccled in liie figure to suit Ihe rigiil arm, whicli is (|uile

horizontal and has all the appearance of having preserved ils natural

form and direction, while the other has more the a])])earaiice of being

slightly dislorled. However, since the skeleton is dissolved, il is impos-

sible to ascertain deliniU'ly wiiich is the correct form of Ihe arms — and

I have omilU'd lo notice anything about il Irom Ihc living specimens.)

Ollu'i- |)i()cesses arc nol yel indicaled; Ihci-c is only an elevalion indicating

the oral and anal lobe. This larva is (i days old. The skclclon was begin-

ning lo form al Ihe age of three days. I'nI'orlunalely Ihe skeleton has

been dissolved in all Ihe jireserved specimens, and 1 have omilled lo

make drawings of Ihc living specimens. Il was only noticed Ihat the

postoral lods arc fenesli-ated.

In spile of Ihc incom])leleness of Ihis record of Ihc (levelo|mienl of

I'Aici({(tris ThoiKirsi il is sufficienl lo siiow Ihal il dillers most consjiicu-

onsly from (jditris ridaiis (Doiocidaris iHipiUala). the only Cidarid the

develo])menl of which was studied hitheilo'). The young larva of this

') II. I'rouho. Hocheniu's siir lo Doroiidaris papillala ct (|ui'l(iues autres fidiinitlos de

la Mediterranec. 1S.S.S. .\itIi. Zool. cxper. gd-ndr. 2. Si^r. V. PI. XXIII—XXV.
Dr. i^acovitza lias kiiully soiil iiio a pair of specimens determiiieil l)y Prouho as Ihiru-
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latter species has not the peculiar shape of a biconvex lens, and the post-

oral arms are not horizontal, and, upon llu- whole, it appears that the

larvae of these two forms musl bo very unlike. I'lie liorizontallx diiecUd

postoral arms of Eiuidaris Tlwuarsi, which nmst doubtless be mucli

longer in the fully formed larvtc, recall the remarkable Kchinoplulvus

transversus; were it nol for the ophicephalous pedicellaria^ of the latter,

I would think them to belong together. — The few facts brought

forward here can only make one the more anxious to get an opportunity

of working out the complete development of Eucidaris. That, at least,

E. melularia has a similar larval form is very probable. Its eggs are quite

similar to those of E. Thonarsi, as 1 was able to ascertain flaring my
stay at llilo, Hawaii. Fertilization of this species could, however, nut

be undertaken, as I never succeeded in getting a ripe male and female

at the same time.

While the larva of Cidaris cidaris is the only Cidarid-larva hitherto

reared to what must be at least very nearly its full shape, it is cjuile |)os-

sible that also the larva of another Cidarid, viz. Stiilocidaris affinis (Phil.)

is known. As 1 have explained in my paper on "Die Echiniden dcs Mittel-

meeres"*) there is some reason to think that the larva figured by .loh.

Mil Her in his 7th Memoir on the larva?" and metamorphosis of Echino-

derm«, Taf. 1 Fig. 1—2, belongs to this Cidarid. not to Spluerechinus, as

was hitherto supposed.

Phyllacanthus parvispinus Ten. Woods.

PI. V. Figs. 3—4.

During a short stay at Port .Jackson in the beginning of March 191.5

1 found a few specimens of this s])ecies containing ripe genital ])roducts

and I succeeded in getting a small culture. The eggs are few in number,

rather large, ca. 0.5 mm, of a greenish colour, and they float at the sur-

face. The fertilization membrane is very thick, gelatinous, nol sharply

limited on the outside. The first division was seen to take place about

'A hours after fertilization. As the fertilization was undertaken in the

evening the process of the cleavage could not be followed in details.

only a very poor light being available. It appeared, however, that the

cidaris jutpillala. so that 1 liave l)ecii able lo coiinrm that it is really lliis spceics, which was
sliulied l)y I'rouho, not llic n\ore common medilenaiieaii form, SIijIih idaris a//inis. which

was at the lime Prouho wrote his jiaper nol recofinized as separate from Cidaris ridaris.

') 'l"h. -Morlensen. Die Kchinideii des Miltelmeeres. Kiiu- revidierle fhersichl der

im Mittelnieere lebenden Echiniden mil Bcmerkungen iibcr ncue oder wenifj l)ekaimte For-

nien. Mitt. a. d. Zool. Stat. Neapel. 21. 1913. p. 20.

There is, however, also a possibility that this larva may belong to Genocidaris maculala

\. Ag., the larva of this common mediterranean species being also unUnown.
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cleavage was total and regular, in spite of the large size of the egg. The

next day the embryos had a very peculiar appearance, being folded in

such a way as to recall the convolutions of a brain. Sections through

embryos of this stage show that this is due to a strong folding of the

blaslula (PI. V Fig. 4), much as it occurs in Aslropeden^), Luidia^), Sol-

aster^), Henricia*) and probably many other Asteroids, and as it is de-

scribed here also for Peronella Lesueuri. The cells are full of vacuoles,

which may probably be filled with some kind of nutritive fluid. But

there is no reason to enter on a discussion thereof on this occasion. —
Also in the following stage numerous vacuoles are seen, only much smaller.

At the age of 28 hours they were found to be swimming gastrulse,

very slowly moving, quite opaque and with a very wide mouth. PI. V
Fig. 4 represents a section through one of these gastrulse; it is very

thickwalled, the nuclei lying in a thick layer. The invagination appears

bipartite, which will probably mean that the formation of the coelomic

pouch has begun. The blastocoel cavity is nearly filled by mesoderm

cells. It appears that the invagination is set with long cilia — but the

preservation is not sufficiently good for ascertaining this definitely.

None of the embryos got beyond this stage, and it was impossible to

get a new culture. But the facts here recorded are sufficient to show that

this species is very diiTerent as regards its development from the other

Cidarids thus far studied. Most probably its development will prove to

be direct, without a Pluteus-larva, or, in any case, the larva must be

greatly modified, on account of the character of the egg. The full record

of its development must be expected to be of quite unusual interest.

Diadema antillarum Phil.

PI. V Fig. .").

After having sought in vain for ripe specimens oi Diadema in bolh.Iapan,

at Hawaii and Panama'^) 1 was very pleased in finding, at liie end of March

1916, at Tobago B. W. I. ripe specimens of Diadema antillarum, from

which an excellent culture of larvae was obtained.

') E. Metschnikoff. Vergleiclu'iid embryologischc Studien. Zeitsclir. f. wiss. Zool.

Bd. XLII. 1885. p. 660.

') Th. Morteiiseii. On the development of some lirilisli Kiliiiioderms. .louni. .Mar.

Biol. Assoc. U. Kingdom. \. 1913. p. 7.

') J. F. Gcmmiil. 'i'lie development of the starfisli Solaster endeca. Trans. Zool. Soc.

London. .XX. 1912.

') \. T. Masterman. The early development of Cribrella oiiilata (P'orbes) with remarks

on Echinoderm development. Trans. R. Soc. Edinljurgh. XL. 1902.

') A few small specimens of Diadema mexicamini were found to contain ripe sexual pro-

ducts in .lannary and February 1916 at Taboga, Panama. Fertilization was undertaken

twice, but Uie cmljryos did not develop beyond the gastruhi stage.

4
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The eggs are very small, only ca. 0.07 iniii, and very clear. The cleavage

is of the usual, regular type, alTording no special features. Swininiing

blastula^ were observed after about Hi hours: they are very clear and trans-

|)areiit, with beautiful, jjolygonal cells, the limits being very distinct.

At the age of two days the skeleton begins to form, and the Fluteus-

shape is assumed, but the arms are still very short. The three days old

larvae are typical young Plutei (PI. V, Fig. 5) with long postoral arms;

there is a fairly pro-

minent red pigment

spot in the end of

these arms, and a

few red pigment cells

scattered on the

body. The suboral

cavity is very large,

reaching below the

level of the ventral

transverse rods.

The skeleton (Figs.

1—2). The body

skeleton forms a

basket ')-slruclure,

very oblique; t lu'

recurrent rods are

rather abruptly bent

at the point, where

the connecting rod

proceeds, the lower
Skcli'loii of tlie larva ol Diadema aniillanim: from tlii'

, ,.,,„„;,,,, Civ^i.i
. , I .)iiA

/

iJcti I lUnnin^ iiom
ventral side. -"%. ' '^

In all Ihe lifiures ol i:ehinoi(l larv;!- the same letters are used here Very obliqUcly

to designate the same parts, al. anterolateral rod; h. body rod: towards the DOint of
no. postoral rod; r. recurrent rod; vlr. ventral transverse rod. . • i i i i

union with the body

rod. The body rods are slightly curved; at the end they are widened

into a disk; also the connecting rods and the ventral transverse rods are

thus widened at the end, where they meet. Sometimes the disk may be

more or less irregular, so that they meet like a pair of clasping hands.

The whole skeleton is very Httle thorny, sometimes perfectly smooth.

The postoral rods are fenestrated.

1'

') I have previously designated this type of structure of the body skeleton as a "frame";

the designation "basket" used by Tennent seems to me more appropriate, and I there-

fore adopt it.
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In this stage the larvae remained for some days without apparent changes,

when by an accident the whole culture was destroyed. In vain I attempted

to get ripe specimens

for making a new cul-

ture. More than a hun-

dred specimens were

opened, but all of

them were perfectly

empty. There was thus

no possibility of gel-

ting the later develop-

mental stages, which

would have been of

very considerable in-

terest, nobody having

as yet studied the

fully formed larva or Fig. 2. skeleton of the lar\a <>{ Diwlcnia dnUllarum: side view.

the metamornhosis of *^' ^''"^^'"S Hie wliolc l)a.sl<el slrucUire, ™7,: B. lialf |)art of the

^^. ,
.',

'

skeleton, ^""/j. Letters as in tig. 1.

any Diadematid

excepting the larva described by Joh. Miillcr (VII. Abb. p. 9, Taf. V.

1—4), which is probably, but not beyond doubt, the larva of Cenlrosle-

phaniis lorKjispiniis.

Astropyga pulvinata (Lanick.).

PI. v. Figs. () and 7 (•>)

At the beginning of December 1915 I succeeded in fuiding (at Taboga,

Panama) some specimens of this fine Diadematid containing ripe genital

products. Fertilization was undertaken and a very good culture obtained.

The larvae developed quite normally till the first Pluteus-stage was reached,

but then thev became unheallhv and died at the age of 6—7 davs. .\n-

other culture made some days later went on exactly in the same way.

Thus also of this Diadematid only Uie first stage was obtained. .Vs might

be expected, it is in the main features similar to that of Diadema.

The eggs are small (exacl measurements were not made) and transpar-

ent. The cleavage is of the usual regular modus, presenting no especially

noteworthy features; the process of gastrulation may perhaps prove

unusual, but on account of absence on a dredging trip I could not follow

it satisfactorily so I shall not enler on the subject. At the age of ca. 24

hours the embryos had begun to assume the Pluteus-shape. They are at

this stage rotating at a great speed, always to the right^), so fast, indeed,

') In my paper "On the development of some British Eehinodcmis" (.Journ. Mar. Riol.

Assoc. X. 1913. p. 6) I have stated that the young embryos of Aslerias gtaciatis and other
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that it is almost impossible lo discern their shape. Gradually this rotation

ceases completely. Two days old they, have the shape of young Plutei,

with a red |)ij»inenl spot at the end of the postoral arms and scattered

pigment cells in the body. The suboral cavity apparently is not so large

as in Diadenm.^) (PI. V, Fig. 6).

The skeleton (I'igs. 3—4). The body-skeleton forms a basket structure

as in Diadenui. I)iit dilTers from the latter in being generally conspicuously

thorny. Sometimes the lower part may be fenestrated, which means,

Figs. 3-

Fia. 3.

Fig. 4.

4. Skeleton of the larva of Aslrnpi/qa piili'iiiala.

7) (lays old. '»"/,.

.'5. A. dorsal view; B. end view. 4. A— (;. side view,

showing individual variations. Letters as in fig. 1.

evidently, only an unusual development of the thorns. The transverse

rods connecling the recurrent rods (— not the same as the dorsal trans-

verse rod of the later stage, which is a process from the base of the postero-

Echinodernis reared by me "in swimming rotate around their longitudinal axis, always

turning to the left". Genimill (On the development and certain points in the adult struct-

ure of the Starfish Asterias rubens. Philos. Transact. B. 20.'). 1014. p. 238) finds this state-

ment difficult to understand, since he has found the rotation to be dextral. I am myself

at a loss to ex|)laiii this statement. In my notes from the stay in Plymouth I have repeatedly

stated expressly that the rotation is always to the right. The error is not even due to a lapsus

memorise; I have been too impressed with the observation of this constant dextral rotation.

In fact, I have no excusioii to otTer for this erroneous statement. I nuiy take the opportunity

here to say that I have not seen any of the mimerous l^chinoderms, which I have reared, to

make an exception to this rule of dextral rotation: only now and then a single embryo may
be seen to turn to the left. But I have observed that only very rarely.

') On the figure of this larva, which was drawn from life, the suboral cavity was not

indicated. The line representing the lower limit of this cavity was added to the figure after

preserved specimens: possibly it is larger in the living specimens and really of the same

extent as in Diadema.



29

dorsal rod —) may be double (Fig. 3 A). The postoral rods are fenestrated,

thorny.

In a plankton sample from ofl" the island of Taboga from the end of

November 1915 three specimens of an Echinopluleus were found, which

may with no small degree of probability be referred to Astropij(/a pulvi-

nata. (PI. V, Fig. 7). The larva shows so considerable resemblance to that

figured by Job. Miiller in his VII. Memoir on the Echinoderm larvae

(Taf. V) that it seems beyond doubt they must be nearly related to one

another. J oh. Miiller referred his larva lo Centrostephanus lompspinus.

There is still no definite proof that he was right herein, but there is nothing

either to disprove the correctness of this reference. The present larva

should then also be referred to a Diadematid. Diadenm mexicanum being

out of question as not having its breeding season at this time of the year,

Astropyya piilvinnta, the only other Diadematid known to occur here,

should then be the species to which this larva belongs. (A new Astropyga

found by the author at Las Perlas — not yet described — hardly comes

into consideration). It should, however, be pointed out that the postoral

and posterodorsal rods are entirely smooth in these larvae, while in the

reared young larvae of Astropyga the postoral rods were found to be

distinctly thorny. This fact is thus not in favour of the supposition

that these larvae belong to Astropyga. Since, however, they must in all

probability belong to a form which has a near relative in the Mediterra-

nean, there is hardly any other Echinoid which could come into regard —
be it not Eacidaris Thoiiarsi, which I would not think very probable,

judging from the shape of the young larva reared.

The extensive development of the vibratile lobes, the very long postoral

and posterodorsal arms (— they are broken, so that their full length

cannot be ascertained, but they are very long — ), and otherwise the

whole shape of the larva is very much like that of the Mediterranean larv^a,

Echinopluteus Mulleri, as I have named it. The posterior transverse rod

has a long median process to each side.

Arbacia stellata (Biv.) ').

PI. VII, Fig. .3.

Although a considerable number of young specimens of this species

was secured at Taboga, Panama, only a single adult specimen was observed,

') H. L. Clark in his paper •Fcliinoderms from Lower California, with Dcseriptions of

new Species" (Hull. Ainer. Mils. Nat. Hist. XXXII. l'.)!.?. p. 220) rejects the name Arhatia

slellala (Blv.), because of the name Echinus slellalu.s being used by Gmelin (Linn. Syst.

Natur;p. Bd. XIII. 1788. p. .1174), "even though we do not know at present what species

Gmelin had in mind"; instead of the long used name A. sleUa(a (Blv.) he then names It

Arhacia incisa (A. .\g.) reviving the name given to this species by .\gassiz in 186."?. I do

not see the necessity of making this change, and therefore keep the old name.
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and it was thus impossible lo rear the larva. Nevertheless I can give some

description of this larva. In some |)l;iiikl()ii samples from Taboga from

November and Decembei- H)15 1 lind lliice specimens ol ;iii Arhnciid-

larva. Since Arh. sicllala is the only species of the Arhaciida' known

to occur in the (lulf of Panama'), and since young specimens of lliis

Fig. "). Skeleton of larvH of Arhacia stcllala. -'"/i- I" tin- right side is represented separately

part of I ho ouUt end of the postoral rod.

al. anterolateral rod: b. body rod: da. dorsal arch; pci. posterodorsal; i)l. posterolateral;

po. postoral: ptr. posterior transverse: r. recurrent rod.

species were fairly common in the said locality, there can be no doubt

that this larva does really belong to .1. slcllalo.

None of the three specimens are quite fully developed, but the specimen

figured is in a sufficiently advanced stage to give the proof of the import-

ant fact that the larva of this species conforms closely with the two other

/Irftac/a-larvae hitherto known, viz. of A. lixiila and punciulata. The

') It may perhaps iiardly be possible to distinguish with certainty the young specimens

of A. slellala from those of A. spatuligera; since, however, the latter species is not found to

the North of Guayaquil, there can be no (|uestion of the identity of these young specimens

from 'I'aboga with A. slellala.
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preservation being not as good as desirable, it is impossible to ascertain

whether there are large pigment spots at the point of the long arms, as

is the case in the larvae of A. li.mla and punctulala. The vibralile lobes

are not yet developed, but there is no reason to doubt that they will be

found here as in the other ArbaciaAarxx.

The skeleton (Fig. 5) agrees very closely with that of the .1. li.vula-

larva (comp. J oh. iMuller, VII. Abh., Taf. II, Fig. 10), especially in the

noteworthy feature that the postoral rods are fenestrated only in the

point. Only the posterior transverse rod dilTers from that of the A. ILrula-

larva in being somewhat curved and more robust, more like that of the

A. punctidalu-larvd, which, on the other hand, dilTers from the present

larva and .1. li.vula in having the postoral rods fenestrated from the base.

In a plankton sample from off the Azores (36^.3' X. 33^50' \V., 15/HI

1911), taken onboard the Tngolf" by Mr. H. Blegvad, was found an

Arbaciid larva which is remarkable on account of its exceedingly long

postero-lateral arms (PI. VI, Figs. 1—2). The shape of the body cannot

be made out clearly on account of the rather advanced stage of meta-

morphosis, likewise the vibratile lobes cannot be distinguished. The

preoral lobe evidently is somewhat altered by the beginning absorption;

it has the appearance that the vibralile band passes all round its edge,

which cannot be a normal feature in the larva. The structure of the post-

oral and posterodorsal rods is like that in the A. lixula larva (both these

pairs of arms are broken, so that their full length cannot be ascertained).

The posterolateral rods are sparsely thorny, the thorns beginning a little

outside the part that is represented in PI. VI, Fig. 2. The posterior

transverse rod is slightly curved, with no distinct hole in the middle.

It seems hardly possible that this larva might belong to A. lixula:

the posterior transverse rod is dilTerent and even in the more advanced

stages of metamorphosis the larva of that species has never been observed

to possess such exceedingly long posterolateral armsi). There is then

reason to suj)pose that this larva belongs to one of the other species of

the genus Arbacia (A. africaiKi?). or perhaps to Arbaciella eleyans. There

is also a possibility that it nuiy belong to a deep-sea form {Coelupleunis

or Po(iocidaris)\ at least such possibility cannot be rejected beforehand,

so long as nothing is known regarding the character of the eggs in these

deep-sea forms. Anyhow, it has seemed to me worth while calling atten-

tion to this conspicuous larval form.

') .Joh. Muller. VIl. Abhandlung. Taf. II— III. I., v. Ibisch. Die Aiilage und Aus-

bildung dcs Skelctsystems einiger Kcliiniden. imd die Symnu'trieverliiiltnisse von Larve und

Imago. Zfitsclir. wiss. Zool. CIV. WH.i. I'al. VU.
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Tripneustes esculentus (i.eske).

PI. II, Fius. 1 2. I'l. \111. l-i«. 2.

The (IcvelopnuMiL of this l^chinoid was not entirely unknown previously.

Tennenl'), who has used il for hybridization-experiments, has given

some sketches of the skeleton of the young larva in the age of relatively

21 hours and four days, and also a short description (under the name of

Fig. 6. Skeleton of tlu' young larva of Tripneusles escitlenliis; A. side view; B. front view,

from llu' ventral side; (".. end view. ^""Z,. Letters as in Fig. .'>.

Hipponoi'). It does not appear that Tennent has reared the larva to its

fidl size; at least he does not give any information about the later stages.

Artificial fertilization of this species was undertaken in March and

April 1910 at Tobago, B. W. I. The egg is small (I have omitted to note

the exact size), and not very clear. The cleavage is of the usual modus,

presenting no specially noteworthy features. .Judging from Tennent's

observations the young Pluteus-stage may be reached already in the

') D. H. Tennent. Echinodenn Hybridization. Papers from the Marine Biological

Laboratory at Tortugas. Publ. .No. 132 of the Carnegie Inst. Washington. 1910. p. 1.35.

PI. I. ngs. 3—4.
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course of 24 hours; in my own experiments I did not find the young

Plutci until about two days after fertilization.

As described by Tennent this fust larval stage (Fl. VIII, Fig. 2) has

the posterior end of the body truncated, the body skeleton forming a very

regular basket-structure. The skeleton (Fig. 6) is very smooth, the body

rods and ventral transverse rods, as well as the rods connecting the re-

current rods are slightly widened at the end, where they join. There is

a pronounced and characteristic sinuation at the point of issue of the

j)Ostoral rod from the body rod. The postoral rod, which is gracefully

curved at the base, is fenestrated; but the holes are small, excepting the

lowermost one, and gradually disappear towards the point. Red pig-

ment is beginning to appear in the point of the postoral arms, and also

some few scattered red pigment cells are found in the body.

In this stage the larvtv remain essentially unchanged for an unusually

long time. It was not until the 12tli day after fertilization that the form-

ation of the posterodorsal arms began. That this long duration of the

first larval stage is a normal feature can hardly be doubted, since the

larvae afterwards developed quite normally. Also two other cultures gave

similar results, though these latter were not kept so long a time that

the beginning of the second stage was reached.

At the age of 17 days the body skeleton had begun to be absorbed,

and the larva was about to assume its full shape (PI. II, Fig. 1); the vibratile

band had reached the hindend of the body on the sides, being drawn out

into a pair of lobes, the posterolateral processes. The posterior trans-

verse rod was found to appear on the 20th day.

The fully formed larva (PI. II, Fig. 2), 22 days old, is a strikingly beautiful

object. The arms are all broad, especially the anlero-lateral arm is

broadly widened at its base; the postoral and the postero-dorsal arms are

slightly and gracefully bent. The arms are all rather short, the longest,

the postoral ones, only slightly exceeding the length of the body. The

postero-dorsal arms are somewhat shorter, and the preoral and antero-

lateral arms are generally quite short, though they vary somewhat in

length. The postero-lateral processes remain short, ear-shaped lobes;

above these lobes the body is distinctly narrowed, which feature, together

with the concave outline of the posterior end of the body, gives the fully

formed larva a very difTerent appearance fiom that at tiie beginning

of the transformation from the first to the second larval stage (Comp.

PI. II, Figs. 1 and Fig. 2). There are two pairs of vibratile lobes (auri-

cules); the dorsal ones, at the base of the postero-dorsal arms, are out-

wards directed, the ventral ones, between the base of the postoral arms

and the anal lobe, are forwards directed. The anal lobe is deeply concave

5
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and has its corners produced into a pair of narrow, forward directed

processes. Fiulher lliere is a large fold across the dorsal side, so that the

vibratile band along Ihc dorsal side of the body is produced into a pair

of processes in the middle of the body. — All the arms have a small ac-

cumulation of red pigment at the point; also in the vibratile lobes there

is a series of red pigment cells under the vibratile band; few scattered

pigment cells are seen in the body. The stomach is of a faint yellow colour.

The first pedicellaria has been formed; it is situated in the midline in

the posterior end, deeply sunk in a groove. Also the amnion has begun

to form. There is thus no doubt that we have here the fully formed laiva,

which is about to begin its metamorphosis. The melamorjjhosis of the

larva could not be followed, as the sojourn at Tobago ended by this time,

and there were only very few larvte left, so that it would have been

useless to try to bring them along with me on the voyage.

Fig. 7. Outer uikI ol postoral rod of Ihu Tripni'iistes esciilenltix-\arwa. '""/i-

The unlciiestrated part is sliortened.

The skeleton. The postoral rods are fenestrated only in the lower part;

they continue beyond as three, farther out only two, separate rods,

one of Iheni ending a little way beyond the fenestrated part (Fig. 7).

The posleio-dorsal rod is sinijjle. The posterior transverse rod is a simple,

thin, straight rod, ending in two simple, diverging processes, the upper

quite short, the lower somewhat longer, but not nearly as long as the

postero-lateral processes. The other rods, including the dorsal arch,

are Ihiii and smooth.

Tripneustes gratilla (I-iiiii).

I'i. VIII, Figs. 5, 6.

Fertilization of this species was undertaken in Ihe end of March and

the beginning of April 1915 at Honolulu and at Milo, Hawaii. .\t the

age of three days the first larval stage was reached. In the shape of the

larva and the structure of the skeleton it very closely resembles Tr.

esculcntus. The skeleton having been dissolved in the larva' preserved, I

cannot give a figure of it, but judging from my notes there would appear

to be no noteworthy difference in this regard between the larvae of these

two species. The skeletal rods of the "basket" are quite smooth and the

postoral rod fenestrated, as in Tr. esculeiiliis. A small group of red pig-

ment is found already at this stage in the end of the postoral arms, and

small red pigment cells are found scattered in the body.
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The larvae were kept alive (in 'good coiulilioii) for 10 days, but did not

yet show any indication of the formation of the postero-dorsal arms. The

vibratile band was found to reach almost the |)osterior end on the sides

of the body, and the postoral band to form a little fold on each side —
evidently the beginning of I he ventral vibratile lobes. These few facts

tend to show thai this larva will agree with the Tr. esculentus-\arva also

in the later stage, and also that it takes an equally long lime before

it develops into the full larval shape.

Although the skeleton has been dissolved, it has seemed to me not

superfluous to give a pair of figures of the young larvae. I^artly the shape

of these larvae has been very perfectly preserved, because of the very

slow dissolution of Ihe skeleton (traces of it are still distinct), and the

characteristic oblitpiely truncate form of the body is thus well shown;

partly the figures show the suboral cavity to be very large and distinct.

The same will most probably be the case in the Tr. esculenlus-hnvde,

but I have not observed it in making drawings from the living specimens,

and none of the latter larvae were preserved except a few of the oldest

stage, where it cannot be distinctly observed.

Lytechinus variegatus (I.amk).

l'\. Ill, Figs. 12; PI. VIII, Fig. 1.

The larva of this species has been the object of careful studies by Te li-

nen t^) (under the name of Toxopneusies variegatus) partly as regards its

variations under laboratory conditions, partly in regard to hybridization,

for which pur])ose it appears a specially favourable object. Nevertheless

a description of the larva has never been given: the later stages have

only been mentioned quite accidentally, through the fact that in a crossing

of this species with Moira alropos some few specimens "of a purely maternal

form" were obtained; in PI. 2 figs. 18—20 and lextfigure 5, p. 138 of the

paper on Echinoderm Hybridization outline figures are given of these

larvae.

The fertilization and the first embryonal stages of this species were

studied by Seleiika'-); he did not even rear them till they had assumed

the Pluteus-shape.

') I). H. rciiiicnt. Variation in iM-liiiioiil I'lulci; a Sliidy of Variation iiiuU'r I,al)oratory

conditions. Journ. Kxpcr. Zoology. !•. litio.

U. H. 'I'ennenl. I-k-liinodcrm Hybridization. I'uhl. No. 132 of the Cartiegic Institution.

1!)10.

') K. Selenka. IJcohaclilungi'n iil)('r die Befriuiitung und Theilung di's Eies von Toxo-

pneusies variegatus. l-'rlangcn 1877.

E. Selcnka. Kciniblatter u. Organanlage d. luliinidiMi. Z. wiss. Zool. .'53. 1880.

E. Selcnka. Hefrui-litung des lues von Toxopneustes variegatus. Ein Beitrag zur

Lehre von der Bcfruchtung und ICifurchung. Zoologist-he Studien. 1. Taf. I—III. 1878.

5*
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Although this larva is thus comparatively well known, it does not

appear to me superfluous to give a full description aiul figures of its

(lilTerent stages.

(hillures were made in March—April 1916 at Tobago, B.W. I. The

fertilization was undertaken on March 29th. After 6 hours there were

swimming blastuhe. At the age of one day the first larval stage was reached

(PI. VIII Fig. 1)1). Its shape is the usual, the posterior end of the body

being short, truncated. Scattered redbrown pigment cells have begun to

appear. In regard to the skeleton it is very noteworthy that the body
skeleton does not form a basket structure. There is a recurrent

rod, but it does not unite at the posterior end with the body rod; it bends

inwards at about the middle of the body; below this horizontal part,

which represents the connecting rods (as I might term these rods connect-

ing the recurrent rods), it continues only as a very short, small process.

Both the ventral transverse and the connecting rods are pointed at the

end, and they do not join in the middle line as in the Tripiieustes-\arva,

but transgress one another a little with their point. The body rod nor-

Mially ends in two horizontal branches, one passing towards the ventral

midline, the other along the side of the body (as seen in fig. 1, p. 666 of

Tennent's ''Variation in Echinoid Plutei"). The postoral rod is simple,

distinctly thorny, as is also the body rod.

The postero-dorsal arms begin to form at the age of about 5 days; the

posterior transverse rod appears at the age of about 9 days, and at the

age of 12 days the larva has reached its full shape; the first pedicellaria

was formed in the 13 days old larva, and the first rudiments of the skeletal

plates of the young Echinoid were seen at the age of 15 days. — The

metamorphosis was not completed by any of the larva?, evidently be-

cause I transferred them at that time to another jar with a few algae for

the purpose of giving the young urchins good conditions; but they did

not stand the change and died. However, the main object was reached,

the development being traced to the full shape of the larva.

The fully formed larva (PI. Ill, Figs. 1—2) has, like that of Tripneustes,

postero-lateral jjrocesses and vibratile lobes, and is, upon the whole, a

no less complicate and beautiful object than the latter. The postero-

lateral processes are short, earshaped, and may be obliquely forward

directed. The posterior end of the body is convex, rounded, and the first

pedicellaria formed is not situated in a groove. The postoral arms are the

longest, of the same length as the body, while the postero-dorsal arms

remain shorter, only about half that length. Possibly they may grow

) This figure represents a 2 days old larva; it differs from that of one day only in the

arms being somewhat longer.
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longer during the metamorphosis; in the oldest stage represented by

Tenncnt (PI. 2. Fig. 20 of his "Echinoderm Hybridization"), which is

somewhat more advanced in metamorphosis than the oldest larva figured

here, the primary tubefeet or spines(?) of the young urchin having been

formed, the postero-dorsal arms are slightly longer, though still scarcely

more than half the length of the postoral arms. The vibratile lobes are

rather broad. The anal lobe has not its corners produced, as is the case

in Tripneustes. The dorsal lateral band is much folded and forms a pair

of lobes almost as prominent as in Tripneustes. Inside the preoral arms

there may be found a pair of small processes. There is a collection of red

pigment in the end of each arm and a conspicuous series of such pigment

cells is found below the band in the vibratile lobes and in the postero-

lateral lobes. Also in the frontal area a prominent cluster of pigment cells

is found in the midline, above the preoral band.

In the figure quoted from Tennent the vibratile lobes are very insigni-

ficant, but instead there is a pair of epaulets so broad as almost to join

in the midUne. Also in the text (p. 139) Tennent mentions the epaulets

as a normal feature in this larva. There is here a discrepancy between

our observations which I cannot quite explain; my preserved material

of the larvjE of this species is not in a sufficiently good condition to allow

a renewed careful examination; on the other hand my drawings from the

living specimens are so elaborate that it would seem excluded that there

could be any misrepresentation here. It is possible that the large lobes

may be separated olT from the vibratile band in a somewhat later stage,

as appears to be the case in Tennent's figure'), and in view of the fact

that epaulets are formed in the larva of Lytech. anamesiis (pidus) it

is, indeed, very probable that they should also be found in this larva.

Further observations will be necessary for settling this point.

In regard to the skeleton the presence of a posterior transverse rod is

of special importance. It ends in two simple, diverging branches, the

upper one of which is much the longer. In Fig. 5, p. 138 of Tennent's

"Echinoderm Hybridization" this transverse rod is represented as having

in the middle a process above and below. I have found it simple in the

specimens that I have reared. On the other hand 1 find in a specimen

of this larva found in a plani<ton sample from off 1 laiti (18° 13' N. 73°53"W.,

H. Blegvad, "Ingolf" "'/, 1911) the posterior transverse rod to possess

a pair of similar processes, only much longer than shown in Tennent's

figure. This larva, which is in beginning metamorphosis, otherwise agrees

so well with the reared larvit of Lytechiiuis ixirieiialiis, that I cannot

') This figure is somewlial (liagraminalic and perhaps not quile lonviiuing in regard to

this point.
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hesitate in identifying it with this species. The only difTerence noticeable

is this that the postoral and postero-dorsal rods are somewhat more

closely Ihorny than was Ihe case in the reared larvae. (Of course, there

is a possibility Ihal this larva may really belong to one of the other sjiecies

of LyUrhinus occurring in the West Indies, viz. L. eueires II. L. Clark,

L. dyscritus II. L. Clark and L. callipeplus H. L. Clark.) The larva is not

sufficiently well preserved for showing the body shape distinctly. — In

PI. Ill, Fig. 2 a small rod is seen lying across the posterior transverse

rod in the midline. This is, however, a separate rod, which, I suppose,

represents the fust rudiment of the I'k'hinoid skeleton. The postero-dorsal

rod is simple like the postoral rod. The dorsal arch is characteristic in

having a pair of lateral processes, which support the lobe formed by the

dorsal lateral band.

The postoral and postero-dorsal arms are generally upwards directed,

but they are movable and may be directed nearly horizontally.

Lytechinus anatnesus II. L. Clark.

PI. VII, Fig. 5; PI. VIII, Figs. 3— I.

During the stay at the Biological Station at La JoUa, Cal., in August

—

September 1915 I had the opportunity of undertaking a fertihzation of

this species, which occurs in great numbers off the Californian coast in

depths of ca. 10—250 meters. The fertilization was made on the 24th of

August on board the ship, immediately after the dredging, and was very

successful.

The eggs are small (I have no measurement of them) and perfectly

clear — a most excellent object for embryological studies. After 20 hours

there were swimming blastulse (probably earlier), and after 21 hours

the gastrula stage was reached. The formation of the skeleton began

when the embryos were 2 days old. At the age of 7 days the postero-

dorsal arms had begun to develop, with the skeletal rod, and also the

preoral arms had appeared; the dorsal arch had just begun to form at the

same time, its branches being still far from the preoral arms (PI. VIII,

Fig. 1), which are thus from the beginning formed independently of the

rods which later on grow to support them, while otherwise the rule would

appear to be that the supporting rods are so to say pushing out the arms.

At the age of 11 days four ejiaulcts had developed, and the absorption

of the body skeleton had begun.

Only very few of the larvae survived lliis stage. On leaving La Jolla

the 17th September I carried the culture along with me to San Pedro,

where I had no opportunity of paying further attention to it until the

26th. There was then found to be only one fully developed larva, which
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was, however, imperfectly developed in the upper part; but the lower

part was in very good condilion and thus gave sufficient information

of the more important features of the second stage of this larva. No full

figure can, however, be given of the fully formed larva, partly because

of the said incompleteness of its anterior part, and partly because the

conditions (on board a small launch) did not allow me to make more

than some free hand sketches from the living specimen. Although the

illustrations given here of the larva of this species thus are not very

satisfactory (— I regret to have drawn tliose of the 7 days old larva

in a rather small scale —) the essential characters of the larva come
out sufficiently clear from them.

Ill I lie first stage, which lasts until about the 7th day, the posterior

end of the larval body is short, broadly rounded (PI. VII. Fig. 5) aijd

presents no essential (HfTerence from that of Lijtech. ixuiegalus. The upper

part of the anal area, with the postoral band, is bent somewhat inwards

in the middle, outwards at the sides, the beginning formation of the

ciliated lobes. The skeleton is of the same structure as in that species.

The postoral rod is simple, not fenestrated, and the body skeleton forms

no basket-structure. The end of the body rod has some horizontal branches,

very variable in shape; otherwise the body rod is smooth. At the point

where the body rod and the postoral rod join there is a rather deep sinua-

tion, generally deeper than in the specimen figured. The recurrent rod

is generally bent towards the dorsal side with its point. The ventral

transverse rods are transgressing with their points as in L. vaviegatus.

About this time, contemporaneously with the appearance of the postero-

dorsal arms with their supporting rods and of the dorsal arch (PI. VI II

Figs. 3—4), the shape of the body becomes more complicated. On the

dorsal side a saddle-shaped impression develops at the level of the lower

edge of the mouth; the vibratile lobes are growing larger, and very soon

epaulets begin to form, viz. about the 10

—

11th day. The epaulets are

formed in the usual way as an outgrowth from the band at the outer

corner of each vibratile lobe.

In the fully developed larva the epaulets are very large and reach to the

middle of the body, where they join with that from the opposite side, so

that the four epaulets form together a nearly complete band round the

middle of the body, open only on the sides (Fig. 8). The posterior end

of the body is almost straiglit, with a pair of short postero-lateral lobes

(Fig. 8/1). Regarding the relative length and shape of the arms in the

fully developed larva nothing definitely can be said. The skeleton of

the body undergoes the usual absorption and a posterior transverse rod

is formed; it is short and straight, with a small process in the middle.
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and branching at each end in two simple processes, of which the lower-

most is the longer (Fig. 8/1). Regarding the color of the larva I have

noticed that red pigment cells occur scattered in the body (the small

Fig. 8. Larva ol Li/lechiims anamesiis 30 days old.

Drawn from lili". A. from the ventral side; B. side

view; ('.. seen from above. Fig- A and B showing

only the lower part of tlie larva.

a. anus; al. anterolateral arm; ep. epaulet;

oe. esophagus; pd. posterodorsal arm; po. postoral

arm; pr. preoral arm; ptr. posterior transverse

rod; re. rectum; st. stomach.

round spots seen in PI. VIII. Fig. I); in the grown larva such pigment

cells are found especially along the epaulets and in the point of the

arms.

The point to emphasize on comparing the larvae of these two species,

L. variegaius and anamesus, is the presence of large, strongly developed

epaulets in the latter, while such appear to be entirely absent in the

former; at least their presence in this species needs to be verified. Other-

wise they agree in their main features, and it is especially important

to notice the close conformity of their skeletal structures, in both the

first and the second larval stages.
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Lytechinus pictus (Verrill).

Oil a little (lirdging trip lo San Diego Ihe 7lh September 1915 I secured

a lew ri])e specinu'iis of this s])ecies; fertilization was made on board,

and the cnltnie carried to La .lolla. It proved lo be very good; the larva'

developed normally nntil the lirst stage, but then came a standstill in

their development, and as I had to leave La Jolla soon after, there was

no possibility of starting a new culture. —
The larva was in all respects so closely like that of /.. (inamrsus,

I lull there was no reason for giving a special description or Hgures of

it. Leihaps the body rod is a lillle more branched and the recurrent

lod slightly smaller than in (tiuimcsiis, but the dilTerence is in any case

\('iy unimportant il at all constant.

.\ls() the fully formed larva can be staled lo be closely like that of

(iiKduesus. On Ihe said dredging tii|) in San Diego Hay 1 found in a plankton

sample an Lchinoid-larva, fully developed, which had the same characters

in shape and skeletal slruclure as the L. (in<inu'sus-\i\r\'ii. Since at that

time no other ICchini than the two above named Liilcchiniis species had

ripe sexual j)roducts. it is beyond question that this larva also was a

Lytechinus larva, and the probability is. of course, that il belonged to

the species occurring at that place.

Otherwise 1 wish lo express here my doubt of the distinctness of these

two "species". I do not see that there is any reliable dilTerence between

them; the typical forms. 1 agree, look very difTerent; but there are all

transitions between them. In my opinion L. picliis and iinamesus are

only the shallow water form and the deep water form or variety of one

and the same species. The close agreement of Iheir larvic is in conformity

with this view, though in itself no proof of its correctness.

Lytechinus panamensis .Mri.sn.')

I'l.VII Fig. 1.

Of this, hitherto unknown, species which 1 discovered at Panama,

specimens conlainiiig ri|)e sexual products were found in December 191.")

and ferlili/alioii was made with very good result. The early developmental

stages, which do not |)reseiil any unusual features, pass very rapidly.

so that at the age of only 21 hours the embryo begins already to assume

the i)luleus shape. The larva in its first stage (PI. VII Fig. I) agrees very

closely with that of lA/lrrh. I'diicfidlus and (iimnwsus. The body is short

') I'liis new spcck-s is distinj^uislu'd Iidiii the oilier Lytechiniis-spQcies ol the West Coast

of .\mc'rica in having the test uiiiforniiy reddish-lirowii coloured and tiie short spines some-

what handed, redhrown aii<l white. Ocular I is generally insert. It is a (|uite small form,

rarely exceeding 2U mm h. d.. nuist specimens being only ca. Id nun h. d.
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and truncated posteriorly; the postoral rods are simple, and the body

skeleton forms no basket structure (Fig. 9). The branches at the end

of the body rod, as also the recurrent rods are rather strongly thorny

distinctly more so than in the larva of L. anamesus. The larva is very

transparent, willi a small duster of red pigment cells in tlu' point of each

arm and a few cells of the same colour spread irregularly in the body.

At the age of 11— 12 days the larvtr showed the beginning

formation of the vibratile lobes; after this they did not develop

any further and soon died. I can thus give no information

about the .shape and skeletal structure of the fully formed

larva. Especially it would be important to know whether

Fig. 0. Skek'loii ol tlu' l;iiv:i ol l.ylcchiniis [)anamenf:is. A. Iidiil %'iew; B. side view. '"7i-

Li'tlcMs as ill fig. 5. vtr. ventral liaiisviTse rod.

epaulets and the posterior transverse rod are j)resent (as is lo be ex-

pected) or not. But, anyhow, the fact here made known thai the laiva

in its first stage is in perfect accoidance with that of L. iniricudliis and

anamesus (+ piclus) is of considerable interest.

Lytechinus verruculatus (f.lU.)

lu the beginning of .\pril lOl.') I undertook repeatedly fertilization of

this species during my stay at Hilo, on the island of Hawaii.

The eggs are small (1 have no measurement of Ihem) and vi'iy clear.

The cleavage proceeds at an extraordinary speed, so that already four

hours after fertilization the blastula stage is reached (though not yet

swimming); the embryos are very transparent and form an excellent

object for nncroscopical study. The hrsl larval stage has the usual shape,

with the posterior end short and truncated. The body skeleton forms
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a basket slruclurc-: llio posloral rod is fenestrated. The skeleton is only

very slighlly liiorny.

Reyond this slai^e 1 did not sncceed in rearing the larva*. No figures

can be given, because the 'laboralory" conditions at llilo did nol |KMinit

any drawing of the living larva;, and the skeleton has been dissolved

in the preserved specimens.

The very conspicuous iliU'erence in the skeletal structure between the

larvae of this species on one hand (basket-structure and fenestrated rods)

and the other L/y/cr/j/nf/.s-species on the other hand (no basket-structure,

no fenestrated lods) would seem to necessitate the conclusion that

the species verruciilaliis cannot be congeneric with the other

Ly{echinus-!>pc clcs, but should form a se])arate genus, in spite of the

fact that it seems to ad'ord no very prominent slruclural dilTerences

from those species.

Toxopneustes pileolus (Lamk.)

PI. VIII Fig. 8.

Fertilization of this species was undertaken repeatedly during the

months April, May and .lune 101 1 al llu' Biological Station at Misaki.

In no case did I succeed in rearing the larva beyond the

first larval stage; evidently it is not very hardy, since

other Echinoitl larvae (e. g. Hcliocidaris luberculala) were

reared to their full shape under quite similar conditions.

The gastrula stage was reached at about 21 hours

age, and at the age of about two days the skeleton

had begun to appear and also the first indication of

the postoral arms was evident. The shape of the young

larva (PI. VI II Fig. 8) is the usual, with a short, trunc-

ated body. One of the cultures was kept for about 3

weeks, but even al that age llu' larvae had not yet

developed beyond I he fust stage, the only difference

from the younger specimens being that the posloral

lobe had become distinctly concave in the middle at

the oral edge an indication that vibratile lobes will

he foun<l in this larva. The pigmentation is not very

promineiil; Ihere are some scattered, red pigment cells

aiul the points of llu' arms are reddish. The skeleton

forms a basket slruclure (PI. VIII Fig. 8: Fig. 10); both pjg. lo. skeleton of

the body rod and the recurrent rod are somewhat Hi*-' young larva of

thorny. There is a deep sinuation at the point where
feo/iw'sideview'^^/

llie body rod and the postoral rod join; the latter is Letiers as in ng. 5.
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fenestrated, riu- vciilrnl transverse rods join with tlieir points hut do

not cross one another - at least not in tliis slai^e.

It should be |)()inted out that tiic \\<ji,u\v of tiiis lai'va is drawn from

a preserved specimen, so that it is \ cry j)r()i)al)lc that tlicre is sonic shiink-

age in the soft parts of both body and arms.

Toxopneustes roseus (A. Aji.).

I'l. VIU. Fig. 7.

Fertilization of tiiis species was undertaken on November 11th at

Taboga, Panama. It was, evidently, at the end of its breeding season,

most of the specimens being em])ty.

The eggs are of the usual small size, transparent, though somewhat

yellowish. The cleavage does not present any unusual features. .\t the

ase of 21 hours the embrvos show the first rudiments of the skeleton;

at the age of two days they have the typical plutcus shape of the first

stage. The body skeleton forms a basket structiirc, the posloral rods

are fenestrated. — On the following dav the larvse all died, and there was

no i)ossibility of getting a new culture. No figures were drawn of the

young larvae; since the skeleton has been dissolved in the preserved

specimens, there is no reason to give any figure to show the general shape

of the larva, which is as usual.

Although I did thus not succeed in rearing this larva beyond the first

stage, I think I can give some iufoiination also of the somewhat more

advanced .stage. In a plankton sample from Xovembci- 1*)15 from near

Taboga was found the larva represented in IM. VlII Fig. 7. It is almost

beyond doubt thai it must l)e the larva of To.i<)i>nciislcs roseus. The regulai-

h>chinoids occurring at Taboga are the following: Eucidaiis Thowiisi.

Diadciud inexicainini, Asliopijga piilvinaUi, Toxopiieastes roseus, Li/lcrlii-

nus panamensis and Evhiuomclra ixai lUunli. Diadema was not ripe at

that time and is therefore out of (picstiou: tlic young stages of luicid<uis

described above are so dilTerent from this larva Ihat it is hardly imagin-

able, how it could develop into a larva like the one in (piestion. The .l.s7/«-

pilf/d- and L///rr/H'/)f;.s-larva are (juite difTcrent (sec 1*1. \' Figs. (>- 7 and

IM. \'II Fig. 1); also lulunonwlru run Brunii was learcd to the young

Fluteus, the body skeleton of which forms a strongly thorny basket

structure. Thus To.iopncusles roseus alone remains to which to refei-

this larva.

('haracterislic of this larva is the considerable length of the ventral

transverse rods, which are crossing one another and make the median

part of the postoral band project as a pair of small lobes, supported
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by these points. 'Vhv posterodoisal rods Iinve just appeared; they are

fenestrated. The dorsal arch has a very h)iiL( posterior process; the fact

of its appearance at this comparatively yoiiiig stage woidd seem to indicate

that liie arms, except the postoral ones ( they are broken in the spe-

cimen, so that their exact length cannot be ascertainetl; but they arc

fairly long, anyhow — ) are, upon the whole, short. The anterolateral

Fig. 11. Skfk'toii (>r llu' larva of Toxupnetistes rosciis ('!). --^/,. Lellers as in lig. 5.

arms (they arc broken, but somewhat restored in tiic llgure) are evidently

short. The posterior transverse rod has not yet appeared. The body

skeleton is nearly smooth (Fig. 11).

Pseudocentrotus depressus (A. At).).

As the breeding season of this species did not occui- (hiring my slay

in .Japan (Aj)ril—July), I could not study its ilevelopment myself. Being,

however, very anxious to learn, whether the larva of this species would

prove to be of the same type as the other Toxopneustids, as I expected,

or perhaps of the Echiims-Slronfii/loccnlioliis type, 1 asked my Japanese

colleagues to do me the service lo try to rear the larva, when its breeding

season came on. Dr. Fujita. then .Assistant at the Biological Station

of Misaki, kindly undertook lo icai- Ihe iaiva. when in the end of Oc-

tober ripe specimens of the species were found. Tiu' preserved larva-

were sent lo me and received in hVbruary 1!)1() in Panama. On exami-

ning liiem 1 found my expectations confirme<l: Ihe body skeleton formed

a basket structure as in the roxo|)iieuslid;e (i. v. most of them, LijUxhi-

luis forming a remarkable exce|)lion). The closer study of the larva',

which were reared only till I he lirsl stage (the oldest being 10 days old).
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was postpoiUMl lill my itiuiii. Tlicre. however, it was found Ihat the

skeleton luul dissolvod. except in the very youngest specimens, only one

day old, where the skeleton has just appeared in the shape of a pair of

Ihree-radiate stars. Although the lai\a' art' olherwise very perfectly

preserved Iheie seems lo me no ii'ason lo tjive (igures of Ihem: lliey

do not present any noteworliiy dilTerences from the usual type of larva

in regard lo the shape of the body. Hut the information gained about

the structure of the body skeleton in the first larval stage is of imi)ortance,

and I beg to express my gratitude to Dr. Fujita for his kind assistance

in rearing these larvae.

Strongylocentrotus pulcherrimus (A. Ag.).

I'l. I.\ Fig. o.

I'll. Morli'iiMMi. On 11k' <k'\i'l()|)riu'iil ol soiiii' .lapaiu'sc Echinoderms. p. .")ll.

This species being among those which I had. mainly on account of

the structure of its pedicellariae and spicules, transferred to another

genus (Slrongijlocenlroliis) than that in which it was hitherto placed

(Spha'reihiniis)^) I was very anxious to study its develo])menl and ascer-

tain whether the structure of its larva was in accordance with that of

SlroiuiiilorciUrolus drohachiensis, — as 1 expected, — or not. Already on

one of the first days of my stay at the Biological Station, Misaki, 1 had

the pleasure of finding ripe specimens of the species, which is very com-

mon there under stones in (juite shallow water-). Fertilization was made
at once (April 2(Sth) and proved successful.

The eggs are small yellowish, not very transparent. The cleavage does

not ofTer anything of particular interest. The gastrula stage was reached

after about 21 iiours, and in the course of the second day the embryos

had a.ssumed the shape of small Plutei, rotating in the usual way, i. e.

to the right, about their longitudinal axis.

The young larva agrees in its shape and structure very closely with

that of .S7/'. drobachicnsis, as described by A. Agassiz*). The posterior

part of the body is elongated (PI. IX, Fig. 5), supported by the long body

rods. The arms are rather broad and flat, narrowing towards the point.

The preoral transverse band is short, rounding upwards at the corners,

the frontal area being thus (|uite narrow. The ]iosloral transverse band

') IiiRolf-Echinoidca I. l'.Mi:i, p. 121, l.i.S,

-) Like so many other litloral lu'lilnoids it has liu' hahil of covering ilsell with small

stones, fragments of plants etc., evidently witli the ohjcct of disguising itself.

^) A. Agassi/,. On the Embryology of Echinoderms. .Mem. Amer. Acad. Vol. l.\. 186-1.

Figs. 1—18.
'I'll. .Morteiisen. Echinodermeiilarveii d. Planktoii-Expedilion p. 9(1. Taf. \\\. .'i

—

I.

\ 111. :! .').
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has a slight siiuialion in the middle. Over the whole body, as well as

along the vihialile band are scattered refi-brown pigment cells; in the

end of the arms and in the posterior end of the hotly they may be lying

somewhat closer, but there is never a very prominent pigment spot in

the end of the arms. — The skeleton is simple. There is no basket-structure

and not even an indication of a recuireiil rod. The body rods are club-

shaped, with some irregular, short branches at the thickened end. Other-

wise the skeletal rods are very slender and very linely Ihoriiy. (Fig. 12).

At the age of ca.

.'i weeks the postero-

dorsal arms luid \)r-

gun to appear, Lheir

supporting rods

being also simple

and very slender. At

the age of one month

the posterior end of

the body rods showed

signs of beginning

absorption: the dor-

sal arch had ap-

peared and the pre-

oral arms had begun

to develop. A small

vesicle lying opposite

the hydrocoel on the

left side evidently l-lg. 12. SkcMon o\ Ihe larsa oi Slrongytocentmlus puUlierrimus.

represented the be- l**' stage, a. ventral view, B. Side view. "Vi- I-etters as in fig. 5.

. . . r vtr. ventral transverse roH.
gmning amnion-for-

mation. At five weeks the body rods had been almost completely ab-

sorbed. There was otherwise no change — no poslerioi- transverse rod

and no epaulets. The larva- still lived for nearly two weeks more, but

they did not develoj) any fiirtiier. The (jtiestion whether epaulets are

present in llie ftilly developed larva of this s|)ecies thus still remains

open. No new (iiiliire of litis species could be obtained al that time, its

i)ieeding season i)eing over.

Tile larva of .S7/'. drobarhiensis was reared by Agassi/ till the age

of 1 weeks. The i)ostero-dor.sal arms and the dorsal arch had appeared,

btil a|)paieiitly lie has not observed any beginning absorption of the body

rods. .\s for the later stages described and figured by Agassi/, as be-
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longing U) Ihis same larva I have shown in my 'iM-hinodornuMi-Larven

<i. Planklon-h",x]n'(liti()M' (p. 1)1) that he made a mistake, 'i'liese larviP,

which were canghl IVce swimming;, evident ly belong to a (",ly|)easlroi(l,

most prob;il)ly lu-hinnKtchniiis jxtrnid^). \>u\ tlie main thing is that they

are not .S7/. (Inibdchii'usis, and his slatomenl ol' the presence of vibratile

opanlels in the SlroiniiilotriUrolus-hwyix lluis lacks real loiindation.

Hereby 1 do not mean to ascertain that there aie no epanlels in the

.S7/-. diob(trhicnsis-\aryii. On the contrary, I may lake the ()p|)orlnnity

here to stale thai the Sir. dioha(lu('nsis-]a\\i\ has not only the nsnal

e|)aulels. bnl it has also a posterior |)air o! large epanlets, ninch as

in the larva of lulunus csculcnlus. This statement rests, no! npon the

reai-ing ol' this larva, of which 1 have not as yet fonnd an ojjportnnitw

bnl on the evidence of a ])air of sjiecimens fonnd in a i)lankton-sam|)U'

from (ireenland, taken by Mr. K. Slephensen in l)re(lelior(l. Sonlh

Greenland, in Ihe sunimcr of 1912. As .S7/'. drolxirliiciisis is the only lit-

toral I'k'hinoid of (ireenland there can be no donbt that the larva belongs

to this species. I'nforlnnately the specimens are in a rather poor slate

of preservation, so that they are not fit for being figured; but the epanl-

els are distinct enough. It is a |)ity thai the larva of .S7/'. piilrhrr-

rimus could not be reared to metamorphosis so that the question whether

it has epaulets like drobachiensis could be decided, lint in view of the

complete accordance with the drobachiensis laiva in the earlier stages

there is every reason to expect that it will also prove to have epaulets

in the same wav as Ihat larva.

Strongylocentrotus franciscanus (A.Ai^.).

I'l. IX Figs. 1- -4.

The development of this species I had the opportunity of studying

while slaying at the Biological Station at Nanaimo, Vancouver Isl.,

B. C, in May—.June 1915. Fertilization was made on May 26th. The

eggs are small and transparent. I noticed the peculiarity that there is

found a double fertilization membrane, the outer one standing far out

from the egg, while the inner membrane lemains close to the surface

of the egg and follows the outline of the cleavage cells, as shown in the

') h) the work qiioted 1 liave sii<;fJustiMl llial tlicy iiii^lil pcrlmps l)('l(m}< to MilliUi lislii-

(liitata, pointin}>, however, also to their likeness to the E(liiiiurutliniii.s-h\r\d. .Mae Bride
ill his Memoir on the I^evelopnient of Echinus esculenlus (Philos. Transact. B. Vol. lO.*). 1903.

p. 287) still states that by this work of Agassi/, ''for the first time a complete history of

the changes in external form undergone in a single species was obtained ". I-Aidently Mai-
Bride nnisl have overlooked my criticism of Agassi/' work, llic honour ol having lor the
(irst time given the couLplele history of the development of an Kchiriold (regarding the ex-

ternal form) belongs to Thiel (Hchiiwcyanms), not lo Agassi/.
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adjoining sketch Fig. 13 (which was not drawn with the

camera). I may state thai I found the same pecuhar

membrane-lormalioii in .S7/. drobdchiensis (by a fertil-

ization made al llie same lime, which, however, did

nol lesiill in any rearing of I lie larva', I he breeding

season of llial species being then already pasl, only

few eggs remaining); I regret not having noticed whether i-Ik. i.{. Egg in the

,,

'

,

'

f/ I I
• l-c-cll stage of Sir.

the same r)lienomeiion occurs in Sir. niilcnerrimiis.
, ,' • /raiiiificanus: show

The gaslrula slage was reached after about 21 hours, iny douhio iiicm-

and in the course of the next day the embryos had braiu-.

assumed I lie shape of young Plutei. The poslero-dorsal aims began to

appear al llie age of 8 days. Beyond lliis stage 1 did not succeed in

rearing the larvte, the culture dying oil when Ihe larvae were 12 days

old. .\ new fertili/.alion was tried in the laler pari of .June, but then

Ihe breeding season was pasl and only few

eggs could be found, which did not develop

normally. However, 1 can give some informa-

tion also of the fully formed larva of Str.

/idnriscaniis, having found a s|)ecimen in the

plankton. As no other species of FLchinoids

occur there, besides Dendraster excentriciis —
the larva of which 1 have also reared, and

which has no resemblance to the present larva

— and a Spatangoid, Brisaster latifrons (A.

Ag.) — which was not ripe and which has,

moreover, probably not pelagic larva — there

cannol be any doubt Ihat this larva really

belongs to .S7/. franciscanus.

The larva of S. franciscanus in its first stage

difTers from that of drohachiensis and pukher-

rinms in Ihe posterior end of its body being

distinctly less elongaled and more rounded

(PI. IX, Figs. 1—3). The arms are nol so broad

as in the said species. As in these species the

body skeleton does not form a basket struc-

ture. The body rod is clubshaped, rather

strongly thorny at the thickened end, which

curves somewhat inwards; it is distinctly

Fig. 14. Skeleton of larva of shorter than in the two other species. Further-

„ , CI 100/ more this larva diners from the two other
stage. Side view. '"7,.

Letters a.s in lig. ."). larvae kuown of Ihis genus in having a well

7
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developed recurrent rod (Fig. 14), which may even sometimes reach

the posterior end of the body. It was, however, never found lo unite

with the body rod, so that no basket structure is formed. The rods of

the postoral and posterodorsal arms are simple, slightly thorny. Only

scattered red pigment cells are found, no accumulation of pigment in

the point of the arms.

In the stage where the posterodorsal arms are beginning to develop,

which occurs already at the age of 8 days, — much earlier than in S.

pulclwrrimus — the postoral ciliated band assumes a characteristic ap-

pearance (PI. IX, Fig. 2), with a median and two lateral sinuations. These

gradually grow deeper, and in Ihe fully formed larva (f^l. IX, Fig. 4)

the median sinuation forms a deep excavation, while the two lateral

sinuations form a pair of large epaulets (or vibratile lobes). The body

is very wide in the middle, while the oral part remains narrow, the dorsal

ciliated band thus making a deep sinuation at the level of the postoral

band. The preoral band has the same shape as in pulcherrimus, the frontal

area being very small. The postero-dorsal rod has appeared in the spe-

cimen figured in side view. In this specimen this rod lacks the usual

sidebranches at its base, but in sketches from other specimens I have

represented these small branches in the same form as in pulcherrimus,

which is then evidently the normal feature.

The fully formed larva (PI. IX, Fig. 4) has the posterior end shortened

in the usual way through the absorption of the body rods, the hind edge

being nearly straight. It carries a pair of epaulets at the posterior end,

besides those at the base of the postoral and postero-dorsal arms, as is

the case also in the ^". drobachiensis-lavva. The arms are fairly broad

and flat, not very long, the postoral arms being the longest. The postoral

area is very much concave, the frontal area is very small. There are only

scattered pigment cells. There a])pears to be no posterior transverse

rod; in the said figure, it is true, a small rod is represented lying in the

place usually occupied by the posterior transverse rod. It can, however,

hardly be doubted tliat it is only a part of the body rods broken olT in

the course of thei)- absorption; its irregular shape would seem lo preclude

the idea that it could be a true posterior transverse rod. Of course, however,

researches on living material will be required for definitely settling this

important point.

The figure of the fully formed larva is partially reconstructed. No

doubt the outline of the living larva will prove somewhat ditTerenl, especi-

ally the body will probably be somewhat broader. Still, as the specimen

from which the figure was drawn is fairly well preserved, I have thought
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it worth while giving this figure, since otherwise no figure exists of a

fully formed larva of a true Sirongylocenlrotus-species.

Concerning llie four anterior epaulets 1 may point out that it cannot

be decided from the single specimen in hand, whether they have been

separated off from the vibralile band or not; in the latter case they will

be no true epaulets. l)ul only the band along the vibratile lobes.

Siromjylorcnlrotus franciscuims, together with the other Californian

species S. puipniatus, has been the object of a great many experimental

studies, especially by Loeb. In spite of this the larvai of these two species

have not been described hitherto in any way adequately; only some out-

line figures have been given of the first larval stage for the sake of com-

parison with hybrid larvse of the two said species, while no informa-

tion at all is given of the later larval stages. But at least we may gather

from these papers') the important information about the larva of Slron-

gylocentroius piirpiiratus that in its first stage it agrees closely with the

larva of S. drobachiensis and pidchenimus in having a long, clubshaped

body rod; there may be an indication of a recurrent rod, much smaller

than in franciscanii^, and there is, accordingly, no basket-structure. —

•

The species breeds during the winter season. I had therefore no opport-

unity myself of studying its development.

Temnopleurus toreumaticus (K^lein).

Pl.X, Fig. 0. PI. XII, Fig. 6.

Fertilization of this species was undertaken at Misaki on June 25th

and again on the 29th, the first culture being unsuccessful. The eggs are

very small and transparent. The cleavage and the first developmental

processes go very rapidly, so that already after about 12 hours the embryos

leave the egg-membrane in the shape of blastula', and at the age of ca.

22 hours the embryos were found to have assumed the I^luteus-shape

(PI. XII, Fig. 6). A conspicuous feature of the young larva is the very

V) -1. Locb, \V. (). R. King & .A. R. Moore. Cber Doininanzersclicinungen bei den
liybriden I'liitcus des Seeigels. .^rcii. f. Entw. Mechanik. Bd. 2'J. 1910. p. 354—.562. Taf.

XI—XII.

J. Loeb. (*ber die Natur dcr Bastardlarve zwischen deni Echinodermenei (Strongylo-

c-entrotus franciscanus) und Molliisl<ensamen ((^hlorostonia funebrale). .'Vrcli. f. l-jitw. Mech.
Bd. 26. 1908. p. 476—82. 13 figs.

J. Loeb. Weitere Vcrsuchc iiber helerogene Hybridisation bei Ecliinodernien. .Vrcli.

f. d. ges. Phy.siologie. Bd. 104. 1904. p. ;^25—50.
J. Locb. Die cheniische Entwici<liingscrregung des tierischen Eies. 1009. (On p. 7, Fig.

17 is represented a young Pluteus of SIrongyloc. purpiiraliis).

A. L. Hagedoorn. On tlie purely motherly character of tlie Hybrids produced from the

eggs of Slrongylocenlrolus. Arch. f. EnLw. Mechanik. 27. 1909. p. 1—20.

7*
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small size of the stomach, oesophagus and recliim. the more conspicuous

since the body is fairly elontjate. The arms aic slill (|uile siiorl : the anterioi-

edge of the oral lobe is lather thickened, the [)reoral vibralile i)and

being not yet very distinctly difl'erentialed. The skelelon is very chaiacl-

eristic, the elongated body rods being rather coarsely thorny anfl ending

in Iwo serrated branches*) (Fig. 15); I lie poslorai rod is fenestrated.

There is a small recurrent rod, with the end curving forward, and the body

skeleton accordingly

does not assume a

basket structure.

After 8 days the

larvae had reached the

shape shown in PI. X,

Fig. 6. The postero-

dorsal arms have

developed, their rods

being fenestrated. All

the arms are fairly

broad, but somewhat

abruptly narrowed to-

wards the j)oint.

There is a small pro-

minence on each side

at the anterior end, indicating the place of the future preoral arms,

and further there is a characteristic small thickening on the postoral

band where it bends out along the postoral arm. Vibratile lobes or

epaulets have not yet been formed, and it then remains undecidetl

whether they exist in this larva; Judging, however, from the presence of

epaulets in the MespiliaAarvA as also in the undetermined Temnopleurid

larvai described below it can scarcely be doubted that epaulets, but no

vibratile lobes, will be found also in this larva. (Cf. the larva from the

(iulf of Siam, mentioned below.) There are only scattered pigment cells,

no prominent pigment spot in the point of the arms.

In the skeleton (Fig. 16) there is still only little change. The absorption

of the body rods has begun, one of the end branches having disappeared.

') In the preliminar> iioliic "On (lie duvelopnienl of some Japanese Efliinodernis" p. .346,

il is stated that the main rod of the body skeli'lon in Ihc Tcnmopk-urid Iarv;v "lias a niecUan

process off Ihe posterior end of tlie stomach, and l)ey(itid tliis process tlicre is a sliorl iiroion"-

ation. whicli becomes alisorbed in the later stages". While il really has this ai)pcarance when
seen from the ventral or dorsal side, the side view of the body makes it evident that it is more
correct to say that the body rod ends in two branches, one of which (tlie ventral) may be

directed more or less directly downwards: this latter appears to be the first to be absorbed,

when the full larval shape is about to be formed.

Fig. l.j. Skeleton of larva of Temnopleurus loreumalicus

stage. A. from the ventral side; B. side view. ^""/i.

Letters as in fig. 3. vtr. ventral transverse rod.

1st
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The dorsal arch has not yet been formed, and there is as yet no trace either

ol' ;i posterior transverse rod. That this latter rod will prove to exist

may be su|)posed i'rom its existence in the two related forms described

l)elow, and especially in the larva fron> the (iulf of Siam, which probably

belongs to T. toreunuitkiis.

At the age of 12 days the larva had not developed beyond this stage,

and as I had then to leave Misaki, there was no possibility of studying

its further development. 1

tried to carry the culture

along with me; but while

I succeeded in carrying

some othercultures in good

condition to Australia, this

one succumbed.

In a plankton sample

from the Gulf of Siam (oil

Koh Kam. 1. 11. lUUO) 1

have found an Echinoid

larva which is so very

similar to the larva of

TemnopL lureuimdicus^)

that it seems almost just-

ified to refer it to this

species. This larva is only

in a slightly more ad- l^ig. le. skeleton of larva of Tcmrwplmnis iDrciinmtuus.

vanced sla«'e than the " "^ay^ "l^- '°°/i- Letters as in llg. :>. citr. dorsal trans-
'^

verse rod.

oldest stage of the /'. lo-

reumaticus larva reared. Vibratile epaulets are beginning to develop.

A posterior transverse rod has appeared and also the dorsal arch; on

the other hand the body rods have apparently not yet begun to be ab-

sorbed. Posterolateral processes arc indicated, which will be supported

by the branches of the transverse rod; that this rod has branches at its

ends can be seen, but their definite form is not yet to be ascertained.

M The fact llial this larva was taken In the begimiitin of February, while the IVrlilizalioiis

were undertaken in the end of.lune, does not render the reference of the larva to this species

impossible, since some specimens taken olV l\oh Rons in the Ciidf of Siam on the 2.5th of

.January liKid jirove to contain ri|)e sexual products. Whether this species has then a breeding

season so long as indicated by these dates, or its breeding season is perhaps not so early in

Japan as farther South, remains to be ascertained.
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Temnotrema sculpta A. Xg.

PI. VI, l-ig. 1.

This species, whidi occurs — though in rather small luimbers — under

stones or among Laminaria-roots along the shores at Misaki, was found

to be ri])e in the end of April. Fertilization was undertaken on the 26th

and later on again in the end of May, 191 I. The cultures were not quite

as good as desirable, and the larva^ could not be reareil till the full shape

was reached; still valuable information was obtained, showing that the

shape and structure of this larva is in conformity

with that of the other Temnopleurid-larvae here

described.

The eggs are very small, and the first develop-

mental processes occupy a very short time only.

The embryos were found to have assumed the shape

of young Plutei at the age of 36 hours (probably it

does not really take so long time to reach that stage).

The shape of the young Pluteus is very much like

that of Temnopleurus hreumaticus : the body is

elongate on account of the long body rods; the ven-

tral side of the body is distinctly concave. The

stomach, oesophagus and rectum are small but

hardly so small as in Tenmopleunis loreumaticus

;

the anterior border of the oral lobe is thickened as

in that larva. The skeleton (Fig. 17) is of the same

type as in the Temnopl. loreumaticus-larxix: the

body rod is elongate, thorny, ending in two or

three horizontal branches; the recurrent rod is

quite small, curved; no basket structure is formed. The postoral rod is

fenestrated.

The most advanced stage reached is that figured in PI. VI, Fig. 1,

from a larva 18 days old; the arms are broad, rather abruptly narrowing

towards the point; the posterodorsal arms have appeared, but not the

preoral ones. The postoral ciliated band bends somewhat downwards

in the middle, and the anal area is slightly concave here. Along the sides

of the body the ciliated band goes far downwards which indicates

that postero-lateral lobes will develop as in the Mespilia-lm'va. -- Con-

spicuous red pigment cells are distributed along the vibratile band and over

the body; in the point of the arms a few pigment cells occur. — Vibratile

epaulets have not been formed.

In the larva figured the body rods had begun to be absorbed, but no

Fig. 17. Skeleton of larva

of Temnotrema sculpta,

2V2 days old; side view.

""Vi- Letters as in fig. r>.
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trace of a posterior transverse rod was seen; the dorsal arch had been

formed. The postero-dorsal rods are fenestrated as the postoral ones.

In the second culture many of Ihe larvae were more or less abnormal,

the body skeleton forming a more or less developed meshwork.

Mespilia globulus (Linn.).

PI. VII, Figs. 1—2.

Th. Mortensen. On tlie flcvelopiiU'iil of sonic .Japanese Echinoderms. p. .546.

Although this species^) is fairly common in shallow water near the

Biological Station at Misaki, it was quite difficult to get a culture of it,

partly because its breeding season appears to be somewhat later in the

summer, partly because it was found to be very generally infested with

a Trematod living in its genital organs and destroying these more or less

completely. I succeeded, however, in getting a fertilization of it on .Tune

25th 1914, which

gave a small, but

sufficient number of

larvae. They devel-

oped quite normally

until beginning me-

tamorphosis, when

the surviving spec-

imens had to be pre-

served on my depart

from the station.

The developmen-

tal processes do not

go on so fast as in

TemiwpU'urus loreu-

mnticiis; the embry-

os had not yet pas-

sed the blastula stage at the age of ca. 24 hours. The young Pluteus

does not alYord any very marked features; the body is not quite so

elongate as in the two other Temnopleurid-larva^ described above, ami

the stomach is not quite so small as in these. Pigmentation is very scarce.

') Voshiwara (Preliminary Notice ol new .lapanese Eehinoids. Annol. Zool. .laponenses.

II. 1898, p. 58) has establislied tlie species M. leviluherculata for the Japanese form of Mfspilia.

H. L. Clark (Hawaiian and other Pacific Echini. The Pedinida: .... Echinida-. Temno-

pleuridiB .... .Mem. Mus. Comp. Zool. XX.XIV. No. 4. 1912. p. ;V22) maintains that it cannot

be separated from the typical M. ulobiiliis (L.). On adopting the name M. ghhuliis for it

here I must state that it is on the authority of H. L. Clark, having not yet had the opport-

unity of critically examining the (|uestion myself.

Fig. 18. Skeleton of larva of Mespilia globulus, 1st stage.

.\. front view: B. side view. '"»/,. In fig. H. the postoral rod

is ahnormally widened into a fenestrated plate: also in fig. -A

Mure is a slight abnormity at Ihe base of the right postoral

rod. Letters as in tig. o.
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The skek'loii (Fig. 18) is ol the same lype as in the Trnmoplcurus aiul

Tcmnolrema hirva, the body rod being oidy soniewhal less elongale; it

is strongly liiorny. There is no hiiskcl siruclure. The recurrent rod is

not curved forwards (at least in (he single young larva preserved: 1

lia\e OMiitled lo observe how il was in (he specimens examined alive).

The postoral lod is I'encslraled. (Some irregularities are seen in I he

skeletal details tigured, hnl not so much as to obscure the main features.)

At the age of 15

days the larva' had

readu'd their lull

size and weri' in the

beginning of meta-

morphosis. It is now

a most striking ob-

ject and one of the

most beautiful Echi-

noderm larvae. The

postoral and postero-

dorsal arms are very

wide a I their base,

rather abruptly nar-

rowed towards the

point. They are held

almost horizontally

and thus directly

serve as a Moating

apj)aratus. The fig-

ures do not show

these arms in their

natural position; Fl.N'lI, I'ig. 1, which was drawn from a living specimen,

shows the larva in half dorsal view; the postoral arms are seen in their

full breadth, while the poslero-dorsal arms are seen half in profile; in reality

they are as wide as the ])Ostoral ones. PL VII, Fig. 2 is drawn from a

preserved specimen; the |)ostoral and ])ostero-dorsal arms have con-

tracted to less than half theii- natural width and also the position is

more upright than normal. i) .\cross the base of each of these arms

is a large ciliated epaulet. In the preserved specimens the epaulets

') I have thoufihl it of soine interest to represent the larva in preserved condition lieside

the figure of tlie livin}^ larva in order to sliow directly the nniounl of slirinkajfe due to preserva-

tion. Such shrinkage appears lo be unavoidable, especially in larvse with broad arms. e. g.

Ophiopluletis paradoxus, and must, of course, be taken into consideration when such larva-

are desciibed from preserved material.

Fig. 10. Part of the skeleton (it a fully formed larva of Mespilia

(/Inbiiliis: front view', ""'/i- I'oslerodorsal and anterolateral rods

as well as the dorsal arch have been oniitled. b. body rod;

po. postoral rod: |)lr. posterior transverse nxl : vir. ventral

transverse rod.
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are seen to consist of two parallel, closely apposed parts, which fact most

probably indicates their origin as a fold of the ciliated band. The process

of their formation was not observed on the living material. There is a

pair of small, earshaped posterolateral processes, supported by branches

from the posterior transverse rod. No antero-dorsal arms are developed,

and there are no processes from the dorsal arch to support lobes of the

dorsal vibratile band. The antero-lateral and preoral arms are rather

short and narrow. Tlu' preoral band is almost straight, the posloral band

slightly concave in the middle, bending rather abruptly downwards at

the sides, whence it passes into the band of the postoral arms. There

are no vibratile lobes. Pigmentation is inconspicuous; there are no large

pigment spots in the point of the arms, only scattered pigment cells in the

body and along the arm rods.

In the body skeleton absorption has begun in this stage (Fig. 19) and

a posterior transverse rod has been formed. This is very characteristic;

it is a little curved and ends in two branches, one simple, slightly curved,

upwards directed, the other larger, obliquely downwards directed; this

latter branch bifurcates, the divisions again branching somewhat irregular-

ly. It is this branch which supports the postero-lateral process. Both

the postoral and the posterodorsal rods are fenestrated and rather strongly

thorny; the simple rods supporting the anterior arms are finely thorny,

judging from the young larva preserved; the skeleton has been dissolved

in the preserved specimens of the fully formed larva, and it was omitted

to make notes or figures thereof from the living specimens. — Fedicella-

rise have begun to develop in some of these 15 days old larvae (PI. VII,

Fig. 2), and also the rudiment of the sea-urchin is distinct.

Echinopluteus of Temnopleurid (?), Species a.

In a plankton sample from off Jolo. taken the 20th of March 1914,

an Echinoid larva was found which agrees in the essential features of its

skeletal structure so closely with the Mespilia-larva, that it can hardly

be doubted that it must belong to a related form. It is, of course, impos-

sible to asceilain which form this is, and at present no more can be

said than that it belongs most probably to one of the numerous Temno-

pleurids occurring in these seas. It is very tempting to suggest that it

might belong to one of the Salmnci.s-species: but there is no real support,

at present, for such suggestion. The larva is, unfortunately, in too

poor a state of preservation for giving a whole figure of it; but its main

features are distinctly seen, and the skeleton is well preserved; it presents

some very marked features by which the larva may be easily recognized.

The larva is in beginning metamorphosis; the absorption of the body

6
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rods has l)ogun and a pcdicclluria has appeared in tlie middle ol llie

posterior end. There are epaulets across the base of llie four main arms

as in the Mespilia-\ar\a, and posterolateral processes are developed.

being supported by llie

branches of the posterior

transverse rod as in the

Mespili(i-\iir\'ii. The shape

of the arms cannot be as-

certained. The anal lobe

is not verv high, such as

is the case in the species

c; there are no vibratile

lobes, but there appeals

to be a lobe on the dorsal

side, although apparently

not supported by a branch

from the dorsal arch.

In the skeleton (Fig.

20) the eminently charac-

teristic feature is the post-

erior transverse rod, which

branches at the ends, the

upper branch being simple,

pointed, with only a few

small thorns, while the

lower branch bifurcates

twice, terminating in two

larger, outer, and two

smaller, inner branches,

each set along its posterior

edge with long thorns, the

whole structure lecalhng

the antlers of a deer. The

postoral and posterodorsal

rods are fenestrated in

their whole length, sparsely

thorny. The absorption of

the body rods is so far progressed that nothing can be said with regard

to their shape. The dorsal arch has a very long posterior prolongation

from its middle and a pair of rather long lateral branches directed ob-

liquely outwards. The preoral and antero-lateral rods are finely thorny.

Fig. 20. Skeleloii of Teninopk'urid larva, species a; front

view. ""/,. al. anterolateral rod; I), body rod; da. dorsal

arch; dtr. dorsal lransver.se rod; pd. posterodorsal;

pi. posterolateral; |)o. postoral; ptr. posterior transverse;

vtr. ventral transverse rod.
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Echinopluteus of Temnopleurid (?), species b.

From Ihc C.iilf of Siam (olT Ihe North ol Koh Kul. 27/1. 1900), there

are two larva' in an advanced stage of inelarnorphosis, which represent

another closely related species (Fig. 21). The posterior transverse rod

is shorter and the lower branches have fewer thorns than in species a;

the small inner branches are lacking. The irregularities of the upper

branch seen in the figure are, evidently, abnormal; they are not seen

in the second specimen. The posterodorsal rod is di.stinctly curved

Fig. 21. Skeleton of Temnopleurid larva, species b; front view. --°/,. I'lie widenin}^ ol tlie

dorsal and ventral transverse rods are probably due to the beginnini; metamorphosis.

Letters as in fig. 20.

and, like the postoral rods, densely serrate. Both these rods are fene-

strated in their whole length. The dorsal arch has the .same shape as in

species a, only the posterior prolongation aj)i)ears to be shorter. In one

of the specimens muscles are seen very distinctly to pass between the

ends of the body rods, which proves that the lour iiiaiu arms in this

species may be moved and jjiobably are kept in a nearly horizontal posi-

tion while swimming, as in the Mespilia-lavva. That vibratile epaulets

are present as in the McspiliaAarya can be ascertained, otherwise the

shape of the larval body cannot be seen distinctly on account of the ad-

vanced stage of metamorphosis.

As with species a it can only be said that, judging from the close resemb-
8*
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lance to the Mesfjiliu-lavya, this larva must in all probability belong to

some Tenmopleurid. possibly a Snlnvicis.

Echinopluteus of Temnopleurid (?), species c.

IM. XI. Fig. A.

Together willi llu' specimen ol llie species a were IoiiikI. in the same

plankton sample Irom ofT .Jolo, three specimens of another Echinopliileus

species, which must be assumed to belong likewise to a Temnopleurid,

antl which 1 shall designate as species c. One of these specimens has not

yet begun to metamorphose, the two others are in the beginning of meta-

morphosis. Although not in a very good state of preservation the younger

of these specimens shows several very characteristic features well; it was

therefore thought desirable to give a whole figure of it, although it had

to be partly restored: thus the vibratilc band is preserved only in the lower

part of the arms, so that the true shape of the arms cannot be seen; like-

wise it is impos.sible to ascertain the exact shape and size of the epaulets.

As seen in PI. XI, Fig. 3 the absorption of the body rods has not yet

begun, in spite of the fact that the posterior transverse rod has already

been formed. The body is thus seen to be somewhat elongated as in those

Temnopleurid-larvee of which the young laival stage is known. .\ very

characteristic feature of this larva is the shape of the anal lobe, which is

very high, being supported by the very long ventral transverse rods; it

is concave in the middle, the corners being rather prominent. On the dor-

sal side the vibratilc band is |)ro(luced into a small lobe, supported by a

process from the dorsal arch. The postero-lateral process is very short and

small, but it is quite possible thai it is considerably larger in the living larva.

The skeleton (Fig. 22) affords several very characteristic features.

The body rods are branched at the end in the same way as appears to be

the rule in Temnopleurids. The postoral rod is fenestrated, but the holes,

which are ver}' small, disappear completely a lit lie above the middle of

the rod, and the outer part is simple, the three component rods coalescing

.so completely that there is no trace of a compound structure. The postero-

dor.sal rod is simi)le, slightly curved. Both these rods are very sparsely

set with line thorns. There are two sets of ventral transverse rods, one

very long, upwards directed, supporting the high anal lobe, the other

transversely directed, short: the latter ma\ perhaps really represent llu"

recurrent rod. The posterior transverse rod is very peculiar, formed like

a bow, with no posterior branch at the ends; on the other hand it has a

long posterior |)rocess in the middle, somewhat curved, and a small an-

terior process. In PI. XI, Fig. .3 it is seen to have developed before the

absorption of the body rods has begun; a similar case was found in the
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larva mentioned above sub Temnopleunis loreumaliciis (p. 53), so that

this may well l)e supposed to be a normal case. The place of the posterior

transverse rod, as shown in PI. XI. Fig. 3 is somewhat unusual, so that one

might he tempted lo suggest that it has been somewhat transplaced

upwards on preservation. I would, however, be inclined to think that

it lies in its normal position, especially since it lies in the same way in the

above mentioned

larva of Tcmnopleu-

rus loreumaliciis (?)

;

but this can. of

course, only be de-

cided through ob-

servations on the

living larva. The

dorsal arch has a

very characteristic

shape ; there are

two rather long

lateral processes;

at the point where

they proceed the

arch makes an ob-

tuse angle, and the

part beyond (the

preoral rod) makes

a graceful bending.

The posterior me-

dian process is

short. All the simple

rods are nearly

completely smooth.

The branching

end of the body

rods, the existence

of vibratile epaulets, but apparently not of vibratile lobes, and the

presence of a posterior transverse rod is a combination of features which

appears to be characteristic of the Temnopleurids; it seems therefore

justifiable to suggest that also this larva belongs to a Temnopleurid. Any
suggestion of the species or genus to which it belongs would appear to be

hopeless; it may only be said that it may probably belong to another

genus than the larvae described as species a and b, its very peculiar

Fig. 22. Skeleloii of Temnopleurid-larva, species c. l-'ront view,

sliglitly oblique. '^/,. Letters as in rif*. 20.
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posterior transverse rod especially indieatiiif* that it can hardly be so

very closely related to those forms.

Evechinus chloroticus (Val).

I'l. \, I'igs. 1—5.

Duriiifi a trip round the Xmili Island of New Zealand, onboard ihv S.

Z. (i. S. •"liineinoa"' 1 had liu' ()i)])orlunily of rearint* the larva of this

s])ecies. Ferlili/alion was undertaken on the 18th of December 191 1. The

culture of the larva* was kepi until the 22nd of .lanuary 191.'); Ihe larva*

had attained their full si/e by that lime, bul metamorphosis had not

yet begun. The development of Ihis species then goes on rather slowly,

though perha])s nol finite so slowly in nature. The conditions under

which the cultures hail to be ke])l onboard Ihe small steamer were not

the very best, and this may perhai)s have had some delaying inlluence on

the development, as also the fact that not few of the larva? showed more

or less pronounced abnormalities most probably is due to some extent to

these conditions. The fad that the two cull ures which were made showed a

rather marked difference in the time of appearance of the skeleton indicates

that this supposition is correct. Ikit, anyhow, a good number of the larva

(levelo])e(l normally, and a fairly complete description of the larva of this

species thus can be given. — Unfortunately there was no j)ossibility of

making drawings from the living specimens, and moreover it happened

that in all the specimens of the more advanced larvae preserved the skeleton

had been dissolved (while the shape was preserved quite exceptionally

well); only in some larvae of the first stage the skeleton remained intact

— but all of them present some abnormalities. The description of the

skeleton thus cannot be quite satisfactory; but the main features at least

can be ascertained from Ihis material combined with the notes put down

after observations on the living specimens.

The cleavage is quite regular; the 8-cell stage was reached in the course

of 4 hours; swimming blastula were found ca. 16 hours after fertilization,

and the gastrula stage was reached at the age of about 24 hours. They

were not very clear and evidently do not form a very good object foi- mi-

croscopical study. The skeleton had appeared on the .'h'd day and the vm-

bryos were beginning lo assnnu' Ihe Pluleus-shape. In another culture

the skeleton began lo foini in Ihe course of the second day. .\l Ihe age

of 6 days the larva were found lo be well developed Plutei in the first

stage; in this stage they remained apparently unaltered for about 8 days

more; at the age of nearly two weeks the first indication of the postero-

dorsal arms appeared. At the age of three weeks Ihe stage shown in

PI. X, Fig. 2 was reached, and the fully formed larva shown in PI. X. Fig. 3
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is five weeks old. This larva is, accordingly, among those which, like e. g.

Slromjyloreiitroliis pulclwrrinnis and Ileliocidaris luberrulala, lake a com-
paratively long lime lo develop; bnt, as stated above, it is hardly justifi-

able to conclude I ha I the development normally proceeds quite so slowly.

In the young Pluteus stage (PI. X, Fig. 1) the body is short, in accordance

with the character of the body skeleton. There is a very distinct suboral

cavity. No pigment spots in the point of the arms, only few scattered

pigment cells in liie body and arms. — The body-skeleton (Fig. 23) forms

a basket slrueluio; in the figure A the frame is not complete, the recurrent

rod not having united with

the body rod; but since 1
jj^\

have noticed after observation

on the living specimens that

"the body skeleton is like that

of Heliucidaiis liibeirulata' it

can hardly be doubted that

normally the recurrent rod

unites with the body rod to

form a complete basket struc-

ture as it does also in tig. B.

In some of the specimens with

the skeleton preserved the

body skeleton is considerably Fig. 23. skeleton of the larva of /•:wr7i/;i(i,scWoro/icus,

more complicate than in the '^t stage. Slightly abnormal. -«/,. a. from view:

„. ... „. „,, B. side view. Letters as in fig. 20.
specimens after which big. 23

was drawn, looking more or less distinctly like the structure found in

Heliocidaris luberculala and Echinometra lucunter (Figs. 24, 25). It is im-

possible to ascertain from this material what is really the normal struc-

ture of the body skeleton in this larva, but, in any case, it is important

to notice that there is a distinct tendency in this larva towards forming a

complicate body skeleton similar to that occurring in the two forms

mentioned; in the Fig. 23 H there is seen an indication of a double recur-

rent rod. The body rod is rather coarsely thorny. The postoral rod is

fenestrated: in I lie specimens wliere the skeleton is preserved it shows

more or less pronounced abnormalities. It is seen to consist only of two

component rods in the outei' part; I would, however, not venture to ascer-

tain that this rod is normally thus constructed — it is only safe to say

that the ])ostoral lod is fenestrated. The anterolateral rod is almost smooth.

The fully formed larva (PI. X, Fig. 3) has two pairs of vibratile lobes

and short, earshaped postero-lateral processes. On the dorsal side the

vibratile band forms a pair of lobes, supporting a raised wall across the
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dorsal side. There are no epaulets. The arms are of medium leuj^lh, fairly

broad. The pigmeuLaliou consists of .scattered red pij^nient cells; no pro-

minent pigment spots in the point of the arms.

Regarding the skeleton full information cannot be given, because it

has been dissolved in all the specimens preserved. In my notes from the

observation of the living specimens it is stated that the posterodorsal

rod is fenestrated, as may also be ascertained from one of the young spec-

imens with the skeleton preserved, showing these rods in beginning for-

mation. It is very regrettable that I have forgot to state anything about

the posterior transverse rod. That lliis rod is present can, however, not

be doubted, partly because the shape of the posterior end of the larva

is in conformity with that of other larvae possessing this skeletal rod.

partly because in one of the specimens preserved traces of this rod

and other parts of the skeleton — are distinct, made up by the organic

nuitrix of the calcareous substance. Judging from this specimen — as

also from the fact that nothing is said about this skeletal pari in my
notes — it would appear that the ends of this rod are simply dichotomous,

probably the upper branch the longer.

Some few of the abnormal larvae in the cultures of this species were so

remarkable that 1 have thought it worth while to mention and figure them

(PI. X, Figs. 4—5). They are quite Hat, with the arms radiating horizont-

ally. In the middle of the flat body are seen the rudimentary stomach and

mouth. — These remarkable forms might possibly indicate that this

species would be a favourable object for experimental studies.

Heliocidaris tuberculata (Lamk.)

Fl. VI, Fig. 3. PI. XI, Figs. 1—2.

Til. Mortensen. On the development of some .Japanese Echinoderms. p. 545. (Toxo-

cidaris luberculatus.)

This species, which occurs abundantly on the rocky shores near the

Biological Station at Misaki, was found to be sexually ripe early in the

summer, and artificial fertilization was undertaken on May 22nd. The

cleavage is total and regular; developmental processes are not passing

very rapidly. Swimming blastulae were found 20 hours, gastrulae 24 hours

after fertilization. At the age of 30 hours the skeleton had begun to form,

and at the age of two days the embryos had assumed the shape of small

plutei. On the eleventh day the posterodorsal arms had begun to form;

at the age of 24 days the larva had the posterodorsal and preoral arms

fully developed, while there was as yet no transformation of the body

skeleton; at the age of 5 weeks the larvae were found to have begun meta-

morphosis and thus reached their full shape. As only few larvae remained
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at that lime, they were preserved, no attempt beiiifj marie to have them
metaniorpliose compieleiy. Wiiether the iarva will tal<e so long time to

develop under belter conditions (more food, more coni^einal temperature?)

must be left undecided.

The first larval stage (IM. XI, Fig. 1) shows the typical form, olTering

no marked special features. The body is short, the arms rather long.

There is a very distinct suboral cavity. Pigment very scarce; a few

liigment cells, mainly in Ihe poinl of the anterolateral arms. The skeleton

Fig. 24. .Skeleloii of larvii of Ileliocidaris (uberculala; .\. of young larva, sifle view: B. of

fully fornu'il larva, froTil view. --^/,. Letters as in Tig. 2(1.

(Fig. 21 A) is very complicate. The body skeleton forms a basket structure,

but not in the usual simple way; there are two recurrent rods, so that two

large meshes are I'ormeel in each side of the body. In the end of the body

there are three transverse connecting rods, all strongly thorny along the

hind edge; also the body rod and the recurrent rods are rather strongly

thorny. The postoral rod is fenestrated, with many thorns along the outer,

fewer sometimes none - along the inner side.

The fully formed larva (PI. XI. Fig. 2) is provided with four vibiatile

lobes, but there are no vibratile epaulets. The anal area is somewhat

concave. .\t the anterior edge there is a pair of small ciliated protuber-

ances. The vibratile band is arranged along the dorsal side so as to form a

pair of small lobes. The arms are fairly long, narrow; tin- postero-lateral
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processes are short, earshaped. The j)i«iiienlalion is very sHghl, with no

proniinenl spots in the point of the arms. There is a very distinct trans-

verse muscular band connecting the ends of the postoral and postero-

dorsal rods, these pairs of arms being thus actively movable, as is apparent-

ly the general rule in those larvae provided with a posterior transverse rod.

The skeleton (Fig. 24 B). The most conspicuous feature is the posterior

transverse rod, which ends in two branches, the lower ol which carries

along its lower side 5—6 lancet-shaped branches, the whole structure

recalling a pair of antlers of a stag. The middle part of this rod may be

quite smooth or provided witli some small processes. The posterodorsal

rods are fenestrated and thorny along the outer edge like the postoral

ones, only the holes are slightly smaller. The dorsal arch has two lateral

processes. Both the preoral and the anterolateral rods are distinctly

thorny.

Heliocidaris erythrogramma (Val.)

PI. XVII—XVIll.

This species, which occurs abundantly along the rocky shores of Port

Jackson, Sydney, was found to have ripe sexual products in February

(— most probably its breeding season will prove to continue during a

greater part of the summer —). The development proved to be of such

exceptional interest that it was thought advisable to give a preliminary

report of it'). Tiu' fuller record given here is also rather summary and

by no means complete. The preserved material is not sufficient for an

elaborate study of all the internal transformations: moreover, the skeleton

has been dissolved so that this part of the development must be entirely

left out, the conditions under which the larvae were reared not having

allowed to draw the living objects or to uiukilake a careful microscopical

study of them. Neither is it within the scoju- of the present work to give

a detailed description of the development of the internal organs and all

the complicated transformations connected with llie process of metamor-

phosis. The matter is merely indicated here. l>ut it is evident from the

facts here recorded that the development of this species really deserves

to be made the object of a detailed monographic study, since it presents

so many novel and exceptionally interesting features, being upon the

whole, so entirely different from that of any other Echinoid hitherto

') Th. Mortenseii. Preliminary note on tlic remarkable, shortened development of an

Australian sea-urchin, Toxocidaris erythrogramnius. Proc. I, inn. Soc. \. S. Wales. XL. 1915,

p. 20.3—6.

I have adopted in llic present work the name Heliocidaris instead of Toxocidaris, in agree-

ment with H. L. Clark (Hawaiian and other Pacific Echini. Tlie Pedinidie etc. Mem. Mus.

Coiup. Zool. XX.XIV. 1912. p. 281).
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studied with regard lo its devolopinenl. It is to be sincerely hoped that

some Australian naliiialist will take up this matter for a conijilete study,

which will need a rich snp|)ly of material and also constant access to

living material.

Fertilization was undertaken on Fehr. 25lh H)15. The development

proceeded at no e.\ee|)ti()nal speed; the gastrulation took place at the

age of ca. 18 hours, while the first metamor|)hosed specimens were found

after 4—5 days. The eggs are large, ca. 0.5 mm, red-yellowish and quite

opaque. They float at the surface of the water; this is the case

also in PluiUacdnlhus ixin'ispiniis. while il is olluMwise unknown in lu'hi-

noids. II is evideiilly due lo tiu' fad tiial liie egg contains some fatty

substance; though I did not observe this in the living objects, it is easily

seen in the ])reseive(l eggs liiat they have a vacuolated structure, and

it can hardly be doubled that these vacuoles musl contain some fatly

substance which nuikes the eggs lighter than the water. The same vacuol-

ated structure was found in Phyllacanlhus parvispinus (p. 24—25).

The cleavage is total and perfectly regular. It appears that the blastula

is not folded, as is the case in Phijllacanthus. The formation of the mesen-

chyme could not be followed in detail. It is seen to begin very early;

in the stage represented in PI. XVIIl. Fig. 1. which is (i hours old and

apparently either in the .'52- and the 64-cells stage (this cannot be definitely

ascertained from the sections), one cell is seen lying in the middle of the

blastocoel cavity, which musl. evidently, be a mesenchyme cell. Fl. XVIII

Fig. 2, representing an 1<S hours old blastula, shows the blastocoel cavity

completely filled up by vacuolated mesenchyme cells; Ihey are still un-

difTerentiated and of the same general aspect as the ectoderm cells, which

latter do not yet form a regular epithelial layer. The whole of the embryo

is full of large and small vacuoles, which must, evidently, undergo

divisions together wilh the cells, as is apparent from the fact that they

are much more numerous and, upon the whole, smaller in the older than

in the younger stages. (Comp. PI. XVIII, Figs. 1—2.)

A further advanced stage, from a culture 18 hours old, is shown in

PI. XVIII, Fig. .3, representing the fully formed blastula. The ectoderm is

now a typical, higii epilheliuni, slightly highei- in one side, where the

gastrula-invagiualion is to take place. The meseucluMue has undergone

a noticeable dilTerentiation. the cells forming now merely a fine reticulum

between the vacuoles, which have partly united into some very large

ones. Some few vacuoles are still found in the ectoderm. This peculiar

structure of the mesenchyme, recalling a parenchymatous plant tissue,

is retained during the whole process of the embryonal development,

until the metamorphosis has been completed.
9»
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The ijaslrulalioii. which proceeds in the iisiinl \v;iy (i'l. W'll. I'"i.i>s. 1 2)

hci^iiis ;il liic age of aboiil 18 hours. Tlie blaslo|)oriis is soiuelimes pushed

oul towards llie side (PI. XVII. Fii^s. 2— .'J); this is. however, hardly any-

Ihiui* bul an iu(n\i(hial variation; generalls il is in Ihc middle of the

hind end of the i)ody. and in this place a trace of il is ••enerally found

in the more advanced stages (Fl.XVII. Figs. 5—(i; Fl. XVllI. Fig. 7). The

gastrnla' are not i)ound to the surface, but swim freely in the water, witii

the usual rotating movement, the aboral vn(\ always being turned up-

wards, as a necessary consequence of the fad Ihal the vacuoles containing

the light. |)r()l)al)ly fatty substance art' in Ihe main conruicd lo this p;iil

of liu' body, and il remains so during llic whole course of Ihe develop-

menl. II seems bevond doubt that tiie substance conlaint'd in these

vacuoles forms the nourishment on which (he embryo subsists until the

young sea-urchin has got its mouth and is able lo feed actively; the

embryo itself is perfectly unable to feed, the gastrula mouth

closing very early, sometimes already at the age of oidy .'50 hours (PI. X\'I1.

Fig. 7) and no larval mouth being formed.

In embryos 30 hours old thearchenleron begins to dilTerentiale (PI. XVII,

l''igs. ."J- -4), its u])pei' end widens, anfl gradually the widening pushes itself

downwards, the wall of the archenteron making a fold on one side. The

pouch thus formed, representing the rudiment of the hydrocoel, is still

in open connection with the archenteron. bul in embryos of 12 houis il

has been separated from it (PI. XVII. Fig.6; PI. XVI 11. l-'ig. 7). The forma-

tion of the enlerocoel cannot be made oul in the material available, .lud-

ging from this material it would a|)pear to originate as schizocoel spaces

in, not as pouches from the entoderm; but 1 do not venture lo ascertain

as a fact thai it does originate in this exceptional way. A rich and

most perfectly preserved material would be needed for giving full evidence

of such a surprising statement, and my material cannot be said to be of

such eminent quality. Also the question of the formation of the hydro-

pore must remain unsettled; in fact, 1 have been unable lo find the

slightest trace of il, and it would appear that also in this regard Ihe

development of this species is exceptional among luhinoderms. (Clomp,

below, sub Peronella Lesueuri).

As already stated the blastoporus may close com|)letely already a I the

age of .30 hours (PI. XVII. Fig. 7), the archenteron com|)letely .separaling

from the ectoderm. In most cases, however, the separation is not com-

plete, a fine strand remaining as a connection between the enlodeiin and

the ectoderm (PI. XVII. Figs. 5—(i). Within the cavity of the archenteron

a distinctly limited mass of a substance is generally seen which stains vei\

strongly in hematoxylin or safranin; it may perhaps be an agglutinated
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mass of cilia: but llie lad that it is always dislinclly separated riom

the ei)itheliiiin of the aichenteron would seem to point towards its beiiii*

more pi()bal)ly some slimy secretion. Anyhow, it is very useful for iden-

tifying the entoderm in the sections.

At the age of about 42 hours the embryos have reached their full shape,

which is, indeed, most surprising for an Echinoid larva (PI. XVII. Hgs.

5—6, 8). II is a simple, elongated, worm-shaped body, rounded at the

anterior end, truncated at the posterior end. There is nothing to remind

one of a FluLeus. A little below the middle there is generally a ringshaped

widening; in the preliminary notice I have said that this might perhaps

represent a ludiiiuMit ol the postoral larval processes. After a closer exam-

ination of Ihc larva 1 do not see any sufficient reason for this sup-

position. If rudiments of the larval skeleton could be found at this widen-

ing, that would serve to support the said suggestion; but it appears

that there is no trace of a larval skeleton. The body is covered by a

uniform ciliation. not ])rovided with distinct ciliated bands, as it is

otherwise generally found in the Echinoderm-larva? of the simple worm-

shaped type (Crinoids, Dendrochirote Holothurians). In a somewhat later

stage there may, however, be found a rather distinct ciliated band on

the ringshaped widening (PI. XVII. Fig. 8) and also the oral end may

show an indication of a ciliated ring; but this appears to be no constant

feature. Red pigment also begins to appear about this time. It is especially

prominent round the oral end; in the later stages it may form a very

prominent ring just above the widening, and also in the anterior part

of the body it may be more or less distinctly arranged in rings (PI. XVII.

Figs. 10. 12, 11). Scattered pigment cells otherwise are found all over

the body. Some of the embryos have scarcely any pigment at all; these

latter probably give rise to the very light-coloured specimens which are

often found among the otherwise generally dark coloured specimens of

this species.

The first indication of the metamorphosis was observed in embryos

12 hours old. Below the thickened wall a slight invagination is seen

(PI. XVII. Figs. 5, 6), which gradually widens so as to go nearly round

the body (PI. XVII. Fig. 8). This represents the amniotic invagination;

being at first a simple fold (PI. XVIII. Fig. 4) it gradually develops into

a true amniotic cavity, which, however, apparently never closes com-

pletely, a small pore remaining open (PI. XVIII. Figs. 5—6). Contempo-

raneously the hydrocoel dilTerenliates and the five primary tubefeet are

formed (PI. Xvil. Fig. 11). These, together with the first spines, formed

also by this lime, protrude into the amniotic cavity (PI. XVIII. Figs. 5—6)

and soon push out through the opening, which widens more and more.
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jHiil ullimaU'ly llic embryo splits open ht'iT aloiif* Ihc whole ventral side.

At lirst the tuheleel and the spines are arran<>ed in a sinf>le row in the

rather nairow slit (PI. W'll. Fig. 10), but gradually the slit opens more

and more, giving room to the tubefeel and spines, which assume a more

or less distinct circular arrangement (IM. W'll. i-'ig. 1 1). and nllimately

the slit becomes so wide that the upper and lower ends of the embryo

are pushed up on the back of the urchin: the small part left untouched

by the anniiolic invagination acts by this process as a hinge between

the upper and lower parts. In fact, it has the appearance that the young

sea-urchin cree|)s out ol the embryo as of an egg-shell, carrying now the

rests of it on its back (f^l. XVII. Fig. 9, 12).

.\11 the processes of transformation connected with the metamorphosis

are limited to the very small part just below the widening of the em-

bryonal body. The large aboral part remains perfectly passive during the

whole process of the development from the gastrula stage unto the

metamorphosis. It is simply a reservoir of food to the embryo, and the

metamorphosing sea-urchin thus literally carries a wallet along with it

on its back, (iradually, as the food is absorbed, the "wallet" shrinks

(PI. XVII. Figs. 12— 13; PI. XVlll. Figs. 8 -9) and finally it disappears

completely, the young sea-urchin at llie same time assuming its regular

shape. — In the preliminary notice (p. 205) it is stated that the aboral

part ol I lie embryo "gradually becomes completely overgrown by the

young urchin and enclosed within its l)ody". Tliis expression is not (piite

correct; the aboral part is not overgrown by the sea-urchin but sim|)]y

absorbed, and its skin becomes directly part of the skin of the young

urchin.

The sections of the metamorphosing sea-urchin represented in PI. XVIII.

Figs. 8—9 show the stone canal and its outer and inner opening, the

body cavity etc.; but there is no reason to enter on a detailed description

of all these various structures, since it has not been possible to trace

them from their first origin. The character of the aboral part as a simple

food reservoir, containing no special structures, comes out very distinctly.

As already slated, the calcareous structures have been completely dis-

solved in all the specimens; accordingly no information can be given of

the development of the skeleton of the young sea-urchin. It should oidy

be mentioned that the lirst spines to appear are of the trifid. embryonal

type, which ajipears to be of general occurrence in the young of all regular

Echinoids.
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Echinometra lucunter (Linn.)

I'l. 1, Fifjs. 1 -2; I'l. XU, Fig. 1.

During my visit lo Tobago H. \V. I. wilh Ihe Carnegie Expedition in

1916 I had the opportunity of rearing this species. FertiUzation was under-

taken on [he 2 nil of March and again on the 2ncl of April; by this time

the breeding season was in the main over, only some few small specimens

still having ripe sexual products. Both cultures were perfectly successful,

metamorphosed young being obtained from both. Un leaving Tobago 1

carried some of these onboard the steamer to New York; during the

lime from the 9th to tlu' ISth of May they were kept in the New York

Aquarium and thereafter again carried onboard the steamer to Copen-

hagen. At the arrival there, on June 1st, two specimens were still aUve,

although they had hardly grown, which is naturally explained by the

fact that it was impossible to procure a good food supply lor Ihem; it

was also impossible lo secure a constant, congenial temperature. That

it was possible to carry them so far, in spite of these adverse conditions,

is of considerable interest and plainly indicates that much more may be

done in this way.

The eggs are small, ca. 0.12 mm, opaque, and the embryos are like-

wise very opaque and no good objects for microscopical study. I have

omitted to note the time it takes to pass the difl'erenl developmental

processes, but the lirsl j)luteus stage is reached on the second day. At

the age of 4 days the postero-dorsal arms began to appear, and in the 7

days old larvae (PI. XII, Fig. 1) I found the absorption of the body skeleton

in progress. The posterior transverse rod appeared on the 10th day and

metamorphosis was completed or nearly so at the age of 19 days.

In Ihe first Pluteus stage the larval body is short, obliquely truncated.

The young larva is rather strongly pigmented by red pigment cells and

not very transparent. In specimens 6—7 days old a distinct nerve band

was noticed across the corners of the anal lobe (PI. XII, Fig. 1). .Mthough

this structure cannot be observed in the preserved specimens, I would

venture to see herein an indication that this larva (and probably inany

others) has a nervous system similar to that of the larva of Echinociiamus

pusilliis as recently described by mc^).

The skeleton (Figs. 25 A—B) forms a complicated basket structure;

the recurrent rod is double, two large meshes being thus formed on each

side of the body, sometimes also some smaller additional meshes at the

lower end, on account of secondary ramifications. The body rod is strongly

thorny. The postoral rods are fenestrated, rather strongly thorny. — Judg-

') Notes on the dcvelopmenl and llic larval forms of some Scandinavian Echinoderms.

Vid. Medd. Dansk Naturli. l-orcn. 71. Iil2(t. p. 137.
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ing from a sketch (not reproduced) from a living specimen there are

only two transverse conneclions between the two halves ol the body

skeleton, not three as in Ilcliocidaiis lubevculaUt: this point, however, can-

not be settled. Ihe skeleton having been dissohcd in liie preserved speci-

mens of the young larva (while it has remained perfectly intact in all

the other stages preserved).

The fully formed larva (PI. I. Figs. 1 2: lextfigure 2fi) is provided

with four well developed vibratile lobes, but has no epaulets, the anal

area is rather deeply concave. The postero-lateral processes are short.

Ck)Ct^
Fig. 2.'). Larva of Hrhinonwlra Iticunter, 2 days old, showing skeletal slnicliiic. A. seen

from Ihe ventral side: B. side view. ^""/,. Letters as in fig. 211. l-'miher: oe. mouth:
re. reetnm; st. stomach.

earshaped. In the larva in beginning metamorphosis (when Ihe first pedi-

cellaria lias appeared in the midline in the posterior enti) the vibratile

band in the constriction above the postero-lateral processes widens to-

wards the midline, so that it has almost the ai)pearance of forming a

clo.sed ring round the |)osterior end of the body. Whether it may ulti-

mately form a really closed ring I have been unable to ascertain. .Mso

the vibratile lobes gradually become so broad as almost to join in the

midline of the body and thus to form an a])parent transverse band about

the middle of the body, .\long the dorsal siile the vibratile band is

raised into a pair of lobes, supporting a wall across the dorsal side of the

body. At the anterior edge there may be a pair of small processes formed

by the vibratile band, where it bends from the preoral over to the antero-
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lateral arms. The arms are of medium length, narrow, with n more or less

fiistinct wideiiint* al the point. There is a not very eonspieuous cluster

of red pigment cells in the point of the arms; series of pigment cells are

also seen along the vibralile banil in the lobes, in the poslero-lateral pro-

cesses and along the postoral and preoral band. In the body and arms

Fig. 26. Larva of luhinomelra lucnnler. \r> days old; ventral view. --"/,. a. anal opening;

al. anterolateral arm;.am. amnion; da. dor.sal arch; oe. mouth; pi), posterior ciliated band;
pd. posterodorsal arm; pi. posterolateral process; po. postoral arm; pr. preoral arm; prb.

preoral ciliated hand; ptr. posterior transverse rod; vl. vihratile lobe; vtr. ventral trans-

verse rod.

some irregularly scattered pigment cells are also found. The stomach is

yellow.

In the skeleton the most noteworthy feature is the structure of the

posterior Iransverse rod, which ends in the two usual branches, the lower

of which is the longer and set with a series of 4—5 thorns along its lower

edge (Fig. 27). The postero-dorsal rod is fenestrated, distinctly curved

in the basal part. The dorsal arch has a rather long, simple median process

10
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and two short lateral processes, the lower of which is backwards directed

and supports the dorsal lobes. The anlero-lateral and prcoral rods are

more or less thorny.

The young sea-urchin carries Ihe typical embryonal spines on tlie apical

plates; they end in toui, smooth thorns. The spines of the normal tyj)e

aie characteristic in having a very long central thorn (Fig. 28). The

)\

KiR. 27. Posterior I rMiisvcrsi' rod of tlu' l;n\;i of Echindmcira

lucunler; ^"°/,. p. Uic lirst nidimcnt ol ;i pciliccllarin.

Fig. 28. Spines of liie young Hrhinonu'tra liiiuntfr; Uie iefl an

emliryonal spine, tlie riglit a spine of tlie adult type, -^/i- Fia. 28.

sphirridia are remarkably spinelike. Of pedicellaria? oidy the ophicephal-

ous form has appeared even in the oldest of the specimens. For the rest

I cannot enter on the study of the postlarval development on this occasion.

Echinometra oblonga (Blv.)

Fl. XII, Figs. 2—3.

In the rock ponds at the coast of Hawaii, near Ililo, this species occurs

in coiisideial)le numbers, together with the other pacific species, Erhino-

melrn Malluvi. It was found to have its breeding season at the time of my

stay there, in April 1^15; fertilization was undertaken on the 6th, and pro-

ved to be successful. Tlie eggs are very small, opaque. In the course of

4 hours the IG—32 cell-stage was reached, and after about l(i hours the

gastrula stage. On account of its opaqueness it forms a poor object for

microscopical examination in these young stages of develoi)ment. On the

second day the embryos had assumed the Pluteus shape; for a few days

more the larvae were thriving well, but then the culture degenerated,

doubtless because the water was not very good. In sjjite of repeated

attempts I did not succeed in getting another culture, so that information

can be given only of the first larval stage.

The shape of the larva (PI. XII. Figs. 2—3) is somewhat unusual, the

upper edge of the anal lobe projecting almost at a right angle from the

body, like a lip. The postoral band does not follow the edge of the anal

lobe, or rather it has the appearance that it does not do so, the part inside
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Ihe band rising over il in the preseivefl specimens al least. The suboral

cavity is very distinct. The body is short, obhquely truncated as in Ecli.

lucunler. The postoral arms are somewhat unusually long. On the sides

of the body liie ciliated band reaches far backwards. The pigmentation

is not very conspicuous; there is an indication of pigment spots in the

point of the arms and scattered red pigment cells over the body.

Xo figures can be given of the skeleton on account of its having been al-

most dissolved in the preserved sjiecimens; but I have noticed that the

body skeleton forms a complicate basket structure, the recurrent rod

being double; il is not ver\ thorny. The posloriil lods an- fenestrated.

As seen in PI. XII. Fig. 2 there are still traces of liie skeleton preserved,

showing the double recurrent rod, but it is insufficient for giving detail

figures. The postoral rods have been restored in the figure, but it is

distinctly seen in the specimen that they are fenestrated and also that they

are somewhat thorny.

Echinometra Mathaei (Bh.).

Fertilization of liiis species was undertaken repeatedly in April 1915,

but never very successfully, only once the young Pluteus-stage being

obtained. Moreover, the skeleton has been completely dissolved in the

specimens preserved; no more information can therefore be given than what

is found in my notebook, namely that the body skeleton forms a basket

structure, very thorny, and very oblique, the recurrent rod being consider-

ably shorter than the body rod. — Unfortunately it is not stated in my
book, whether the recurrent rod is double as in E. oblonga and lucunler.

The postoral rods are fenestrated. The larva is rather much pigmented,

almost opaque.

In view of the fact that de Meijerei) and 11. Lym. Clark^) are inclined

to regard Ech. oblonga only as an extreme form of Ech. Malhivi, while

Doderlein*) makes it the type of a separate genus (on account of its

peculiar triradiate spicules), it is interesting to notice that there appears

to be quite a conspicuous dilTerence between the larva' of liie two forms,

which is decidedly in favour of their being, at least, disliucl si)ecies. Even

in the first cleavage processes I noticed a marked dilTerence between them,

the cleavage cells Iving much more closelv pressed against one anolher

in E. oblonga than in Matlui'i (while the eggs did not appear to be difTerent

in size or color). On account of the incompleteness of this record of

') Siboga-Kthinoidea 1904, p. 101.

-) Hawaiian a. otiier Pacific Echini. The Pedinidre .... and Echinoinetridfe. Mcni.

Mus. Conip. Zool. .WXIV. 1012, p. .370.

') Echinoidea d. deutschcn Tiefsee-Expedition. p. 2li'S.

10*
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Iheir (ioveloi)UK'iil Hic qiu'slioii caiinol, o\ course, be regarded as settled;

but there is reason to expect that a complete study of their development

will show Ihem lo be (juite distinct.

Echinonietra van Brunti A.Ag.

i'tilili/.atioii ol this species was tried repeatedJN in the beginning of

November 1915 at Taboga, Panama, but always with poor success, it

being at the end of ils breeding season. Some of the embryos reached the

v(ning Phi tens stage. In the few preserved s|)ecimens the skeleton has been

dissolved. No remarks about its structure being found in my notebook,

I can only state from memory thai the body skeleton forms a basket

structure, but wiu'lher Ihe reeurrenl rod is double or nol. unfortunately,

iiiusl remain uncertain. The body is very obliquely truncated.

Colobocentrotus atratus (Limi.)

PI. XII, Figs. 4^.').

This species occurs in great numbers on the rocky coasts of Hawaii,

near Hilo, always in places exposed to the most violent surf. Fertilization

was undertaken on April 4th; the culture proved successful. About the

early develoi)ment stages I have only noticed that gastrulation had taken

place at the age of 24 hours and that the young Pluteus stage was reached

nil the second day. The larvae developed normally for about two weeks,

wiieii all died away. New fertilization was then undertaken, but with

poor lesull, it being about the end of its breeding season. Information

can thus be given only of the first larval stage, and, moreover, only in-

complete, the skeleton having been completely dissolved in all tiie pre-

served specimens. (There was no possibility of making drawings from the

living specimens).

The shape of the larva in the first stage is quite characteristic on account

ol the unusual width of the posterior end (PI. Nil, Fig. 5). A sketch made

from a living specimen shows that the skeleton passes close to the stomach,

tile posterior end ol the body being thus nuicli broader than tiie su])porting

skeletal structure. The body is otherwise short, oblicpiely truncate as in the

luiunonu'lra larva. The postoral band has a downward sinuation at each

side, which indicates the presence of ciliated lobes; on the sides of the body

the vibralile l)and goes down almost to the posterior end, which fact,

combined with the unusual width of the posterior end, indicates the pre-

sence of posterolateral processes in the luUy formed larva. The postoral

amis long, diverging, rather broad (probably somewhat broader than

shown in the figure). The suboral cavity is very deep, with a Uttle eleva-
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lion in the middle above the stomach. The digestive organs show the un-

usual I'eature of a small inlestinum, well separated from the rectum by a

constriction. The pigmentation consists of scattered, red grains; there are

no distinct pigment spots in the arm points.

Regarding I he skeleton 1 can only quote from my notebook, that it

is very robust, forming a basket structure, "somewhat extra complicate"

and strongly thorny. (This probably means that the recurrent rod is

double as in other Echinometrids). The postoral rods are fenestrated,

the anterolateral rods somewhat stronger than usual. In one of the oldest

specimens the posterodorsal rods had begun to form, so that it could be

ascertained that also these rods are fenestrated. — That the fully formed

larva will prove to have a posterior transverse rod there is not the slightest

reason to doubt, but none of the larvae developed far enough to show it.

It is quite a problem to understand how the young metamorphosing

Echinoid can succeed in attaching itself to the rocks, without being washed

off or otherwise crushed by the surf. Also the development of the peculiar

.spines, so well adopted to its unique habits^), would be exceedingly

interesting to follow.

Heterocentrotus mamillatus (Klein.)

Fertilization of this species, which was found here and there under

stones and coral blocks in the rock ponds near Hilo, Hawaii, was under-

taken on the 8th of April. The culture was not very successful, but some

specimens developed normally and reached the first Pluteus stage, but not

beyond that stage. For want of sufficient material no new culture could

be started. The skeleton of the preserved specimens of the larva having

been dissolved, no information can be given beyond the observations from

the living specimens stated in my notebook.

About the first developmental processes it is only noticed that the em-

bryos were in the gastrula stage 24 hours after fertilization; they were

rather opaque. — The young Pluteus is only slightly pigmentated, some

scattered red grains are found in the body, nothing in the point of the

arms. .Judging from the preserved specimens the shape of the young

Pluteus appears to be nuich like that of C.olobocenliulns. The body skeleton

forms a complicate basket structure. The postoral rods are fenestrated.

The statement that the basket structure of the body skeleton is "com-

plicate" makes it highly probable that also this species has a double

recurrent rod like the other Kchinometrids.

') The same habit of hviiiR on rocks exposed to the surf was most prohnbly adopted hy

the extinct Ilemicidarid, Acrociilaris nobili.s Ag. as also l)y the peculiar extinct .\steroid,

Sphierasler.
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Echinopluteus transversus mtva forma.

PI. XI 11. Figs. 1-4.

Ill llu' material collected by Mr. Blegvad in the West Indies in the

early pail ol' lUll there was a luiiiiher ol" specimens dl lh;it most rciiKirk-

able Echinoid larva (Fit?. 29) which 1 described in 1912 in the Festschrift

fiir Sj)enger"i) and which I thought must be the larva of Echinomelra

liiciinlcr. That this reference was erroneous I have proved myself by

rearing the larva of that b>hinoid from the egg through metamorphosis.

It therefore still remains an open (piestion to which Kchinoid this larva

belongs. - Meantime I have found in Ihc piaiiklon samples collected in

the Indian Ocean on my Expedition to Siam in 1900 a specimen of a larva

Fig. 20. Echinophilcus Iransi'er.siis, species e. A. "/i- T?-'°Vi- I'"iMure A shows tiic excessive

length! of Ihe posloral arms, wiiich are not even <|iiite complete here, the point being

broken in the specimen from which the figure was drawn.

exactly similar to the Westindian form, and another one was taken there in

191 1 on my way to the Pacific. Furthermore two related forms were taken

in the (iulf of Panama in 1916, and two more were found in Ihe material

collected in Ihe West Indies by Mr. Blegvad and Mr. Fa ye. Thus 1

have now no less than six different s|)ecics of this interesting larval form,

which I shall designate as Echiuopliilcus Iransix'isus. The species described

in the paper quoted above is, together with the one from the Indian Ocean,

the most spezialized of all, the other forms showing more or less primitive

features. Still they all have so many characteristic features in common

that I have deemed it desirable to keep them together under the same

name, even though it may seem very probable that they will prove to

belong to difTerent genera, but within the same family, beyond doubt.

This larval type is eminently characteristic through the excessive devel-

opment of the postoral arms, while the other arms remain undeveloped,

') Th. Mortensen. Ober die Larve von Echinomelra hicunter (L.) ('?). Zool. .lalirh.

Suppl. XV. 2. Bii. 1!)12, p. 275—88, Taf. 19—20.
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excepliiiii; only llu- aiih-io-laU'ial arms, which are well develo])e(l, lhouf>li

small, ill the lour lirsl species. The posloral rod is fenestrated, the rudi-

mentary posterodorsal rod is simple. There is a recurrent rod, but no

typical baskel-striKiiiic. Tiu' posterior transverse rod has a very peculiar

bow-shape. A small, unpaired, posterior process (perhaps a spine of the

youni* sea-urchin) is |)resent in species e^-f ; whether it is |)resent also in

the other species remains uncertain. The vibratile band is not stronf»ly

developed on the body, in accordance with the reduced state of the arms:

there are no vibratile lobes or epaulets. In species a-^d the preoral lobe

has the typical shape; in species e—f it bends forwards so as to cover the

mouth and the oral area. In the two latter species the esophagus appears

lo be folded. The stomach is very wide; it has been impossible lo disting-

uisii with certainty the rectum and the anal openini*.

The posloral arms are directed outwards so as to recall the postero-

lateral arms of ()])hiurid iarv;e. lo such a degree even tiuil in young stages,

where I he characteristic skeletal parts of Echinoplulei (dorsal arch, ])Ost-

erior transverse rod) have not yet been formed, it is really very hard lo

see, whether it is an Echinoid- or an Ophiurid-larva. From the ventral

transverse rods, which are more or less transformed, a supplementary

transverse rod proceeds, serving for the attachment of an adductor muscle,

which (in the species e—f) together with a similar muscle on the dorsal side,

serves as antagonist to a powerful abductor muscle connecting the ends of

the short, widened body rods. By means of this muscular apparatus the

long posloral arms can be moved actively and thus apparently serve as an

active locomotor organ, besides the usual ciliary movement of the vibratile

bands. The immense length of the postoral arms together with the active

swimming movements, which I he strong development of Ihe musculature

in I he s|)ecies e and f indicate almost certainly to take place, make this

larva one of the organisms most highly adapted to pelagic life.

Species a. (PI. XIII. l"'ig. 2). The single, well preserved, specimen of

this species , which was found in a plankton sample from the surface taken

by Mr. Blegvad in Ihe West Indian Sea, at 18°59' X. 65°05' W. (a Httle

lo Ihe Xorth of the Virgin Islands), (l/III. 1911), is a young one, not yet

having the hydrocoel distinctly differentiated. The postoral arms are ca.

1.5 mm long, or nearly 7 times the length of the boily (the point is broken,

so that the total length remains unknown, but it is not likely to be much

more than the preserved part). The antero-lateral arms are well developed,

a little more than body length. They are somewhat widened at the base

and with a slight widening at the point. The preoral ciliated band is well

developed and forms a beautiful curve: the postoral ])and forms a simple
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bow ami passes nearly slraighl on Lo Ihe posloral arms'). Along the dorsal

side the band goes almost straight down to the base of the postoral arms,

wheri' il lluii makes an almost right angle before passing out along the

arms. There is no indication of ciliated lobes or epaulets. The oral area

is very large, the large mouth opening lying free, contrary lo what obtains

in the species e and f, where it is covered by the preoral lobe. The rectum

I have not been able to distinguish with certainty, but it seems that the

Fig. 30. Skeleton of Echinopluleus Iransversus, species a. A. troiu tlie ventral, B. from the

dorsal side. "7i- ^l- anterolateral rod; b. body rod; cr. connecting rod; po. postoral rod;

r. recurrent rod; str. supplementary transverse rod; t. thorn; vr. ventral recurrent rod:

vtr. ventral transverse rod.

anal opening lies in the posterior part of the body, below the pair of supple-

mentary transverse rods lying here over the middle of the stomach. — No
trace of pigmentation is seen.

The skeleton (Fig. 30). The postoral rods are of the usual fenestrated

type, with rather large holes and with some few, small thorns along both

edges. The body rod is short, with some irregular thorns along its outer

edge, and apparently with a simple, not widened point, showing no special

adaptation for the attachment of the abductor muscle. The ventral

') In the preserved specimen the postoral band is even more straight llian in the figure,

passing somewhat below the points of the ventral transverse rods. That this is due to con-

traction on preservation is evident, the natural position of the band being above the point

of the ventral transverse rods: in that position it is also seen in species c and d. I have there-

tore not hesitated in showing liie band in its Tuitural position in Ihe li^jure.
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transverse rods are directed nearly straight upwards, bending inwards

at the point, so that they meet and together form an elegant arch; thev

are slightly widened and serraied at the poinl. From their base issues a

backward prolongation, a 'ventral recurrent rod", which soon bifurcates,

each sending one branch, llie "supplementary transverse rod", upwards,

where they join over the middle of the stomach, the other branch going

straight downwards, crossing the body rod. Both these branches are

simple rods in this species, while in the other species the}' undergo a re-

markable specialisation, species b being, however, peculiar in this regard.

The antero-lateral rods are well developed, simple, with few small thorns

irregularly disposed. The recurrent rod is well developed, smooth,

slightly longer than the body rod; from about its middle a short, simple,

somewhat widened transverse rod proceeds recalling the transverse rod

of an OphiopluU'us, with which it is, hovewer, not to be compared, of

course; it is iiomologous with the connecting rod of Echinoid larvae with

a typical basket structure, as e. g. the larvae of Astropyga or Tripneiistes.

At the base of the postoral rod, close outside the point of issue of the

antero-lateral rod, a rather long, simple thorn is found. The postero-dorsal

rod, the posterior transverse rod and the dorsal arch have not yet appeared.

There is some probability that the 'Auriciilaria paradoxa' (from

0°4' N, 46°6' W) which 1 described in the "Echinodermenlarven der

Plankton-Expedition" (p. 21 Taf. 1, Fig. 7) really is a decalcified specimen

of this species. It may seem strange that an Echinoid-larva should have

been mistaken for an Auricularia; but a glance at the figure will show

that there is really nothing which could indicate that it might be an

Echinoid-larva. the shape being just as unusual for an Echinoplutens as

it is for an Auricularia; as long as the Echinoplulcus Iransversus was un-

known, liardly anybody could have fancied that this might be an Echi-

noid-larva. Now it is easy to see that a form like Echinoplutens Iransversus,

species a, when decalcified and otherwise not too well preserved — as

was the case with that larva would get very much the same ajipearance

as the "Auricularia paradoxa". The compUcated folds of the vibratile

band, of course, do not very well suit the rather simple course of the

band in the single specimen of the present species of Echinoplutens Irans-

versus; as, however, this is a younger stage, it is quite conceivable that

the band may be more developed in the older stages of this larva. —
The species c would hardly come into consideration, the band being

simple there also in a further advanced stage, so that it could certainly

not give rise to the complicated folds of "Auricularia paradoxa" when
decalcified; the postoral arms of this species are also much longer.

Although still sonu'what problematical I have deemed it well worth

11
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wltile to olTor this sui^gestion as to the true nature of the rather mysterious

Auricularia i)uraduxa. For the delhiite solution of the problem direct

observations of the living larvae or, at least, considerably more material

than at present available will be necessary.

Species b. A single specimen of this species, which is, evidently,

closelv related to species a, was found in a plankton sample from the

Ciulf of Panama, at Taboga, (January 1916). It is in a poor state of pre-

Fig. 31. Skeleton of Echinopluteiis transversus, species b. A. From the ventral. B. from

the dorsal side. "7i- Letters as in fig. 30.

servation so that only the skeleton can be figured and described; but

there'^is no reason to expect that it would show noteworthy diflerences

from the species a in regard to the general shape of the larval body. Ap-

parently it difTers markedly in shape from species a, the postoral arms

being nearly erect; this, however, evidently is due only to muscular con-

traction (comp. species c, PI. XIII, Fig. I).

The skeleton (Fig. 31), although in its main features like that of species

a, shows some very characteristic diflerences from that species. The

ventral transverse rods form an arch as in that species, but are not so

high and somewhat more widened and thorny at the end. The ventral

recurrent rods are especially characteristic, being hookshaped, not bifur-

cating at the point, with one or two small thorns along the sides. They
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are directed obliquely ouUvards, projecting considerably from the body;

it seems fairly certain that a muscle is passing between the ends of the

hooks. The body rods are simple, with irregular thorns along their outer

edge, not widened in the point, which is apparently not specially adapted

to the attachment of an abductor muscle. The postoral rods are in the

main as in species a; only the left being slightly abnormal in its basal

part. Both these rods are broken so that their length cannot be ascertained.

The anterolateral rods are well developed, slightly thorny. The recurrent

rods are somewhat irregular; the right one bifurcates, one branch going

medially, the other backwards, reaching the end of the body rod; the

left ends with a widening in which a rather large hole. A somewhat long

thorn proceeds from the base of the postoral rods, just outside the point

of issue of the anterolateral rod. Posterodorsal rods, dorsal arch and

posterior transverse rod are not yet developed.

Species c. (PI. XIII. Fig. 1). One beautifully preserved specimen of

this larva was found in a plankton sample from Christiansted, St. Cruz,

West Indies, taken on the 16. VI. 1915 by Mr. H. Faye.

In its main features it agrees with species a, but the postoral arms

are very much longer, no less than 12 times the body length; moreover

the point is broken ofT, so that they must be rather considerably longer.

The preserved part is 3 mm long. The specimen has been preserved in

such a state of contraction of the adductor muscle, that the arms are

directed almost straight upwards, which gives the specimen an aspect

very difTerent from that of the other species. That this is, however, really

due only to muscular contraction is beyond doubt, as is evident only

from a comparison with the two related species, b. and d., from the Gulf

of Panama, of which species b has the arms in the same upright position,

while the other, species d, has them horizontally directed. The contraction

of the muscle connecting the two body rods (which is quite distinctly

seen in the specimen) would give the postoral rods the usual horizontal

position. The anterolateral arms are distinct but considerably shorter than

in species a, hardly more than one fourth of the body length, while in

the latter species they are somewhat more than body length. The preoral

band is well developed, though not so strongly curved as in species a.

The postoral band has a concavity in the middle and makes a rather

deep downwards bend before passing on to the postoral arms; however,

this configuration may probably be due only to the upward direction of

the postoral arms; it seems certain that on the postoral arms being hori-

zontally directed the postoral band must assume the same simple shape

as in species a and probably also be lowered down to the level of the

u*
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ventral transverse rods, while in liie piesenl stale of preserviilion it pas-

ses at a distance above these rods. The band along the dorsal side is

straight and simple; there is no indication of vibratile lobes or epaulets.

No indication of ])ignientation is seen. Tlie oral area is very wide as in

species a, the mouth opening remaining uncovered. I'lic rectum and anal

opening are not to be distinguished. Nothing can he discerned of the

enterocoel or hydrocoel.

The skeleton (Fig. 32). The postoral rods are of the same character as

ptr ptr

Fig. 32. Skeleton of E<hln<ii>liilciis Iransvcrsiis. species c. .\. from tiie dorsal. 13. from the

ventral side. -*Vi. Letters as in fig. 30; furtlier: dtr. dorsal transverse rod: pd. postero-

dorsal rod; ptr. posterior transverse rod.

'riie left iiiiterolateral rod is broken and pushed some way backwards (Fig. A).

in species a, fenestrated, with rather large holes; they are set with some

few small thorns in the lower part, entirely sinoolh in llic oiiler part.

The body rod is short, smooth; the point bent a littli' outwards, apparently

.somewhat widened; it appears to be finely fenestrated, or perhaps only

irregularly serrate this cannot be definitely ascertained in the side view

l)resented by the single specimen at hand. But, at any rate, it is clear

that there is some adaptation for the attachment of the abductor muscle.

The ventral transverse rod is shoit. i()l)iist, with a simple, straight point.

The ventral ncinicnl rod is shoit. bifurcating, one branch going along

with the body rod and perhaps uniting with it at the poini I his cannot

be definitely ascertained, but it looks so — the other braucii, the sup-
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pleinonlarv transverse rod, proceeding over the slonuuli, where it meets

the corresponding rod from the other side in the midUne. The end of

this supplementary transverse rod again bifurcates, one branch going up-

wards, the other downwards; the latter branch is somewhat widened,

flat, with some few thorns along the edge, whereas the upwards directed

branch appears to be simple or at most carrying a single small thorn.

To this branch the ventral adductor muscle is attached in the species

e and f; it seems beyond doubt that there nmst also be such adductor

muscle attached to these rods in the present species, but on account of

its excessive contraction it is impossible to see it. The anterolateral rods

are fairly robust, simple, or with a very few small thorns, .lust outside

the point of issue of the anterolateral rod a fairly long thorn proceeds

from the postoral rod. The recurrent rod is short, simple, with a small

medially directed branch at the end. The posterodorsal rod is fairly well

developed, almost as long as the anterolateral rod; it is simple and smooth;

at the base it is somewhat curved, with a well developed medially directed

process, the dorsal transverse rod, and another downwards directed pro-

cess. Its whole shape is somewhat unusual for a posterodorsal rod, recall-

ing to some degree an irregularly shaped dorsal arch; but 1 have hardly

any doubt that it is really the posterodorsal rod, — especially because it

is a paired structure — the dorsal arch not having made its appearance

as yet. However, attention nuisl be called to the fact that in species d,

which is evidently in the same stage of development, the dorsal arch is

well developed, while there are no posterodorsal rods. Full certainty re-

garding the true interpretation of these skeletal |)arts can hardly be acquir-

ed from the scanty material available at present. — The posterior trans-

verse rod is bow -shaped, with a few small thorns along the posterior edge.

The ends of this rod appear to be simple, not widened or fenestrated

as in species e and f.

Species d. One specimen was found in a plankton sample taken at

Taboga, Gulf of Panama, in January 1916. The state of preservation is

not good enough to allow giving a full figure of it, especially because the

preoral lobe is destroyed. P)ul il is evident that this larva resembles tlu'

species c very closely in the shape of the body. The postoral arms are

horizontally directed, thus giving the larva a very dilTerent aspect from

the specimen of species c shown in PI. XIll. Fig. 1; but this depends, as

stated above, only on the state of contraction of the muscles moving these

arms. Vhv aims are broken, llie remaining part being 7 times the body

length; that they must be really a good deal longer is evident, but whether

as long as in species c cannot be ascertained. The anterolateral arms are
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well developed, longer than in species c, nearly as long as the body. The

posloral band makes a simple curve above the ventral transverse rods,

apparently rather unusually broad.

The skeleton (Fig. ;i"i). The postoral rods are like those of the species

a—c, with few small thorns and fairly large holes. The body rod is short,

Fig. 33. Skeleton of Echinophiteus Iransversiis, species d. A. from the dorsal. B. from tlie

ventral side. "Vj. Letters as in lig. 30; further: da. <lorsal arch; ptr. posterior tranverse rod.

a little curved at the point, which appears to be somewhat widened,

probably fenestrated, and somewhat specially adapted to the attachment

of the abductor muscle. The ventral transverse rods are developed so as

to form a high, beautiful arch; the point is bent inwards, so that they

overlap one another in the middle. They are somewhat thorny, a little

widened at the base and towards the point. From the ventral recurrent
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rod a large, upwards directed Supplementary Iransverse rod proceeds;

ill the specimen tliey are broken at their base, but it appears that tlieir

position must be as shown in the figure 33, crossing one anotiier over the

middle of the stomach. The point is widened and has an indication of

the same structure as in species c and the species e—f, viz. a simple, outer

process and a widened, somewhat serrate inner process. (On account of

the crossing of the rods the latter branch here becomes the outer one).

By this position of the rods it is hard to see how the adductor muscle

could be attached here (perhaps to the outer side of the simple process,

not to the inner side as in the other species (?); the muscle cannot

be observed in the specimen). Another branch of the ventral recurrent

rod goes downwards, where it meets (and joins?) the end of the body

rod. The anterolateral rods are well developed, slender, with few small

thorns. Just outside their base a long simple thorn proceeds from the

postoral rod. The recurrent rod is fairly long, smooth, bifurcating at the

end. The posterior transverse rod is simple, bowshaped, with a small

prominence in the middle of the posterior edge, otherwise smooth; the

ends are not widened. Posterodorsal rods have not been formed, but there

is a well developed, quite normally shaped dorsal arch; its branches are

simple and smooth; there is a small median backward prominence, as

usually found in the dorsal arch.

Species e. This is the species which was described in the paper quoted

above. Several specimens were taken by Mr. Blegvad ofT the South

Coast of Haiti and ofT the West Coast of Portorico in the end of .lanuary

and the beginning of F"ebruary 1911. Furthermore some specimens were

found in plankton samples taken by Mr. P. Kramp olT Madeira (32^10' X.

17°20' W. ; 30/X. 1911) and off the Canaries (27nO' N. 2r53' W. ; 3/XI. 1911)

and in the same neighbourhood (34°22' N., 14°57' W., and 28°43' X.

20°40' W.) by Mr. H. Fogh in October 1912 (on the 16th and 22nd).

A pair of specimens were also taken by Mr. H. Fa ye in the harbour of

Christiansted, St. Cruz, on the 9th and 16th of .lune 1915. The larva is

thus seen to occur nearly all the year round.

Referring to the paper quoted I may give here only a pair of textfigures

(Fig. 29 on p. 78) in order to show the general appearance of this extra-

ordinary larva, which, with its extremely long horizontally directed,

slightly downwards curved postoral arms, in fad reminds one of a rope-

dancer with an immense balancer. In the specimen with the arms best

preserved they are 12 mm long, no less than 24 times the body length,

and still the point is broken off. The body has the shape of a truncated

four-sided pyramid. The postoral arms alone are developed; a pair of
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short processes from llie anterior cn(\ of the body eannol really be rei^arded

as aalero-laleral anus, parlly because I lie irrej4ular rods by which Lhey

are supported cannot be homologous with the anterolateral rods, partly

because they appear not to be bordered by the vibratile band. The post-

\'ani

Fig. 34. Skeleton of Echinopluteus transversus, species e. A. seen from behind; B. from llie

dorsal side. "°/,. abm. abductor muscle, b. body rod; dam. dorsal adductor muscle;

pd. posterodorsal rod; po. posloral rod; ptr. posterior transverse rod; str. supplementary

transverse rod; vam. ventral adductor muscle; t. thorn: rudimentary anterolateral rod.

oral band makes an elegant curve or rather half circle round the whole

anal lobe, and then makes a nearly right angle in passing out along the

postoral arms. Along the dorsal side it makes a pair of folds. The preoral

band is difficult to observe; it passes close along the posloral band, the
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preoral lobe bending downwards over the oral area so as to cover the

mouth openini* completely, the entrance to the mouth being the narrow

slit left between the anal area and the projecting frontal area. The eso-

phagus is short, somewhat folded (comp. Species f, PI. XIII. Figs. 3— 4);

the stomach is very large, filling almost the whole body; the rectum appears

to be small and short, situated in the lower part of the body, apparently

within the space limited by the posterior and the supplementary ventral

transverse rods. I have, however, been unable to make out its shape

quite distinctly, and hkewise the anal opening could not be located. The

development of the enterocoel and

hydrocoel could not be made out;

a single specimen in a younger stage

is, unfortunately, in too poor a con-

dition for showing anything of the

enterocoel or hydrocoel formation;

it does, however, show that the oral

lobe is quite narrow and somewhat

elongate, so that from the beginning

the mouth-opening is free, the oral

area being not yet covered up by

the preoral part of the body. This

then takes place in a somewhat

later stage, though still rather early,

being completed already before me-

tamorphosis is beginning (Fig. 29).

In the course of the i)rocee(ling metamorphosis the body becomes quite

oblique, the whole anterior part being pushed over to the right side, as

seen in the figures of species f.

The skeleton (Figs. 34—35). The postoral rods difler markedly from

those of species a—d in having only very small holes, the unfenestrated

part of the component rods being considerably larger. They are entirely

smooth. The body rod is quite short, at the point widened into a large

fenestrated plate (Fig. 35), to which the abductor muscle is attached.

Seen in ventral or dorsal view this plate appears as a thin, slightly out-

wards curving rod; seen from the liind end of the body (Fig. 34 A) it

is found to be directed somewhat towards the dorsal side. The ventral

transverse rods are entirely lacking; the ventral recurrent rod is quite

short. The supplementary ventral transverse rod is highly developed,

dividing in the end into two branches, one upwards directed apparently

having the shape of a simple thorn, but really, as may be seen in side view,

having the shape of a small, mostly fenestrated plate, to which the ventral

Fig. 35. Half of the body skeleton of Echino-

pliiieus transversus, species e, seen from the

side; showing I he widening of the body rod (b.).

The postoral rod (po.) has Ijeen cut close to

its l)ase. al. the rudimentary anterolateral

rod; t. the thorn to the point of which the

dorsal adductor muscle is attached; sir. sup-

plementary ventral Iransverse rod. vr. ventral

recurrctit rod. '*"/,.
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adductor muscle is allached, the other medially directed, having the shape

of a Ihin plate with serrate edges, hul oliierwise unl'eneslraled. No muscle

is attached to this plate. The posteriorly directed branch from the ventral

recurrent rod coalesces with the ciul plate ot the body lod. (In the paper

referred to above the supplemenlaiy transverse rod was regarded as the

true ventral transverse rod; this was the only possible explanation at that

time, before the more primitive forms of this larval type were known.

The presence of both the supplementary and the true ventral transverse

rods in the species a d leaves no doubt that the interpretation of these

skeletal parts in species e (and f) given here is the correct one). The

anterolateral rods are cpiitc rudimentary. As will be remembered there is

in the species a—d just outside the base of the anterolateral rod a long

thorn proceeding from the postoral rod. In the present species there is only

a thorn at the corres|)()n(ling place, i)iil generally a distinct knob is seen on

the proximal side of Ihe base of this liiorn. Very probably this knob is

all that remains of the anterolateral rod, liie thorn itself corresponding

to the thorn outside the anterolateral rod in the other species. The point

of this thorn serves for attachment of the dorsal adductor muscle. If it

could be proved that this thorn also in the other species serves for attach-

ment of this nmscle, the interpretation here suggested would be definitely

proved to be correct; unfortunately I have been unable to ascertain the

presence of such dorsal adductor muscle in any of the four other species,

so that this point must remain unsettled for the present. — The postero-

dorsal rods are simple, somewhat irregularly thorny. The posterior trans-

verse rod is situated somewhat dorsally, not in the middle line (Fig. 31 A).

It is a most elegantly shaped piece of calcareous structure, a gracefully

curved bow, the ends of which are slightly widened and fenestrated.

In the middle part it bends over ventrally, forming a triangular fenestrated

plate, which covers the abductor muscle. A I its posterior side a small

separate skeletal part is situated resembling a small young spine (also

recalling the posterior process of the Spatangoid larvae, with which it

can, however, scarcely be homologous, the latter being in direct connection

with the posterior transverse rod and an outgrowth therefrom, while in

the present case it is a separate piece, independent of the posterior trans-

verse rod). Whether a dorsal arch is present or not is liardly ascertainable.

The upper part of the body contains some irregular branched rods support-

ing the processes at the anterior edge, which look like but are not really

rudimentary anterolateral or preoral arms. It is quite possible that one

of these rods really represents the dorsal arch (see PI. XIII, Fig. I of species

f); that it is in a nearly vertical position may not be a serious objection

to regarding it as homologous wilii the dorsal arch of other Hchinoid
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larvae, where it is always fouiul in a hori/.oiilal position ; but the fact that

there is a piece exactly corresponding to it on the ventral side makes the

homology more doubllul. The question must remain unsettled for Ihe

present.

Species f (PI. XIII, Figs. 3—4, Texttigure 3(j). One s|)ecimen was

taken oil Minicoy (JMaldive Islands; 73° E, 7 X.; 26/ IV. 19U0), another in

the Bay of Bengal (89 E. 6" X.; 5/1. 1911). Both specimens are in begin-

ing metamorphosis; in both of them the postoral arms are broken, so that

their length cannot be ascertained; the remaining piece of one of them is

Fig. 36. Skeleton of Echinopluleus transuersus, species f. Seeii from tlie dorsal side.

Letters as in Fig. 34.

%

6 mm long. There is evidently no reason to doubt that they will prove to be

of about the same length as in species e. The two species are so very closely

alike that it is hardly possible from the scanty material available of the

species from the Indian Ocean to point out specific difTerences. That

they are, however, really difTerent species is evident from the fact that

there are no species of regular Echinoids known to occur both in the West

Indian Sea and the Indian Ocean. To enter on a detailed description of

the present species seems entirely unnecessary; reference to the figures

must be sufficient.

The interesting problem to wiiich Echiuoiils tlieso remarkable larvce

must be referred now needs some discussion. As mentioned above I came

to the result, when describing the first of these larva\ the species e, that

it was probably the larva of Echinomdra liiciinlcr. The fact thai it

has in the metamorphosis-stages ophicephalous pedicellariae of the type
12*
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found in the regular Kchiiii at once excludes bolh Ihe Spalangoids, the

Clypcaslroids and the Ciilarids, the Iwo iornier having quite another

type of ophicephalous pedicellarise, the latter being entirely devoid of that

type of pedicellaria\ Reviewing the regular Kchini. other than Cid-

arids, occurring in the West Indies, it seemed evident that Echinometra

luciinier was the only form that could come into consideration, taking

for granted that only littoral forms could come into regard when seeking

for the parental origin of these larva% which were found to occur in fairly

good numbers in the littoral waters. The premises were apparently quite

correct. Nevertheless the conclusion was wrong. It is not the larva of

FA-hinomelra lucunter: that larva, reared from the egg through metamor-

phosis, as described and figured in the present work (p. 71; PI. I, Figs.

1—2) has quite the typical shape of Echinoid larvae. — There was at that

time also some uncertainty regarding the larva of Diadema anlillunim,

it being only from inference concluded that the Diaderna-larxn would be

found to resemble Ihc luhinophileiis Mulleri, viz. that larva from the

Mediterranean which has been, though without sufficient evidence,

referred to Centioslephaniis loru/ispirnis, a near relative of Diadema. Al-

though the development of Diadema is still only incompletely known, the

shape of the young larva, reared by the present author (see above, j). 25

Pl.V, Fig. 5) gives sufficient evidence that it has nothing

with the Echinopluteus transversus to do, and Diadema is

then also really out of question as the parent of this larva.

There must therefore be something wrong in the premises,

either so that the type of ophiee])halous pedicellaria^ found

in the larva may be found also in other forms than the

regular Echini, save the Cidarids, or that the larvae may

Fig. 37. Ophice- belong to deep-sea fomis. Regarding the latter eventuality

phaious pedicel- I would say that — although it can scarcely l)e doubted
lana oi Echmo-

^^ ^^^^ deep-sea Echinoids have true pelagic
pluteus transver- -' ' i o

sits, species e. larvae — the fact that two species of this larval type were

"^"/i- found near the island of Taboga in the inner part of the

Gulf of Panama, very far from the deep sea, decidedly speaks against the

suggestion that the larvae might belong to deep-sea forms.

The ophicephalous pedicellariae (Fig. 37) are decidedly of the type

known to occur only in the regular Echinoids. Of these Arbaria, Diadema,

Tripneusles, Lijiechinus and Echinometra are all excluded, their larvae

being known more or less completely. The fact that there are two species

of larva? from the (iulf of Panama very closely related to two other species

from the Westindies would seem to preclude the idea of hiking forms like

Salenia, Coelopleurus, Podocidaris, or any of the Echinothurids or the
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Aspidodiadi'inalids into consideration. liut then no other regular Kchin-

oids are left, and we are forced to assume the possibihLy that ophicephal-

ous pedicellariae of the shape occurring in these larva' may perhaps occur

as a sort of embryonal organs, corresponding to the embryonal spines of

young regular Echinoids, in young, just metamorphosed urchins, being

very soon lost, like the embryonal spines. If that were the case, also Ci-

darids, Clypeastroids, Kchinoneids and Spalangoids w^ould come into

consideration. Of the Clypeastroids so many dilTerent larvae are known

from previous researches or described here, all being of a very uniform

typo, tlial il is exceedingly improbable that the Echinopluteus imnsversiis

could belong to lii;it family. Of the Echinoneids there are not sufficient

forms known to account for the presence of two species of larva^ in the

Gulf of Panama closely related to two West-Indian species. If the larvae

species a and c were really only one species in different stages of develop-

ment, and in the same way species b and d only one species, we would

have a species of Rhyncholainpas (Cassidiilus) corresponding to each of

them, and then species e and f might be referred to Echinoneus, the West-

indian species of which is — according to H. L. Clark — identical with

the indopacific Echinonem cycloslomus. This would also account well for

the fact that the larva e and f are so similar that they seem hardly disting-

uishable. But I fail to see how the species a and c or b and d could possibly

be the same species. That would require a so remarkable transformation

of the different skeletal parts that it is hardly conceivable. II would not

consist in the resorption of some parts and new formation of others, as

is the case in so many Echinoid larva on their passing from the first to

the second larval stage; but it would be a real and complete transforma-

tion of the same skeletal parts, especially the body rod, the ventral and

supplementary transverse rod, and even in the course of very short time,

the specimen of species c being only in a very slightly more advanced

stage of development than that of species a. as is also the case with the

specimen of s])ecies d in comparison with that of species b. Tiie idea of

the identity of s[)ecies a and c, or of species b and d then evidently must

be dropped, and also the suggestion that these "species" miglit represent

only individual variations of one species would seem equally absurd. -

Against the idea that those larva might belong to Echinoneus and Rluin-

chnlampas the fact also speaks that the larva of OlUjopodia {Echinobiissus)

rircns is of the type of the Clypeastroid larva* (comp. below), so that il

is highly improbable that the closely related Rhynclwlampas should have

a larval form so entirely difTerent.

flial tlio Echinopluteus transversus might belong to some Spatangoid is

by no means more probable. All the Spatangoid larva known belong to
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the well known lypc charactcri/A'd by llio ijicscihc oI ;in inipaircd |)()sU'-

rior process, and as wc now know the larva' dl llic genera Sixildnijus,

Echinovardium. Moiid. liiissus, Brissopsis and McaiiHi it is certainly nol

unreasonable to conclude Ihat lliis larval lype will be found in all those

Spatangoids Ilia I have typical pelagic larva\ {Brisasler latifrons and fra-

(/ilis mosl probably have no pelagic larva», their eggs being large and

rich in yolk). 11 is true, we do not know the larva of any of the Fala'o-

pneustida' or of the Meridosternata. But these again would seem to be out

of question, because none of these occur in the (iulf of Panama which

might account for the two larval species occurring there.

Then the Cidarid* alone remain. Of these there are, at least, forms

enough lo account for the different species of the larvae, also those of

the (iulf of Panama, although there is only one strictly littoral species

there, Eucidaris Tlwimrsii-, but the (Adavis panamensis, with a known

bathymetrical range of 66—112 fathoms occurs at the coast of Columbia

and might thus far very well come into consideration when looking for

the parental origin of the second of the larvae found in the Gulf of Panama.

Moreover, the young stage of the larva of Eucidaris Thouarsii described

above (p. 22, Pl.V, Fig. 2) really suggests a larval shape like that of Echino-

plulcus transDersus. There are, however, some great difficulties in refer-

ring these larvae to Cidarids. One is that the larva of Cidaris cidaris (Doro-

cidaris papillata), reared by Pro

u

ho, is of the typical l^chinopluteus

shape, not in the least recalling the Echiiwpluleus Iransoersiis. It is also,

a priori, very improbable that the mosl primitive of all Echinoids should

have one of the most specialized and transformed larval types. And then,

of course, the ophicephalous pediccllaria' are the chief difficulty. It is,

no doubt, possible that such may occur on the newly metamorphosed

Cidarid, but are lost very soon. But nobody has found them there as yet.

I have examined some young specimens of Eucidaris Thouarsii, only

3—4 mm in diameter, but there was no trace of ophicephalous pedicel-

lariae (they should, of course, be looked for on the apical system, as that

is their place in the metamorphosing larva); however, there is no definite

proof that they may not be found in still younger specimens^), lunbry-

onic spines of the shape known from other regular Kchini. with 3- -I

points, highly dill'erent from the typical secondary spines of Cidarids,

were found on the apical system of these specimens. The presence of

such embryonic spines, which soon disappear, is certainly in favour of

') In very young specimens from the niarsupiuni ol Xolocidaris (/aussensis there are no

ophicephalous pe<liccllaria\ so that it seems fairly certahi that such do not occur in this

species at least, which is nol in favour of the suggestion that they might possibly occur in

other species.
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the suggestion that also ombryonic ophicephalous pedicellariae might be

foimd ill ('idarifls.

'I'he possibility tliat Echinupluteus irunsversus may belong to Cidarids

is thus not entirely excluded. But at present the interesting problem of

the parentage ol liiis remarkable larva is insolvable.

Clypeaster japonicus Uoderlein.

PI. XIV, Figs. 2—3.

Til. Moit i-nsfii. On the development of some Japanese Echinoderms, p. .547.

Fertilization of this species was undertaken at Misaki on May 24th

and again on .lune l.Sth, the eiid^ryos in both cultures developing nntil

the beginning formation of the posterodorsal arms, but no further. The

full larval shape was accordingly not reached, but still the larvae were

sufficiently advanced to show that they are in the main like those of

the other Clypeastroids thus far known.

The eggs are extraordinarily clear and must be especially good objects for

cytological studies. They appear to be normally surrounded by a wide, quite

transparent mucilaginous coat, which may, however, easily break, when

the eggs are taken from the ovary, so that both entirely naked eggs

and such as are surrounded by the mucilaginous coat are found among

one another. Both are fertilized, though not quite so fast in the case of

those with the coat. — The cleavage does not present any specially note-

worthy features. Swimming gastrulse were found after ca. 14 hours. They

are oblong, showing a great number of mesenchyme cells wandering into

the blastocoel cavity from the oral pole, where a very active multiplica-

tion of the cells must take place. In embryos a little more than two

days old the formation of the skeleton is beginning; they are still in the

gastrula stage, the larval mouth having not yet been formed; the

archenteron is very narrow, and upon the whole I lie .shape is rather

characteristic, as seen in PI. XIV, Fig. 2. Some red pigment has appeared in

the point of the beginning postoral arms. Four days old embryos have

assumed the typical Fluteus shape. In larva? eleven days old the postero-

dorsal arms had begun to appear; beyond this stage they did not develop.

The shape of the larva (Fl. XIV, Fig. 3) appears to be that typical of

Clypeastroid larvae, so far as can be judged from the stage of develop-

ment reached. The body is short, the oral lobe fairly high. The arms are

broad and flat, of the same width in their whole length. The postoral

band is slightly concave in the mitldle, making a deep curve on each side

before passing on to the postoral arms. A distinct line is seen passing

from the lower point of these curves across the esophagus, indicating the
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lower limit of the suboral cavily. There is ;i coiispinioiis pntcli of red

pit»inenl in Ihe point of the poslonil arms.

The skeleton (Fig. 38) is notable for its smoothness, scareely an indica-

tion of a small thorn being found on any of the rods. The body skeleton

forms a basket-structure, the ends of the body rod and recurrent rod

having a few irregular branches; but they do not develop into such large,

fenestrated i)lales as is otherwise the rule in Clypeastroid larvae. The

postoral rods are fenestrated, the holes being distinctly smaller in the

outer part of the rod than in the basal j)art. The posterodorsal rod appears

Fig. 38. Skeleton of larva of Clypeaster japonicus; "»/,. A. from the dorsal side, B. side

view. To the right of Fig. A the beginning posterodorsal rod is represented separately.

Letters as in fig. 20.

to be simple; still a few holes were found at the base, so that perhaps

they will be found to be fenestrated to some extent in the fully formed

larva. The dorsal arch had not yet appeared in the oldest stage reached.

Arachnoides placenta (L.)

Fl. X, Fig. 7.

On an excursion to Napier, New Zealand, on January 29th 1915 I

found this species to occur in great numbers in quite shallow water in the

lagoon, buried in the sandy mud, generally so deep that not even a slight

elevation indicated the place where a specimen was found. As they ap-

peared to have ripe sexual products I thought it worth while trying,

whether I could make an artiticial fertilisation, although I had no micro-

scope with me, only a pocket lens, and in spite of the fact that 1 would
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have no opportunity of changing the water, being at that time on a visit

in the interior of the country. Only a bottle of water was carried along

for removing the young embryos from the water in which the fertilization

was made, which would, of course, be necessary, if there should be any

prospect of keeping the embryos alive for more than a very short time.

In spite of these unfavourable conditions the experiment proved quite

successful, the larvae developing quite normally until nearly full size. The

character of the egg could, of course, not be ascertained, so that I have

to leave undecided the question, whether it is surrounded by a mucilaginous

coat as appears otherwise to be the rule among Clypeastroids. Also the

cleavage could not be observed. Swimming gastrulse were found after 16

hours, and at 27 hours the postoral processes had begun lo form. At the age

of 272 days the posterodorsal arms began to appear: the first indication

of metamorphosis the formation of the amnion — was found in the

larvae when Vji days old. Beyond this stage the larva? did not develop,

excepting a slight prolongation of the arms, although they lived appar-

ently in full health for more than two weeks. No doubt, the lack of food

was the reason for their failing to develop further. Evidently, it must be

very easy to rear this larva through metamorphosis under suitable labora-

tory conditions.

The shape of the larva (PI. X, Fig. 7) is that typical of Clypeastroid

larvae, the body only being slightly longer than usual. The arms are ap-

parently not widened; Uicir length in the fully formed larvae will probably

be found to be somewhat larger than shown in the figure, it is especially

to be expected that the posterodorsal and the preoral arms will be longer.

There is no indication of the formation of vibratile lobes. No pigment

spot in the points of Ihe arms (— so far as could be ascertained without

microscopical examination —). — In the interior structure there are some

unusual features. The esophagus shows a clear space in its lower part.

apparently representing a kind of gizzard — a structure otherwise un-

known in Echinoderm larvae. The stomach has a rather characteristic,

nearly rectangular shape, which may, of course, be due to contraction on

preservation; but as such shape is not found in other preserved Echino-

derm larvae, it appears rather to be due to some special structure. From

its lower corners a string of cells is seen to proceed towards the ectoderm,

like a pair of strands by which the stomach is suspended in the very

spacious body cavily. which it is very far from filling out. To this band

the angular shape of the stomach would appear to be due. it being prevented

from contracting on the point where the string is attached. The hydrocoel

has not yet begun to form lobes. A hydropore canal is fairly distinct,

opening apparently in the midline on the dorsal side; the opening has,

13
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however, not been distinclly observed. — Across the edges of the anal

area a fairly regular series of nuclei is seen, evidently representing the

nervous system, as observed in the larva of Hchinucyamus^). A very

distinct line a lilllc below llie postoral l)aii(l indicates the lower limit of

the suboral cavity. The lower end of I lie posterodorsal rods are con-

nected by what would appear to be a stranil of muscles, these arms being

thus evidently movable.

Fig. 39. Skeleton of the larva of Arachnoides placenta. ""/,. A. from the ventral side:

B. side view. vtr.*. lower ventral transverse rod. Other letters as in fig. 20.

The skeleton (Fig. 39) is of the typical Clypeastroid structure, the body

skeleton forming a basket structure, which develops in the posterior end

of the body into an irregular, fenestrated plate. The body rod and recur-

rent rod otherwise nearly smooth, except towards the end, w'here the

fenestration begins. From the body rod proceeds, besides the usual ventral

transverse rod, another similar rod somewhat lower down, so that there

is a double set of ventral transverse rods. The upper one, corresponding to

that normally occurring in Echinoid-larvae^) passes somewhat inwards,

') Th. Mortens en. Notes on the development and the larval forms of some Scand-

inavian Echinoderms. Vid. Medd. Dansk Naturh. Foren. Kobenhavn. Bd. 71. 1920, p. 156.

'') Also in the larva of Echinocyamus pusilhis we may find both these ventral transverse

rods, only the upper one appears to be quite inconstant. It seems beyond doubt that it is

the upper one which corresponds to that normally occurring in Echinoid-larvie, while the lower
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between the stomach and the rectum, while the lower one hes on the

outside of the rectum. The postoral and posterodorsal rods are fenestrated;

they are slightly narrower in the basal part, the holes being there also

narrower and longer than in the outer part. Both are rather much thorny,

the posterodorsal rods are, however, nearly smooth along their inner side.

The anterolateral rods are distinctly thorny in their outer part; the dorsal

arch is very slender, smooth, often bent at an angle at the level of the

preoral band.

Echinarachnius mirabilis (A. Ag.)

I>1. XIV, Fig. I.

Fertilization of Ihis species, which occurs in quite shallow water, among

Zostera, near the Station at Misaki, was undertaken on June Isl 1914.

Unfortunately the culture was destroyed already the next day, and no

further opportunity was found for starting a new culture until towards

the end of the month, and then the breeding season of the species had

passed; at least, I did not find any specimens with ripe sexual products

by that time. Accordingly only very little information can be given about

the development of this species, and especially the characters of the larva

remain unknown. Still it may be worth while recording the few observa-

tions that were made.

The eggs arc surrounded by a mucilaginous coat with some red pig-

ment cells. This coat may be found floating empty in the water after the

embryo has been hatched, which does not happen till the embryo has

reached the gastrula stage, at the age of ca. 18 hours. The gastrula has

an unusual shape, like a pear (PI. XIV, Fig. 4); on leaving the egg-mem-

brane the pointed end is foremost. — The skeleton had not yet begun

to form, when the embryos died (probably because of the water being

very impure in those days).

Echinarachnius (Dendraster) excentricus (Esch.)

PI. XIV, Figs. 5—6.

This species was found in great numbers in a locality near the Biological

Station, Nanaimo, viz. at tiabriola Island, in quite shallow water. While

some specimens were found buried in the sand, several inches deep, so

thai no trace of Iheni could be seen and they could be found only by

one is a special formation, apparently of general occurrence among Clypeaslroid-Iarvae. Thus
far it was unfortunate that in the "Echinodermenlarven d. Plankton-Expedition" (p. 74),

where the skeleton of the Echinoci/amus-larxa was used as an example, this lower rod was

designated as the "ventral transverse rod". — It should still be pointed out that this lower

ventral transverse rod does not correspond to the supplementary transverse rod of Echino-

pluteus Iransversus, which latter proceeds from the ventral recurrent rod.

13*
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digging, the niajorily of them were silting obli(|uely in Die sand, only

halt' buried, the darker posterior end being above the sand. In places they

were found so close together that they were touching one another, some-

limes over several square meters. They were louiid to be ripe in May

—

June, and t'erlilizalion was undertal<en on May 29th. The egg is sur-

rounded by a nuicilaginous coat with |)urple pigment spots, .\bout the

hrsl (leveloi)menlal processes I have omitted to make any notices. The

embryos had assumed the shape of small Plutei at the age of two days.

In eight days old larva? the first indication of the metamorphosis (formation

of the amnion) was found; none of the specimens, however, developed

through metamor|)hosis; but, anyhow, the full larval shape was reached.

The shape of the larva (PI. XIV, Figs. 5—6) is very much like that of

Echinarachnius panna (comp. especially PI. VII, Fig. 1 of Fcwkes' paper

on the development of that species^)). The arms are rather narrow, not

widened at the base; they have all of them a proniincnl red pigment spot

at tlu- |)oint. while tlie larva is otherwise without color. (A noticeable

fad is that it turns green when preserved in alcohol; this fact was ob-

served also in several other Clypeastroid larva> and probably will prove

to hold good for all of them, in accordance with the fact that Clypeastroids

upon the whole generally turn green when preserved in alcohol; also when

otherwise damaged the tissue on the damaged place turns green^)). The
posterodorsal rods have their lower ends connected by a muscular band

and are thus movable; the same holds good for the postoral arms in the

later stage, when the lower part of the body skeleton has been absorbed.

— On the sides of the anal lobe the vibratile band makes a downward

curve, thus forming a pair of small vibratile lobes; a corresponding pair

of lobes is found on the dorsal side and also on the side of the body the

band forms a pair of small, posterolateral lobes. As seen in the figures

there is an indication of a ciliated band going from the corner of the

preoral band obliquely downwards towards the band along the dorsal

side. This band, which I have also observed in other Clypeastroid larv^ae

(and which is also seen in the larva of Echinocyainiis pusillus, comp. PI. VI,

fig. 90 of Theel's Monograph), is probably a special feature of the Clypea-

stroid larvse and may have something to do with the oral nervous system

occurring in the Echinoci}amus-\a.vya and probably in Clypeastroid larvae

in general (comp. p. 71); but this needs a closer investigation. — The

esophagus shows an indication of the structure observed in the larva of

') I. W. Fewkcs. Preliminary oi>servations on the development of Oiihiopholis and
Echinarachnius. Bull. Mus. Comp. Zool. Harvard Coll. XII. I. I.SSti.

') Some interesting observations on this remarkable property of Clypeastroid tissues are

given by \V. I. Crozier in a paper "On the pigmentation of a Clypeastroid Mellita sesqui-

perforatus (sici) Leske". American Naturalist, Vol. LII. 1918. p. 553.
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Arnrhnoides placenta and regarded as a kind of gizzard; the stomach and

recluni are soniewliat pecuUarly shaped, especially the rectum with its

conspicuous widening. Of course, it is impossible to decide how much of

this is due to contraction on preservation, but it is evident that the shape

is not thai of a simple oval sac. The ventral and dorsal transverse rods

give the body a characteristic prominence on the ventral and the dorsal

sides. — II was observed that this larva has the habit of swimming close

to the surface of the water; often

it comes up and touches Ihe surface

liliii with Uu' arm ])oints, where-

upon il suddenly sinks as if it had

got a shock.

The skeleton (Fig. 10) is of the

usual Clypeastroid type. The body

skeleton forms a basket structure,

the body rod and recurrent rod form-

ing together at their posterior end

a large, fenestrated plate, which is,

however, unusual through the holes

in it being very small, so that the

plate is nearly compact. There is both

an inner (upper) and an outer (lower)

ventral transverse rod. The postoral

and posterodorsal rods are fenes-

trated, the latter with distinctly

smaller holes than the former; both

are thorny, the posterodorsal, how- I-ig. 40. skeleton of the larva of Echinarach-

ever, almost exclusivelv along the "'"•^' "'''"'^""'- si.ie view. ^^»/,. Letters as
"

in lig. 20.

outer side. The anterolateral rods

are also rather much thorny. The basal part of the anterolateral rod has

a small process with which one of the basal processes of the postero-

dorsal rod joins so that here is formed a sort of articulation about which

this rod may move. Whether this is a constant feature, I do not, however,

venture to ascertain. In some cases I have found soiiu- iiregularities

in the body skeleton, as in that figured, where the lower ventral transverse

rod has some branches, one of them proceeding, like an extra recurrent

rod, downwards to the basal plate, with which it joins.

This larva resembles to a striking degree that of Ecliinaruclinius panna.

It is not easy to designate the characters by which to distinguish them,

especially because Fewkes does not give any detailed and exact figures

of the skeleton of the latter larva. It appears, however, that the plate
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in the posterior end of the body is much more openly fenestrated in

K. parnui than in E. excentricus.

I may add here an observation regarding? the rate of growth of this

sea-urchin. On the place mentioned above, where the species was found

in such vasl numbers, careful search was made also for the young speci-

iiuMis, the sand being sifted through a sieve, the meshes of which were

only 1 D nim. No specimens smaller than 4 mm length were found. As it

was just in the breeding season of the species, it was, evidently, impos-

sible that the brood of that year could already have reached a size of

4 mm or even more, so that these young specimens must represent the

brood from the foregoing summer, being thus one year old.

When measuring the w'hole material collected at this locality (in the

end of .lune and the beginning of .July) the arrangement of the sizes

shown in the adjoining table resulted. It is quite evident therefrom that

the group from I— 17 mm represents the one year old specimens, the

main number of them measuring 5—10 mm. Another group from 20

—

52 mm, with the maximum from 30—40 must represent specimens two

years old, while the specimens from 55—70 must be, at least, three years

old. There is, however, no distinct limit between these two groups and the

possibility that the larger specimens are more than three years old cannot

be denied. — As we do not otherwise possess any definite knowledge of the

rate of growth in Echinoids, the facts given here may claim some interest.

Table of measurements of specimens of Echinarachnius excentricus from Gabriola

island, June—July 1915.

mm Number of „,„, Number of Number of
"""

specimens
"'"'

specimens
'""' specimens

3 26 1 49

4 2 27 :\ 50 3

5 16 28 3 51

6 33 29 52 4

7 54 .30 4 53

8 35 31 4 .54

9 34 32 1 .55 2

10 18 33 6 56

11 10 34 4 57 5

12 6 35 2 58

13 5 36 2 59 2

14 4 37 1 60 3

15 2 38 5 61 3

16 1 39 2 62 2

17 1 40 6 63 1

18 41 2 64 3

19 42 65 4

20 2 43 2 66 5.

21 44 4 67 6

22 1 45 2 68 2

23 46 3 69

24 1 47 2 70 2

25 48 2 71



103

Encope micropora Agass.

['\. XIV, Fig. 7.

On the sandy shore of the Httle island Taboguilla in the Gulf of Panama
this Clypeaslroid was found in considerable numbers, living buried in the

sand in shallow water, about low-water mark. II was found lo be ripe,

and ferlilizalion was undertaken on January 7th 1916. Owing to the

exceedingly strong development of the calcareous substance in this spe-

cies, the gonads being so to say infiltrated in the calcareous mass it was

impossible to take out pieces of the gonads as usually done by artificial

fertilization in Echinoderms; it had to be done in this way that the speci-

mens were broken to pieces and laid in water, male and female together.

The sexual products were thus emptied and fertilization took place. By
this procedure, however, the water became nearly black from the inten-

sive black coloration of the sea-urchin, and it was necessary to decanter

oil the water many times, before the culture was in good order.

The eggs are surrounded by a thick, somewhat irregular mucilaginous

coat without pigment spots. The first developmental processes went on

very rapidly, so that already after twelwe hours the embryos had begun

to assume the Pluteus-shape and the skeleton had begun to form. At

the age of four days the posterodorsal arms had appeared, and in the

course of two weeks the larva had reached its full shape. The metamor-

phosis was not accomplished by any of the — rather few — larvae sur-

viving thus far.

The shape of the larva (PI. XIV, Fig. 7) is that typical of Clypeastroid

larvae, presenting no specially noteworthy features. A small downward
curve of the ciliated band at the base of the postoral and posterodorsal

arms represents ventral and dorsal ciliated lobes, and a similar curve

between these arms on the side of the body the posterolateral lobes, but

all of them are small and inconspicuous. The arms are narrow, of the

same width throughout. There is no pigment spot in the point of the arms.

The skeleton (Fig. 41) also shows the typical Clypeaslroid structure,

the body rod and recurrent rod developing in the posterior end of the

body into a complicated fenestrated plate, strongly thorny along the

posterior edge. There is both an upper and a lower ventral transverse

rod, the former being entirely smooth, the latter very thorny along its

posterior edge; the same holds good for the dorsal transverse rod. Postoral

and posterodorsal rods fenestrated, the latter having distinctly smaller

holes than the former; in both of them the holes are somewiiat larger

at the base, gradually diminishing in size upwards, but then remaining

of the same size till the end; both rods are strongly thorny, the postero-

dorsal rod, however, mainly along the outer side. It appears that there
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is a kind of arliculation belween Ihe base of Ihe postcrodorsal rod and

the anlerolaleral rod. bul il is not so distinctly seen as in Echinaiachnius

excentriciis. The anterolateral rods are strongly thorny in their outer part,

and also the preoral rods have a few thorns; they proceed al an obtuse

Fig. 41. Skeleton of the larva of Encope mirropnra. A. from the ventral side: B. side view.

"°/i. In figure A. the left postcrodorsal rod is lacking. Letters as in fig. 20. vtr* the lower

ventral transverse rod. The asterisk has been omitted by a mistake in fig. B; it is the

outward directed rod in the ripht side of this figure which represents the lower transverse rod.

angle from the dorsal arch. — The specimen from which the skeleton was

drawn, shows the peculiar anomaly of having only the left posterodorsal

arm developed, being otherwise quite normal.

Mellita sexies-perforata (Leske).

Pi. IV. Fig. 2: PI. XI II, Figs. 5—6.

A few specimens of this species containing ripe genital products were

obtained at Tobago, B. W. I., on the 8th of April 1916 and fertilization

was made, which proved successful. The eggs^) are surrounded by a pig-

') W. I. Crozier, in his paper "On the pigmentation of a Clypeastroid Mellita sesquiper-

foratus Leske" (American Naturalist. Vol. LI I, 1918, p. 554) states the egg of this species

to be "apparently larger than any other Echinoid egg that has been described"', measuring

about 0.26 mm in diameter. From the present researches it is seen that much larger eggs

ca. 0.5 mm.) are found in several other Echinoids, Pluillaranlluis paruispiiuis, Heliocidaris

erylhrogramma, Peronella Lesueuri. Also Holopneusles purpurasceiis, Brisaster tatifrons. Br.

Iragilis, several deep-sea forms and the viviparous forms have large eggs.
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merited mucilaginous coat. The first developmental processes are passed

very rapidly; alter fi hours the embryos were free swimming gastrula;,

and already at the age of 24 hours Ihey had assumed the shape of young

plutei, the skeleton having already developed its characteristic struc-

ture; on the other hand the intestinal trad is somewhat behind in its

development, the mouth having still only the form of a small round

opening (PI. XIII, Fig. 5). This young larva otherwise shows a charac-

teristic concavity on its dorsal side, as seen in PI. XIII, Fig. 6, which

Fig. 42. Skeleton of the larva of Mellila 6-per/orata. "o \ .(^ fro„, the ventral side:

B. side view. Letters as in lig. 20. * The rudiment of the upper ventral transverse rod:

vtr* lower transverse rod.

represents the young larva in side view. They are still rather opaque,

and the vibratile band is not yet fully differentiated. Some red pigment

has been formed. After 272 days the larvae had assumed their full shape,

with both ])oslerodorsal and preoral arms developed. At the age of five

days the metamorphosis was beginning, the body skeleton had been partly

absorbed, the large feneslraled plate in the posterior end remaining,

however, unaltered, evidently passing directly into the apical system of

the sea-urchin. Muscles were distinctly seen to connect the bases of the

postoral and posterodorsal rods, these four arms being thus actively

movable, in the same way as in the larva of Mellila o-perforata (or teslii-

dinala), as described by Grave. As the metamorphosis did not proceed

•) Caswell Grave. Some points in the structure and development of Mellita testudinata.

Johns Hopkins Univ. Circ. No. 157. 1902.

14
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further duriiit? Ihc next days, I suspected that it was due to the lacking

incilanient ol a natural bottom. Some of the larvae were then trans-

ferred to a jar with sand on liie bollom, and after a few days these larvae

had completed their metamorphosis, while those left in the jar without

sand on the bollom showed hardly any further advance in the process

of metamorjjhosis.

The shape of the fully formed larva is that typical of Clypeastroid

larvtv (PI. IV. Fig. 2). There arc small vibratile lobes, as usual; that those

of the dorsal side appear lo be much larger than the ventral ones in the

figure is due to the fact that the posterodorsal arms are directed nearly

horizontally on account of the contraction of liie muscle uniting the bases

of their rods. The frontal area is remarkably small, the oral area being

very large. The nervous system is not distinct in the preserved specimens,

neither does the eso])hngus distinctly show llie gizzard-like structure found

f. i. in the Aravhiwidcs-larva. There is a consj)icuous coloration of red

and yellow in the point of the arms, scattered red pigment cells occurring

otherwise irregularly in the body, often in larger number along the preoral

and postoral band and in the posterior end of the body. The stomach

has a faint yellowish-green tint.

The skeleton (Fig. 12) is of the typical Clypeastroid-structure. the body

skeleton forming a basket structure. The body rod and recurrent rod are

thorny, often even fenestrated, and form in the posterior end a large,

fenestrated, thorny plate. Even the transverse rods may develop into

narrow, fenestrated plates. The upper ventral transverse rod is entirely

absent or quite rudimentary. Postoral and posterodorsal rods of the usual

fenestrated type; anterolateral rods thorny in the outer j)art. The small

posterior prolongation from the dorsal arch appears to be constantly

curved and more or less thorny or fenestrated.

The larva of the closely allied species Mellila 5-pcrforala (or tcstiidi-

nala Klein), which was reared by Caswell Grave, likewise through

metamorphosis, has not been adequately described. From the outline

figures given by Tennent in his paper on Echinoderm Hybridization

PI. 1, Figs. 10— 12, it appears to dilTer quite notably from the present

species, especially through the much less developed fenestration of the

posterior part of the body skeleton and through the presence of the upper

and the absence of the lower ventral transverse lod. A more detailed

description of this larva is, however, desirable
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Astriclypeus Manni Venill.)

I'l. [V, Fig. 1.

This species, wiiich occurs in quile shallow water, buried in liu' sand,

near the Hiological Station at Misaki, was found to have ripe sexual

products in June (H)l 1); fertilization was undertaken on ..:;..•....

the 2nd, but did not result in a good culture. After sonie

more unsuccessful attempts I succeeded on the 27th of

.Tune in gettiiit> a good culture, the larva? developing

normally and metamorphosing.

The egg (Fig. 43) is surrounded by a strongly pigmented

mucilaginous coat. About the first developmental processes

I have no notices; at the age of II hours the embryos

were in the process of gaslrulalioii. the blastocoel being (illed with

mesenchyme cells; the ectoderm is thick, especially at the oral end. .\fter

three days the larva^ had already nearly reached the full shape, the

posterodorsal arms having been formed. At the age of (i days the meta-

morphosis was beginning, and after another week some of them had

completed the metamorphosis, while other specimens w-ere not yet so far

Fig. 43. Egg of

Astrichipeii.s

Manni. »=/,.

Fig. 44. Skeleton of the larva of Aslricli/peus Manni. ^'"/i. A. from the ventral side:

B. .side view. Letters as in fig. 2(1.

') In the "Preliminary Notiee on the Development of some .Japanese Kchinoderms"

(Annot. Zool. .lapon. VIII. Ii>l4. p. .J47) I designated this species as "Mellila japouica".

having wrongly got it into my mind that there existed a Mellila japnnica: that jiaper being

written at sea, I had, of course, no access to litterature so that I could not then correct tlic

wrong idea.

14*
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advanced. Uiuier natural conditions this species will then, evidently, com-

plete its metamorphosis in less than two weeks.

The shape ol' llie larva (PI. IV, Fi,s4. 1) is that typical of Clypeastroid

larva'. The arms are rather narrow, ol I he same width throuf^hout. The

vibratile lobes are small, as usual; between the postoral and postero-

dorsal arms the vibratile band forms a small, earshaped i)osterolateral

l^rocess. There is some red pigment in the point of the arms and in the

posterior end of the body.

The skeleton (Fig. 44) likewise is of typical Clypeastroid structure, body

rod and recurrent rod forming in the posterior end a complicate, fene-

strated plate, which is not distinctly thorny. Both the body rod and the

recurrent rod may be more or less fenestrated (the thorns along their

sides uniting with their ends so as to form holes). The lower ventral trans-

verse rod is generally only slightly developed, often forming a small

fenestrated plate at its base; sometimes it is not at all developed. The

upper ventral transverse rod, on the other hand is well developed. Postoral

and posterodorsal rods fenestrated, generally only slightly thorny. The

holes in the postoral rod are somewhat unusually large, but diminish

in size towards the end of the rod. Anterolateral rod slightly thorny in

its outer part.

Laganutn diplopora H.L.Clark.')

PI. XIV, Fig. 1.

On the 7th of .July 1914, a few days before I left Japan, I got some

specimens of this species, taken at the depth of ca. 800 meters in the

Sagami Sea, which were found to contain ripe genital products. Fertili-

zation was undertaken and proved to be perfectly successful. The small,

very transparent eggs were apparently without a mucilaginous coat; in

view of the fact that all other Clypeastroids, the development of which

has been studied, have the eggs invested by a mucilaginous coat I would,

however, not venture to state definitely that such coat is wanting in this

species. It may be so transparent that it has been overlooked (the fertili-

zation was undertaken rather late in the evening), or it may have been

ruptured by shaking the eggs out of the ovary, as it happened also with

Clypeaslcr japonicus. In the course of three days the embryos had deve-

loped into typical young plutei, did'ering in no way from other young

Clypeastroid larvae. It was noticed that the larva; all kept swimming

close to the bottom of the dish, never rising to the surface of the water,

as do otherwise as a rule young Echinoderm larvae.

*) In the preliminary notice on the development of some Japanese Echinoderms (p. 547)

I designated this species as Laganum fudsiyama. On my return I found It to belong to the

closely related species Laganum diplopora H. L. Clark.
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By this lime I had to leave Misaki, so that there was no opportunity

of rearing the hirvie beyond the first stage. This species being tlie lirst

deep-water l*>cliinoderni, the development of which has been studied —
all other h^chinoderms hitherto used for developmental studies being

mainly littoral — this case is very interesting, as it proves that at least

some deep-water Echinoderms may have typical pelagic larvae. (The

species is known to have a bathymetric range of ca. 100—^800 meters).

The shape of the larva; (PI.

XIV, Fig. 1) does not present

any unusual features; it is,

however, not old enough to

show whether it will ofTer any

marked special fea lures in its

full shape. No pigment was

present at this stage.

The skeleton (Fig. 45) is in

conformity with that of other

Clypeastroid larvae, the body

skeleton forming a basket struc-

ture; there is as yet no large

fenestrated plate developed in

the posterior end of the body,

which would seem to indicate

that such is not formed in this

larva, since in other larvae it is found to develop already in the quite

young stage. The body rod is strongly thorny, the recurrent rod smooth.

The upper ventral transverse rod is well developed, smooth; there is no

indication of a lower ventral transverse rod. The postoral rods are fenes-

trated, strongly thorny; the anterolateral rods are also rather strongly

thorny.

Peronella Lesueuri (Val).

Pis. XV—XVI.

In my paper 'On the development of some .Japanese Echinoderms"

1914 I gave a short summary of the development of this species under

the name of Latjaimm decagonale; the wrong identification was due to lack

of litterature. In the following year Grace Medes pubhshed a paper on

"The Pluteus of Laganum sp."i), the identification of the species being

omitted. As the larva described in that paper was very much like that

of the .Japanese species, I was, of course, very anxious to learn to which

') Papers from the Department of Marine Biology of the Carnegie Inst. Washington.

Vol. Vlll. 1915.

Fig. 45. Skeleton of the larva of Laganum diplopora.

From the ventral side. '""/,. Letters as in Fig. 20.
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species il belonged. Fortunately, II. Lyman Clark, who was a member

of the Carnegie Expedition to Torres Strait, 1913, — on which Dr. D. H.

Tennenl reared the larvae (at Badu Island), which made the object of

Miss Medes' paper — was able to inform me I ha I the species in question

was Peronella Lcsueuri: he. moreover, sent me a specimen lioiu Hadu

Island, thus enabling me to compare it directly with my .Japanese spec-

imens and lo convince myself of their identity.')

The material studied by Miss Medes represented only two stages, of

29 and 55 hours respectively. The latter was used only for the study of

the skeleton, especially the development of the spines being very carefully

worked out. There was thus only the stage of 29 hours left for the study

of the larval structure, and accordingly the results could only be very

incomplete. The fuller report of the development of this species given here

is thus by no means made superlluous by the said paper, the less so as

the interpretations given in that paper are not all of them acceptable.

The material lor the study of the (leveloj)ment of this species, which 1

collected in .Japan, is rather rich and well ])res(Tve(l and allows giving a

fairly complete record of at least the younger stages. It has been possible

to establish beyond doubt most of the remarkable facts revealed by the

study of this form, so strongly deviating from the usual type of develop-

ment in Echinoids, although less deviating than the other Echinoid with

shortened development studied in the present work, Heliocidaris erylhro-

f/ramma. The later stages of metamorphosis as well as the (leveloi)ment

of the adult skeleton and the postlarval development upon the whole have

been rather disregarded, such monographic study being out of the plan

of the present work.

The adult Peronella Lesueuri was found in considerable numbers in the

sandy bottom of a shallow lagoon close to the Biological Station at Misaki

;

they were found lying buried in the sand, only a few centimeters down,

a small elevation indicating their place. They were found to have ripe

sexual products in the latter part of .June and in .July. Fertilization was

undertaken on June 19th and repeatedly during the following three weeks.

Metamorphosis was completed in the cour.se of 3—4 days. The meta-

morphosed urchins very soon died, assuming the green colour so character-

istic of dead Clypeastroid tissue. Wishing, if possible, to keep the young

urchins alive and to follow their further growth changes 1 tried to keep

them in dishes with a more natural bottom consisting of sand taken from

•) The specimen from Badu dilTers slightly in shape Iroiii the .lapanese specimens. The

species being known lo he highly variable in regard to the oiilline of the test, the dilTerencc

is not at all surprising. Perhaps, however, a closer study of the (lilTerenl forms, both in regard

to their general characters and their development, niay ultimately prove that what we now

regard as one very variable species really is a group of closely allied but distinct species.
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the locality where the adult specimens were found, the sand being, of

course, first examined microscopically in order to ascertain that no young
specimens from outside were contained in it. This proved to give an ex-

cellent result; the young sea-urchins now did not die, but lived and thrived

well. On leaving Japan I carried a culture of the young Peronellas along

with me to .Vuslralia; they stood the transport very well. On my arrival

in Sydney the jar in which they were kept happened to be turned over,

and I had to lill it uj) with water from Sydney Harbour. They stood that

very well too. It was not until tlie 29th of October that the last specimens

were preserved. Most of them had died already by that time — but a

few were still in good condition, having reached a length of the test of

0.6 mm, while the newly metamorphosed urchin is only 0.2 mm long. The
growtli is not very considerable, it is true; but this is due, 1 do not doubt,

to the lack of sufficient food supply. It seems beyond doubt that under

good conditions it will prove very well possible to rear this sea-urchin to

a much larger size, if not to full size — an experiment which would be

of very considerable interest. — The rate of growth of this species under

natural conditions most probably will be considerably faster. I regret

being unable to give information about this matter in the same way as

1 did it for Echinarachnius excentricus, having found no young specimens

in the place where the adult specimens were collected.

The eggs are ca. 0.3—0.4 mm in diameter, yolk-laden and opaque. They
are surrounded by a thick mucilaginous coat, without pigment. The cleav-

age is total and regular. At the age of ca. 5 hours the embryo has reached

the blastula-stage; it is much folded (PI. XV, Fig. 1), the folds often being

arranged in four meridians so that the embryo has the appearance of

being in tiie four-cell stage. The folds then gradually disappear, the egg-

membrane widening contemporaneously so as to give room for the now
somewhat larger embryo. At the age of 8 hours the embryo has developed

cilia and begins to rotate within the egg membrane, and at the age of

about 10 hours it breaks through the membrane and is liberated; it has

now the shape of a somewhat elongate gastrula.

Regarding the entoderm formation it is stated in the preliminary notice

that it takes place "not as a real invagination, but more as a strong growth

of cells at the oral end, and there is no gastrula mouth". The study of

sections of the embryos has shown this statement to be wrong. .\t the

age of 8—9 hours a rapid growth of mesenchyme cells from the truncated

oral end of the endjryo lakes place (PI. XV, Fig. 5), which may proceed

so far as to fill out the blastocoel cavity almost completely. At the age

of ca. 12 hours, sometimes earUer, the gastrula invagination begins (Pl.XV,

Fig. 6), in the usual way.
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In embryos 16—17 hours old the larval mouth is about to form (PI.XV,
Fig. 2, Fig. 11), in the usual pilacc on the micifile of the ventral side, the

embryo now being dislinclly llattened. The entoderm, into which most

of the previously formed mesenchyme cells apparently merge, begins to

assume a somewhat complicated structure (PI. XV, Figs. 7— 13). While at

first a simple sac (PI. XV, Fig. 14) its lumen now gradually is subdivided

through a fold hanging down from the upper, thickened part of its wall.

It is not easy to get a full understanding of the real shape of the archen-

teron. But it is clear that there are two main parts, which represent the

hydrocoel and enterocoel pouches. There appears to be some variation in

the time of appearance of these structures. Thus in the specimen from

which the figures 1-—10 were drawn

the larval mouth had apparently not

been formed, while in the specimen

from which figures 11— 13 were drawn

the larval mouth had developed, the

entoderm showing the same stage of

development as in the other specimen.

— As seen in PL XV, Fig. 13 there

is a distinct apical thickening of the

ectoderm at this stage.

At the age of 18—20 hours the post-

oral arms are beginning to develop

Fig. 46. Skeleton of the larva of Peronella (PI- ^^'> Fig- 3). The skeleton has

Lesiieiiri. 20 hours old. '""/i. al. anterolateral been formed (Fig. U)). It is Seen in
rod; b. body rod; ijo. postoral rod; r. recur- ,,. , ^u 4--ii fiu, , . , . , this stage to be essentiallv oi the

rent rod; vtr. ventral transverse rod. -^

Clypeaslroid type, but, as might be

expected from the rudimentary shape of the larva, it never develops into

the typical Pluteus-skeleton. In the later stages it forms a very irregular

network in the body, in which one can, with some difficulty, recognize

the body rod, the recurrent rod and the ventral transverse rod. (Comp.

fig. 2, p. 131, in Miss Medes' pa])er). It is noteworthy that an indication

of an anterolateral rod may be lound in the young larva, although the

anterolateral arms are apparently never developed.

In the young larva with the beginning postoral arms (PI. XV, Fig. 3)

there is a fairly conspicuous preoral lobe, with a distinct ectodermal

thickening at the point. This lobe, which is at first rather swollen, gradu-

ally diminishes in size and ultimately disappears completely, the mouth
opening lying then at the anterior end of the body, in the sinuation be-

tween the postoral arms; in the later stages the mouth opening even is

transplaced to the dorsal side (PI. XVI, Fig. 10). The normal shape of
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the fully formed larva is that shown in PI. XV, Fig. 4, with onlv two
arms, the postoral ones, which are fairly long, about body length. There
is, however, a considerable variability in the larval shape; another pair

of arms, the posterodorsal ones, may develop, but sometimes only one of

these arms is formed. Also the arms may coalesce to a various extent.

Fig. 47. Various forms of the larva of Peronclla Lestieuri. '™/i- Only in one of them the

young spines are drawn; all the s|)ecimens figured were at about the same stage of develop-

ment. Drawn from life.

Thus the variation as regards the larval shape is rather |)hantastic. as seen

from the sketches represented in iigure 47. And these larva* could not be

designated as abnormal, since the metamorphosis was completed by all

of them, even by llie one with no aims at all. .\lso amoiii* the larvae reared

by Tennent corresponding variations occurred, even a specimen with

five arms, which I have not observed. On account of the rudimentary

character of the larva these variations are not very surprising; possibly

10



114

they may be due partly lo the iiilhieiue of laboratory conditions. I have

not found the larvae in the free, so 1 cannot ascertain whether such varia-

tions occur also under natural conditions, but I should expect so. Ilie

main thing is, however, tluil I he inelamorphosis goes on quite normally

in all the various forms, showing thai llu' variations are of no real im-

portance to the larva'. .Ml the arms are sup])oiled by a fenestrated skeletal

rod. There is no vibralile band dilTerenlialed, only a general ciliation all

over the body, by means of which the larva swims. Only in some ex-

ceptional cases a distinct ciliated band is formed (comp. p. 110). There is

no pigment.

Turning now to the development of the internal organs the first thing

lo arouse attention is the larval esophagus. In PI. XV, Figs. 19—22 a

series of sagittal sections lluough an embryo 18—20 hours old are repre-

sented. There is no connection between the lumen of the pharynx and

that of the entoderm, only their walls are closely apposed. From the base

of the pharynx a sac-shaped prolongation proceeds along the dorsal side

of the entoderm reaching about halfway backwards. In PI. XVI, Fig. 5,

representing a median sagittal section of an embryo 21—22 hours old,

this prolongation is seen to reach to the posterior end of the body, thus

covering the whole dorsal side of the entoderm. Corresponding series of

frontal and transverse sections of embryos of the same age (PI. XV, Figs.

15—18; PI. XVI, Mgs. 11-13) show both the pharynx and its posterior

prolongation to be llatlened; the latter is seen to be confined lo the dorsal

side of the larval body, the ventral side of the entoderm remaining un-

covered. The ventral wall of the posterior prolongation is disliiully thick-

ened, the dorsal wall remaining thin. In a slightly older stage, PI. XVI,

Figs. 11— 16, representing transverse sections of an embryo 23—24 hours

old, the ventral wall of the sac is considerably thickened and begins lo

fold, the underlying hydrocoel wall following the folds. The dorsal wall of

the sac on the other hand becomes thinner and gradually assumes a per-

fectly endolhehal character. Thus it is clear already at this stage, and is

further delinilely proved by the following stages (PI. XVI), that this

posterior prolongation from the pharynx is the amnion, which

is accordingly formed here in a way quite unique among Echinoids, as

far as hitherto known. The pharynx itself gradually shortens and soon

completely disappears, as becomes evident from a comparison of PI. XV.

Figs. 15 18 and PI. XVI, Figs. 1—4, or still more so on comparing the

sagittal sections PI. XV, Figs. 19—22 and PI. X\l. Figs. 5—8 and 10.

The larval mouth, which never assumes the normal functions of a

mouth, since the pharynx never opens into the stomach, the larva being

accordingly entirely unable to feed, thus directly becomes the open-
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ing of the amniotic cavity, the median position of which, so diflerent

from the normal position of the amniotic opening in Echinoid larva', as

emphasized Ijy Miss Medes (Oj). cil. p. I'M), is thereby naturally ex-

plained. As Miss Medes had only one single stage for sectioning, the

natural explanation of the median position of the amniotic opening could

not possibly be found out by her, and the statement that there was "no

indication of the formation of a mouth" was an equally unavoidable con-

sequence of the lacking of the younger developmental stages. This also

accounts for the fad that Miss Medes thinks the jjosilion of the amniotic

opening to be ventral, "so that the dorsal surface of the pluteus forms

the aboral surface of the adult" (()]). cit. p. 134). .\s shown definitely by

the course of the development it is, on the contrary, the dorsal surface

of the Pluteus which becomes the oral surface of the aflult.

the ventral surface of the larva becoming the aboral side of the sea-urchin.

Contemporaneously with the formation of the amniotic prolongation

from the pharynx the blastoporus, or, as it might now be termed, the anal

opening wanders upwards along the ventral side (PI. XV, Figs. 20—21),

where it may renuiin distinct for a little while yet; the last traces of it

have disappeared at the age of about 2.^ hours. The posterior part of the

entoderm is seen to lie in a transverse position on the ventral side, some-

what transplaced towards the left side. Its lumen remains distinct, and it

appears to be somewhat curved (PI. XVI, Figs. 4, 8). This part of the

entoderm, which develops directly into the intestine of the sea-urchin,

soon separates completely from the larger, originally anterior, part of the

entoderm, from which the hydrocoel and enterocoel develop.

The lumen of the hydrocoel begins to difi'erentiate at the age of 23—24

hours; but 1 cannot enter on a detailed description of the complicate pro-

cesses of the dilTerentiation of the hydrocoel and the enterocoel. I would

only emphasize that no subdivision of the enterocoel lakes place.

The part to the aboral side of the intestine may have the appearance of

being separate; a careful examination of the series of sections shows, how-

ever, definitely that it is in connection with the rest of the body cavity,

there being in fact only one, common space. Accordingly 1 cannot agree

with Miss Medes in designating the diflerent parts of the body cavity as

anterior or jjosterior enterocoel. We have here only a general body cavity,

and a special homology between its dilTerenl parts and the anterior and

posterior enterocoel of typical l^chinoid larv;e cannot be carried through.

.\ very important jjoinl is the formation of the hydropore. Miss Medes
in her figure 22 represents a double series of nuclei forming something like

a canal, which appears to ()])en on the dorsal side. This is taken to be the

pore canal. I must doubt the correctness of this view. Such series of nuclei

15*
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I have observed in some sections but I hey appear to be merely a casual

ananoement of Ihe nuclei. On Ihc otlicr hand 1 have found in a series of

transverse sections of a specimen, II 1.) iiours ohi, a disliucl canal pro-

ceeding from the enterocoel and opening on the left side, at the level of the

amnion (Fl. XVI, Figs. 19—20). This canal, the existence of which is un-

disj)ulable, would rather seem to represent the pore canal, in spite of

its unusual position. Hut in order to ascertain the correctness of this

interpretation it would be necessary to follow its further development

and see the pore assume the normal position at the aboral pole of the

urchin; this, however, could not be done on the material available. The

question (xf the development of the hydropore (and stone canal) thus

cannot be regarded as settled. On the other hand I must ascertain that

no trace of a hydropore is observable in the young larva.

It is a noteworthy fact that the larva* of 29 hours age studied by Miss

Medes were in a considerably more advanced stage of development than

those of the corresponding age in my material; the spines and tubefeet

have not reached the same stage of development here until the age of

ca. 50 hours. This may depend on the temperature, the developmental

processes going faster in the tropical conditions of Badu Island than in

the cooler climate of .Japan. Possibly it may also indicate that the .Japanese

form is not really the same species as the tropical form. — By this time

the tubefeet and spines begin to protrude from the amniotic cavity. This

takes place partly through the natural opening, which has gradually been

somewhat transplaced to the dorsal side of the larva (PI. XVI, Fig. 10;

comp. also figure 20 of Miss Medes' pa|)er), the young sea-urchin thus

in fact coming out of the mouth of the larva; jiartly also the dorsal wall

of the amnion, together with the dorsal wall of the

larva is broken through directly, both the dorsal wall

of the amnion and the larval skin being by that time

very thin.

The development of the plates and other structures

of the young sea-urchin cannot be considered here. I

would only point out the presence of a pair of long

spines at the posterior end of the body, much as it

is represented in Echinocyamiis ijusillus in PI. IX,

Fig. 107 of Theel's monograjjli. Such a pair of long

posterior spines were also found in the newly meta-

morphosed Aslrichjpeus nmnni, and they may per-

nella- Lesiiciiri, 5 clays luips piove to be of general occurrence in young Cly-
old. Abnormal; show-

ing distinct vibratilc

band. "»/i.
some phylogeuetic meaning.

FlR. IX. Larva of Pern-

peastroids (and Spatangoids); possibly they may have
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It should still be inonlioned Ihal in some of the youno laiva> the ento-

derm was everted, turning inside out. Some of these abnormal larv;e were

isolated in order lo see what would become of Ihem. They partly assumefl

the normal shape again, the entoderm being again invaginated, and after-

wards developed normally, being only somewhat delayed in their devel-

opment, so that at the age of five days they were at a stage of develop-

ment corresponding to thai of two days age in the normal larvae. These

belated larva- otherwise showed the very interesting feature of having a

distinct vibratile band (F'ig. 48), which was never observed in any of the

normal larvae.

Echinobrissus (Oligopodia) recens (M. Edw).

PI. .\I, Figs. 4— .">.

On my visit to New Zealand I was, of course, very anxious to get an

opportunity of studying the development of this interesting Echinoid,

which is known with certainty to occur only in New Zealand waters. It

was not met with on the trip with the 'Hinemoa" (comp. above p. 62).

On my return to Wellington I then made (on the 16th of February) a

little dredging trip from there, the species being known to occur in the

neighbourhood, as it is sometimes found washed up on the beach there.

After .some unsuccessful attempts in the Cooks Strait I had the pleasure

of finding some few (9) adult specimens and also some young ones in the

entrance to Wellington Harbour at a depth of ca. 10— 12 meters on a

fairly coarse gravelly bottom. They proved to be nearly empty all of them,

but fortunately a few females still contained some eggs in good condition,

and also a ripe male was found so that it was possible

to undertake fertilization, which proved successful.

The eggs are surrounded by a very pecuhar mem-
brane, whieh appears concentrically stratified; the inner

layers are following the outline of the cleavage cells,

while the outer ones remain spherical (Fig. 19). I am
not sure, whether this is the fertilization membrane or Fig. 49. Egg in dea-

lt is also found in the unfertilized egg, corresponding ^^S^ of Echinobrissus
°° ' ° recens. sliowmg the

to the mucilaginous coat of the Clypeastroid eggs. (The peculiar ineinijrane.

fertilization was undertaken somewhat late in the even- •^ft*^'' '» f''«e ^aiui

ing, at the Zoological Laboratory of the Victoria College,

where the material from the dredging was taken. Professor 11. H. Kirk

kindly lending me every assistance). On account of the late hour it was

also impossible to follow the cleavage process, only the two-cell stage being

observed. At the age of ca. 21 hours the embryos were in the gastrula stage,

and on the second day they were beginning to assume the Fluteus-shape.
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On the 19th of February I left Wellington and then carried the culture

onboard the steamer to Sydney. Tlie young larvae apparently iu)l l)eiiig in

the very best condition, as they were mostly lying on the bottom of the

dish 1 undertook to change the water of the culture onboard, which could

not be done without some amount of trouble; but it proved to have good

results; the larvae now again appeared healthy, and they went on devel-

oping normally. On the 3rd of March, 15 days after fertilization, they had

formed the dorsal arch and were evidently near metamorj)hosis. 1 now left

Sydney for an excursion of some days and on my return 1 found the

culture dead, evidently because of the excessive heat of those days. But,

anyhow, valuable information about the larva of this Kchinoid was ob-

tained. There was no opportunity of making drawings of the living larva?

and, to my great disappointment, the skeleton had been dissolved in all

I he preserved specimens. Fortunately 1 had made a free hand sketch of

the larval skeleton so that 1 am able to give information about the main

features of the skeletal structure of this larva.

The shape of the larva (Fl. XI, Figs. 4—5) in general recalls that of the

Clypeastroid larvae. The body is short in accordance with the fact that the

body rods are not especially elongated. The arms are all broad and flat, not

very long; still they are in all ])robability normally somewhat longer than

shown in PI. XI, Fig. 5. One of the ])reserve(l sj)ecimens has one of the post-

oral and one of the anterolateral arms somewhat longer,

which would tend to show that they have not attained

their full length in the specimen figured. There is a pair

of vibratile lobes on the ventral side, but none on the

dorsal side, at least not in any of the preserved spec-

imens, whereas there is a pair of small posterolateral

lobes. The body is somewhat widened on the dorsal side

at the level of the preoral band. The anterolateral arms

are of unequal length in the preserved specimens, which

may perhaps be a normal feature of the larva. The pre-

oral arms arc quite short in all the specimens. Some light

yellow pigment was found in the point of the arms, the

larva being otherwise unpigmented.

The skeleton (Fig. 50) recalls the Clypeastroid type;

there is a well developed recurrent rod, slightly widened

hand sketch from at the end, as is also the body rod; the processes from
Ufe. these rods, however, do not join so that no true basket

Letters as In fig. 51. .... , .,,, ,'
r ^x istructure is formed. I he rods ot the arms are simple.

It is a noteworthy fact that the larvae on being preserved in alcohol

turn green, as do the Clypeastroid larvae. Also the adult specimens have

Fig. 50. Skeleton

of larva ot Echino-

brixsus recens; side

view. After a free
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Ihal peculiar |)i()|)(.'rly ol' Luriiing green on beinf* preserved in alcohol, so

characteristic ol' the (^lypeaslroids. These facts, together with the characters

of the larva, decidedly indicate that Echinobrissus is related to the Cly-

peastroids, not lo I he Spatangoids, which, of course, a|)plies lo the C.as-

sidulids in general.

Brissus Agassizi Doderleiii')-

Fertilization of this species was undertaken at the Biological Station,

Misaki, on .lune 21st. The eggs are small and very clear, and the cleavage

is stated in my notebook

to be "ideally beautiful."

The gastrula stage was

reached at the age of 11

hours. The larva is a typic-

al Spatangoid larva, with

an unpaired posterior pro-

cess, not very long. At the

age of 7 days the postero-

dorsal arms had begun to

develop and the dorsal

arch had just appeared.

There is a prominent clust-

er of red pigment in the

point of the long and

slender postoral arms, and

also the posterior process

is red pigmented in nearly

its whole length. The larv?e

were observed to swim

horizontally just beneath

the surface film.

Although the larva^ were kept alive until the 10th of .July they did not

develop beyond this stage. Thus the important question whether postero-

lateral arms are present in this larva or not could not be settled, and the

character of the ])Osterolaleral rod, if present, remains unknown. The fad

that the basal prominences of the posterior rod do not show any sign of

prolongating upwards in the latest stages would seem to indicate that

') H. L. Clark (Hawaiian a. o. l^acific Echini. Echinoneida- . . . Spatangida;) regards

all the Pacific forms of Brissus, including the Pananiic Brissus ohcsus Verrill. as one single

species, Br. lalecarinalus (Leske). Not yet having had an opportunity of examining the

question myself. I prefer to keep for the present both the .Japanese and the Panamic forms

uiuler their separate names.

F"ig. ."il. Skeleton of larva of Brissus Agassizi. .\. from

the ventral side: B. side view. -" al. anterolateral rod

l>. body rod; p. posterior rod; pd. posterodorsal; po. post-

oral; r. recurrent rod: vtr. ventral transverse rod.
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I here are no posterolateral rods. The jiostoral. posterodorsal and posterior

rods are t'eneslraled. excepting for a short distance in the basal part

(Fii^. 51). The ventral transverse rods are straight and rather broad, not

crossing one another with their points.

Brissus obesus Verrill.

Tliis si)ecies was found in considerable numbers in the sand in shallow

water, so shallow as to be quite dry at ebb tide, at the island of Tabo-

guilla in the dulf of

Panama; they were

generally lying buried

about a decimeter down

in the sand. A few ri|)e

specimens were found,

fertilization being under-

taken on the 7th Janu-

ary 1916. The culture

was not very good and

the larvae did not devel-

op so far as to form the

posterior process. It was

repeatedly tried to start

new cultures, but the

breeding season had ap-

parently ceased already

by the end of January,

and 1 did not succeed

any more in finding fully

ripe specimens which

could be used for fertili-

zation. Only little information can therefore be given

about the larva .of this species, the more so as the

skeleton of the preserved larvae has been dissolved. Al-

though no posterior process had developed before the

larvae died, it is beyond doubt that it is present in this larva, since the

body skeleton is otherwise of the typical Spatangoid structure. The post-

oral rods are fenestrated only in their outer part; the ventral transverse

rods are broad as in the Br. Agassizi-lawa. Concerning the colour 1 have

only noticed that there is a dark-red pigment spot in the posterior end

of the body.

Fig. .j2. Skeleton of the larva of

Meoma grandis. A. ventral view;

B. side view. In A. tiie posterior

process lias not yet been fornii'd.

'"7,. Letters as in fig. .'il.
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Meoma grandis Ciray.

Younger specimens of this species were fairly common in quite shallow

water along the sandy shore of Taboguilla in the Gulf of Panama, while

larger specimens were found only in somewhat deeper water, ca. 8—^10

meters; especially at the little island of Torlola they occurred in great

numbers. Fertilization was undertaken on the 21st of December 1915. The
cleavage had the ajipearance of being somewhat unusual, the cells not

separating completely; but this could not be ascertained beyond doubt,

the fertilization being made in the evening. The gastrula-stage was reached

at the age of 14 hours; the embryos had an unusually thick ectoderm and
snudl cleavage cavity. Already at the age of 20 hours they had assumed

the shape of small Plutei, with distinct postoral arms. The posterior pro-

cess did not appear until the 3r(i day. 1 did not succeed in rearing the

larvae beyond the first stage.

The shape of the young larva is that typical of Spatangoid larva?. There

is a large patch of red pigment in the end of the postoral arms and of

the posterior process. In the skeleton (Fig. 52) the broad ventral trans-

verse rods are noticeable. The postoral rods are fenestrated, excepting

the lower part; also the lower part of the posterior rod is unfenestrated.

Echinocardium australe Gray.

Fertilization of this species was undertaken on December 28th 1914

onboard the "Hinemoa" ofT the northern coast of New Zealand. The larvae

developed normally until the formation of the posterodorsal arms, but

not beyond that stage. Further material was, however, obtained from

some plankton samples from Wellington Harbour. No other Spatangoids

occurring there (— a species of Brissopsis was obtained farther North,

ofl" Bare Island, but this could hardly come into consideration on this

occasion —), it is beyond doubt that Ihese larvae belong to P^chinontrfliinn

australe.

Although none of the larvae are in a very good state of j)reservation,

it is evident enough that they agree very closely with those of Echino-

cardium cordalum, as might be expected on account of the fact that it is

hardly possible to distinguish the adult specimens of these two "species".

I have the impression that the larva of Ech. auslralc is somewhat smaller

than thai of Ech. cordalum, but it will be necessary to study the living

larvae of E. australe in order to ascertain whether a specific difference

between the two forms can really be pointed out. 1 have made no notices

about the coloration of the Ech. australc-\ar\i\.

iti
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A consi(1orable number of Spalaiif^oid larva* has been found in plankton

samples from various parts of Ihe world. 'I"lu' study of fhcsc discloses

a remarkable uniformity in shape ami skeletal structure. The presence

or absence of posterolateral arms appears to be an essential character,

distinguishing two main groups. Among those with posterolateral arms

the structure of the posterolateral rod may alTord an important feature.

In some of them this rod is widened, tri-carinate at the base (FAhinopluleus

fusus Mrtsn.), in others it is simjile as in the larva of Echinoaudiuin cor-

(lalum. The extent of fenestration of* the postoral, posterodorsal and

posterior rods also affords specific characters, and likewise the shape of

liu' ventral transverse rods may be of importance. Hut, u|)()ii tlu' whole.

these dilTerences are so small and so unimportant from a m()i])lu)l()gical

point of view that 1 do not se any reason for describing the various

species fouiul in my material. I would only point out that I have specimens

of the three said main groups both from the Atlantic, the Indo-Pacilic

and from the Ciulf of Panama.

II. Ophiuroidea.

While it is, with some very rare exceptions, a very easy thing to under-

take artificial fertilization of the Rchinoids and to rear the larva* even

through metamorphosis, the Ophiuroidea in general resist artificial fertiliza-

tion. It apj)ears next to impossible to find the eggs fully ripe and ready

for fertilization on opening the female specimens and taking the eggs

directly from the ovaries. Mostly they are found connected into clusters;

those few eggs which may be found lying isolated on the bottom of the

dish are not ready to accept the spermatozoa, and even being left some

time free in the water will not induce them to ripen, as is often the case

especially in Asteroids. Over and over again I have tried artificial fertiliza-

tion of Ophiuroids in this usual way. but always in vain, and it appears

that other investigators have had the same experience. Only with Ophio-

thrix (ragilis (which 1 have not tried) it seems to be easier to obtain true

artificial fertilization; at least some authors (Selenka. MacBride, Carl-

gren) state to have succeeded in fertilizing the eggs of this species; Se-

lenka and (iraeffe also have succeeded in doing it with Opbiuia tex-

turala.

By far the easiest way to obtain fertilization of the Ophiurids is this

to put a number of ripe specimens, males and females, together in a dish.

It may then happen that some of them will cast their sexual products;

probably it will generally be some male which starts to emit its sperm,

and then the sperm in the water acts as a stimulus inducing the female
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to shed the eggs. The fertilization follows immediately, and the eggs

develop normally. In this way 1 have succeeded in obtaining the larvae

of several species, and also other investigators have succeeded in the same

way (Apostolides, Fewkes, Grave).

But even if one succeeds in obtaining tiie young larva?, the difficulties

are not at an end. The Diatom cultures, which are used so successfully

for feeding the I'-chinoid-. .\steroid- and Hoiolhurioid-larva'. are not readily

accepted by liie Ophiuroid-larva^ and apparently do not form a propei'

food for them. It is very probable that cultures of dilTereiil Flagellates

will prove to give good results, and this should of course be Iried on lutuie

occasions. But liiis has not yet been done. The results oijlained (ill now,

those of my own researches included, are thus comparatively poor, and

especially tpule insufricionl with regard to the main object of the present

researches, the study of the interrelation between the larvte and the adults

and their bearing on a natural classification.

There is also another way in which it is possible to trace the laivte to

their parental origin, viz. to rear the Ophiurid from I he larva. When taken

from the plankton in so far advanced a stage of metamoriihosis that

feeding has ceased, the larvas if unhurt and carefully transported to

separate dishes, will go on metamorphosing. If then suitable conditions

are given the young Ophiurid, it is possible to rear it, till it has grown

to a size which allows identification. This was done recently by the author

with Amphiiint filiformis'). There is no doubl Ihal we may obtain im-

portant results in this way owing to the fortunate circumstance that the

main specific characters of the larva" remain unaltered till metamorphosis

is almost complete, .so that it is very well possible to identify first the

larvae and then later on the Ophiurid developing from it and thus to

establish their genetic relation.

Till now. however, both methods have yielded so few results that not

nmch can be concluded therefrom, and the question whether definite types

of larvse corresponding to the larger groups of Ophiurids can be recognized

does not get a definite solution from the knowledge thus acquired; indeed,

the impression conveyed by the facts hitherto made known rather comes

to this thai Ihcrc are no such natural groups ammin Ihe ()])hiiirid-larva'.

Tile Ophiurid larva? are very easily preserved in a taiilx good coiiditinii,

in general far better than the Kchinoid-larva': even in usual plankton

samples, |)re.served sim|)ly in alcohol. Opliiuroid-larva' may be found in

very good, or at least in fully recognizable state. On account of this for-

tunate circumstance 1 have been able to collect a very large material of

') Th. .Morlensen. Notes on the dt-velopiiu'iU and the larval forms of some Scandinavian

Echinoderms. Vid. Medd. Vol. 71. 1020. p. 138.

IG*
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Ophinioid-larv.T Irom iiiaiiy difTeiciit parts of the world. II occurred to

iiic llial I his material iiii^hl, on a carelul coin|)arative sluily ol all the

larvee, perhaps j^ive some answer to the question, whether it is, upon the

whole, possible lo distinguish natural groups in the great variety of forms,

or whether there is no system at all. The results of this study has fully

borne out the expectations. It was found possible to distinguish several

very well characterized groups, and there is good reason to expect that

future researches will give no less satisfactory results than those obtained

from the study of the Echinoid-larvse.

Besides the finding of several new, interesting larval types the study

of this material led to a most interesting observation. It is well known

from the observations of .Job. Miiller (V. Abhandl. Taf. VII—VIII) that

the metamorphosing larva of Ophiolhrix keeps its long posterolateral arms

unaltered, the young Ophiurid remaining for some time attached to these

arms, which thus serve as a floating apparatus. When ultimately the

Ophiurid drops ofT, these two arms still remain in connection and may
continue their pelagic life for some time, the vibratile band along the arms

remaining quite intact. I have often found such "specimens" in consider-

able numbers in the plankton samples (PI. XIX, Fig. 6). The same may

occur in other larva;, e. g. Ophioplutciis opuknlus (Fl. XX, Fig. .'3). In this

latter case, however, it appears that the iarva" does not perish after a

little while, as it must doubtless happen to the Ophiolhrix- '\aiwa\ In

the figure quoted a small swelling is to be noticed in the middle, where

the two arms join. In other specimens this swelling is considerably larger

and shows an indication of a mouth and a vibratile band and there are

small postoral (or anterolateral) rods. This can only mean that a new
larval body is about to regenerate from the posterolateral arms, after

the young Ophiurid has been developed and dropped ofT. The fact that

the posterolateral arms are perfectly developed proves that we have not

simply with an abnormal larva to do; it would be impossible that such

abnormal larva with the mouth and intestinal organs imperfectly devel-

oped and accordingly unable to feed, could have developed these long

arms and their supporting rods perfectly normally. It must then, evidently,

be accepted as an established fact that a regeneration of the larval body

has taken place here. Whether it would ultimately proceed so far as to

result in the formation of a normal new larval body and then a second

inetam()r|)ii()sis, must be left an oj)en ([uestion: this could ])robably be

ascertained only from a study of living material. But the fact here

established that a regeneration of the larval body begins after the com-

pleted metamorphosis and may be carried quite a long way is of consider-

able interest.
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It is worth mentioiiiiit* in this connection that such cases, where rege-

neration of an arm after some injury appears to have taken place, are

not very rarely met with.

I may here point out the fact that the nietamorjihosis in the Ophiurid

larvae may j)roceed after two diflerent types. One is that occurring e. g.

in Ophiolhrix and Ophiopluleus opnlentus, \vhere all the inner arms are ab-

sorbed, llu' posterolateral arms alone remaining unaltered, to be cast off

on completion of the metamorphosis; in the other type, which appears

to be of more usual occurrence, also the right anterolateral arm remains

intact, together with tiie posterolateral arms, until in a more advanced

stage of metamorphosis all these three arms are also absorbed (PI. XXIV,
Fig. 3; PI. XXIX, Fig. 3; PI. XXX, Fig. 2).

It must be left for future researches to find out, whether this remarkable

dilTcrence has any deeper meaning. I would only here in general emphasize

the fact that the metamorphosis of the Ophiolhrix-lavva cannot serve

to typefy that of all Ophiurids with a well formed Pluteus-larva. Thus

e. g. the hydrocoel, in growing lo form the hydrocoel-ring, will in some

forms start growing from the upper end, in others from the lower end,

which certainly makes a considerable dilTerence, both from a morphological

and from a biological point of view. .\.lso some conspicuous peculiarities

obtain with, at least, the initial stages of metamorphosis in the Ophio-

pluleus bimaculalus-serralus group.

The fact that in several forms, especially those which keep one of the

anterolateral arms intact during metamorphosis, the ciliated band is

broken u|) in pieces, so as to recall the ciliated rings in the .Vuricularian

pupa, may merely be hinted at here. The discussion of its meaning must

be left for another occasion.

Ophiopluteus of Ophiothrix.

The ()pliiothiix-\m'\'a is a characteristic, easily recognizable larval type.

The posterolateral arms are generally much diverging, sometimes nearly

horizontal; they are considerably longer than the inner arms. The body

skeleton is simple, with a single small median process from I he ventral

and dorsal transverse rods. The body rods are mostly thick and robust.

The posterolateral rods are slightly thorny along the inner side, the rods

of the inner arms have few small thorns. The posterolateral arms are

often conspicuously pigmented.

Characteristic of this larval type is furthermore the symmetrical position

ol Ihc developing young Ophiurid, which latter is also peculiar through

its ventrally incurved arms with tlic clawlike spines. Tiu' posterolateral

arms remain intact tluring metamorphosis and serve as a floating apparatus
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lo llu' yoiinj> ()|)liiiiri(l, being cast ofT when melninoi|)hosis is coniplclcd.

(CoiniK above, |). 121).

riu' study of the numerous larvie ot Ophinlhrix (or ol loiiiis belonging

at least to llic laniily Opliiolhi idiidir) which I havi' lioni dilTerent locai-

ilies: Japan, the Piiilippines, Malacca Slrail, the (iulf of Aden, the (iulf

of Panama, ('alifornia, the West Indies and the Kuiopean Seas makes

evident the interesting fact, that it is simply i m possible to find reliable

characters by which to distinguish with certainty the vari-

ous species of these larvie. There are some exceptions. The forms

described here as species c and d, especitdly the latter, are fairly well

characterized and easily distinguished; but the forms designated as species

a and b certainly both comprise several species, as is evident from the

fact that they are found in widely separated localities (luirope. West

Indies, Panama, .lapan), which have no s[)ecies of Opiiiothrichida' in com-

mon. If specimens of these larv;e from (he (hITeri'id localities were put

togelhei'. it would be impossible to se|)aiate the dilTerenl species again.

Perhaps the |)igmentaliou of the hnva- may proxc to be somewhat dif-

ferent, so that it would be possible to distinguisii the species on having

the living specimens. Hut the pigmentation is liable to be more or less

destroyed on jireservalion. In the skeleton no reliable distinguishing cha-

racters can be pointed out. There may be some slight dilTerences in the

length and thickness of the body rods and in I he length of the median

processes; but 1 iiave been unable to find any delinite specific characters

therein. In consecpience of this fact 1 have thought it useless to give a

descri|)tion of each of these larval species, which can only from zoogeo-

graphical facts be recognized as separate species.

Species a. (PI. XIX, Fig. 1). The posterolateral aims are about three

times the length of the inner arms and generally have three large spots

of black pigment; some smaller pigment spots aie found in the posterior

part of the body. The skeleton, see I^'ig. 5.').

To this type belongs the larva of Ophiulliiix JKUjilis. Specimens not

distinguishable from this larva were fouiui at Misaki, .fapan (the species

represented in PI. XIX, Fig. 1); in the Malacca Strait (oil Pulo Pisang,

1/XII, 1899); oir the l<:ast end of Sokotra (XII, 191.H); Taboga, Panama

(XII, 1915); San Diego, California (7/IX, 1915); St. Cruz, West Indies

(l(i/VI,1915, Il.Faye). Likewise the Ophiopluleus /oftu.s/u.s (Fchinodermen-

Larven d. Plankton-Mxped. p. 57. Taf. V. Fig. 3—1) from Fernando Xo-

ronha belongs to this type.^)

') III tlic pUici- (|uole<l I slaled lliat tliLs larva is iiihIouI)Ii<II> iicaily rclalcd lo I ho Ophiu-

thrix-larva, then adding: "zu welcher Ophiure sie gehort kaiiii man iiiclil crkcniu'ii"; tlie
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To this same larval type further belongs the larva of Ophiothrix angu-

lata Say (Var. poicila 11. 1.. Clark), which I succeeded in reariiii* durini>

my stay al Tobago, 1!. W. I. in April 1916. Ripe specimens of Ibis s|)ecies

were secured on A|)ril 11th, which gave o IT sperm and eggs; the eggs were

shed all al tbesanu' lime, almost as by an explosion. The first development

processes pass veiy much in accordance with what is know'u Ironi (). fra-

gilis. M the age of 18 hours the embryos were found to be lenticular in

shape, but still without skeleton. Al the age of 21 hours they were already

snudl plulei with fairly long posterolateral arms, the other arms not yet

having appeared (corresponding to the stage represented in PI. 31. Fig. 6

Fifi. ."),'{. Ski'li'lon ol' ( )jihi()phiteus of Ophiothrix. sjx'cics a. -'"/,.

of MacBri(le"s memoir on Die developmenl of Opiiiolliri.i jnujilis '), wliich

is, however, much older, 55 hours). At the age of 40 hours the postoral

and anterolateral rods had begun lo form, the corresponding arms being

as yel merely indicated, while the posterolateral arms are already of con-

siderable length; their rods are still without thorns. The larva in tliis stage

is exceedingly characteristic, the preoral and jjostoral band continuing

almost straight across the anterior edge of Ihe body (PI. XX, Fig. 1). Al

the age of 4^2 days the larvae had reached nearly their full shape, only the

inner arms not having attained their full length (PI. XX, Mg. 2). I'horns

had begun lo appear on Ihe jjosterolateral lods: the median process from

the transverse rods had nol yet been formed. .\ small group of red pig-

ment grains is found near the base of the posterolaleral arms, and there

iiu'iuiin^i was, of rouiso. lluit il is iiniiossihlc to decide to which species it belonus, as it coidd

hardly lie doul)ted that it must belong to some species of the i-eiuis Ophiothrix.

In the "Kchinodermenlarvcn d. deutsehen SUdpolar-Expedition" (1913 p. il8) this larva

was recorded from olT Ascension.

') Quart. .lourn. Micr. Science. Vol. .'il. 1907.
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is a very faint indication of yellow color at the point of these arms. The

stomach lias assnnied a faint yellowish tint. The red pigment at the hase

of the posterolateral arms is indicated already in the stage represented in

PI. XX, Fig. 1.

Beyond this stage 1 did not succeed in rearing this larva, Die cnlture

being only small. Still the result acquired is sufficient for showing the very

close resemblance of this larva with that of Ophiothri.v liiujilis. Only in

the pigmenlalion there appears to l)e a distinct dilTerence between these

two larva, that of the O. fr(ujilis-\ay\ci being black. Also the time required

for the development appears to be rather difYerent in the two species; at

least the earlier stages require much shorter time in angulata than in frugilis.

It would appear to be characteristic of this larval type (and perhaps

of all larvae of Ophiothrichida^) that the oral lobe is late developing, the

ciliated bands going in a nearly straight line along the anterior border

of the body, whereas in other Ophiuroid larvae the oral lobe develops much

earlier. (This characteristic

young stage of the Ophio-

llirix larva was figured al-

ready by Job. Mil Her in his

V. .\bhandl. Taf. VI. Fig. 8).

Species b. (Fl. XIX, Figs.

3—6). This larva is charac-

terized by the great length

of the posterolateral arms,

which are generally about

6—7 times the length of the

inner arms; these arms also

form a more obtuse angle

than in species a, in fact,

they may almost make a straight line. Otherwise there is no noteworthy

difference from species a. Also the skeleton (Fig. 54) is alike, only the

body rods being slightly shorter. The pigmentation appears to be as in

species a, black spots on the posterolateral arms.

As seen by a comparison of the figures quoted, there is a rather consider-

able amount of variation among the larvse referred to this 'species", both

with regard to the length and the outward direction of the posterolateral

arms. Possibly they represent in reality two different species. The spec-

imens figured are all from the (iulf of Panama. Now, so far as 1 can see,

without going too deep into htterature, only one species of Ophiothrix,

0. spiculata Le Conte, has been recorded from there; biil il can Imrdly

Fig. 54. Skeleton of Ophiopluteus of Ophiothrix.

species b. ^'Vi-
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be doubted that 0. dumosa Lym. and 0. rudis Lym., both known from

ofT Southern CaHfornia, will be found there also. It is thus very well pos-

sible thai the specimens from l^anania comprised here under species b

really represent two or three dilTerent species.

Specimens referable to the same type and hardly distinguishable from

the specimens from Panama were found in the Malacca Strait (30/XI, 1899);

in the (iulf of Aden (14/XI, 1899; 2—3/V, 1900); in the Red Sea, ofiJebel

Zukur (5/ IV, 1900); in the Bay of Bengal (5" 50' N. 85° 30' E. l/I, 1914).

To the same larval type the larva from the Adriatic Sea, figured by

J oh. Muller in his V. Abhandl. Taf.VII. Fig. 1, must further be referred.

In the "Echinodermenlarven d. Plankton-Exped." p. 56 I have referred

this larva lo Ophioihiix fifujilis, as is also done by Job. Muller. It is,

however, more probable Ilia I il belongs to the other Ophiolhri.v-apiicies

found in the Adriatic, viz. O.cchinalaU.S^Tv. The fact that in the Danish

seas, where only (). fragilis occurs, only the larval type of species a has

been found, is not in favour of the suggestion that we may have here only

a variety of the 0. fragilisAarva. If that should be proved ultimately to

be the case, it would be impossible to distinguish the larval types of species

a and b, and the

larva of 0. fragilis

and other related

species would turn

out to have an ex-

traordinary range

of variation.

Species c. (PI.

XIX, Fig. 2). This

species has the same

shape as species a,

but difTers marked-

ly from it in the

pigmentation, the

postero-lateral

arms being strongly

pigmented (black?)

in their whole length, continuously, not in spots separated by unpigmented

parts. In the skeleton no noticeable difTerence appears to exist (Fig. 55

to compare with Fig. 53). The small difTerence in the shape of the trans-

verse rods seen in the two figures is hardly constant enough to represent

a valid specific difference.

Fig. 55. Skclclon of Ihc Ophiopluleiis oiOpliiolhrix. species c. "»/,.

al. anterolateral rod: I), body rod: e. end rod: m. median process; i)d.

posterodorsal: pi. posterolateral: po. postoral rod: tr. transverse rod.
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This species was met with only at Jolo in March 191 1; there are 4 spec-

imens. Unfortunately it was not observed alive, so that the color of the

pigment is uncertain, but it looks in the preserved specimens very much
Uke the black pigment of the 0. //w/jV/.s-larva.

Species d. (PI. XIX, Fig. 7). Although in ils main characters in con-

formity with the general type of the Ophiolhrix-larvdd this species is mark-

edly distinguished from the other species of this type by several characters.

The postoral and posterodorsal arms are not nmch more than half body

Fig. .")6. Skeleton of Ophinpluteus of Ophiothrix. species d. "°/,. Letters as in fig. rio.

length, the anterolateral arms even shorter, only about ^j:>. of the body

length; tlu' posterolaloral arms are three limes the length of the body.

All the arms have a distinct widening at Ihe point. The body is wider

than usual, corresponding to the unusual length of the body rods. The

skeleton (Fig. 5()) dillVrs from that of Ihe usual Ophiuthrix-type, besides

in the great length of the body rods, in Ihe distinct curvature at the point

where the rods of the arms issue. The postoral and the anterolateral rods

have some rather coarse thorns, and also the posterolateral rods are more

closely thorny along their innerside than is the rule in' other Ophioihrix-

larvse. The anterolateral rods also show a characteristic angidar curve

below the point of issue of the posterodorsal rod. from there proceeding

straight on lo somewhat above that point, where it then once more fairly

abruptly bends.

The inner structure was indiscernible in the single specimen in hand.
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and lias been reconslrucled in free hand in the figure. It is then quite

possible that the stonuu'h really fills the whole space between the skeletal

rods. Also the anterior vibralile band was indiscernible. The pigment-

ation is characteristic, consisting of fairly large |)ignient cells, scattered

along the body rods.

Only one specimen of this very interesting larva was found, off Jolo,

20/III, \\)\ [. That it belongs to one of the Ophiothrichidae seems fairly

certain; in all probability it does, however, not belong to the genus Ophio-

tlui.v itself, but rather to one of the other genera within that family.

Ophiopluteus of Ophiocoma.

Ophiophileus Heiiseni Mrlsn.

In a note on the 'Embryology of Ophiocoma echinata"') (".as\vell

Grave reports having reared the larva of this species, but gives no descript-

l*'ig. 57. Larva of Ophiocoma echinala, ll'/j days old. .Mier a sketrli from life

by Caswell Grave, lOA'III. 1897.

ion or figures of it. only the first embryonal stages being described. A full

report was never published. On my applying to Professor Grave concern-

ing this larva he most kindly sent me a sketch of the larva at the age

of 1 1 '/2 days for free disposal. Also slides containing some young larvae

were sent me. The sketch proved especially valuable, making it possible

to identify the Ophio(oma-la.r\'a with full certainty; it is reproduced in a

reduced scale in Fig. 57. I beg to express my deep gratitude to Professor

Grave for his kindness in supplying me with this important information.

In the said paper (irave mentions that the eggs "'after being fertilized

threw about themselves a tough prickly egg membrane", as is also shown

in figs. 1 2 of that ])aper. 1 would suggest that this peculiar membrane,

otherwise unknown in Ophiurids, is a special adaptation, serving as a

') Johns Hopkins Univ. Circulars. Vol. l.s. 1898. p. (i-

17"
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lloating apparatus, as appears to be the case in the Crinoids Tropiometrn

niriiKiht and Anicdon pctdsus.^)

I'jniiK'nlly ( liariKlcrislic of lliis larva is liu' jjody sl<eleton. The body

rods are simple, nearly hori/onlally directed; there is a deep sinualion at

I he i)()int ol' issue ol' the rods of the aims. Tiu' end rods and the transverse

rods ;iic \(i \ slioi I ;ui(l hroad, forming together, as it were, a link between

the two parts of the skeleton. — The stage figured is too young to show

the shape of the fully formed larva; it is only evident that the postero-

lateral arms are fairly broad. By means of the skeletal characters it is,

however, possible with certainty to recognize some of the larvae in my
material as belonging to the genus Ophiocuma, and through these it is

again proved that the larva described in my l^chinodermen-Larven d.

Plankton-lixped. (Taf. Vll, Fig. 2) under the name of Ophioplulem Henseni

is the larva of Ophioroma which is, accordingly, peculiar through having

a kind of epaulets or rather vibratile lobes, otherwise unknown in Ojjhiurid-

larva', excepting only the larva of Ophiuvomimi niyia.

The type specimen of OphiopUileus Henseni had the skeleton dissolved.

There is thus no possibility of ascertaining whether the latter is the fully

developed larva of Ophiocoma echinata; I would rather be inclined to think

that it coidd not be that s[)ecies, the shape of the young larva difl'ering

not inconsiderably from the 0. Henseni; especially the hind etlge of the

body is so dilTerent that it could hardly depend on age (or preservation)

alone. In conlorniity with the nomenclature adopted in this work, 1 shall

then designate the Ophiopluleus Henseni as OphiopUileus of Ophiocoma,

species a, referring lo the description and figure given in the work quoted.

Species b. The shape of the body ap])ears lo agree very completely

with that of species a; none of the specimens in hand are, however, suf-

ficiently well preserved for being figured. The skeleton (Fig. 58) differs

from I lull of the 0. echinata-l-drwa in the body rods being quite horizontal;

also the basal part of the posterolateral rods is horizontal, the result being

an extraordinary width of the skeleton, corresponding to the width of Ihe

posterior pari of the larval body, as seen in Ihe figure of species a {Ophio-

pluleus Henseni). The transverse rods are very short, pipe-shaped, thick-

ened; the end rods are even shorter, also somewhat widened. All the rods

') Til. Mortensen. Studies in the clevelopnienl ol Crinoids. Papers from tlie Depart-

ment of Marine Biology. (Carnegie Inst. Washington. \'ol. \VI. 1020.

Th. Mortensen. Notes on the developnicnl and Ihe larval I'orins of some Seandinavian

Kchinodenns. Vid. Medd. Oansk Naturh. I-'oren. 71. 1020. p. l.'il.

Also the eggs of Opiiioderma breuispina Say lloal, hut in this case it is liie large loiilenl

of yolk which makes them lloat, no special structure of the egg membrane apparently serving

as a floating apparatus, ((^asw. Cirave. Ojjhiura hrcvispina. Mem. Biol. I,ah. .lohns Hop-

kins Univ. IV. ,'). 1900. — Ophiura brevispina. II. Journ. of Morphology. 27. 1016).
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of the arms are perfectly smooth. The posterodorsal rods issue very near

the base of the anterolateral rods; they are slightly widened at their base.

Five specimens of this larva were found in a plankton sample from off

Taboga, the (iulf of Panama, taken in November 1915.

Among some larva; presented to me many years ago by Frof.V. Hensen,
Kiel, collected in .January 1897 in the fiismarck Archipelago, there are a

few specimens of this same larval type. Ihifortunately the skeleton has

been dissolved, and as the preservation is also otherwise poor, I shall give

no description of these larva?; but it is evident that we have here another

F"ig. ,')8. Skeleton of Oplnupluleus of Ophiocoma, species b. -""/i- Letters as in fig. .5.3.

species of Ophioconm-lavwA, clo.sely related to and very similar to species

a and b, but difl'erent from both, of course, since there is no species of

Ophiocoma common to these seas.

Species c (PI. XXX, Fig. 1). The shape of the body differs consider-

ably from that of species a and b. the hind end of the body being not nearly

so broad and Hat as in those species; further the vibratile lobes are much
less developed. (In the figure the two ventral ones are directed outwards

and thus rather inconspicuous). The body is fairly elongated, the frontal

area large. The preoral ciliated band forms a high arch, and the postoral

band curves somewhat downwards in the middle, besides nuiking a slight

sinuation at each side. The arms arc all short, the posterolateral ones only

slightly exceeding the body length, the other arms merely about half the

length of the body. They are all fairly broad and ilat, but hardly widening

at the point.

The skeleton (Fig. 59) is much more like that of Ophiocoma echinata

than that of species a and b, the body rods being not horizontal, but rather

inore erect than in O. echinala. The posterolateral rods are slightly widened

a little beyond the base (Fig. 60). The transverse rods are less widened

than in species b, and the end rods are directed straight downwards, while

in species b they are medially directed like the transverse rods. The rods
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are smooth, excepling a pair of small thorns sometimes found in I he lower

pari of the anlerolaleral rods.

There are some specimens of this larva from oil Taboga, in the Ciulf

of Panama, taken in November 1915. None of them are so far developed

that the hydrocoel has

begun to form the pri-

mary lobes, and none of

them are in a very good

state of preservation, but

it was possible to give

a — slightly restored

— figure of the larva,

the comparison of the

different specimens in

hand making it easy to

ascertain the correctness

Fig. 59. Skeleton of Uphiopluleiis of Ophiocoma. species c, of the figure.
«»%. Letters as in fig. 55.

It is a very note-

worthy fact that the

only other Ophiuroid-

larva known to have vi-

bratile lobes is the larva

of Ophiocumina nigra, which — although it has recently^) been removed

from the genus Ophiocoma to which it was hitherto referred — is, evidently,

related to the Ophiocomidse and must probably be referred to that family.

The skeleton of that larva dill'ers, however, markedly from that of the

Ophiocom(t-\i\vvi\, the transverse rods and end rods not forming a "link"

as in the latter, but being of the type usual in Ophiurid larvae. This

difference in Uie skeleton from that of the Ophiocoma-lawa is an addi-

tional proof of I lie necessity of removing the species nigra from the genus

Ophiocoma.

FiS- fi'i- Posterolatcrnl rod of saiiu' larva °/i.

Ophiopluteus costatus nova lonna.

This larval type is eminently characteristic through the uni(ine feature

of having a separate median skeletal rod supporting the high frontal

area. The body skeleton is of the compound type, with a median ventral

and dorsal process from the transverse rods. The posterolateral arms are

') Til. Morlcnsen. Notes on some Scandinavian luliinodcrms, witli descriptions of

two new species of Opliiurids. Vid. Medd. Dansl^ Naturli. Forcning. Bd. 72. 1920, p. 50—54.
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somewhat erect and very long,

poslerolalt'ial rods are strongly t

canalifulaU'.

Species a. (PI. XXI, Fig. 1).

of the body is soniewhal uiuisua

ionally high, Ihechslance

to the anterior edge being

the postoral band to the

preoral band is some-

the middle. The postero-

the body length, the

than body length; the

ly longer than the post-

much longer than the inner arms; the

hornv along the inner side, more or less

The body length is 0. 1 mm. The shape

1 through the frontal area being except-

from the preoral ciliated band

about half the distance from

- posterior end of the body. The

what downwards produced in

lateral arms arc ca. five times

other arms only a little more

anterolateral arms are distinct-

oral and posterodorsal arms.

Fig. 61. Skeleton of Uiihwpluleus costalus, a. -»%. a. accessory rod: al. anterolateral rod;

b. body rod: dm. dorsal median process; e. end rod; pd. posterodorsal; pi. posterolateral;

po. postoral; pr. prcoriil rod: r. ri'iurrent rod; tr. transverse rod: vm. ventral median process.

There appears lo be no swelling at the point of llu' arms. Pigmentation

unknown.

Skeleton (Fig. <il). The body skeleton is fairly robust. The transverse

rods are short and thick; from one of them ])roceed on the ventral side a

short, pointed median process, and on the dorsal side a iniicli longer, simple

rod. the dorsal median process. A smaller i)rocess is directed backwards,

with a small side branch near the end; there is one both on the ventral

and on the dorsal side. The end rods are short. Irilid. The posterolateral

rods are set with thorns along their inner sides; they are peculiar in having

what looks like a narrow canal in the lower part, reaching from the fh-st

thorn until about the middle, where it ends with a small swelling in one

(the right) arm, while in the left arm it passes some way beyond this point
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(V'\g. fi2). It appears lo open in some places through small pores on the

inside of Ihe rod. The rods of Ihe olher arms are (|uile smooLii.

While there is nothing remarkable in liie structure of the skeleton tiuis

far described, excepting the unusual feature ol Ihe (anal in liie |)oslero-

lateral rod, the separate rod developed on the dorsal side along

the median line of the body represents (juite a novel feature,

otherwise entirely unknown in ()i)hiurid-larva\ This extra rod,

the preoral rod, as it may be termed, |)roceeds from the up-

per end of the dorsal median process upwards lo Ihe anterior

end of the body, where it bends over to the ventral side and

then proceeds downwards over the fronlal area unto the pre-

oral band. While the dorsal part of this rod is only slightly

thorny, the part on the ventral side is provided with very

long side branches, so that it has the appearance almost of

a spinal column with its ribs. (Tiie name coslalus refers lo

this peculiarity). This remarkable skeletal rod supports the

unusually large preoral part of the larval body, which forms

like a large vault over the mouth of the larva. — The ends of

the median process and the preoral rod nearly touch one an-

Fig. 62. Pari Other, but do not join and remain separately movable. In this

of postero- place furthermore a quite small, styliform skeletal rod, the
lateral rod of , • n , i • ^ , r

Ophiopiuiciis accessory rod, is found, whicii may perhaps have some lunc-

costatus, tion in connection with the movements of the oral lobe,
species a. "»/,.

q^^^ specimen of this larva, fully developed, showing the

five lobes on the hydrocoel, was taken in the Red Sea, 17 40' X. 40^^ 10' E.

12/XI, 1899. Besides there are two younger specimens, taken at the same

time, which may probably belong to the same species. The preoral rod

has merely an indication of side branches, and there is no accessory rod.

The backwards directed processes from the transverse rods have not yet

developed. The posterolateral rods are canaliculate unto the very points

in one specimen, not at all canaliculate in the other: but in this latter

specimen they are, upon the whole, somewhat abnormal. — Both spec-

imens being young and in a poor state of preservation, it is impossible to

ascertain whether they belong to species a or lo a separate species.

Also from 25 miles S.K. of Minikoi (l/I, 1914) there is a specimen of

0. coslalus, which probably belongs to species a: but it is in too bad a

state of preservation for definitely ascertaining to which s])ecies it belongs.

Species b. (Fl. XXI, Fig. 2). The size and general shape of the body

are as in species a. The arms are somewhat longer, the posterolateral

ones six limes, the olher arms about twice the body length, the antero-
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lateral arms being somewhat shorter than the posloral and posterodorsal

arms.

Skeleton (Fig. 03). The body skeleton is somewhat more robust than in

species a. The ventral median process is long, reaching lo the anterior edge

Fig. 63. .Skeleton of Opiiiopluleus coslaliis. species b.

Letters as in fig. 61.

Fig. 64.

Part of

postero-

lateral rod

of OphiopL

coslatus,

species b.

of the anal lobe; it has some conspicuous side branches, wliik" the dorsal

median process, which is of about the same length, is simple, pointed, only

with a few backwards directed thorns in the lower part. The posterolateral

rods are set with much larger thorns than in species a. and the "canar"

is quite short, reaching only from the lowermost to the third spine (Fig.

()1), and there is no widening at its upper end. The preoral rod reaches

much farther down on the ventral side, beyond the preoral and even over

the postoral band, so that a flap of the frontal area proceeds downwards

over the oral area, covering the mouth. The exact shape of the accessory

18
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rod could iiol \w made out; Inil in any case it is somewhat curved and

disliiKlly longer than in species a.

One specimen from the Malacca Strait, 7" 20' N. 98M' E. 7/IV, 1900.

Another specimen from the Malacca Strait (5° 53' N. 95° 43' K. 28/XI,

1899) is intermediate in its characters between the two above species. The

ventral median process is as long as the dorsal, but very slightly spinous.

The |)()sterolaleral rods are strongly thorny as in species b. but the canal

cannot be discerned. The preoral rod ap-

pears to be as in species a, but as it lies

in a dilTereut position in the preparation,

direct comparison with that of the two

other species is impossible; on the other

hand it aflords an excellent view of this

rod in side view (Fig. 65). The accessory

rod appears to be lacking. The length of

the arms is about as in species a. In this

specimen, as well as in the type of species

b, the primary lobes of the hydrocoel have

not yet been formed.

On account of the insufficiency of the

material available it is impossible at pre-

sent to decide whether this latter specimen

belongs to species a or, perhaps, represents a third species. That, at least,

the two forms described as species a and b are distinct species seems,

however, beyond doubt.

It is quite impossible to give any reasonable suggestion as to which

Ophiurid may be the adult form to which this very interesting larval type

belongs.

Fig. 65. Side view of preoral rod

of Ophiopluleus costatus. '•"/!.

dm. dorsal median process.

Ophiopluteus undulatus nova forma.

This larval form is especially characterized by its peculiar, undulated

j)osterolateral rods. The body skeleton is of the compound type, very short

and com])acl: the transverse rods are simple, without processes. The rods

of the arms are very smooth; only on the posterolateral rods there may

be an indication of thorns.

On account of the character of the body skeleton the posterior end of

the body is roundetl, the end rods forming only a very slight prominence

or none at all. The frontal area apparently as a rule low, but wide. The

stomach is very wide, the esophagus short. There appears to be a slight

widening in the point of all the arms. Pigmeutalion unknown.
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Species a. (PI. XXIV, Fig. 3; Fl. XXV. Fig.!). The posterolaleral

arms are fairly uiMight; they are about lour times llie body ienglh, con-

siderably h)nger Ihaii the three inner pairs of arms, which are scarcely

twice the body lenglli. The preoral cihated band is straight, bending

abruptly downwards at the sides. The frontal area is distinct.

Fig. 66. Skeleton of Ophiopluteus undulatiis. \. species a:

B. species a, var. (olT I'ulo Pisang); C. species b. Letters as in Tig. 61.

B/

Fig. 67. Part of

posterolateral rod

of Ophiopluteus un-

dulatus. '»"/,.

A. H. from typical

form of species a:

(",. from an aljnorm-

al (?) s])ecimen.

The skeleton (Fig. 66, A; Fig. 67. .\, B). The body

rods are rather strongly curved, the end rods very short,

rounded, with three or four short prominences. The

transverse rods are short and thick, forming together

a small arch; the ends of the transverse rods abut on one another quite

simply, without any sort of widening or indentations. The undidations of

the posterolateral rods begin at about the level of the postoral ciliated

band and continue unto the point; in the outer part the undulations are

somewhat longer. A few short, straight thorns are found on the top of

each undulation on the adoral side, sometimes also on the outer side.

18*
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Specimens of this species were found in |)hini<lon samples from Ihe fol-

lowing localities: Oil Koh Kong, (iulf of Siam, 25,1. lUUU (1 specimen);

olTKoh Chuen, r.ulfofSiam,3/III. 1900 (2 spec); 7° 2' N. 75°32' E. 22/XI.

1899 (1 spec); 7 ;i7' X. 73° 34' E. 26/IV. 1900 (I spec): 8 9' N. 71 51' K.

27/IV. 1900 (I specimen, peculiar through the outer fourth part of the

posterolateral rods being slraighl): 10' X. 77 30' E. 2/1. 1911 (1 spec);

oil the East end of Sokolra, 28/XIl. 1913 (1 spec): 12 25' X. Ifi E. 26/XII.

1913 (1 spec). Also the larva in metamor|)hosis, figured in Fl. XXIV,
Fig. 3. from the Malacca Strait, olT Pulo Pisang (1/XII. 1899) must be

referred to this species. Another specimen having very nearly completed

its metamorphosis, only with the long beautiful posterolateral arms still

intact, was found in a plankton sample taken by my brother, Mr. II. Mor-
tensen, at .\den. in February 1898.

In a plankton sample from ofi' Fulo Fisang, Malacca Strait, 1/Xll. 1899,

there is a young specimen difTering from the typical form through the

posterolateral rods being slightly concave at their base (Fig. 67, B); also

the body skeleton is slightly difTerent from that of the type. Perhaps this

may represent another species.

One specimen from the Malacca Strait (5 58' X. 95" 13' E. 28/XI. 1899)

shows a characteristic feature in the postero-lateral rods, the lower part

being distinctly thicker than the outer part, an abrupt narrowing being

found a little beyond the beginning of the undulating part (Fig. 67, C).

Whether this is only an individual abnormality or it represents a separate

species, cannot be stated from the present material; the same, of course,

holds good for the specimen mentioned above with Ihe unusually formed

lower part of the posterolateral rods.

As seen from PI. XXIV, Fig. 3 this larva belongs to the type of Ophi-

uroid-larvce, where the right anterolateral arm is preserved for some time

after the other inner arms have disappeared during Ihe |)r()cess of meta-

morphosis. 11 also presents the very interesting feature that the vibratile

band of the |)oslerolateral arms continues directly across the body, below

the developing Ophiuroid, so as to pass without interruption straight from

one arm to the other. The same feature is seen in the metamorphosing

Ophioplutcus lormosiis, species a, (PI. XXX, Fig. 2) and Ophiopluleus pii-

sillu.s, species b (PI. XXIX, Fig. 3), indicating the existence of a sort of

pupa-stage also in the Ophiuroid-larva>. (C.omp. p. 125).

.\ noteworthy fact is observed in the young Ophiurid in the said figure,

viz. the oral shields; they have appeared in four of the inlerradii but not

in the fifth, and they are not quite of ecpial size. It should be emphasized

that they make their first ai)pearance on Ihe ventral side, which proves

that it is not a general rule that they are originally formed on the dorsal
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side and Ihen. durini^ growth, tnuist'orred to the ventral side, as was

stated by Ludwig.i)

Species b. (PI. XW, r'ii>. 2). liiis species is characteristic mainly by

its remarkably shorl posLerolateral arms, which are shorter than the

anterolateral arms, and also broader, Ihe vibratile band along them being

distinctly broader llian on liu- ollu'i- arms. The posterior edge of the body

is more rounded than in species a, quite semicircular, the body skeleton

not at all projecting beyond the line fornied by the posterolateral rods.

The body is very shorl and broad, though perhaps hardly so low as shown

in the figure; especially the fronlal area may l)e somewhat higher in the

living specimens. — The skeleton (P"ig. 66, C) differs only very little from

that of species a. The transverse rods are slightly widened at the end,

and the end rods appear to dider soincwlial in the shape of their thorny

outgrowths.

Only two specimens, both in a poor stale of preservation, are at hand,

from the Oulf of Aden (12 48' N. 50 23' K. 27/Xll. 13) and from off the

East end of Sokotra (28/XlI. 13). Both specimens agree in liie characters

pointed out, so that it seems beyond doubl that this is a separate species,

not an individual abnormahty. It should especially be emphasized thai

there is no doubl regarding the peculiar character of the posterolateral

arms; the skeletal rod is complete, not broken, and although none of the

two specimens are so far in their development as to have begun meta-

morphosis, there is no reason to expect that the posterolateral arms would

ultimately reach the same length as in the other species.

The fact that the body skeleton (l"ig. 66, C) has the recurrent rod devel-

oped only on one side is, of course, an individual abnormality; in the other

specimen there is also a slight abnormality in the recurrent rod, bul in

this case it is on the right side.

Species c. (Fl. XXIV, Fig. 2). This third species has a considerable

resemblance to species a. The posterolateral arms are long as in thai species,

but more divergent; the arms are, upon the whole, relatively shorter than

in species a. Also the body is shorter and broadei-. and the frontal area

is mainly confined to the edges. (The figure is drawn from a fairly well

preserved specimen, so that it is not likely to be much different in liie

living specimens). In the skeleton (Fig. 68) only small dilTeiences from

species a are lo be noticed; the body rods and the transverse rods are

more straight and the end rods have apparently only one small process

on each side.

') H. 1. udwig. Jugendfoniu'ii von Ophiureii. Silz.ber. kgl. Preiiss. .\kail. d. Wiss.

UtTliii. 18!)<). p. 212.
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One specimen of this species was found oil iahoga, in the Ciiilf of Pa-

nama, in December 1915. Another specimen from the same locahty very

probably also belongs to this species; it is, however, abnormal, the right

posterolateral arm being quite short, while the left is normally developed.

Also the postoral arms

are quite short and

rudimentary. The body

is considerably smaller

than in the normal

specimen.

Besides this species

there are two more

larvae from the Gulf

of Panama (November

and December 1915)

which appear to repre-

sent two more species

of the undulatus-type,

related to species b.

As they are not in a good state of preservation, I do not think it worth

while describing them, the main thing being the fact already sufficiently

established that there are several distinct species within the undulatus-iype.

The fact that this larval type occurs both at Panama and in the Indian

Ocean affords an important indication for the determination of the Ophi-

urid to which it belongs. It may be concluded that it must be a type

represented by more than one species both in the Indian Ocean and at

the tropical west-coast of America. However, it would hardly be advisable

to speculate more on this question at the j)resent state of our knowledge.

Fig. 68. Skeleton of Ophiopluteiis undulalus, species c.

Ophiopluteus fulcitus nova torma.

The outstanding feature of this larval type is the branch proceeding

obliquely upwards from the postoral rod towards the postoral vibratile

band, giving thus a skeletal support to the anal area. There may be one

or two more processes from this rod. situated farther down. The antero-

lateral rod is furnished with distinct, curved thorns along its outer side,

from about the level of the frontal area. The posterolateral rods are pro-

vided with large, curved thorns along the inner edge. The postoral and

the j)osterodorsal rods are smooth or finely thorny. Body skeleton com-

pound; the transverse rods nearly straight, hardly widened towards the
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point, but with a few sliorl, irregular processes at the point. The end rods

fairly long, wilii the point curved outwards, trifid, the me(han part being

the largest. The anterolateral arms distinctly longer than the posloral and

posterodorsal arms. Posterolateral arms fairly long, forming an obtuse

angle. Arms slightly widened at the point.

Species a. (PI. XXIII, Fig. 1; PI. XXIV, Fig. 1). Anterolateral arms

distinctly longer than the length of the body, the right one generally dist-

inctly longer than

the left. The front-

al area is fairly

large and distinct,

the preoral band

forming a beautiful

curve. The post-

oral band makes a

strong upward

curve, on account

of the supporting

rods. Probably it

will be found to

reach even farther

up in the hving

specimens; the fact

that the supporting

rods go beyond it

is probably due to

contraction on pre-

servation.

The skeleton (Fig. 69). The posterolateral rods are entirely smooth along

the outer side. The supporting rods of the anal area are long, thorny in

the outer part, their points generally crossing one another; another, shorter

process issuing near the base of the postoral rod, ilirected ventrally. The

anterolateral rods with one process near the base, somewhat below^ the

point of issue of the posterodorsal rod; another somewhat higher up, both

directed obliquely dorsally and inwards. Postoral and posterodorsal rods

smooth. Body rod and recurrent rod with a prominence near the lower

end. — The prominences on the anterolateral rod wanting in one young

specimen, while in another specimen, also rather young, the upper one

is wanting. One abnormal specimen (right postoral arm rudimentary) has

only the upper one of these prominences developed.

I'if;. 6i). Skeleton of OphiopliUeiis fiilciliis. species a. -»*/i.

Letters as in fig. 61. s. supporting roil.
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This larva was taken in the (iulf of Panama, near the island of Taboga,

in December 1915. 8 specimens.

Species b. (IM.

\X I II, Fig. 2). This

species clifTers from

the preceding one

in tlie general shape

of the body being

shorter and broad-

er, and the postero-

lateral arms some-

what more diverg-

ing. The snpporting

rods of the anal

area are shorterand

upon the whole

more distant. The

posterolateral rods

are thorny on the

outer side in the

midtlle part. The

anterolateral rods only with one process, corresponding to the upper one

of the two found in species a. Postoral and posterodorsal rod sHghtly

thorny, but to a variable degree. (Fig. 70).

This species was found, together with species a, in the Gulf of Panama,

near the island of Taboga, December 1915. fi specimens.

Fig. 70. Skeleton of Ophiopliiteiis fulcitus, species b. ^'"/i-

s. supporting rod.

Species c. (PI. XXIII, Fig. 3). The main character distinguishing this

species from the two preceding ones is I lie presence of three processes from

the postoral rod, the median and the lower ones being directed ventrally

(Fig. 71). The anterolateral rod with only one process, corresponding to

the lower one of those in species a. The posterolateral rods thorny on the

outer side, as are those of species b; the postoral and posterodorsal rods

shghtly thorny. The shape of the body of this species is more like that

of species a.

Gulf of Panama, near the island of Taboga ; December 1915. 2 specimens.

Although there is some variation in the length of the sui)j)()rling rods

of the anal area, the three species are easily distinguished by the characters

pointed out above, which are very constant, judging from the fairly large

and well preserved material in hand. There can then hardly be any doubt

that we have here three distinct species, not merely individual variations



of one species, of

the same eminently

characteristic lar-

val type, occurring

together in the

same locality and

at the same time

of the year.

It is useless to

meditate over the

problem to which

genus of Ophiurids

these larvai belong.

The fact that it is

known only from

the Gulf of Panama
is not a sufficient

indication for solv-

ing the problem.
Fig. 71. Skeleton of Ophiopluteus fiilcitiis, species c. ''"/i.

s. supporting rod.

Ophiopluteus opulentus nova forma.

A very marked feature distinguishing this larval form from all the

Ophiurid larvse hitherto known is the presence of a pair of short extra

arms on both the ventral and dorsal sides, proceeding from the lower part

of the postoral and the anterolateral rods, below the point where the

posterodorsal rod issues from the latter. These extra arms are very much

shorter than the other arms and, upon the whole, hardly of the same

morphological value as these; but their structure is the same, the ciliated

band passing out along them in the same way as in the usual arms.

The body skeleton is of tiie compound type. There is a pair of small

processes from the middle of each transverse rod. The posterolateral rods

are canaliculate to a greater or lesser extent. The end rods are of medium

length, straight, trifid at the point. The posterolateral arms are about 2— iJ

times as long as the inner arms.

Species a (PI. XXI, Fig. .'}). The posterolateral arms about twice the

length of the inner pairs of arms, which are thin and round, ending in a

small widening. It is uncertain whether there is any widening at the point

of the posterolateral arms. The body is fairly large, the inner arms measur-

ing about n/,^ the length of tiie body. The frontal area is distinct, but

not large.

19
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The skeleton (Fig. 72). The posterohiteral rods are canahculale from

about the middle unto the point. They are provided with small thorns,

somewhat irregularly placed, along both the outer and inner sides (Fig.

73, A). The other rods are smooth or only here and there with a very small

thorn. The transverse rods have a small thdiii directed forwards and a

somewhat larger one projecting backwards; the ends of the transverse rods

are only slightly widened. The dorsal extra rods are a liltle thorny.

Only a single, not very well preserved specimen of this larva is at hand,

taken ofl" Kqh Kam, in the Gulf of Siam, 4/ 1 1. 1900.

>

B

Fig. 72. Skelftoii of Ophiopliiteus opulentus, species a.

Letters as in Fig. 61.

F"ig. 73. Outer part

of posterolateral

rod of Ophioplu-

leus opulentus:

A. species a;

B. species b. ^"/i.
Species b. There are two specimens from otT the East

end of Sokotra (28/XII. 1913), both in so poor a condition

that no whole figure can be given of this larval species. It can only be

stated that the general form appears to corros])ond to that of species a.

The skeleton (Fig. 71) alTords some very good characters distinguishing

it from the former species. The posterolateral rods are entirely smooth

along the outer side (Fig. 73. B) and the canal goes almost from the base

to the point of the rod. The processes from the transverse rods are

directed more outwards in one of the specimens.

Species c. (PI. XXII, Fig. 3). The relative length of the body and the

interior pairs of arms about as in species a. hut the posterolateral arms

are conspicuously longer, about three times I he kiiglh of the interior arms.

The frontal area appears to be rather larger than in species a. The preoral

vibratile band is somewhat upwards curving, while in species a it is nearly
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straighL However, much stress cannot be laid on this character, which

may lo some extent depend on preservation. It appears that the small

extra arms are less developed I ban in species a. In the specimen figured

the ventral ones are distinct, but quite small; the dorsal ones are not

distinct. In another specimen one of the dorsal arms is very distinct. That

they will be developed, both pairs, in the iully formed larvae (- the hydro-

coel has not begun to form lobes in any of the specimens—) I have no doubt.

The skeleton (Fig. 75). The posterolateral rods are canaliculate almost

from the base to near the tip. They are naked along the outer side, ex-

cepting one or a very few small prominences so placed ofi" the thorns on

Fig. 74. Skeleton of Ophioplnleus opukniiis, species b. "•*/,.

the inner side, Llial a slight thickening is formed (Fig. 76); there is gener-

ally such a thickening in the lower part, sometimes also a few farther out,

and in that case the rod gets a peculiar, somewhat nodulose appearance.

The dorsal extra rods are smaller than the ventral ones. The processes

from the transverse rods are well developed: the ends of the transverse

rods are distinctly widened.

Of this species there are three specimens from Christiansted, St. Cruz,

West Indies, taken by Mr. H. Faye, 16/VI. 1915. There are also some

younger specimens, which may possibly belong to the same species, but

the distinguishing characters not yet being fully developed (- the extra

rods have not appeared —) I cannot state definitely whether they do

really do so.

To this species, however, some curious "specimens" (PI. XX, Figs. 3—5)

undoubtedly belong, which consist only of the body skeleton and the po-

sterolateral arms, these arms still having their vibratile band intact. All

the rest of the larva has disappeared. This is a case analogous to what

obtains in Ihe Op/i/o/Zi/n-larva, viz. that the posterolateral rods are not

19*
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absorbed (liiiiiif; iiu'tamorpliosis, bul arc kept iiitacl as a lloaliii^ appa-

ratus and Iheii dropped, when the young Opliiurid has completed meta-

morphosis and is ready to give up pelagic life. Tlic long posterolateral aims

remain in connection, after the Ophiurid has gone, their ciliated hand

being intact and in the |)resenl case, moreover, joining in the middle,

below the Ophiurid (this takes place before IheOiihiniid leaves the "larva").

While in the case of Ophiolhiix tiie abandoned jjosterolateral arms must

evidently soon perish, this appears not to be the case with the present

Fig. 7.">. Skeleton of Ophiopluteus opulenlus, s|)ecies c. ^,.

Fig. 76. Basal part of posterolateral roil of the saino species. '•""/,.

larva. As stated above (p. 124) it seems fairly certain that a new larval

body regenerates in the place of the former larval body. How far

the process of regeneration goes cannot be ascertained; but in any case

PI. XX, Fig. 5 shows that it may go on so far as till the formation of a

new mouth and esophagus; it is also evident from the numerous nuclei

seen in the anterior part of the new body that a vigorous growth is going

on here, so that it would seem most probable that the process may continue

the short while, until the new digestive organs are able to assume normal

function — and then there seems to be no reason to doubt that a new

complete and ultimately metamorphosing larva may be the result. Thus

we would here have a true case of metagenesis, otherwise totally un-

known in I^Lchinoderms. — As explained above (p. 124) the suggestion that
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we mighl have lo do hoic only wiLli abnormal larva' is quite inacceplablc;

it would be impossible lor a larva with such incomplete digestive organs,

and accordingly unable to feed, lo form the long postoral arms and the

whole body skeleton in a perfectly normal way. (That the transverse rods

are somewhat dilTerenl from those of the fully formed larvae is evidently

due to the absorjUion during metamorphosis). This, however, leads to an-

other important problem. Il is evident that the considerable growth of

the regenerating larval body could not take place without .some food sup-

ply. The 'larva" itself being unable to feed until the new digestive organs

are ready to function, there must be some nourishment stored somewhere.

This also appears to be the case. In the vibratile band of the posterolateral

arms there is generally seen a great number of very fine refractile grains.

These might well rejjresent the food supply; in fact, it is hard to see,

where it could otherwise be found.

Of course, I do not mean to maintain that definite proof of this astonish-

ing regeneration has been given. But the available material certainly in-

dicates that it does take place. The problem most urgently invites closer

investigation.

The fact that this larval type is found both in the West Indies and in

the Indian Ocean gives a valuable hint as to the question to which Ophi-

urid type it belongs. Still it is not sufficient for solving the problem, and

an attempt to find out the parental forms on the base of our present know-

ledge would be essentially guess work of very doubtful value.

Ophiopluteus similis Mrlsn.

PI. XXV II, Fig. 3.

Th. Morlensen. Die Echinoclermen-Larven il. Plankton Exped. p. 60. Taf. V. 8; VI. 1.

The specimen figured, which was taken at Misaki, .Japan, 29/VI. 191 1,

1 am unable to distinguish by any noticeable character from the 0. similis

from ofT the Cape of (lood Hope described in the work quoted. The more

upright position of the posterolateral arms is hardly a reliable character

but probably due to preservation, as, in fact, the arms of many Ophiurid

larva? are apt to bend and curve when the larvse are mounted in Canada-

balsam, especially such forms as have long arms with slender sujiporting

rods. (In the present specimen all the arms are much curved, but have

been restored to their natural shape in the figure). There is a distinct sub-

oral cavity.

The skeleton (Figs. 77, 78) |)resenls some minor differences in the shape

of the transverse rods, which may perhaps indicate that the specimen from
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.htpaii represiMils aiiothci- species llian lluil liom Cape, bul llie dilTerences

are loo insignilicaiit lor inakiiii^ il necessary lo desi^nale it as a separate

species at preseiil. In any case liie two lornis must be very closely

related.

Another, younger specimen, from the same locality and the same day,

])rohably also belongs to this species, although it difTers in the antero-

lateral arms being longer than the postoral ones and in the suboral cavity

being indislincl. In this specimen the posterolateral arms have the same

outward direction as

in the type.

The suggestion made
in the work quoted

that this larva may
belong to some Am-
phiiira-species is with-

out real support. It

was made on account

of the similarity be-

tween this larva and

Ophiopliileiis birnacu-

latus (Joh. Mull.),

which latter was re-

ferred to the genus

Amphiura on account

of the fact that the

young Ophiurid, as

Fig. 77. Skeleton of Ophiopliiteiis similis. -»%.

Letters as in fig. 61.

^^ -X_ 3v

Fig. 78. Fart of posterolalcral rod of Ophiopluteus similis. iyii;

shown in the figures of .loh. Miiller (V. Abhandl. Taf. V, Fig. 6) has

two papillae on each mouth angle, a feature mainly characteristic of Am-
phiura. However, as I have shown recently^) that Ophiopluteus mancus is

the larva of Amphiura fdiformis, the suggestion that O. binuiculatus might

belong to an Amphiura becomes improbable. The two papilla> of the young

Ophiurid are hardly tlie typical infradental papillai of the Amphiurid type,

but more probably tooth papillae situated in the inner part of the mouth;

in Amphiura filiformis 1 have found the infradental papillae to appear

only at a much later stage of development. The fact of the occurrence

of this larval type both at Cape and .Japan is not of sufficient zoogeo-

graphical importance for indicating to which species of Ophiurids it belongs.

Whether it is more nearly related to Ophiupluleus biniaculalus must also

remain uncertain for the present.

) On the development and the larval forms of some Scandinavian Echinoderms. p. 138.
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Ophiopluteus formosus nova forma.

Body skeleton compound; no processes from the transverse rods. The

posterodorsal rod issues near the base of the anterolateral rod; postero-

lateral rods simple, with numerous, fairly large, curved thorns along the

inner side; the other rods smooth.

This larval type is not distinguished by any specially marked characters,

the low point of issue of the posterodorsal rods being the most conspicuous

feature. The larva is a very typical, regular form, of a beautiful, graceful

shape.

Species a. (PI. XXVII, Fig. 1; PI. XXX, Fig. 2). The body is fairly

large; the inner arms hardly as long as the body, the posterolateral ones

Fig. 79. Skeleton of Ophiopluli'us /nrmosiis. species a. ^'"/i- Letters as in fig. (il.

about twice that length, gracefully bent. The preoral band is straight in the

middle, turning rather sharply downwards at the sides; the postoral band

with a slight sinuation at eacli side. At the base of the posterolateral arms

the band makes a deep downward curve, forming an incipient vibratile

lobe. The frontal area is not very large. Arms fairly broad and Hat.

ill the skeleton (Fig. 79) the somewhat widened, lobate ends of the trans-

verse rods are noticeable; otherwise there are no very prominent features.

5 specimens from the (luir of Panama, near the island of Taboga. in

December 1915.

One specimen is in the metamorphosis stage (PI. XXX. Fig. 2) the inner

arms, except the right postoral one. having been absorbed; also the left

posterolateral arm has begun to undergo absorption. The outstanding fea-

ture of this stage is the arrangement of the vibratile bands. The two bands
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of the posterolateral arms are coiitiiniing across the body, below the devel-

opiiii* Ophiurid. At the anterior end there is another transverse l)and, ap-

parently derived direelly from the preoral band. Thus a remarkable rear-

rangement of the vibratile bands takes place in this form, something corre-

sponding to what lakes place in the transformation of the Auricularia into

the pupa-stage (Cf. p. 125). A similar case was observed in Ophinpliileus

pusHlus, species b (PI. XXIX. l"ig.;>) and (). iindulnliis, species a (PI. XXIV,
iMg. .i).

Species b. (PI. XXVII, Fig. 2). This species differs so conspicuously

from species a as regards its shape that it may seem doubtful, whether it

Fig. 80. Skeleton of Ophiopliiteiis formosus, species b. -'"/i-

really belongs to the same type. The inner arms are one and a half to two

times, the posterolateral ones more than four times the body length. The

arms are narrow, rounded, not broad and flattened as in species a. On

the other hand the skeleton (Fig. 80) so closely resembles that of species

a that only very small difTerences can be pointed out, the main thing

being that the transverse rods are somewhat more robust, the inilentations

at the ends being less deep. Perhaps the shape of the meshes of the body

skeleton will prove a little diflerent. In species a the meshes are somewhat

narrower at the lower end, which does not appear to be the case in the

present species; but as there is only one specimen, and thai one even

showing a slight difTerence in the shape of the two sides of the body skele-

ton, this feature is not to be relied upon as a specific difTerence. The thorns

on the posterolateral rods are blunt and more distant than in species a.

(Fig. 82, B).

One single specimen, fairly well preserved, from the Red Sea, 24° 43' N.

35^45' K. 10/XI. 1899.
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Fig. 81. Skdeton of Ophiopluteus formosus. species c. ^•*/,.

A.

Species c. In a plankton sample taken by Mr. (iruelu nd in the neigh-

bourhood of the Cape Verde Islands at Kill' \. 2157' W. 11, VI. l'.)2(),

a single specimen of a larva of the (). /o/wo.su.s-type was found. It is in

a very poor state of preservation, only the body skeleton and the postero-

lateral arms being intact. These parts, however, clearly show that we

have here another, distinct species of the formosus-lype, which may be

easily recognized by

the characters of

its skeleton, even

though the shape

of its body is un-

known.

The skeleton (Fig.

.Sl)din'ers from that

of species a and b

mainly in the pec-

uliar shape of the

end rods, the points

of w'hich are bent

nearly at a right

angle ; they are

longer than in the

two other species

and also provided

with longer side-

branches. One of

the transverse rods ^'^' ^~' ^^^^^ "^ posterolateral rod ot Ophiopluteus /ormosus, -»"/,.

A. of species a: B. of species b; ('.. of species c.

carries a short pro-

cess, which is, however, broken, so that its total length and the sha])e ol

its point cannot be ascertained; but it is evidently very nearly as shown in

the figure. The point of issue of the posterodorsal rod is not so close to

the base of the anterolateral rod as in the other species. (Apparently the

distance is not the same on both sides; this, however, is due to the fact

that the right one is broken and lies in a somewhat dirt'erent position).

The thorns on the posterolateral rods are finer and more distant than in

species a and b. (Fig. 82). The posterolateral arms are very long and much
diverging.

The occurrence of this larval type in the Red Sea. at Panama and in

the Atlantic Ocean is, of course, of importance, but it is not sufficient for

venturing on a suggestion as to the Ophiurid to which it belongs. That

Ophiopluteus formosus and similis are nearly related is fairly evident, the

20

B.

c.

V ^v V .x_

3V 3v. 3v_
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characters distinguishing them from one another being very sUght and un-

important.

Upon the wliole the larval ly|)es <). siniilis and foimosus are among the

less interesting on account ol their more generalized features. But I have

thought it desirable to include them in this report in order not to exag-

gerate the impression that the Ophiurid larviv are easily arranged into

natural groups. That is the case with some forms, like e. g. undulatus, cosla-

liis; but the present forms are equally important as representing types

which do not lend any special support to a natural classification.

Ophiopluteus fusus nova forma.

Although there is only one specimen in hand, and that even in a very

far advanced stage of metamorphosis, as seen from the figure 83, A, I have

deemed it advisable to give a description of it, partly because the char-

acters to be seen on the remnants of the larva still attached to the young

Ophiurid are sufficiently marked for recognizing the species, partly because

it seems to show affinities to another Ophiurid-larva which stood hitherto

remarkably alone, viz. Ophiopluteus paradoxus.

The main character of this larva is the pecuHar thickening of the postero-

lateral rods a little above their basis. While the thickening increases very

gently from the base upwards, it ends rather abruptly outwards, the outer

part of the rod being very thin, with fairly long, thin, straight thorns on

either side (Fig. 83, C); the ba.sal and thickened part is smooth. Also the

postoral rod has the same shape, although the thickening is less pronounced.

The other rods have already been absorbed, so that nothing can be said

about their structure. The body skeleton is simple, the end rods moderately

long, slightly bent in their outer parts. The transverse rods are irregularly

widened at the point; there is no median process.

The shape of the posterolateral arms appears to be rather broad and

flat, as in 0. paradoxus. There is a distinct vibratile tuft at the posterior

end, as in the latter species.

The single specimen in hand was taken at the Azores (38°14' N., 24° 35'

W. 19/III. 1911. H. Blegvad).

As stated above this species would appear to be nearly related to Ophio-

pluteus paradoxus, the larva of Ophiura albida l-'orb. fhey agree in the

characters of the body skeleton, the presence of a posterior vibratile tuft,

as in the general structure of the young Ophiurid, ami probably also the

larval arms have the same shape in both; the only essential dilTerence is

the swelhng of the basal part of the posterolateral and postoral (a. o.?)
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rods in 0. fusiis. If it should uUimately be proved thai these two larvae

are really nearly related, it will be a fact of considerable importance,

showing that also within the genus Ophiura, even as recently restricted

Fig. 83. Ophiophileii.s fiisii.i. A. specimen in metaniorpliosis; ""/i- ^- Ijoily skeleton of the

same; C. outer part of posterolateral rod. 3*"/,. Letters as in fig. 61.

by Matsumoto and II. L. Clark, diflerent groups of larvtp may occur.

The fact that the larvae of the two species 0. albida and tcxturala are so

diflerent would then prove that these species are not so nearly related as

hitherto supposed; the other conclusion that might be drawn, viz. that

the larvae cannot show anything regarding the natural affinities, is much

less probable, considering the facts brought to light in the present work.
20*
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Ophiopluteus serratus Mrlsn.

I'l. WVIIl, l-ins. 1 2.

Ill till' iiu'iiioir 'Die l<A'hiiio(lerinc!ihir\cii diT (IcuIscIkmi Siuljiolai l-;,x-

pedilioii r.KM .;" p. <)() (Taf. XHI, I"i<^. l):iii Ophiurid larva was described

under this name, characterized especially by its very large median process

with a series of more or less branched prominences along its outer side.

In the innterial rolloclcd during my expoflitions to Siain 1899— 1900 and

to the Pacilic in 191 1 Ki there is a considerable number of Ophiurid

larva? which belong, evidently, to the same type. They may possibly re-

present Iwo (lilloient species or even more; but as they show considerable

variation, especially in rcgar<l lo Ihe size of Ihc median processes, it is

hardly possible to come to a ddinite result as to their specific limits. I

have therefore i)referred to designate them all simply as Ophiophdcus ser-

ratus. Only the study of living material and tracing their origin to the

parental forms will give the clue to the question of the specific limits

within this, evidently, very variable larval type.

This larva is characteristic through the great length of the inner arms and

the nearly upright position of the posterolateral arms. These latter arms

are ca. .5 times, the inner arms about '.) times the body length. There ap|)ears

to be a very slight widening at the tip of the arms. The preoral area is

very low; it may be distinct in its whole width or only at the corners.

This is possibly a specific difference, which cannot, however, be decided

from the preserved material. The preoral band is more or less covered by

the postoral band, (he whole oral area being almost totally covered up

by the postoral or anal lobe^). A conspicuous feature in some of the spec-

imens is the very large size of the stomach (PI. XXVIII. Fig. 1), which

fills the whole space inside the posterolateral rods. In other specimens it

is much smaller, occupying only the space inside the rods of the inner

arms (PI. XXVIII, Fig. 2). It is very well possible thai this is really a

specific character, but in the preserved material it is too often impossible

to decide, what is due to preservation and what not, so that, although

there would seem to be no doubt in some cases that we really have to

do with two diflerent species, it is better to leave the species question

undecided at present.

In the skeleton (Fig. 84) IIumc appears lo he no dislincl characters

eventually corresponding to the mentioned dilTcrences in the size of the

stomach and the preoral area. A noteworthy fact is the very great variation

in the size of the median processes from the transverse rods. In some
specimens they are quite small and inconspicuous, in others as large as

') Ihc suggestion given in llie original description thai the peculiar feature of the oral

region of the type specimen was due to compression is certainly correct.
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in the lypo. The spimilatioii, of course, varies with the size of the pro-

cesses. Some sj)eciinens observed aUve at Misaki, Japan, in June 1!)1 I,

were found to have the stomach green, while some tiny red pigment grains

were scattered along the body skeleton. No pigment spots in the tip of

the arms.

Numerous specimens were found from .Japan to the Red Sea: Misaki,

Japan, 29/ IV, 2-17/VI. 1911; Zamboanga, l/III. 1914; Malacca Strait,

Fig. 84. Skelcloii of Ophiopliileus serratus. -"»/,. Letters as in lig. 61.

30/XI. 1899; S. of Koh Chuen, dull of Siam, ii^ III. 190U; 89 15' E. 5^55' N.

(Bay of Bengal), 5/1. 1914 (1 specimen); 73° 34' E. 7° 37' N. 26/IV. 1900

(1 specimen); Gulf of Aden, 1 1/XI. 1899; Strait of Bab-el-Mandeb, 5/V.

1900 (1 specimen); off .Jebel Zukur, Red Sea, 5/V. 1900; Suez, 31/1. 1898

(Mr. H. Mortensen).

A very interesting t'eaUire is connected with the melamorpliosis of this

larval type. The suboral cavity continues some way down in Ihe body, as a

pouch on each side of the stomach. In the wall along the bottom of this

pouch a thickening a|)pears at I he lime, when the hydrocoel begins to

form lobes (PI. XXVIII, P^ig. 2): tliis thickening grows very considerably

and forms lobes, which ultimately combine with tlie lobes of the hydrocoel.



158

The process having been described in dclails by J oil. M tiller in his Memoir

"Die {)j)hiurideidarven des Adrialischeii Meeres" in the case of the larva,

which he names Pliileus himaciilatus, there is no reason for me to give a

detailed description of the process here again, the less so since the partly

poor state of preservation of the material available would prevent the

comjileleness of the destriplion. But it is an exceedingly interesting fact

that we have in this larva a type of development rather different

from that found in the Ophiolhiix-lsLTwa, the only larval type the

development of which has been studied in detail as yet. A careful study

by means of sections of the developmental processes of the present larval

type would be very desirable and would be sure to yield most interesting

results. — This is another instance serving to show that it is not justi-

fiable to conclude from the study of the development of one single form

that the whole of the group follows exactly the same type. (C/. Aniedon).

As stated above the mediterranean Ophioplulens bimaculalus agrees with

the present larva in the type of its development, and there is certainly

no doubt that these larvae are very nearlv related. Thev are alike in struc-

ture and shape, and only in minor features specific diflereiices can be

pointed out. It might be suggested that ])erhaps also Ophiopluteus affinis

(Kchinodermenlarven d. Planklon-l^xpedition, p. 61, Taf. \'I, 1—3) will

prove to belong to this group. Its general appearance is very much like that

of 0. serratus, but its oral structure is incompletely known. The skeleton

affords the same general structure, the only essential difference being that

the posterolateral rod has a longitudinal ridge, dividing it into two parallel

rods. But this would hardly be sufficient to disprove its relationship to

the serratus-binuiculalus group. —
No suggestion can be given as to which (){)hiurid is the parental form

of these larvae. As stated above, under 0. similis (p. 150) the suggestion

that 0. bimaculalus might belong to an Amphiuia is untenable, since it

was found that the larva of Amphiuia filiformis is of quite another type

{Ophiopluleus mancus). The presence of the larval type both in the Indo-

Pacific Ocean and in the Mediterranean and the Atlantic (— it was taken

by Mr. Gruelund, VI. 1920, ofT Cape Blanco and at the Cape Verde

Islands —) will, of course, be a fact of importance for judging of its parental

origin, but it is not sufficient for making a definite suggestion as to that

problem.

Ophiopluleus arcifer nova lorma.

This larval type is distinguished by the very long median processes from

the transverse rods, which in their highest development, in species a, when
seen in side view, recall the shape of an oldfashioned cross bow (Fig. 85).
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They cause a very promiiu'iit elevalion ol the body-wall, like a hump, on

both the ventral and the dorsal side of the body.

The body is comparatively low, with a low frontal area. The preoral

band is generally almost straight. A noteworthy feature is the more or

less conical shape of the esophagus (especially so in species a). The arms

Fig. 85. Body skeleton of Ophioptiiletis anifer. species a. A. in side view. -'"/,: R. oblique

dorsal view. al. anterolateral rod: b. body rod; dm. dorsal median process; e. end rod;

pd. posterodorsal; pi. posterolateral; po. postoral rod; r. recurrent rod; tr. transverse rod;

vm. ventral median process.

are slightly widened at the point. The posterolateral arms are 3—5 times

the body length, rather obliquely outwards directed. The other arms are

not much more than body length, their point being at about a level with

the point of the posterolateral arms. The body skeleton is of the com-

pound type.

Species a. (PI. XXVI, Fig. 1). The posterolateral rods are set with

bilaterally arranged small thorns, which give the rod a peculiar, almost
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banded appearance, when seen from the ventral or the dorsal side. Near

their base they have a few small thorns along the outer side, and also the

body rod generally has a few small thorns. The end rods are provided with

several small l)ranches al the point. The transverse rods are hardly widened

at the point, but end in a number of very short thorns. The median pro-

cesses, which proceed from the transverse rods of the same side, some-

times the left, sometimes the right, are very long, slightly curved and irre-

gularly thorny along the outer side (I'igs. 85, 8(i). The postoral iind |)ostero-

Fig. 86. Skeleton of Ophioptiitciis arci/er, species a. -'"/i- Letters as in fi{j. S.').

dorsal rods have small, bilaterally arranged thorns, the anterolateral rods

have thorns only along the outer side in their outer part. — The postero-

lateral arms are about 1 times the body length.

This species was found S. of Koli (".luien, in the (iulf of Siam, 3/III.

190U (1 specimen), in the Malacca Strait (101 12' K. 2" 45' N. .'iO/XI. 1899

(3 specimen.s) and oil Jolo, 20/111. 191 1 (5 specimens).

Species b. (PI. XXVI, Fig. 2). The main difference between this spe-

cies and the preceding one consists in the |)osterolaleial rods being iiere

provided with thorns along their older and their inner .side, not along the

ventral and dorsal sides. The thorns on the outer side are irregular, slightly

branched, those along the inner side simple, with tlie point bent a little

forward. The end rods have only one side branch at the point, and the

transverse rods are provided with only few, short prominences al the point.
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The median processes are not so large as in species a, and set with only

few Ihorns aloii^ their outer sides. The anterolateral rods are much more

thorny than in s|)ecies a (Fig. 87); the postoral and poslerodorsal rods as

in the preceding species. The length of the posterolateral arms is only

about 3 times the body length, the other arms as in the preceding

species.

Only two specimens of this species were found, in tiie (iulf of Panama,

olT the island of Taboga, in December 1915.

Fig. 87. Skeleton of Ophiopluleus arcifer, species b. '»»/,. A. Pari of anterolateral rod,

B. part of posterolateral rod; the adoral side of both is to the left. C. Body skeleton. The

processes from the transverse rods are restored, being broken in the specimen, and are

represented in a more upright position than normal.

Species c. (PI. XXVI, Fig. 3). This species is nearest to species b, but

differs from it in the character of the posterolateral rods, which have

fewer, small thorns along their outer side, and not in their whole length,

while those along the inner side are larger and continue until the point;

they are partly (mainly in the lower part of the arm) somewhat spinulose.

The rods of the other arms are almost as in species b. The median processes

from the transverse rods are shorter than in that species (Fig. 88). The

posterolateral arms are about five times the body length.

One specimen was taken at 17^47' N. 70 51' W., l/II. 1911. (H. Hleg-

vad).

This species recalls to some degree 0. bimamlalus (Job. Miiller), but

diflers conspicuously from it in the presence of thorns along the outer side

of the posterolateral rods and in the much greater length of the median

processes from the transverse rods. Unfortunately, the only specimen in

hand does not give any evidence, whether the development of the Ophi-

21
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urid proceeds in the same way as in 0. bimaciilalus and 0. senatus (see

under the latter species). Neither are any of the specimens of the species

a and b in the metamorphosis stage. In any case it shouUi be kept in

mind for future investigation, that these larvae possibly have some nearer

affinity to one another.

At our present stage of knowledge it is impossible to form an opinion

of any value as to which forms of Ophiurids the larval type of ()j)hi<)-

pluteus arcifer belongs. The existence of species of this larval type in the

East Indian Seas, in the Gulf of Panama and in the West Indies is, of

y

<
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Fig. 88. Skeleton of Ophiopluteus arci/er, species c. ^""Z,. A. Part of posterolateral roil;

B. the same rod, probably showing regeneration. C. body skeleton, seen slightly from above.

course, a fact of importance, but not in itself sufiicient foundation for

a reasonable suggestion as to the solution of this problem.

Ophiopluteus monacanthus nova forma.

PI. XXX, Figs. 3—4.

From off Jolo (21/III. 1914) there are two specimens of a very peculiar

Ophiurid larva, which seems to me well worth describing, although the

fact that the skeleton has been dissolved prevents giving a complete

description of it. The outstanding feature of this species is the presence

of a very strong median process on the ventral side alone: it projects at

a right angle to the body, forming a large hump on the ventral side, while

the dorsal side of the body remains flat, there being evidently no median

process from the dorsal transver.se rods. There is a widening on the rectum,

filling out the hump. In its general appearance the larva otiierwise recalls

Ophiopluteus arcifer. The postoral band makes a small, but very distinct

backwards curve at each side. The posterolateral arms are somewhat more
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than three times, the other arms about twice the body length. They have

a sHght widening at the point. Although the skeleton is dissolved, it can

be definitely ascertained that the posterolateral rods are thorny along their

outer sides.

There seems to be reason to Ihiiik that this species is related to 0. arcifer,

but, of course, this cannot be dciinilely ascertained until its skeletal struc-

ture is made known. By the unique character of the ventral hump this

species is easily recognizable.

Ophiopluteus retrospinus nova forma.

The main distinguishing feature of this larval type is afforded by the

peculiar backward projecting processes from the lower part of the postero-

Fig. 89. Skeleton of Ophiopluteus retrospinus, species a. ""/i- Letters as in fig. 85.

m. median process.

lateral rods. — The arms are fairly long; the posterolateral arms are about

three times, the anterolateral arms only a little more than body length,

their point being at a level with the point of the posterolateral arms. The

two other pairs of arms are somewhat shorter, their points not reaching

the same level as that of the other arms. There is a very slight widening

at the point of the arms. They are all gracefully curved, especially the

posterolateral ones, which gives a touch of elegance to the shape of the

larva. The frontal area is well developed. The preoral band is somewhat

upwards curved, more or less straight in the middle. The postoral band

makes a little downward curve at each side (more distinct in species b),

and from here the nervous system is seen to proceed. (In species b only

21»



164

tlu' voiilral part oi" it could be (lisccnu'd). Thorc is a disliiicl suboral cavity,

as ill (). similis. It is not represented in species b, owing to the less satis-

factory preservation; but it is distinctly discernible also in that species.

The body skeleton is of Ihe compound type; there is a more or less

developed median process from the transverse rods. The posterolateral rods

are provided with strong thorns along their inner side, Ihe other rods have

fine thorns.

Fig. 00. Skeleton of Ophiopluleus relrospinus, species b. -'•'%.

Species a. (1^1. XXII, Fig. 1). The anterolateral, the postoral and the

posterodorsal arms are about 1 ^/g the body length. The backward processes

from the posterolateral rods are very prominent and conspicuously ser-

rated, especially along their inner side (Fig. 89). Besides these there is a

smaller process (more rarely two, or none at all) from the lower end of

the body rod, also a httle serrate. The end rods are of moderate length,

curving outwards in the lower pari; the small side branch is at some

distance from the point. The transverse rods are hardly swollen at tlu'

point, with merely an indication of interlacing branches. The median rod

is long, slightly thorny, the ventral rod somewhat longer than the dorsal

one. The rods of the inner arms are only faintly thorny, also the antero-

lateral rod carries only small thorns along its outer side.

This larva was found in the (iulf of Siam, S. of the island Koh Chuen,

3/III. 1900 (2 specimens), W. of Koh Kong, 25/1. 1900 (1 specimen).
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Malacca Strait, oil Pulo Pisang. 1X11. 1899 (1 specimen) and 101 12' E.

2° 45' N., Malacca Strait, 30/XI. 1899 (6 specimens).

Species b. (PI. XXII, Fig. 2). The inner arms are distinctly shorter

than in species a, only of about body length, and especially the postoral

and posterodorsal arms are conspicuously shorter than in species a. The

backward process from the posterolateral rods is much shorter than in the

former species and has only very few serrations; sometimes it is quite rudi-

mentary; there is no process from the body rod, and the median process

from the transverse rods is quite short. The anterolateral rod is provided

with rather large thorns along the outer side (Fig. 90). The specimen figured

presents a series of well delhied spots in the vibratile bands along the

arms, especially the posterolateral ones. Most probably these are pigment

spots; but this can only be definitely ascertained by the study of living

specimens.

This species was found olT Jolo, 20/III. 1914 (1 specimen) and off Co-

lombo, 13/11. 1898 (6 specimens) (Mr. H. Morlensen).

It is not quite easy to distinguish this species from O. pusillas species c,

and the possibility cannot be denied that both are really the same, very

variable species; the fact that they were taken together (Colombo, 13/11.

1898) would also point in this direction; but no definite conclusion can be

reached from the preserved material, and I have thought it preferable

to keep them as two separate species in view of the marked difTerence

between typical specimens.

A suggestion as to the Ophiurid genus to which these larvae belong,

cannot be made for the present.

Ophiopluteus pusillus nova tuima.

The characters which distinguish this larval type are the following. The

body skeleton is of the compound type, often with a process from the

recurrent rod; the transverse rods are slightly widened a I the point, with

some short obtuse prominences, fitting into one another; no median pro-

cess. The anterolateral rod is set with rather coarse thorns along the outer

side in the outer part. The posterolateral arms are rather short, only about

twice the body length, not much outwardly directed; the anterolateral

arms are somewhat less than body length; their points are at about the

level of the points of the posterolateral arms. The postoral and the postero-

dorsal arms are much shorter than the other arms and hardly reach beyond

the frontal edge. Characteristic of this larval type is also its small size,

which, in the fully formed larva, is only ca. 0.5—0.7 mm in total length.
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from the posterior end of the body to the point of the anterolateral arms.

Several species of this larval type are at hand.

Species a. (PI. XXIX, Fig. 1). The length of the body from the post-

erior end to the frontal edge is ca. 0.31 mm. The frontal area is rather

large. The postoral band may curve much downwards, as «een in the

figure; this is, however, no constant feature and, evidently, to some

degree at least, depends on preservation. The preoral band curves upwards.

Fig. 91. Skeleton of Ophiopliileiis paaillns, species a. Letters as in fig. 85.

but remains straight in the middle part. The posterolateral arms are about

P/2 body length. There is no distinct widening at the point of the arms.

The body skeleton (Fig. 91) is slender, the meshes being rather large,

rectangular; the end rods are fairly long and slender, with one or a few

small side branches somewhat above the tip, which is very gently curved;

the outer edge near the point may be finely serrate. There is no process

from the recurrent rod. The posterolateral rods are provided with short

thorns of about equal size on both the outer and the inner side, the postoral

and posterodorsal rods with small thorns, placed mainly along the ventral

side of the former and along the dorsal side of the latter, so as to appear

mainly as transverse lines on these rods in ventral or dorsal view of the

larva.
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A dozen specimens of this larva were fonnd in a plankton sample from

Misaki, Japan, 17/VI. 1911. A specimen from oil Koli Kam, (iulf of vSiam

(4/II. 1900) dilTers from the Japanese specimens in lacking the small side-

branches of the end rods, but otherwise so closely resembles the latter

that 1 have no tloubt in referring it to the same species.

Species b. (PI. XXIX, Figs. 2—3). This species agrees with species a

in the character of the spinulation of the posterolateral and the other rods.

Fit;. •'''^- Skeleton of Ophioptuleus piisilhis. species b. ="'/i-

but difTers markedly from the latter species in the shape of its body

skeleton (Fig. 92). The meshes are not quite rectangular, but generally

distinctly narrowing downwards, and there is a conspicuous process from

the recurrent rod. The transverse rods are somewhat longer than in species

a, in accordance with the insertion of the recurrent rod nearer the body

rod. The end rods are somewhat shorter and quite straight, and the side

branches are placed close to the tip. Otherwise it agrees very closely with

species a in its general shape, only the postoral and posterodorsal arms

being still somewhat shorter; they reach only to about the level of the

preoral band.

A very interesting stage of metamorphosis is represented in PI. XXIX,

Fig. 3. As in Ophiopl. formoms, sp. a (PI. XXX. Fig. 2) and 0. undulotus,
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sp. a (PI. XXIV, Fig. .3) the vibratile band is seen to pass directly across

liie body, below the (levclo|)iiiq Ophiurid, so as to continue directly from

one posterolateral arm lo liie other. .\ (Uslinct anterior band is re])resenled

by the former preoral band of the larva, and moreover in this specimen

disliiul (races of other vibratile bands are seen. Ihc accordance wilh the

pupa-stage of llic I lololluirians being thus slill more emphasized. There

can then be no douhl, that we have really in these Ophiurid larva; a true

pu|)a-stage. .Viso in the metanujrphosis-slage of (). jonnosus there are

A.

Fifi. 03. Ophiophilciis piisillus, species c. A. body skeleton : B. outer part of postoral rod. '"°/,.

very slight indications of small parts of vibratile bands in the median part

of the body. Most probably I hey will prove to exist in all forms having

a distinct pupa-stage.

This species was found in the (iulf of Panama, at the island of Taboga,

in December 1915; 12 specimens.

Species c. (PI. XXIX, Fig. 1). The present species dilTers markedly

from the two preceding species in the character of the posterolateral rods,

which are provided with long thorns along the inner side, but entirely

smooth on the outer side. The body skeleton (Fig. 93, A) forms a pair of

rather small, oval meshes, and there is a long often somewhat thorny pro-

cess from the recurrent rod; this process is directed venlrally or dorsally,

and it is therefore generally broken in the preparations, as also seen in

the figure. This thorn may, however, sometimes be lacking. The end rods

are rather long, gracefully curved, with a small side branch at some
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distance from the point. The backward projecting process from the trans-

verse rods seen in the figure is no conslanl feature. The thorns on the

postoral rods and apparently also on the posterodorsal rods are very long,

and lend this rod a very peculiar pectinate appearance; but as they are

directed ventrally they can be seen distinctly only when they (or the rod

itself) are (is) broken. As seen in Fig. 93, B they may be bifid or even

trifid at their base, and there may further be a small side branch near

the point. Whelher Ihis complicalc structure is a constant feature is hard

to ascertain, as it can only be seen when the rod is broken and lies in a

favourable position. Neither can the possibility be denied that these minor

dilTerences really are specific characters, so that more than one species

may be included undei- the larval form designated here as 0. pusilliis,

species c. This cannot be decided from the study of preserved material

alone. None of the other species of the 0. pmillus type appear to have

such long thorns on the postoral rods. — The body of the present species

is somewhat shorter and comparatively broader than that of the two pre-

ceding species. Also the frontal area is comparatively lower and the preoral

vibratile band less arched.

A considerable number of specimens w-ere found in a plankton sample

taken by my brother, Mr. H. Mortensen, ofT Colombo, Ceylon, 13/11.

1898. Further 1 have specimens from the Gulf of Aden, 3/V. 1900 (1

specimen), and the Malacca Strait, 30/Xl— 1/XlI. 1899 (8 specimens).

This species has several points of resemblance with Ophiopl. relrospinus,

species b, and probably they are nearly related. The possibility that they

are really only one, very variable species cannot even be denied. Only the

study of living material can decide the question.

Species d. (PI. XXIX, Fig. 5). The shape of the body is like that of

species c, short and rather broad, with a very small frontal area; it differs

from the other species in the posterior extremity of its body being more

rounded. As seen in the figure the nervous system may be distinctly observ-

able, showing the tyi)ical arrangement^).

This species ditlers from the preceding ones in the shortness and rather

robust character of the body skeleton (Fig. 91); there is no process from

the recurrent rod. The end rods are short, straight, and with the small

side branch close to the point. The posterolateral rods are provided with

long thorns along the inner side, the outer side being smooth. The thorns

of the postoral and jiosterodorsal rods appear to be more bilaterally ar-

ranged than in the other species and are especially much less developed

than in species c.

') Th. Mortensen. Notes on tlie development and the larval forms of some Scandinavian

Echinoderms. p. 158— 160.

22
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This species was found in the Gulf of Panama, at the Island of Taboga,

in December 1915, a dozen specimens.

Evidently it stands more apart from the other species and possibly does

not really belong to the same type; still I have thought it preferable to

include it under the

type of 0. piisilhis,

to which it bears in

several regards a

close resemblance.

It is impossible

to have any opinion

of the relationship

of this larval type.

That it occurs both

at Panama, Japan

and in the Indian

Ocean is by no

means a sufficient

foundation for any

suggestion as to this

point. Too many
Ophiurid genera are

common to the
Fie. 94. Skeleton of Ophioplukus pusilliis, species d. -»"/i.

t^ .r. ^ r
Pacific coast of

America and the Indo-Pacific region to allow any such conclusions at

our present stage of knowledge.

Ophiopluteus diegensis nova forma.

PI. XXIX, Vig,. ().

In its general ai)|)oarance this small larva (0.27 mm body lenglli) very

much resembles Ophiophileus piisillus. The posterolateral arms are scarcely

longer than the body, and the point of the anterolateral arms is at about

the level of that of the former ones, while the postoral and posterodorsal

arms remain very short. The frontal area is quite low. The posterolateral

rods are set with short thorns along both the outer and the inner side,

and the anterolateral rods have rather long thorns along their outer side,

as in pusillus. The postoral rods are strongly curved, with few, small thorns.

The body skeleton is simple; there is generally a small tliorn (in the outer

side near the base of the body rod. The end rods are straight, with a small

branch close to the point. The transverse rods have the same structure
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as in 0. piisillns, with small obtuse, interlacing branches at the slightly

swollen end; there is no median process (Fig. 95). - In the posterior part

of the body some comparatively large grains, evidently pigment cells,

are seen.

In the specimen figured the hydrocoel has not yet begun to form the

primary lobes; this is, however, the case in other specimens, and as the

arms are not longer in these than in the one figured, it seems beyond

doubt that the arms will not be much longer in the fully formed larva.

Fig. 95. Skeleton of Ophiopluteus diegensis. ="7i- Letters as in (ig. 85.

A number of specimens were found in a plankton sample from San Diego,

California, 7/IX. 1915.

This species bears so close a resemblance to Ophiopluteus pusillus, espe-

cially species b, that the suggestion lies at hand that it is really related

to it, in spite of the apparently essential dilTerence in the structure of the

body skeleton. On the other hand, it also bears some resemblance to

Ophiopluteus fusus. At our present state of knowledge it is impossible to

ascertain which is the correct reference, especially so long as we do not

definitely know the value of that conspicuous character of the body

skeleton, the simple or the compound structure.

Ophionereis squamulosa Ivoehler.

PI. XXXI, Figs. 1—6.

During my stay at Tobago, B. \V. I., with the Carnegie Expedition I

had the good fortune of seeing (on the 13th of April 1916) a specimen of

this species discharge its eggs, which were at once fertilized, a male speci-

22*
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nuMi amoni^ those kept in the same dish discharging its sperm at the same
lime. Tlie eggs were tew in number, amounting only to ca. 90; tiie specimen,

however, still contained some more, so that, evidently, not all the eggs

are discharged at the same time, as is the case in Ophiolhrix angulatus,

in which they are all discharged at one time, almost as by an explosion.

- The specimen was not observed to assume a special attitude while dis-

charging its eggs, such as is the case in Ophiodvrmn brevispina, according

to the observations of (irave.

Owing to the small number of eggs the material was insufficient for a

complete study ot (lie details of the interior changes during the meta-

morphosis, a study which would have been of the greatest interest for a

comparison with the results obtained by Caswell Grave') in Ophiodernvi

brevispina. Although I tiied many times to get another culture, 1 did not

succeed, so I had to make a very careful use of the little material avail-

able and to preserve no more specimens of the different stages than

strictly necessary.

The size of the eggs is 0.2 mm; they are red coloured. They were lying

free at the bottom, not floating at the surface, as did those of 0. brevispina.

The cleavage is regular and total. In the course of 15 hours the embryos

were found to be in the gastrula stage, pearshaped, of a beautiful pink

colour, especially towards the pointed anterior extremity; they were swim-

ming close to the bottom. In the course of ca. 21 hours it became evident

that the larva would turn out to he of the vermiform type, like that of

0. brevispina, as described by Grave. At that age the embryo has an

elongate, triangular shape, with a narrowing below the anterior end, which

thus becomes like a rounded knob (PI. XXXI, Fig. 6). It is ciliated all

over, without any ciliated bands as yet; what looks like a transverse band

in the figure quoted is not really one; it is due to the fact that a transverse

fold is formed in the posterior end of the body, on the ventral side, the

apparent band being only the edge of the lobe. In this fold the gastrula

mouth lies which is thus no longer in the posterior edge of the embryo;

it appears to be closed already at this stage. The embryo keeps swimming

close to the bottom as in its youngest stages.

PI. XXXI, Fig. 5 represents a frontal section of a larva 26 hours old.

It shows a double sac at the upper end of the archenteron, apparently

still in connection with the latter — but the histological preservation is

not sufficiently good to allow the definite ascertaining of this question.

The larger of these sacs doubtlessly represents the hychocoel, while the

smaller apparently is the anterior right enterocoel. In the posterior end two

') Caswell (iravi-. Ophiura brevispina. Mem. Nat. Aiad. of Si-. Vlll. Baltimore I'JOO.

(Mem. Biol. Lab. Johns Hopkins Univ. 4).
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accuniulalions of nuclei arc seen which, no doubt, represent the posterior

coeloniic vesicles. There is an indication that one of them is in connection

with the ectoderm, hul il cannot he stated definitely to be the case. —
It is very unfortunate that the material available does not allow a detailed

study of the process of formation of the hydrocoel and the coelomic vesicles,

so that a comparison with (irave's researches on 0. brevispina might be

made. Kspccially his statement^) that the epigastric coelom originates as

a separate invagination from the ectoderm is so remarkable that it would

have been of the greatest interest to see, whether it originates in the same

peculiar way in this species also. There is, as stated above, an indication

that it really does so, but it can by no means be ascertained as a fact.

The specimen represented in PI. XXXI, F"ig. 6. although of the same

age, is somewhat more advanced in its development, the hydrocoel having

formed the five primary lobes. The small sac lying at the upper end of

the stomach apparently is the right anterior coelomic vesicle; the posterior

coelomic vesicles could not be discerned. —
At the age of 40—45 hours the larva has reached its full development

and has a very characteristic sha])e (PI. XXXI, Figs. I—2). The anterior

end forms an elongate, rounded lobe with a ciliated band around it,

situated a little below its middle; below and above the band the lobe is

narrowing, at the point there is a large ciliated tuft, which is of a bright

pink colour. In the middle of the posterior part of the body there is another

spot of pink colour, larger than the apical spot, but less intense. It coincides

with the central part of the young Ophiurid, which has already developed

its first pair of tubefeet.

Two ciliated bands are found in the posterior, main part of the body,

one at the level of the mouth of the developing Ophiurid, the other at the

posterior end. Both are incomplete; the band in the middle of the body

consists of a median part on the dorsal side and two lateral parts, while

the posterior band consists of two parts, a larger one on the right' side

and a smaller one to the left. Possibly the posterior band has been complete,

surrounding a posterior lobe in a former stage, before the developing

Ophiurid has reached so far in its development. That the band in the

middle of the body is not the broken up rests of a formerly complete band

would seem evident from the fact that in the next stage figured (PI. XXXI,
Fig. 3), of a larva 2^/2 days old, the band is much more developed and

nearly complete across the dorsal side.

At the age of 40—45 hours the skeletal plates begin to appear. In the

') Caswell Grave. Ophiura brevispina. II. An l<:ml>ryologiral Contrihntion and a Study

of the effect of the Yolk substance upon development and developmental processes. .lourn.

of Morphology. Vol. 27. 1916.
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specimen figured in PI. XXXI, Fig. 2 the six primary plates of the dorsal

side have a|)i)eare(l and three of the terminal plates have just begun to

develop, beginning with the posterioi radius, as is evident from the relative

size of these three rudiments. On I he ventral side no skeletal plates have

been formed as yet. There is not the slightest trace of a larval skeleton.

In specimens 2^,2 days old (PI. XXXI, Fig. 3) the terminal plates have

been fully formed, the unpaired, terminal tentacle lying within it as in a

tube. (Although the skeleton has been dissolved in all the specimens of

this age preserved, this fact can be distinctly ascertained). Inside the first

formed pair of tentacles indications of another pair of much smaller out-

growths from the radial canals are seen. This is in accordance with the

interesting fact observed by Grave in Ophioderma brevispina, that the

buccal tentacles are formed after the second pair. The same observation

was also made by Krohn^) in a similar Ophiurid larva which was found

at Madeira. It seems highly probable that this is really the usual order

of appearance of the oral tentacles in Ophiurids.

As stated above, the median band is nearly complete across the dorsal

side, while on the ventral side it is, of course, interrupted by the mouth

opening of the Ophiurid. The left part of the posterior band has developed

towards the mouth so that there are now three distinct bands reaching

the mouth edge, one to the right, two to the left side. The rest of the

posterior band remains at the right side of the posterior end.

At this stage the larva evidently has reached its fullest development,

and it is worth mentioning that it was observed now to swim fairly actively,

while on the other hand, it could also now attach itself to the bottom

by means of its tubefeet, so firmly that it was hardly possible to wash

it off by means of a pipette. — Also in the stage of 40—45 hours the larvae

were observed now and then to swim free in the water.

At the age of 6 days the anterior lobe of the larva is still distinct, with

its ciliated bands, but it is very much shortened and evidently in the

course of being absorbed (PI. XXXI, Fig. 4). The median ciliated bands

have nearly disappeared, but a small trace of each of the three bands

reaching the mouth in the foregoing stage is still observable at the edge

of the body; the posterior band is still quite distinct. — The primary

skeletal parts have all been formed, and the teeth and the first spines

have appeared. Very prominent is the torus angularis, a fact the more

remarkable since this plate is hardly observable in the adult specimens.

In the two anterior radii two ventral plates are seen, one inside the other;

the inner one of them doubtlessly represents the first, rudimentary, inner

') A. K roll 11. Cber einen neueii Eutwicklungsriiodus tier Opliiuren. (Miillers Archiv.

1857. p. 370. Taf. XIV. B. Fig. 1).
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ventral plate; it is not formed in all the radii; I find il present sometimes

in three radii, sometimes only in two or one, but not in more than three

radii in any of the specimens available. —
111 lig. 96 part of a young specimen, 12 days old is represented. The

second pair of lateral plates has begun to form; the inner (in reality the

second) ventral plate has assumed an elegant hourglass-shape. The buccal

plates have not yel been formed. Inside the ventral plate a pair of small,

irregularly halfmoon-shaped plates has appeared, representing the adoral

plates. (This interpretation is not in conformity with that usually adopted;

I cannot, however, enter here

on a discussion of the mor-

phology of the oral skeleton

of Ophiurids).

When the young Ophiurids

had reached this age, the so-

journ at Tobago ended and

put a stop to the experi-

ments, and the few speci-

mens left were preserved. But

I cannot have the sUghtest

doubt that it would be very

easy to rear the young Ophi-

urids of this species to a much later stage, since it is very easy to give

them suitable conditions. The species is found in quite shallow water on

the coral reef, in the sand under old coral blocks, together with a number

of other species of Ophiurids. The experiments carried out thus far indicate

that here is a lot of interesting work to be done.

Quite recently a notice on the development of another species of Ophio-

nereis, 0. Schayeri (M. Tr.). was published by H. B. Kirk') indicating the

highly remarkable fact that in this species the development is absoluteh'

direct, no larval form apparently occurring at all, the young star forming

already within the tough envelope by means of which the eggs are attached

to the under surface of stones. Unfortunately, the identification of the

species is not beyond doubt, the deposition of the eggs not having been

observed and the young Ophiurids not having been reared until they could

be identified with certainty.

It would be exceedingly interesting to study the development also of

other species of this genus; although thus (probably) two species of the

genus have been shown to develop without the Pluteus larval stage, it is

») H. B. Kirk. On the much-abbreviated development of a sand-star (Ophionereis Schay-

eri). Preliminary Note. Transact. & Proc. New Zealand Inst. Vol. XLVIII. 1916. p. 383—384.

Fig. 96. Part of a young Ophionereis squamulosa, 12

flays old. ad. adoral plate; p. mouth papilla; t. tube-

foot; to. torus aiigularis; v. ventral plate, ""/i-
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quite possible that other speeies may have a PUiteus-larva, eorresponding

to the fact shown in this work that within llie genus Aslcrina some s|)ecies

have a typical Bipinnaria-larva, while others have a shortened, direct

development as in the classical case of Asterina gibbosa. —
The larva of Ophionereis squamulosa belongs to the same type as that

of Ophioderma brevispina, described by Caswell (irave. There are some

minor dilTerences in the shape of these two larv<e, that of Ophionereis squa-

mulosa having the anterior lobe distinctly longer than that of Ophioderma

brevispina. Also the arrangement of the vibratile bands is somewhat dif-

ferent, especially the posterior band, as a comparison of Fl. XXXI, Fig. 3

with PI. Ill, Fig. 22 of Grave's Memoir will make evident.

The statement of Grave (Op. cit. p. 83) that the usual Pluteus skeleton

is formed in the larva of Ophioderma brevispina, while there is no trace

of a larval skeleton in Ophionereis squamulosa, would appear to indicate

a very im{)ortant dilTerence between these two larvse. Later on, however.

Grave has announced^) that he mistook the beginning skeletal plates of

the Ophiurid for the larval skeleton. There is thus no larval skeleton in

the- larva of Ophioderma brevispina either.

A larva closely resembling that of 0. brevispina was taken pelagically

atTaboga, Gulf of Panama, 18/XI. 1915. Probably it belongs to one of the

Panamic species of Ophioderma. It would seem superlluous to give a closer

description or figures of it. — To the same larval type belongs that describ-

ed by Joh. Miiller^) from Triest under the designation wurmformige

Asterienlarve", and also those described from Madeira by Krohn^). It

may perhaps be suggested that the Mediterranean foim belongs to Ophio-

derma longicauda.

In the "Echinodermenlarven d. Plankton-Exped." I designated also

these worm-shaped larvae as Ophiopluteus. Hamann*) objects to this

designation, because there is neither a ciliated band nor a larval skeleton

in these larvte, not to mention that the usual larval arms are totally lacking.

I would, however, still tliink it justifiable to use this designation. In the

larva of Ophiura affinis'), Ophiopluteus Metsehnikoffi and 0. Claparedei we

have difTerent stages of the reduction of the typical Pluteus-shape. From

') Caswell Grave. On the occurrence among lu'hinodcrms of larva: with cilia arranged

in transverse rings; with a suggestion as to their significance. Biol. Bull. V. 190:i. p. 178.

*) Joh. Muller. Cber die Larven u. die Metamorphose d. Hololhuricn u. .\sterien.

III. Abhandlung. Abh. d. Akad. Berlin. 1850. p. 26. Taf. VI. 8^12. VII. 1— 1.

^) A. Kroiin. L'ber einen neuen Enlwicklungsmodus d. Ophiuren. Miiller's .\rchiv.

1857. p. 369, 373. Taf. XIV. B. Fig. 1 — }.

Th. Morlensen. Ecliinodermeniarven d. Plankton-Exp. p. 65—66.

*) O. Hamann. Die Schlangensterne. Bronn. Klassen u. Ordn. III. 1901. p. 860.

*) Th. Mortensen. Notes on the development and the larval forms of some Scandinavian

Echinoderms. p. 133.
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the latter species, in which the skeleton is reduced to a pair of simple,

small rods, there is only a very small step to the one of Krohn's larvae,

(0. elongalus) which was observed by that author also to have a rudiment-

ary skeleton (— unfortunately, he does not give any figures of it —). We
have thus an unbroken series from the typical Ophiopluteus through the

worm-shaped Ophiopluteus clomjatus with a larval skeleton to tiie larvae of

Ophioderma hrevispind and Ophioncreis squamulosa with no larval skeleton,

and further on to Ophionereis Shayeri with the larval stage completely

eliminated.

Amphiura vivipara H. L. Clark.

Fl. XXXI, Figs. 7—9.

The discovery of this new viviparous Amphiura was one of the results

of the Carnegie Expedition to Tobago, B.W. 1., in .\pril 1916i). As empha-

sized by Ludwig in his paper on "Brutpflege bei Kchinodermen'"^) the

viviparous Ophiurids hitherto known all belong to the colder regions (arc-

tic-subarctic or antarctic-subantarctic), with the sole exception, besides

the nearly cosmopolitan Amphiura (or, more correctly, Amphipholis) squa-

mala, of Hemipholis cordifera Lyman (elongata Say); moreover, the vivi-

parity of the latter is, no doubt, only apparent, as I have shown recently.^)

It was then of considerable interest to find a truly viviparous Ophiurid

living here, even under the most tropical conditions, viz. on a coral reef.

(It was mainly found in thick cushions of Corallina, which covered large

patches on the reef lying dry at ebb tide).

It w-as at once evident from the considerable size of the eggs, 0.5 mm,

that the interest attached to this case was more than that of having found

a tropical viviparous Ophiurid. In the only viviparous Ophiurid hitherto

studied, Amphipholis squamala, the eggs are very small, only ca. 0.15 mm,

and the cleavage total and regular; the embryo has a rudimentary larval

skeleton and is, evidently enough, only a reduced Pluteus. In the present

species all this is dilTerent. First of all the cleavage is meroblastic.

The nuclei, in the first cleavage stages, lie irregularly spread in the yolk

substance and there is no trace of cell division; then they gradually arrange

themselves in a more regular order along the surface of the egg, forming

thus the ectoderm (PI. XXXI, Figs. 7—8), while in the interior they remain

without distinct order till a much later stage. The details of the embryonal

and postembryonal development cannot be given here, as I cannot spare

•) H. L. Clark. Brittle-Stars, new and old. Bull. Mus. Comp. Zool. LXII. 6. 1918. p. 268.

») Zoologische .lahrbiicher. Suppl. Vll. 1901.

>) Th. Mortenscn. On Herinaplirodilisin in viviparous Ophiurids. .\cta Zoologica. 1.

1920. p. \—'y.

23
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the time, at present, for this apparently very difficult study. It must suf-

fice at the present occasion lo slate only thai Ihere is formed al Ihe j)lace

deslined lo form Ihe oral side of Ihe ()])hiurid an accunmlalion of nuclei,

like a germinal disk, from which the formation of all the main structures

of the Ophiurid proceeds, wliiic Ihr hirge yolk mass remains undilTerent-

iated, simply as a reservoir of food, covered oidy hy a tliin ectodermal

coat. The arms of the young ()])hiurid gradually as they grow are folded

up over the yolk mass (IM. XXXI, Fig. 9).

The embryos proved unfavourable objects for a detailed study of the

development of the oral skeleton. The usual primary plates are formed

in the skin of the dorsal side. There is no trace of a larval skeleton. —
The embryos are not liberated until they have reached a comparatively

large size, with ca. 10 armjoints; the paired infradenlal mouth papilla*

have then already appearerl: they do not appear till the leelh have been

fully formed, the latter being among liie lirsl parts of the oral skeleton

to appear.

That this type of development will prove to be of more general occur-

rence in viviparous Ophiurids can hardly be doubted, viz. in such forms

as have large eggs, rich in yolk; but not in all of them. In Slefiophiuro

nodosa (Llk.), the eggs of which are 0.5—0.6 mm in diameter and rich in

yolk the cleavage is total and regular. A detailed study of the develop-

ment of these two Ophiurids, both iiaving large, yolk-laden eggs, but one

of them having superficial, I lie olliei- total and regular cleavage, would,

evidently, be of exceptional interest. This is, however, entirely out of the

scope of the present work. But it is worth emphasizing that Amphipholis

squanmla is so far from representing the usual type of (levelo])meiit among
viviparous ()])liiurids that it appears in reality lo be exceptional in this

regard.

The interesting ob.servation that Amphiuid vivipant is hermaphroditic

like Amj)luplwtis sipiamala may be recalled here. 11 led to an examination

of other viviparous Ophiurids which resulted in the establishment of the

surprising fad that out of the twenty viviparous forms of Ophi-
urids known sixteen are hermaphroditic, three alone having
separate sexes (one remaining unknown as regards its sexual characters).

This fact, the more conspicuous since not a single case of hermaphroditism

is known otherwise in Ophiurids, shows thai there is some relation between

viviparity and hermaphroditism in Ophiurids, though it remains enigma-

tical, wherein this relation consists. (Comp. thi' author's jiajier "On herma-

phroditism ill viviparous Ophiurids").
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Ophionotus hexactis (I-.. A. Smith).

PI. XXXII.

Ill the |)ap(.'r qiiolod above 'On lu'iinaphroditisin in viviparous Ophi-

urids" (p. 17) llu' observation was nK'ntioncd thai this species, in spite

of being viviparous, lias a true, well formed larva, the develop-
ment being intraovarial. While in that paper the hermaphroditic cha-

racter of the species was established. 1 may here take the opportunity of

giving a description of the remarkable intraovarial development of the no

less remarkable larva.

The previous observers, Sluder') and L\inan'-) assumed that the young

were enclosed in the much widened and very thin-walled bursae, or ''rather,

perhaps, in pockets leading out of the bursse"; this latter expression shows

that Lyman has seen something of the real fact; the understanding of

the whole astonishing fact could, however, not be gained through simply

examining how the large young are lying within the parent specimen.

Only an examination of the ovaries could disclose the fact, almost unique

among the Echinoderms^), that the young are really lying within the

distended ovaries.

The structure of the young ovaries differs somewhat from that generally

observed in the female gonads of Ophiurans. While generally they are

completely filled with eggs so as to be solid organs, they are in 0. he.vnclis

hollow vesicles, the eggs attached to the walls not nearly fiUiiig out their

lumen (PI. XXXII, Fig. 9). The eggs are of various sizes, one or a few of

them being larger than the rest; the size of the ripe egg is about 0.2 mm.
When ripe the egg falls into the cavity of the ovary, but it does not pass

out into the bursa, as should be expected; it remains within the ovary

and, after being fertilized there, goes on developing, the embryo passing

its whole development within the ovary.

(iradually as the embryo grows, the walls of the ovary are distended.

The other eggs remain attached to the wall as Hat buttons, gradually wider

and wider apart from one another. In the same time they gradually di-

minish in size and ullimalely they disappear completely. It seems beyond

doubt that they must serve as nourishment for the young contained within

the ovary. Traces of eggs on the ovarian walls may still be seen when the

young has about 4—5 armjoints (IM. XXXII, Fig. 8). As the young grow

') 'I'll. Sliulcr. ('l)i'r (IcsclileclUsdimorpliisiiuis hoi I-;cliiiio(lcrmen. Zool. .\nzeigcr. 1880.

2)^1. Lyman. Opliiiiroiclon of llu' "('.iKilUMigcr". 1882. p. 41. PI. XLV. Fig. 1 : IM.

.XI.VII. Fig. 2.

') Inlraovarial dcvclopiiii'iil is known to occur only in one oilier Ecliinoderm. Chiro-

dola contorla Ludw. Ludwig. Holotluirien d. Maniburger Magelli. Sammelrcise. 1898.

p. 77—81.
23*
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lo a relatively very large size, — about H nun dianieler of disk and ca. 20 nini

length of the arms, which may have up to about 10 joints — before they

are liberated, the ovaries must be distended to quite an enormous extent,

and on account of the growing long arms of llie young, which need con-

siderable room even if bent u|), must occupy any space left between I lie

stomach and the body wall. These are the sacs observed by Studer and

Lyman and taken by these authors to be the bursa* themselves (Studer)

or pockets from the bursie (Lyman); as a matter of fact they have nothing

at all to do with the bursse; they are nothing but the distended ovaries.

The bursa' themselves are of the typical shape, not at all especially widened,

and they never contain young.

The question, how the young are liberated cannot be directly answered,

(considering the great number of young found in adult specimens, it should

be expected that specimens having emptied out their young would show

distinct traces of the way the young have been passing. Only three ways

are possible; either they must pass directly through the body wall, rup-

turing the sac within which they have developed, or they must pass through

the bursal wall, likewise after ru{)turing the ovarial sac, or finally there

may be a natural opening from this sac through the bursal wall, through

which they may pass. As there is never seen any traces of scars on the

disk, and not on the bursal wall either, in specimens which have emptied

the young, and the empty ovarial sacs are likewise unruptured, there can

hardly be any doubt that there must be an opening from the ovarial sac

through the bursal wall. As no such ojiening can be seen, it must be capable

of widening to a very large extent and then completely closing again. —
Through this opening also the spermatozoa must enter for ferlihzing the

egg. It is a remarkable fact, however, that nobody appears to have

observed specimens with the young in the act of being liberated, such as

is seen so very often in other viviparous Ophiurids.

After the liberation of the young the ovarial sacs shrink very consider-

ably, the wall contracting and becoming much thicker; it remains attached

to the body wall and the stomach and bursal walls through numerous

trabecules of connective tissue, as observed by Lyman. But they do not

disappear or reassume the original shape of an ovary.

The propagation begins at a very early stage; already in a specimen

of 13 mm diameter of disk a large young was found, so that the sexual

activity must have started here at a size of only ca. 12 mm diameter of

disk. In another specimen of 16 mm only larvje, not yet metamorphosed,

were found. But this specimen was unusually late in beginning its sexual

activity, which may be stated to begin, as a rule, at a size of ca. 13— 11 mm
diameter of disk, that is to say very soon after they are born. In sucii



181

young specimens generally only the ovary at the outer corner oi' the bursal

slit is found to contain a young, and mostly of the same size in all the

radii. A very large specimen, 39 mm diameter of disk, was found to have

all the young, except two of them, hberated. The ovarial sacs were con-

tracted as described above. In the same time new ovaries, containing

young developmental stages, had been formed: so far as could be ascer-

tained these new gonads were formed within the old ovarial sacs.

In this specimen in two of the radii testes had been formed in the former

female gonad on the corner, even two testes in each. Otherwise the testes

were in the normal position and in the usual number of three. Another

specimen of 37 mm diameter of disk was quite empty; bul here no embryos

were found in the ovaries; the gonads were evidently abortive and the

specimen quite senile. It was probably such specimens that were taken

by Studer to be male specimens.

Generally only one young is found in each ovarial sac. In the said large

specimen, however, there were in several cases two embryos in the same

ovary, mostly in exactly the same stage of development. One ovary was

found to contain three embryos in different stages and another even six

embryos, in two different stages of development.

The embryonal development proves to be of exceptional interest. Clea-

vage stages were not observed, but it cannot be doubted that it is total

as in Aniph. sijiutmata; this may be safely concluded from the fact that

a regular blastula is formed. The embryo develops into a compara-
tively well formed larva, with a distinct vibratile band and a

rudimentary larval skeleton (PI. XXXll, Figs. 1—6). The vibratile

band remains in a primitive condition, corresponding, in fact, exactly to

the diagrammatic figure of the ideal type of an Ophiurid larva represented

in ,Joh. Miiller's classical memoir "Uber den allgemeinen Plan in der

Entwickelung der Echinodermen" (Taf. 11, Fig. II. 2^)). No larval arms

are developed, and the larva thus retains a shape like a young Auricularia;

the rudimentary larval skeleton, however, shows it to be a rudimentary

Ophiopluteus. Nothing can be said about the typical character of this

larval skeleton, it being altogether too rudimentary to be relied upon in

this regard, and no conclusions can be drawn as to its relation to other,

free Ophiurid larva'. It is almost always seen to consist of two main parts,

as in typical Ophiurid larva', but I never saw an embryo with both parts

equally developed.

The posterior end of the larval body is produced into a tip, bearing a

rather large tuft of cilia, as it is found, e. g. in the larva of Ophiuva albida

and in several other Ophiurid larvae. Mostly the larvae are quite regularly

') Abh. d. Berliner Akad. 1853.
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sluipeil, soinelinies, however, they are more or less irrej^ular, the vibratile

band forming lobes, as in the sj)ecimen figured in PI. XXX 11, 1^'ig. 7.

The interior organisation of the larva is quite typical, thougli, as might

be expected, the digestive organs are to some degree rudimentary, in ac-

cordance with the fact llial the larva has no opportunity of feeding on

other organisms, as do the fiee pelagic larvae. The esophagus is somewhat

less developed than in the typical larvae, and especially the mouth opening

is smaller, sonietimes irregular in outline. The stomach is large and of

the typical shape; the rectum is sometimes quite unusually large, but

apparently there is no anal opening (PI. XXXII, Fig. 6). A more or less

distinct line of nuclei in the oral area (PI. XXXII, Fig. 3) would appear

to represent the larval nervous system.

The enterocoel and hydrocoel vesicles are large and very distinct, the

iiydrocoel having at first only 5 lobes; the sixth appears to form between

the 2nd and 3rd primary h)bes. On metamorphosis the hydrocoel grows

upwards over the esophagus. In some cases there is a distinct right

anterior vesicle (PI. XXXII, Fig. 1); in two cases a normally lobed
right hydrocoel was fountl, no trace of a left hydrocoel being
observable (PI. XXXII, Fig. 4). There is not the slightest reason to

doubt that these "right"-si)ecimens would have developed normally. This

case is quite unique in Kchinoderm embryology. Larva' with both a right

and a left hydrocoel have been observed repeatedly, rarely in the free, but

not so rarely in cultures, and, as shown by MacBridei) can be produced

artificially; but, so far as I know, larvae with a right hydrocoel alone have

never before been observed, in nature or in artificial cultures. The theo-

retical interest connected with this case is very considerable. This is, how-

ever, not the place to enter on a discussion of this matter.

Regarding the structure of the young Ophiurid Iwould only call atten-

tion to the fact that there is not one prominent central plate as is usually

the fact in young Ophiurids, but two or three of somewhat irregular shape

(PI. XXXII, Fig. 8). Mostly the young Ophiurids have the oral tentacles

very much extended (— the specimen figured is exceptional in this regard,

having the oral tentacles for the greater part retracted —); they are

further conspicuous by the granulated apjiearance of their point. The sug-

gestion Ues near that these tentacles may perhaps have some kind of

absorbing function. In any case it is clear that the food contained in the

substance of the small egg can by no means account for the large size

attained by the young williin the brood sac. Xourishmenl from the parent

') E. \V. Mac Bride. The artificial proiluclion of Ediinoderm Larvae witli two water-

vascular systems, and also of Larvie devoid of a water-vascular system. Proc. R. Soc. B.

Vol. 90. 1918. p. 323—48. Pis. 4—10.
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specimen must be absorbed in some way or other. At first it is evidently

tiu' other, not developing, eggs within the same ovary that serve as food

for the growing young, not directly, but by being dissolved gradually and

thus absorbed, perhaps by the digestive organs of the larva and the young

Ophiurid. But since these eggs have completely disappeared a long time

before the young Ophiurid has reached the .size at which it is to be liberated,

it must be fed on some sort of nutritive fluid secernated by the parent

specimen. It would not seem improbable that the oral tentacles of the

young have something with the absorption of this nourishing fluid to do.

The remarkable fact that this species, although representing one of the

most highly specialized cases of viviparity, passes through a distinct Plu-

teus-stage, more developed than many a truly pelagic larva, evidently

has an important bearing on the question of the jihylogenetic meaning

of this larval form, liul that is for another opportunity.

III. Asteroidea.

The Asteroids, upon the whole, lend themselves rather easily to artificial

fertilization and are among the favourite objects of experimental embry-

ological studies, although much less so than the Rchinoids. A curious fact

which renders them somewhat less favourable objects for such a study is

this that the spermatozoa are very often found to be quite immovable

when taken from the testes and diluted with water, though the specimens

be evidently perfectly ripe and ready to empty the content of the gonads.

It is, of course, impossible to obtain fertilization by means of such im-

movable sperm. On adding, however, some drops of sodium hydroxyd

(XaOII) to the water and thus raising the alkalinity it is easy enough

to stir the spermatozoa to activity and then fertilization is easily ob-

tained i). But it is surprising how much XaOH must sometimes be added,

before they begin to move. The spermatozoa of Asteroids are evidently

exceptionally sensible to changes in the alkalinity of the water, that is to

say, they cannot stand any lowering of the normal alkalinity of the water,

while they do not object to an amount of alkalinity considerably beyond

that of the water of their normal surroundings.

The eggs are very rarely found to be fully mature when taken out of

the ovaries, even though the specimens look ever so ripe; they have nearly

always a large germinal vesicle. But if they are left for some hours in the

water, the germinal vesicle disappears, and they are then ready for fer-

tilization.

') Coinp. Uie author's paper On tlu' ikvulopim-nt of some British Echinodorms", p. 7.

(Luidia ciliaris).
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Many slarfislies have large eggs, rich in yolk. It appears to be next to

impossible lo obtain fertilization of such eggs, unless they are siied in the

natural way by the females. In this regard the Asteroids together with

the llololhurians are in remarkable contrast to the I'x-hinoids, in which

large and yolky eggs are as easily fertilized as are the small, transparent

eggs, with little yolk substance.

The develo|)menl of the Asteroid-larvtv generally takes a rather long

time, which fact partly accounts for the comi)aratively poor results

achieved in the rearing of these larvae. A stay of two—three months in

some place is, in general, not long enough for obtaining satisfactory results

in the rearing of Asteroid-larva?. The fact that the main characters of the

larvae do not appear until they have reached their full size and are near

metamorphosis, makes this only more evident. The rearing of the young

larval stages alone does not serve lo give much more than the i)roof that

the species in question has pelagic larvjie, while in the l<>chinoids even the

first larval stage may give very important information ol the larval

characters.

To rear the young starfish from larvae in beginning metamorphosis, taken

pelagically, is generally easy enough, and much may certainly be achieved

in that way, under suitable laboratory conditions. But a fairly long time

will be necessary for rearing them far enough lo identify them with cer-

tainty; this cannot be achieved during a stay of two—three months. —
The experiments of Mead^) showing how exceptionally rapid growth may

be in these animals, if a rich food supply is given them, while on the other

hand a poor food supply delays growth very considerably, is of special

interest in this connection. (That the food supply acts in the same way

on the larvct, accelerating their development when available in good

quality and sufficient quantity and delaying it when poor and insufficient,

is a well known fact, which I have also had a rich opportunity of observing).

The lacking of a skeleton interferes in some way with the preservation

of Asteroid larva?. Not that they are difficult to preserve well, if carefully

treated; on the contrary! When taken up a little cautiously in a pipette

and then dropped directly into alcohol or formalin they will generally not

contract at all; even such forms as have long, contractile arms may be

preserved perfectly in this way^). Thus far the Asteroid larvae are much

more easily preserved in a satisfactory way than Kchinoid- and Ophiurid

larvae, which will nearly always contract as much as the skeleton allows.

') A. D. Mead. On the correlation between growth and food supply in starfish, .\nierican

Naturalist. XXXIV. 1900. (No. 397).

') Slill better results may be achieved with such larvic if they are narcotized, by means

ol niaynesium sulfate, drops of alcohol or liie like, before Ihey are killed.
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But on a less careful preservation the result will mostly be very poor;

which accounts for the fact that AsleroitI larvte from plankton samples

are generally of little use, being often unideuliliable, in contradistinction

to the Echinoid- and especially the Ophiurid-larva", where the skeleton

affords sufficient characters for identification, so that such larvae may be

very well utilized, even if the soft parts of their bodies are in a poor state of

preservation. - In the present work I have made little use of such material

of Asteroid larvic from plankton samples, although 1 have quite a good

deal of them, some of them representing types of Bipinnaria? hitherto un-

known. They are, however, not of so considerable importance that I deem

it desirable to publish descriptions of them, which cannot be in any way
satisfactory.

Astropecten scoparius Miiller Si. Troschel.

PI. XXXIII, Figs. 3—5.

This species, which occurs abundantly in shallow water near the Bio-

logical Station at Misaki, was found to have ripe sexual products in June;

fertilization was undertaken on .June 21st 1914, the sperma being treated

with NaOH. The embryo is in the blastula-stage very much folded, look-

ing almost like a walnut, the folds disappearing when the embryo leaves

the egg-membrane. I have no notices on the progressive development of

the embryos, so that the details of the transformation of I lie embryo into

the Bipinnaria-larva cannot be given. At the age af 7 days they had devel-

oped into beautiful Bipinnarise, the enterocoel pouches having, however,

not yet united in the anterior end of the larval body. At the age af 19—21

days the larvae were in beginning metamorphosis. Beyond this stage it

was not possible to rear them, my stay at Misaki ending by that time.

The larva (PI. XXX I II, Figs. .3—5) is of a very typical Bipinnaria-shape,

with short, rounded processes. The preoral band forms a high arch, while

the postoral band curves only slightly downwards in tlio middle. The

postoral processes are very distinct, as are also the posterolateral, postero-

dorsal and anterodorsal processes. The median processes are of about equal

size, short, rounded, the ventral one being somewhat ventrally directed

(this accounts for its apparently being much shorter lluui the dorsal pro-

cess in Fig. 5). Preoral processes are not distinct, I lie frontal area only

being narrowed at the base of the median process, especially so in the

metamorphosis stage; also at the base of the dorsal median process there

is a distinct narrowing, the vibratile band from the two sides sometimes

nearly joining in the midline. The frontal area is distinctly convex, the

sides lying much deeper than the middle part, as is especially distinct in

the metamorphosis stage. — There is a distinct suboral cavity, narrow
2-1
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but fairly deep, reaching down to the upper edge of the stomach or even

some distance beyond. Fine, redbrown pigment grains are scattered all

over the body. The length of the fully formed laiva is ca. 0,5—6 mm.
Although metamorphosis was not completed, the development pro-

ceeded far enough to show definitely the important fact that this larva

has no I5i achiolaria-stage; this is what was to be expected from the

evidence of the only other .l.s7fo/j<r/(7(-species, the metam()ri)hosis of which

has been studied, viz. Astropectcn aranviavn (the 'Bipiniiaria von Triest"

of J oh. Millie r, IV. Abhandl. Taf. V.).

Astropecten polyacanthus Miilier c'<: Troschel.

A few specimens of this species, containing fairly ripe sexual products,

were obtained at Misaki on the 18lh of .June 1914, and fertilization was

undertaken, resulting, however, in only a small cul-

ture, the eggs not being as ripe as desirable, and

therefore only comparatively few being fertilized.

The sperma, as usual, had to be treated with XaOH
in order to obtain active movement of the sperma-

tozoa. Only a few of the embryos survived the ga-

strula stage, and only a single specimen reached far

enough (at the age of 10 days) to show the characters

of the larva\ Moreover, this specimen was abnormal,

its right side remaining in a rudimentary condition.

Hut the left side of this larva was typically devel-

oped, and, in spile of all, this specimen (Fig. 97)

Fig. 07. Abnormal larva „^akes it sufficiently evident that the larva of A.
of Aslroneilen polyacan- ,, i i i-i i^i • r t

iiws 10 (lavs old. '«v..
poh/acanlhiis is so closely alike that ol A. scoparius

that it will be hard to distinguish them. The fact

that the postoral band is straight in the A. polijdvdiilhus-lixvvd, while it

is concave in the larva of .4. scoparius, is not likely to be a reliable disting-

uishing character. The polyacanlhus-larya differs, however, from the .4.

.scoparjus-larva in being devoid of pigment. It was also found to be con-

siderably more active in its movements than the latter species.

Asterina (Patiria) pectinifera (Muller <^ Troschel).

I'l. XXXIII, Figs. 1—2.

Tl). Mortensen. On the development of some .Japanese Eehinoderms. p. .">.5fl.

This strikingly beautiful starfish occurs fairly abundantly on the rocky

shores near the Biological Station at Misaki. Fertilization was undertaken

in the end of May and the beginning of .June, but the cultures obtained
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were not very good, Ihe embryos developiiii* only to the beginning forma-

tion of the I^ipinnaria; the somewhat unexpected fact that this species

has a typical judagic larva was, however, already proved by this first

attempt. On Ihe l<Slh of June I had the pleasure of seeing a female spec-

imen, kepi in a dish together with a number of other specimens, discharge

its eggs, from which an excellent culture was obtained. I regret not having

noticed the exact size of the eggs, only slating that Ihey are small; I think

I remember thai Ihey were of yellowish colour. The cleavage began very

soon after the fertilization ; the fact thai I have made no notices about

the cleavage process mosl likely indicates I ha I il is of the usual, regular

type. After 16 hours the gastrula stage was reached, and at the age of

two days the embryos had the typical Bipinnaria-shape. The larva? were

generally found swimming close to the bottom of Ihe dish. At the age of

10 days the enterocoel pouches had united in the anterior end of the body.

At the age of 18 days some few of the larvae were in the metamorphosis-

stage and, accordingly, had reached the full larval shape.

The young larva (PI. XXXI II, Fig. 1) looks very much like the Aslro-

peden-larxa, with small, non-contractile processes; there are no postoral

or preoral processes. The suboral cavity is small, not very deep. It is espec-

ially noticeable that the vibratile band of the ventral median process is

as distinctly developed as the rest of the bands, contrary to what is gener-

ally the case in larvae having a Brachiolaria-stage. It was, therefore, a

great surprise to me to see that this larva in its final stage really is a

Brachiolaria (PI. XXXllI, Fig. 2), though of another type than the Bra-

chiolaria of Aslcrias. At each side of the fairly large sucking disk there

is a small brachiolarian process with a few papilla^ at the end. I was un-

able to ascertain the exact number of these papillae, as also to ascertain

whether the vibratile band continues along the paired brachiolarian pro-

cesses. The median process is only slightly transformed, retaining its flat

shape, and its vibratile band bordering it as in the younger stage; only

a row of small papilla', 3-5 in number, along each side, inside the band,

indicates its brachiolarian character. The other processes remain unaltered,

short and small. The length of the fully formed larva is ca. 0,6—7 mm.
II is unpigmented.

Asterina (Patiriella) regularis \ errlll.

Among a large number of specimens of this species which 1 collected

on the rocky shore at the Island Bay, outside Wellington, New Zealand,

on the 17th of February 1915 1 found a few specimens to contain partly

ripe sexual products. The artificial fertilization which 1 undertook was not

24*
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very successful, still I succeeded in obtaining a small culture of larvae,

which I carried alonj* with me to Sydney. Tiiey developed fairly normally

unto the Bipinnaria stage, but I did not succeed in rearing them unto

metamorphosis. — Later in the year, in .June. Professor H. B. Kirk again

undertook a ferlili/ation of this starfish and sent me the larv;e he had

reared. None of I hem. however, had reached a more advanced stage of

development than those of my own culture. There is, accordingly, no de-

finite proof that also this larva has a Brachiolaria-stage, but there is, on

the other hand, no reason to doubt that it will prove to have a Brachio-

laria-stage of the same type as that of A. pedinifera.

The young larva (Fig. 98) is of the same type as that of A. pedinifera.

The preserved material, including the larvae sent from Prof. Kirk, is not

in a very good state of preservation, the best specimen

being also somewhat abnormal in the anterior end; I

shall therefore not try to point out the specific difler-

ences between the two larvae, these difYerences being,

evidently, very trifling and unimportant, at least as far

as the young Bipinnaria-stage is concerned.

1 may here call attention to the fact, which has ap-

parently been overlooked, that besides Aslerina (/ibhosa

one more species of Aslerina, viz. .1. (Paliriclla) exigiia

(Lamk.) has been recorded to have a shortened develop-

ment. This observation was made by Th. Whitelegge,

who in his "List of the Marine and Fresh-water Inverte-

brate Fauna of Port .lack.son and Neighbourhood"

(1889, ]). 10) states thai the ova of this species are de-

j)osited on stones in shallow rocky pools and are to be

found from .lune to December. They are particularly

well adapted for study, inasmuch as after the young

leave the egg-case they do not swim away, but remain

round about the empty egg-cases and never leave until

Ihey assume the true slartish-form. The larv;e are remarkably hardy and

may be kept in confinement without change of water until they have

passed through the larval stages." i) During my stay in Sydney I had the

o|)portunity of conlirming Whitelegge's observations, in the beginning

of March 1915, which shows that the breeding season of this species is

considerably longer than .stated by Whitelegge: more probably it will

be found to breed all the year round. (In Aslerina gibbosa the breeding

') I have thought it i)roper to quote \Vhit clcgge"s sliorl statement in full, as his paper

may not be so easily accessible outside Australia.

l-'ig. 118. Larva ol

A slcrina re(/ularix ;

9 (lays old. '"Vi.

The larva is slight-

ly abnormal in tin-

anterior end: tlic

fold across tlie

frontal area is prob-

ably due to con-

traction on preserv-

ation.
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season is confined to the months March—July, in the Mediterranean

mainly to April May).

I shall not enter on a description of the developmental processes in A.

exigiia; no doubt, it would be of considerable interest to see how far this

species agrees in this regard with A. gibbosa, but such a study would be

out of the scope of the present work, the more so as the discovery that

this species has a direct, shortened development, like A. gibbosa, is not

mine. I would only call attention to the fact that the brachiolarian pro-

cesses are in general more

distinctly developed in the

embryos of A. exigiia than

in those of A. gibbosa (Fig.

99). The sucking disk is

not very much developed,

still it is distinct enough.

— The interpretation, first I'ig- 99- Kml)ryos of Aslerina exigua, in diflerent

set forth by Ludwig^)

that these processes of the /l.s/fTz/jrt-embryo are homologous with the

Brachiolarian processes of the A.s7e/m,s-larva, is definitely proved to be

correct through the fact that the larva of Aslerina pedinifera passes

through a Brachiolaria-stage.

In his paper "Uber die (ienitalorgane der A.s/e/tntt .7f6&o.s«" 2) Ludwig
mentions the fact (previously observed by Gasco) that the genital open-

ings of Aslerina gibbosa are found on the ventral side, while in all other

Asteroids thus far observed they are found on the dorsal side. The fact

of the two species A. pedinifera and regiilaris having pelagic larva; raises

the question whether the genital openings in these species are found in

the same position as in .1. gibbosa or on the dorsal side, as is the rule in

Asteroids. It is very easily seen that there are no genital pores on the

ventral side in the two said species; on the dorsal side it is not easy to

ascertain, which of the pores seen there are genital pores, as they do not

dilTer in size from the papular pores; on following the genital ducts they

are however easily found, and it is thus ascertained that the genital

pores are really situated on the dorsal side. In A. exigua they are

found on llie ventral side as in gibbosa. This contradicts the statement of

Ludwig, in the paper quoted, who maintains that in A. penlagona v. Mar-

tens, which is generally regarded as a synonym of .1. exigua, the pores

are found on the dorsal side. The discrepancy is probably due to Aslerina

') H. Ludwig. Hnlwicklungsgcsihiihlc- dcr Asterin;i }iilil)()sa Forbes. Zeitsclir. f. wiss.

Zool. Vol.37. 1882. (iMorphologische Studien an Ecliinodernu-n. 11. p. l,")l).

») Zeitschr. f. wiss. Zool. Vol. XXXI. (Morphol. Studien an Echinodermen. I. p. 290).
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penfai/onn not being the same species as ,1. exifiiut as il is rtenerally Ihought

to be. II is also on zoogeograpliical grounds very probable thai the spec-

imens from Cape are not the same species as the Anstralian form. Un-

fortunately, Ludwig does not stale from which locality his specimens

came. Hut. in any case, the fact thus ascertained thai the genital pores

are on the ventral side in the Australian specimens, on the dorsal side in

specimens from some other locality (Cape?) shows llial what has hitherto

been included under the name of Asterina exi(/ua is not all one and the

same species.

It can hardly be doubted that the ventral situation of the genital pores^)

in A. gibbosa and exii/ua is not a character of greater systematic value

(— the two said species are referred to different genera in Verrill's revi-

sion of the Asterinina'"^) — ), but only an adaptation to their breeding

habits, and it seems then legitimate to draw the conclusion that the same

habits will be found in other species showing the same position of the

genital pores. An examination of the material of Asterina in the collections

of the Copenhagen Museum, which contains most of the known species of

the genus (s. lat.), shows that, with one single exception, these species

have dorsal genital pores, and it may therefore be concluded that pelagic

larvae are the rule in the ^l,s7e///7a-group, direct development exceptional.

Only in one case, besides A. gibbosa and exigiuu I find ventral genital

pores, viz. in a small Aslerina from the littoral region of Misaki, .Japan,

which appears to represent a new species; at least it is not identical with

any of the species mentioned from Japan by Goto^). It may accordingly

be expected thai also Ihis species will prove to have a shorlenofl develop-

ment. — This species, moreover, is interesting in being selfdividing in its

younger age, the only other case of selfdivision hitherto known among

the Asterinidse being Asterina Wega Perr. While the species is normally

5-rayed, the specimens arising through divisions are often 6- or 7-rayed.

Only very small 6—7-rayed specimens were found. (Possibly this self-

dividing form is not really the same species as that with the ventral

genital pores).

') It is interesting to notice tJiat also tlie male specimens of A. exigua have ventral genital

openings; Lnciwig docs not state, wliethcr this is likewise the case in A. gibbosa. but it

may seem proi)al)K' from analogy with A. exigua that it is so.

-) A. E. Verrill. Revision of the genera of starfishes of the subfamily Asterinin;e. .Amer.

Journ. Science. 4. Ser. XXXV. 1913. p. 177.

») Seitaro Goto. A descriptive Monograph of Japanese Asteroidea. I. lourn. Coll.

Science Tokyo. Vol. XXIX. 1914.
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Gymnasteria carinifera (Lamk.).

I'l. XXXlll, Fig. C.

This species was found, though not very commonly, in the rock-ponds

near Hilo on Hawaii, and proved to have ripe genital products during the

time of my stay there. Fertilization was undertaken on the 7th of April

and proved successful. The next day the embryos were in the blastula-

stage; the ectoderm is folded as in Aslropeden, Luidia etc. At the age of

two days they were in the gaslrula-stage, being somewhat elongate in

shape; on the third day the formation of the mouth and the enterocoel-

pouches was beginning, and on the fifth day the embryos had the shape

of young Bipinnarise, showing, when disturbed, the usual contraction of

the dorsal side, so characteristic of young Bipinnari*. At the age of three

weeks the larva^ were well developed Bipinnarifc of the rather characteri-

stic shape shown in PI. XXXllI, Fig. 6. The most conspicuous feature is

the great width of the dorsal side in the anterior part, which very con-

siderably surpasses that of the frontal area. The preoral band is much

raised in the middle, forming almost an acute angle; the frontal area is

much narrowed at the base of the median process, but there are no preoral

processes. Both the ventral and dorsal median processes are broadly

rounded and rather unusually short, though not quite as short as they

appear in the figure; the specimen figured is somewhat contracted on the

dorsal side, these processes thus being somewhat dorsally directed so as

to appear shorter than they are in reality. The posterolateral processes are

very short, merely indicated, the posterior end of the body being rather

narrow. There are no postoral processes; the postoral transverse band is

straight. — The larva is unpigmented; I have noticed in the living larvae

the existence of fine, isolated muscle fibres. The body length of the larva

is ca. 0, 1 mm.
Beyond the stage described the larvae did not develop. The culture was

kept for a little while yet (the specimen figured is 26 days old), but no

further development was observed. The important question must then be

left undecided, whether this larva has a Brachiolaria-slage. 'fhis is to be

expected, since another form of the same family, Porania puluillus, has

a Brachiolaria-stage; but the proof is wanting.

Ophidiaster Guildingii Gray.

During my sojourn at Tobago, B. W. I., with the Carnegie Expedition

in April 191fi I found some few ripe specimens of this species on April

19th, whicii were used for fertilization. The eggs are very small, only 0.11—
0.12 mm. The cleavage is quite regular; the gastrula is formed, before the
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embryo leaves the egg membrane. At the age of four days the embryos

had assumed the shape of young Jiipinnaria'.

By that time I had to leave Tobago; the culture was carried along with

the other larval-cultures to Trinidad, but after a few days it was found

to be all dead. Accordingly I can give no further information about the

shape of the larva; but the fact here established that this species has a

typical pelagic larva is in itself of no small interest. — 1 have not thought

it worth while giving a figure of the young larva, partly because the few

specimens preserved are in a rather poor condition, partly because the

larvae are not yet far enough developed for giving any information about

the special characters of this larva.

Asterias calamaria Gray.

Th. Mortenscn. Devclopinenl of some .Japaiu'so lu-hinoderms; p. f).')!.

The breeding season of this widely distributed pacific species was found

to begin (in Japan) towards the end of June, and fertilization was under-

Fig. 100. Young Bipinnariae of Asterias calamaria (Fig. A), Pisaster ochraceus (Fig. B),

Euasierias Troscheli (Fig. C.) and Orthasterias leptolena (Fig. I).). A—C. '"".
; D. ""/.

taken on .June 25th. The development of this species being rather slow,

as usually in the Asterids, there was no hope of rearing the larvae to full

shape, as I had to leave Misaki already on the 12th of July. By that time

the larvae had reached the stage represented in Fig. 100, A. It is, of course,

not sufficiently advanced for showing the specific characters, and it is,

especially, not to be seen, whether it will develop into a lirachiolaria. The

result achieved with this species is then in the main confined to the proof

of its having pelagic larvae. I have no notices about the first developmental

processes.
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The observation nieiiUoned in the preliminary notice may be recalled

here, that this species is very often infested with a parasitic organism

(Cirripedian?), which castrates its host, the parasite occupying the place

ol liu- genital organs of the starfish.

Pisaster ochraceus (Brandt).

Among the numerous Asteroids occurring near the Biological Station at

Nanaimo, Vancouver Isl., this species is especially conspicuous on account

of its remarkable gregarious habits. generaUy assembling in shoals on rocks,

where il may be above the water for several hours during ebb tide;

the specimens are very closely aggregated, with interwoven arms. It was

found to have ripe sexual products by the end of May, and fertilization

was undertaken on May 21lh. II was unusual in the spermatozoa being

very active in natural sea-water, without addition of NaOH. The eggs are

small, not very transparent. The blastula-stage was reached after about

24 hours (the ectoderm is not folded) and the gastrula-stage in the course

of the second day; at the age of four days the embryos were beginning

to assume the Bipinnaria-shape, and at the age of six days they were

beautiful small Bipinnariie of lyjjical shape. Although the culture was kept

alive and apparently in good health for about four weeks the larvae did

not develop beyond this stage; in some of the specimens of this age the

enterocoel pouches had begun to grow forwards into the anterior end of

the body, but they had not yet fused.

The shape of the larva is shown in Fig. 100, B (the specimen figured is

30 days old); it does not offer any marked special features. The fact that

the ciliated band of the ventral median process is rather weak indicates

that the larva is going to develop into a Brachiolaria. It is pigmented all

over with fine, yellow spots.

Euasterias Troscheli (Stimpson).

This species, which is also very common at Nanaimo, although not so

much so as the preceding one, (— it may also be found above the water

for several hours during ebb tide, but it is not gregarious —), was likewise

found to have ripe sexual products by the end of May. Artificial fertiliza-

tion was undertaken on May 25th. The eggs are exceedingly numerous,

very small, not very transparent; the spermatozoa were very active in

natural sea-water, without addition of XaOH.The cleavage stages were very

beautiful, perfectly regular. The embryos were not liberated from the egg

membrane till after 21 hours, the gastrula stage being reached on the
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second or third day; on the fourth day the enlbr^'os were beginning to

assume liie Bipinnaria-shape. The culluro was kept lor nearly four weeks

apparently in good health ( the larva' kept swimming near the bottom

of the dish, not rising to the surface as usual —); but none of the larvae

reached beyond I lie young Hipinnaria-stage, the enterocoel-pouches not

yet at that age having begun prolongating forwards.

The shape of the Bipinnaria (Fig. 100, C; the specimen figured is 23 days

old) does not offer any very marked features distinguishing it from the

young larva of Pisastcr ochraceus. It is jirovided with small, yellow pig-

ment spots, especially along the vibratile band.

Orthasterias leptolena Verrill.

Fertilization of this species was undertaken repeatedly in .June 1915 at

the liiological Station, Nanaimo, but the cultures were not very successful,

only in one case the young Bipinnaria-stage being reached. The eggs are

of a faint reddish tint; the cleavage stages, blastula and gastrula are very

beautiful, perfectly typical. The young Bipinnaria (Fig. 100, D; the spec-

imen figured is 7 days old) differs rather considerably from that of the

other forms in being broadly rounded in the anterior end; the vibratile

band is not developed along the anterior edge of the body, which indicates

almost certainly that the larva will develop into a Brachiolaria.

Pycnopodia helianthoides (Brandt).

This large and strikingly beautiful Asterid, which occurs quite com-

monly at Nanaimo, was found to have its breeding season in May—June.

Fertilization was undertaken repeatedly, but a good culture never resulted.

The embryos never reached more than just beyond the gastrula stage. All

the information acquired of the development of this species thus amounts

only to this that it has pelagic larvae; but what they look like or w'hether

they have a Brachiolaria-stage remains an open question.

As stated above (p. 185) the material of pelagic Echinoderm larvae found

in the plankton samples includes a number of Bipinnariae, among which

some interesting new forms which would very well deserve to be figured

and described. Unfortunately, they are nearly all of them in a poor state

of preservation, so that it is hardly |)ossible to give a reconstruction of

their true shape. 1 have therefore thought it better to desist from describing

them here. Only one form 1 shall briefly mention, viz. the larva in the

Brachiolaria-stage represented in PI. XXXIIl, Fig. 7. It affords the inter-
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esting feature that Ihe ventral median process is transformed, carrying

papilla', only in its lower part, while ils outer part retains its normal shape

unaltered. This larva was. taken in the Hed vSea, 6/V. 19()().

Quite a considerable number of Asteroids apparently have direct devel-

opment. This may fairly safely be concluded from the fact that they have

large, yolky eggs. It is to be expected that these forms will have only a

rudimentary larva as it is known in e. g. Sohisler and Echinastcr sepositus.

I have ob.served the eggs to be of this character e. g. in Clenudiscus cris-

patus, Hippasteria phrygiana, Ceramasler japonica, Mediasler lievis, Psil-

aster andiomeda, Pontaster tenai.spinus. In spite of many attempts I have

never succeeded in obtaining artilicial fertilization of any of these forms.

IV. Holothurioidea.

The Holothurians are, next to the (>rinoids, the poorest of all Echino-

derms for artificial fertilization. The numerous Dendrochirotes have, pro-

bably, all of them large, yolk-laden eggs, which completely resist artificial

fertilization: ])ut also in the Aspidochirotes, where the eggs are generally

small and transj)arent, artificial fertilization is rarely successful. I have

myself succeeded in fertilizing and rearing the larva of Holofhuria nigra (in

Plymouth, 1913^)), and in the present work I have three more fertilizations

and rearings to record, viz. Slichopiis californicus, St.Kefersteini and Holo-

Iharia sp. Hut in all these cases it was only a very small percentage of the

eggs which were fertilized, and with many other species I tried in vain to ob-

tain fertilization. It is also rather troublesome to get the necessary material

for the study of the different stages of development, when only a small cul-

ture is available. A much more easy way to obtain fertilization and normal

development of the larvae is that employed by Selenka^) and Edwards^),
who put a number of specimens together in a large live-box, the cracks

and upper side of which were covered by gauze, the box then being sunk

to the bottom in an easily accessible place in the sea, in a depth of ca.

1 V2 nieters. Fertilized eggs were then soon after found in considerable

numbers lying on the bottom of the box, and the embryos thus secured

were found to develop normally. For obtaining the normal larvse this

method will doubtless prove to be excellent in many cases, not only in

Holothurians hut in many other kinds of marine animals which do not

') I'll. .Mortcnscn. On llic (IcvclopiiR'nt of soinc Hritisli Ei-liinotlenns. .loiini. .Mar.

liiol. Ass. ,\. 1918. p. 17.

') E. Selenka. Zur Entwickcliing der I Inlolliiitii'ii (I loldlliuria lubulosa uiul Cucu-
niaria doliuluin). /.i-ilsclir. f. wiss. Zool. X.WII. 1,S7(). p. I.")".

') Cli. L. l^dwards. The di'vclopmenl of I lolotliiiria lloridana I'ourtales with especial

reference to the ainhulairal appoiidatj;cs. .louni. of Morphology. XX. 1!)09. i). 212.

25*
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UmkI themselves very easily to aililicial I'eilili/alioii nor lo breediii" in

aquaria. 1 was nol prepared to use that method (lurint> my voyage, partly

because my former experiments with llulolliurui nigra did nol make clear

to me the difficulties generally met with in the study of the development

of Hololhurians by means of artificial fertilization, partly because it would

have been rather troublesome to carry along such a live-box on the long

voyage.

As is the case with the Asteroid-larvae, the larva^ of the Ilolothurians

are as a rule not found very well preserved in plankton samples, and the

material which I have gathered in that way is not very important, present-

ing no new larval types. The contribution to the knowledge of the llolo-

thurioid-larv8e which I can give here, is accordingly rather small, especially

as compared with that of the Mchinoid- and Ophiuroid-larvai.

Stichopus californicus (Stimpson).

PI. XXXIII, Figs. 8—9.

This species, which occurs fairly commonly along the rocky shores near

the Biological Station at Nanaimo, was found to have ripe sexual products

in June. Fertilization was undertaken repeatedly and with good success,

though the percentage of the fertiUzed eggs was ahvays rather small. I

have no notices about the first developmental processes, except that the

embryos were found in the blastula stage one day, in the gastrula stage

two days after fertilization; the formation of the Auricularia may begin

on the second day. At the age of about (> days the larva; were typical

Auriculariie, provided with a starshaped calcareous body in the left postero-

lateral process. In this stage the larvae remained till the age of ca. 3 weeks,

no further development taking place.

The shape of the larva (PI. XXXIII, Figs. 8—9)
is somewhat elongated. The preoral band is highly

arched; there are no preoral processes, but the frontal

area is distinctly constricted at the level of the ujjper

end of the oral cavity, the anterior part forming a
i-ig. 101. Spicules from joundcd lobe; the corresponding part on the dorsal
larva of Stichopus rati-

' '

fornicus. *"h. The small side is mucli uarrow'er. The dorsal and posterolateral

spicule to the right from lobcs are fairly distinct. The postoral band is strongly
the right posterolateral • lu -in i i i • ii i

' _^ convex in the middle so as almost lo suit tiie shape
process. '

of the preoral band. The anal area is markedly con-

stricted at the lower end of the body, the posterior edge of which is

distinctly concave. The calcareous body (Fig. 101) has the shape of an

irregular star; very rarely there is a small, irregular calcareous body also
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in the right posterior corner. The larva is colourless, excepting lor a slight

yellowish tint along the vibratile band. The larval nervous system was not

distinctly observed.

Stichopus Kefersteinii Selenka.

Of the rather numerous Holothurians occurring along the rocky shores

of Taboga. in the Bay of Panama, several species were found to contain

ripe sexual products in October—November 1915; many attempts were

made to obtain their larva' through artificial fertilization, but the results

were very poor. With the present species a fertilizalion was undertaken

on October 23rd, which resulted in a small number of embryos. At the age

of two days these latter were beginning to assume the Auricularia-shape;

on the 3rd day all the embryos had died. A number of specimens were

examined in order to have started a new culture, but all were empty by

this time. The information acquired about the development of this species

accordingly does not go beyond the fact that it has a typical pelagic larva.

Holothuria n. sp. ('?)')

PI. VI, Figs. 5—6.

Like the preceding species this one was found to contain ripe sexual

products in October; fertilization was undertaken on the 21st of this month

1915. The eggs were found to ripen after lying about 3 hours in the water;

they then readily accepted the spermatozoa and quite a large percentage

w'as fertilized. The cleavage is perfectly regular; the gastrula-stage was

reached at the age of one day, and at the age of two days the embryos

showed the beginning formation of the Auricularia. Three days old they

were typical young Auricularias of the characteristic shape shown in PI.

VI, Fig. 5, with the anterior part very broad, almost bell-shaped. At the

age of 8 days the larvae had reached the stage shown in PI. VI, Fig. 6.

On the dorsal side the vibratile band now almost joins in the midline in

the anterior end; otherwise the larval shape is still quite simple, without

any indication of processes. The frontal area may perhaps be somewhat

') Tliis a|)prars lo l)c an uiulosiTihed s|H'i'ies, allii'd lo H. Lapiotania' Hi'll. It may be

shortly thus characterized: Lengtii 5- -6 cm. Dorsal side brown, wilii two rows of small,

black spots; ventral side pale; tentacles yellow. Deposits in the skin: slightly curved, very

spinous rods; well developed end-plates in the pedicels. Calcareous ring high, without a deep

notcii posteriorly, (lenital tuft h)ng; only one Polian vesicle. 'I'lie madreporite is single,

fastened on the mesentery, with lancctshaped head; the stone canal is s-shapetl. (Uivierian

organs present. Locality: laboga, Ciulf of Panama. Littoral.

I am indebted to Miss E. Deichmann for the above remarks on this species.

In the list of the F.chinoderms the development of which has been studied in the i)resent

work, given in the Introiluction (p. 17 --18), this species was forgotten.
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too narrow in the figure, as the specimen has apparently contracted some-

what on preservation (it is slightly dislorled, which has been corrected in

Ihe lignre). The posterior end is rather elongated, with a somewhat in-

distinct, lound body at one side, and some accumnlated cells which prob-

ably indicate the presence in the fully formed larva of some kind of cal-

careous bodies. It has a faint greenish colour. — Beyond this stage I did

not succeed in rearing the larvse, and no more specimens containing ripe

sexual products were obtained, the breeding season of the species being

evidently passed by the beginning of November.

Auricularia nudibranchiata Chun.

Since Chun observed this magnificent larva at Orotava in March 1887

it has never been recorded again from the Atlantic. I was therefore very

pleased in finding a specimen during my stay at Tobago, B. W. I., in April

191(), proving thus its occurrence also in the West Indian seas. It has further

been found in plankton samples from the following localities in the Sar-

gasso Sea and in the vicinity of the Azores: 15° 32' N. 25^50' \V., 24/VI,

1911 (1 specimen); 40"47' N. 21°10' \V. 21III. 1911 (1 specimen); 39°22'

X. 22° 49' W. 20/111. 1911 (2 specimens); 36^3' N. 33° 50' W. 15/III. 1911

(1 specimen); 34^39' N. 40° 54' W. 13/III. 1911 (several specimens); 33°55'

N. 43M0' W. 12/1 1 1. 1911 (several specimens); .30° 30' N. 49° 57' W. 22/11.

1911 (2 specimens). I'his shows that it is fairly widely distributed over

the ocean, the time of its occurrence extending at least from February to

June. None of the specimens exceed Ihc largest specimens found by Chun
in length (6 mm), and none of them are in a further stage of development

than the more advanced of Chun's specimens.

While the species had not been rediscovered in the Atlantic till now, it

was recorded in 1911 by II. Ohshima') as occurring in the seas of .Japan

(the Sagami Sea), and quite recently MacBride'^) has recorded it from

off the North end of New Zealand. It is, of course, beyond doubt that

these larvae from the .lapanese and New Zealand seas really belong to the

type of A. nu(lihranrhi(it(i\ but it is equally certain that they are not the

same species as the Atlantic form. In accordance with the nomenclature

here adopted I shall designate the three forms respectively as species a,

b and c, the Atlantic form being, of course, designated as species a.

') Hiroslii Olisliima. Note on a giganlic form dI Auiiiiilaria allied to .1. nudibranchiata

Chun. Annot. Zoo!. .Japou. VII. 1011. p. 317.

2) E. W. MacBridc. Echinoderma (Part II) and Entcropnuusla. Larv;e of Echinoderma

and Enteropneusta. British Antarctic ("Terra Nova") Expedition. 1910. Zoology. Vol. IV.

p. 88.
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Species b, the Japanese form, difTers from the Atlantic first in its much
larger size, reaching 15 mm, the la Her not being known to surpass a length

of 6 mm, the stage of development being the same in both. Further I find

on a comparison of some specimens, kindly sent me by Dr. Ohshima,
with those of species a, that the body is distinctly narrower in species b

than in species a, and also the projecting lobes of the vibratile band are

larger and more prominent in the .Japanese species. Through this strong

development of the vibratile band, in fact, the sides of the larva are wider

than its dorsal and ventral sides, and the preserved specimens therefore

generally lie on the side, while specimens of species a generally lie on the

dorsal or ventral side. Whether the small diflerence in the structure of

the calcareous deposits pointed out by Ohshima — viz. that the edge

is finely serrated in the Japanese specimens, while Chun states it to be

smooth in the Atlantic species — is a reliable difference needs lo be verified

by a reexamination of the latter; I am sorry to be unable lo settle this

question, all my specimens having been preserved in formaline, and the

deposits thus having been dissolved.

Species c, the New Zealand form, is likewise considerably larger than

species a, the single specimen known measuring '"at least a centimetre in

length". Otherwise it is impossible to state by which other characters it

is distinguished from species a and b, no description or figures having been

given of it. Only in one feature it is stated lo differ from the two other

species, viz. in the median ventral pouch from the intestine being paired,

while in the two other species it is unpaired. It would appear from the

expression used by MacBride (Op. cit. p. 89), running thus: "This single

diverticulum is supposed to be a rudimentary representative of the gill-

(lung-)trees of other flolothurioidea; but the discovery that the pouch is

paired deprives this argument of its ground", that he thinks C h u n " s state-

ment of the pouch being unpaired in the Atlantic form lo be wrong. I

would then lake the opportunity of confirming Chun's statement. There

is not the slightest doubt that the pouch is really unpaired, as figured by

Chun, and the same is the case in the Japanese species.

On account of this intestinal pouch Chun was inclined to refer this

larva to some Elasipod, and I have joined him in this opinion. MacBride,
however, thinks this a mistake. Having found in a species of Cuciimaria

the gill-trees to appear only in a rather advanced stage of development,

he finds it 'exceedingly unlikely thai a rudiment of these gills should

appear in the Aiiricularia larva*; they probably only begin to develop when

the cloacal function of sucking in and ejecting water has been established.

I conclude, therefore, thai the intestinal pouches of A. onlarctica and .1.
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niuUhranrhiala have nothing lo rlo with gills; and if this be admitted, there

is no reason why .1. nudibraiuliidia, like .1. antaivlica, shouUI not be the

larva of a Synaptid, to whicii group its wheels naturally ally it." Without

entering on a discussion of the time of appearance of the gill-rudiments

in Cuciimaria I would merely point out the fact that there is no structure

in the Synaptids into which this pouch could possibly develop. This would

then mean that this large organ of the Auricularia should completely dis-

appear again on metamorphosis. This is certainly not very likely. The

question about the parental origin of this larva can hardly be definitely

settled except through the rearing of the larva; it seems only safe to say

this much Unit I he intestinal pouch proves that it must belong to some

form with gill-trees, and accordingly cannot be a Synaptid, in spite of the

Auricularia n wheels.



GENERAL PART

I. Classification.

AFTER the description given above of the new larvae reared or other-

wise gathered it now remains to see, whether this material, together

with that Ivnown from previons researches, gives any answer to the original

question, wliich was the guiding principle in the author's studies, namely

this: is there any correspondance between the diflerent larval forms and

the natural groups of the adult forms — or to put it more definitely: is

there a larval classification corresponding to that of the adult forms, each

group of the adults (genus, family or order) having a distinct type of larvae

difTering from that of the other groups?

It is known already from Job. Miiller's magnificent researches that

at least each class of lichinoderms has its own distinct larval type — the

Holothurians the Auricularia, the Asteroids the Bipinnaria, the Ophiu-

roids the Ophiopluteus and the Echinoids the Echinopluteus^), the Crinoids

alone having no separately named larval type, which is also unnecessary

as long as we do not know a single case of a typical pelagic Crinoid-larva.

But are "orders" and "families" to be distinguished within these four

larval types'? The question may at once be answered, at least partly, in

the affirmative. A more detailed discussion is, however, necessary.

Starting with the FyChinoid-larvae it was clear already from the pre-

vious researches that the Spatangoid-larvae form a very distinct type, char-

acterized by the unpaired posterior process, which does not normally occur

in any of the other f^chinoid-larva?, so far as hitherto known'-). They also

difTer from all other P.chinoid-larva? in having well developed anterodorsal

arms. We now know the larvae of quite a number of Spatangoids, viz. of

') Joli. Miiller designated bolli the Opliiurid- and the Echinoid-larvie simply as Plu-

leus; the separation of tiiese two larval types under the names of Eehinopluteus and Ophio-

pluteus was introduced in the present author's work "Die Echinodernienlaven d. Plankton-

l-'xpedition."

*) I'roulio in his "Recherches sur le Dorotidaris papillata" (Arch, de Zool. exper. gener.

v. 1888) describes and figures (p. Ml. PI. XXV, fig. 0) an abnormal larva of this species

with an unpaired posterior process.

26
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the genera SpaUtnfiiis, Echinucardium, Moirii, Brissus, Brissopsis, Meoma,

and besides a niunl)er of other Spalangoid-larva' (luhinoplulciis fusus,soli-

dus and otliers) are known to exist. They all of Iheni agree in having the

un|)aired i)osterior |)rocess. and there is not the shgiitest reason to expect

that there will he any exception to this nile. We have then here a

larval lype c()rres|)()nd i ng to the order of I h c Spa I a ngoi dea,

forming a distinct larval "Order."

is it ])ossible to distingnish larval iainilies'" williin this order, corres-

ponding to the families of the adnlt SpalangoidsV \\\' are not yet in pos-

session of sufficient facts for answering this question definitely : but the

facts which are known would seem to point in the direction that also

"families" may be distinguished within this larval order.

The S|)atangoi(l-larva^ may be divided into two main groups, viz.

liiose with |)()slei()laleral arms and those without. Of the latter group

only one species has been referred to its j)arental form, viz. that of

Brissopsis lijiifero; but there is some reason to suggest that also the

larvae of the genus Brissus belong to this lype (comp. above, suh Brissus

Agassizi, p. 119). .\ larva of the same type, which was found in the

(iulf of Panama I would be incUned to refer to Meonui (/randis. That

would tend to indicate that this larval type is characteristic of the family

of the Brissida. Hut it can be nothing more than a suggestion at the

present state of our knowledge; moreover the fact that Metschnikof f')

has found a larva of this type occurring in great numbers at Triest, where

Brissus unicolor, otherwise common in the Mediterranean, ai)parenlly

does not occur, would seem to prove that this larval type may also be

found in other Spatangoids. Metschnikoff refers this larva to Schizasler

cuualiferus "da sie dort unter den Echinoidenlarven ebenso vorherrschend

ist, wie Schizaster unter den erwachsenen Spatangoiden."

The larvae of the genera Echinocardiuni, Spatanf/us and, probably,

Moira'^) agree in having posterolateral anus, supported by a simple rod,

not widened at the base. This would point in the direction of this larval

type being characteristic of one group of Spatangoids. The existence of

several species of the type of Echinopluleus fusus might indicate that this

) E. Metschnikoff. .Stiulieii iiber die Iintwickeliing d. Eeliinodernicn u. Nemertinen."

M^m. Acad. St. Pelersbourg. VII. Ser. XIV. 186i). p. 46. Taf. VIII— IX.

^) Caswell Grave has reared the larva of Moira alropos through metamorphosis, but

unfortunately does not give any iidorniation of the shape of the larva. On my applying

to him lor the information wanted, he kindly sent me some slides containing some of the

larva'. It turned out, however, that there were two dilTerenl species of larva- in the slides,

one with posterolateral arms, the otlier without. Having called his attention to this fact

I was informed by him that lie thought it almost certain that the form with the postero-

lateral arms was the iUo/ra-larva. but full certainty could not be obtained any more from

the material still preserved.



203

larva is characteristic of another group. Rut all Ihis can, of course, be

nothing more than mere suggestions—working hypotheses in the light of

wliicii future investigations siiould be carried out. U must be remembered

that the classification of the Spatangoids is very far from being settled.

In fact, H. Lyman Clark in his work on the Spatangidse ("Hawaiian

and other Pacific Echini")^) states that "a satisfactory classification of the

Echini here included in the Spatangina is in the present stale of our know-

ledge simply impossible." 1 agree with Clark herein as far as the Amphi-

sleinulu are concerned, while I think the classification of the Meridosler-

nata in fairly good order. The amphisternous "families" Ilemiasteridae

and Spatangida', as comprised in Clark's work, are certainly unnatural,

which is, however, not to be wondered at, his classification being "purely

one of convenience, worked out in the endeavour to make an artificial key

to all the genera and species of living Spatangoids." But no better classi-

fication exists, and it seems at least that the family Pahvopneustida^, as

comprised by Clark, is fairly natural, and thus far his classification re-

presents a progress. — 1 would expect that the study of the larvae will

prove of great importance for establishing the natural relationship between

the numerous forms of Spatangoids.

That the Aslrrnala, or at least the Cassidulids, do not really belong to

the Spatangoids, but are more nearly related to the Clypeaslioids seems

rather probable alone from the study of the Echinobrissus-larwa. The

study of the development of forms like Echinolampas and Echinoneas will

be of the greatest importance for settling the question of the natural

relationship of these interesting forms.

.Vnother very distinct larval type is that of the Clypeaslroids. flie

order of the Clypeastroidea being a very well limited one, and there being

no doubt that the forms referred to that group are really naturally related,

the study of the Clypeastroid-larvae will afford a critical test to the theory

of the value of the larvae as lending proof of the natural relations of the

adult forms. 11 nnist be claimed, of course, that if the larva* really are

of such classificalory value, the larva* of the Clypeastroids should form

a uniform group, as do the adult forms. As we now know, through the

previous researches and those recorded in the |)iest'iil work, larva* belong-

ing to 10 different genera, viz. Echiiwcyamus. Clypcasler. ErhiniiKtchi^iiis.

Dendraster, Encope, Mellila, Astridypeus, Arachnoidcs, Liujamun and Peio-

nella, we can form a fair judgment of the character of the Clyi)eastroid-

larvae in general. The result fully bears out the expectations. These larva^

form a very uniform group, so uniform that it is even in some cases hard

to distinguish the larv« of different genera. The Clypeastroid-larva*

») Mem. Mus. Comp. Zool. XLVI. 1917, p. 98.

26*
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form a distinct larval "order", corresponding lo the natural order

of the adult Clypcastroids. and accordinj^iy leslity the correctness of the

sui»f»estion of the classificatory value of the larv;c.

The Clypeastroid-Iarvae are characterized by the body skeleton forming

a basket structure, which very often develops into a large complicate,

fenestrated plate in tiu- posterior end of the body. Although the body

skeleton is partly absorbed in the fully formed larva, there is no change

in the body shape, so that we cannot speak of a first and a second larval

stage. Xo posterior transverse rod is formed, and there are no vibratile

epaulets, whereas there are small ventral and dorsal vibratile lobes. The

postoral and posterodorsal rods are generally fenestrated.

The question whether different groups of these larvae, corresponding to

the families of the Clypeastroids, are to be distinguished, cannot be an-

swered at present. It is noticeable that the single ClypcaslciAnvya known

as yet differs rather conspicuously from the other larva% excepting the

luhinocyarmis- and the Laydiium-lavya (— the modified larva of Peronella

Lesueuri does not count in this connection —), in its skeleton being much

simpler, apparently not forming a fenestrated plate in the posterior end

of the body; this may possibly indicate a family character. But very much

more infornialion is needed before we can form a real judgment of the

value of this dilTerence. Another very noticeable fact is this thai the larva

of Arachnoides placenta, so unique among the Clypeastroids through the

aboral position of its periproct, does not differ in any way markedly from

the larvse of the other Scutellids.

H is worth j)oinling out thai the peculiar property of turning green on

preservation in alcohol or on being damaged or dying, so characteristic

of Clypeastroid tissue, is found also in the larvte and the young, meta-

morphosing sea-urchin.

Within the Regular Kchinoids we nuiy first dismiss the order of the

Cidaroidea, altogether too little being known of their larva- for judging

about their essential characters. If the unexpected should turn out that

lu-hiiioplutciis Iransix'isiis belongs lo Cidarids, it will be very hard lo recon-

ciliale its highly specialized characters with the primitive character of

Cidaroid structure, as also it would be most surprising to find so dillerent

larvae as Echinopluleus IransDersus and the larva of Cidaris cidaris (Doro-

cidaris papillata) within the same family (the Cidarids apparently forming

only a single family). - But there is no reason to trouble w'ith this pro-

blem so long as it has not been definitely settled that Echinoplulms Irans-

versus really is a Cidaroid-larva.

The few facts known about the development of Diadematids lend to

show that their larvae are characterized by their skeleton forming in their
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first stage a typical basket structure, while in their full shape they have

the characteristic shape of the larva represented in J oh. Mii Iter's VII.

.\bhandl. Tat'. V. Figs. 1 —3. and in tiie present work, PI. V, P^ig. 7,

with very long postoral and posterodorsal arms, a posterior transverse rod,

very large vibratile lobes but no epaulets. There is then reason to expect

that the Diadeniatid-larvaj will prove to represent a distinct, well char-

acterized larval 'family."

The Echinothurids, unfortunately, remain entirely unknown as regards

their development. While at least some of tiie deep-sea forms may be ex-

pected, on account of the large size of their eggs, to have a direct develop-

ment, the small eggs of Aslhenosoma vniiiuu indicate that this species will

have pelagic larvi^p. It will be exceedingly interesting to see whether its

larva will prove to resemble the type of the Diadematid-larvtc, as it might

perhaps be expected on account of the relation which undoubtedly exists

between the Echinothurids and the Diadematids, in spite of the remark-

able difference in their test structure.

Entirely unknown as regards their development are also the Salenidse.

Judging from their small genital pores they may be expected to have

small eggs and, therefore, probably pelagic larvae, in spite of their being

mainly deep-sea forms. It will be most interesting to learn whether their

larvae resemble those of their nearest relatives among recent Echinoids,

the Arbaciidse.

Within the family Arbaciidae we now know the larvae of three species

of the genus Arbacia, viz. A. Uvula, punclulata and slellala, these three

being so closely alike that they are to be distinguished only by very un-

important characters. One more larva of the same type is know'n (PI. VI,

Fig. 1), which may perhaps belong to another genus; in any case there

can be no doubt that it is also an Arbaciid-larva. The facts thus far made

known decidedly indicate that there is a very distinct type of larva

belonging to the family of the Arbaciidae, characterized in its first

stage by the skeleton forming a basket-structure, in its second stage by

the existence of a posterior tran.sverse rod which ends in a pair of long

posterolateral arms of the same shape as the other arms. The postoral and

posterodorsal rods are of llie fenestrate<l type, but the holes are generally

small or entirely lacking in a greater or lesser part of I lie rod. There are

large ventral and dorsal vil)ratile lobes, but no epaulets.

It will be of very great interest to learn whether the larvae of the com-

paratively few other forms belonging to this very well limited and un-

questionably quite natural family are in conformity with the Arbacia-

larvae, as they should be, according to the views of the present author.

The polyporous Tetrapufiiis nUjer is easily enough accessible for study, and
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also Coelopleuriis may be got at wilhoul too much trouble, while the rare,

small (lee])-sea ronns Podocidaris, Ildbrocidaris etc. will, at any rate, not

be within easy reach, lint the slutly ot the two first named forms will

suffice for meeting reasonable claims to the knowledge of this larval

"family."

H is, however, especially the larvae of the Camarodonta which we niiisl

consider in discussing the classificatory value of the larvae. This great group

comprises Ihe bulk of the recent regular l^chini, and here the views of

the various authors regarding what would be a natural arrangement are

most diverging. May not perhaps the larvae give us the clue to their real

interrelations? We now know, more or less completely, the larva- of so

many of these forms that we are at least able to form a fair judgment,

whether the larvae will give us any support for the solution of the i)roblem.

Two main views regarding the classification oF the Camarodonta are

prevailing among recent authors. One is that ul 11. Lyman Clark and

R. T. .lackson, the other that of Doderlein and myself. While according

to the two loriner authors the test structure alone alTords valid characters

by which to distinguish genera and families, the minor microscopical struct-

ures, the pedicellariae and spicules affording characters of no higher value

than for distinguishing species, I have exjiressed the view that also the

microscopical structures, especially the globiferous pedicellaria', alTord a

valid basis for the higher systematic divisions, the genera and even the

families, and that these characters should be taken into consideration as

well as the structural characters of the test. The latter characters are, of

course, regarded as the more important, hut it is maintained that where

the structural characters of the test do not give the clue to the natural

interrelationship of the forms, as is mostly the case in the great and uni-

form group of the Camarodonta, there the microscopical characters set in.

The classification worked out on the base of these principles, which was

set fortli ill Ihe author's work on the Echinoidea of the Danish Tngolf"-

F^xpedition, Fart 1— II. (1903—7) was fully accepted by Doderlein, who

is even inclined to ascribe still more importance to the microscopical

characters than I can agree to. — In the said work I have especially

pointed out that the character of the ambulacra, the oligoporous or poly-

porous condition, is of no value as a character of larger groups, as it has,

evidently, developed separately in different groups. Also the elongation of

the test in Echinomclni and some allied genera is regarded as unvalid as

a family character. 11. L. Clark on tlie contrary regards these two char-

acters as of primary value for the classification, although he cannot deny

that the polyporous condition has developed in at least two separate

groups (his famihes Strongylocentrotidai and luiiinometridae).
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The two classificalions are evidently irreconcilable. It is clear that we
know {lerfeclly well all the characters which are at all available as a base

for llio classilicalion. The internal anatomy is so uniform within the whole

group that there is no ho|)e of finding therein any characters of value for

the classification. Only the structural characters of the test and the organs

attached to it, viz. the spines, tubefeet, pedicellaricC, and the spicules found

in the skin of these organs are available. (The splueridiaj do not alTord

characters of classilicalory value). The divergences in the two main views

on the true relationship of these forms then depend on subjective appre-

hension, and further discussion will hardly alter the views on any side^).

Only new arguments may be expected to settle the problem and give us

a clue as to which of the views regarding the interrelation between the

forms within this uniform group comes nearest the truth. Such an argu-

ment 1 have expected to find in the study of their larval forms. The present

researches have added so considerably to our knowledge of these larval

forms that it is possible to form a reasonable judgment, whether that ex-

pectation is justified or not.

One of the families within the Camarodonta is unquestionably a quite

natural group; viz. the Temnopleuridse, or rather the subfamily Temno-

pleurina?, the other subfamily, the Temnechinina> or Trigonocidarina? being

less distinctly circumscribed. If the larvae are of real value to classifica-

tion it must be a just claim that the larvae of the Temnopleurinae should

form a corresponding natural group. While hitherto not a single Temno-

pleurid-larva was known, we now know, more or less completely, the larvae

of Temnopleurus loreumnticus, Temnotrema sculpta and Mespilin (flobulus,

and it is indisputable that they do really agree in several important char-

acters, so that it has the appearance that there is really a distinct

larval type peculiar to the Temnopleurids (or at least the Temno-

pleurinae). Some larval forms taken pelagically and most probably, belong-

') A classification (lin'crinu ajjaiii Iroiii l)otli the al)ove iiu'iilioiu'd lias been set forth by

.1. Lambert & P. 'riiiery in tlieir "l-^ssai etc Xonienciature raisonnee des lu'liinides" (I— IV.

1909— 1-4). These autliors liave made a point of working out the natural classification of

the Rchinoids, taking l)()th the recent and the fossil forms equally into consideration. This

is, of course, in itself an excellent principle; in fact, nobody could deny this to be the only

natural way — if only the fossil forms were sufficiently well preserved for fliis use. Bui
this, unfortunately, tliey are not. When the other authors have confined themselves mainly

to the recent forms, it is because lliey recognize the fact tliat file fossil forms are imperfectly

preserved, so that tlieir characters can only be incompletely ascertained, and accordingly

the relation between the recent and fossil forms must remain more or less doubtful. Lam-
bert & Thi6ry, however, have adopted the view that the classification of the whole group,

recent and fossil forms, has got to be based alone on the characters which can be found in

the fossil forms, viz. on the test structure alone. Regardless of all facts known they con-

struct their classification strictly on this principle. As, moreover, the nonienclalure is worked

out on the principle of the priority rule in its strictest, most litteral sense, it is no wonder

that the result is so absurd that it can hardly be taken seriously.
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ing lo the same group servo lo emphasize the distinctness of this larval

type.

This larval "family" appears to be characterized in I lie lirsl stage

through the skeleton foiining no basket-structure; the fairly elongate body

rod divides at the end into two rather long horizontal branches. In the

second stage a posterior transverse rod is formed, from which a pair of

short, branched posterolateral rods may issue; the latter may. however,

be lacking. There are four vibratile epaulets, but no vibralile lobes.

The rest of the ('.anuuodonta was arranged by the present author in

the families hLchinida>, Toxopneustidtv and Echinometridae, while Clark

will not acknowledge the family Toxopneustidae, the forms referred to that

family being redistributed in the Echinidse and in a new family Strongylo-

centrotidie. The family of the Echinomelrida' is regarded by C.lark as

containing only the polyporous. oblong forms, liie oHut, nioi'e primitive

forms refiMied to liiis family by the present author being also redistributed

by Clark in the Echinidae and Strongylocentrolidae. According lo my
view Clark's families Echinida^ and Strongylocentrotidae are quite hetero-

geneous, while his family Echinometrida> is quite natural, only, in my
opinion, not wide enough. We shall see now what the larva will teach us

about this matter.

It may lirst be stated that, as regards the various genera and the species

referred to them, Clark and I in general agree, only with regard to the

genus Slrongylocentrotus we disagree in some important points, as is stated

below.

To the family luhinida Clark refers the genera Psammechinus, Lyle-

chiniis. Echinus, P<tiechinus, Niidechinus, Evvchinus, Toxopneuslcs, Tri-

pneiisles and (iymnecliinus; according lo my view only Psammcchiniis,

Echinus and Parcchinus belong lo this family, Evechinus being an Echino-

metrid, while the rest of them belong to the Toxopneustida. No larvae

belonging lo the gewera Parechin us (in liie sense of Clark, which I adopt),

Xudcchinus or Gijmncchinus are known, while of the other genera we know

quite a fair number of larva, so that we can see whether they favour

Clark's views or those of the present author.

The two species known of the genus Psammechinus, miliaris and micro-

tuberculaius, have both been studied as regards their development, milidris

being very completely known, while there is no description of the fully

formed larva of micmlubercuhilus. The larva is characterized by having,

in the first stage, long body rods, widening in the end; no basket structure.

In the second stage the larva has four epaulets, situated at the base of

the four main arms. There is no posterior transverse rod or posterolateral

processes.
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Of the species referred to the genus Echinus s. str. two have been stu-

died as roiJords I heir development, viz. esrulentus niid (tcnliis. The hirvse

of Ihese two species are so closely alike that they are hardly distinguishable.

In the first stage they have elongated, clubshai)ed body rods, but no basket

structure: in the second stage they have four epaulets, at the base of the

four main arms, and besides a pair of laterally |)laced e])auk'ts which may
form an almost closed ring round the posterior end of the jjodv. There is

no posterior transverse rod or posterolateral processes.

The larva of the nearly related Sterechinus Neunuiiicri (which (".lark

regards only as a synonym of Echinus nmryarilaccus or Sterechinus

Agassizi, as I lliiiik Us correct name should be) is known in its second

stage. It agrees with the two EchinusAarvec in all essential features.

The larva^ of these forms accordingly agree very well in their main

characters as should be expected, since they are indisputably closely rela-

ted. But now those of the other genera! Here the matter lies quite difler-

ently. Within the genus Lylechinus we now know the larvae of the species

variegatus, anamesus and piclus in both the fust and second stages, and

of the species panamensis and oerrucuhitus in the first stage. The young

larvae have a short, rounded body, the body rod being short, branching

at the end; the recurrent rod is well developed but fioes not unite with

the branch from the body rod so as to form the basket structure, except

in the verruculatus-larwa. In the second stage there is a transverse rod, and

posterolateral lobes, while I lie presence of epaulets is not definitely set I led.

— The larva of Tripneusles esculentus agrees with the Lytechinus-\'dv\'?e, dif-

fering only in the body skeleton of the first stage fornung a typical basket

structure. The Tripneusles gratilla-\av\a in its first stage has the same

structure, while the second stage is unknown. Of Toxopneusles we know
with certainty only the young stage of the larvae of T. pileolus and roseus:

they agree completely wiih the Tripneusles-larwa in the skeletal structure.

Finally the larva of Evechinus chloroticus has in its first stage a more com-

plicate body skeleton than that of the Tripneusles-hwva, though essentially

of the basket-type, recalling that of the EchinomelraAarxa. and in the

second stage (almost certainly) a posterior transverse rod and postero-

lateral processes.

It must be conceded, at least, that the facts from the larvic do not lend

support to Clark's view legardiug the relationship of these genera.

(".lark's family Slrougylocentrotidae encloses the genera luhinoslrephus,

Pseudobolelia. Pararenlrolus. Loxcchinus. C.n'noccnirolus. Pdchgcenlrolus,

lleliocidaris and SIrungi/locenlrolus. Of these the genera Echinoslrephus,

Cxnocenlrolus, Pachgcenlrolus and Heliocidaris according to me belong to

the family h'Ah'mometridse, Pseudobolelia to the Toxopneustida", Paracen-



210

iroius and Loxechinus to the P>hiiiida'; the relation of Slronf/ijlocentrolus

uppearod iinceiiaiii. tli()iii>h I liavc IhoiiiJiit it probably nearest related to

the r().\o|)neii.slida'. I idortunately, the larva' ol most ol' tliese f^enera are

still nid'Cnown: but we know those of Parucenlrolus lividus, Heliociduris

Inbi'iriildhi ( I he reduced larva of //. crijlhrof/ramma does not count in

this coiiiieilioH - ) and some "Slronfiijloccn Ilalus" -species.

'Vhv larva ol Pdidccnlrulus lividus agrees with I he fuhinus-iy])^: liie body

rod is elongated, (•luhsha])ed, and no basket slrniduie is found in the iirst

stage; thei'e is no posterior transverse rod or posterolateral |)roeesses in

the second stage. Anterior but no posterior epaulets (as in Psammfrhinus

miliaris). In the larva of Heliocidaris luhcrcultilii (he body skeleton in the

(irst stage forms a very complicate basket sli ndure, as in the Echinomelra-

larva : in Ihe second stage there is a posterior transverse lod and postero-

lateial lobes; vibratile lobes are present, but no e|)aulels.

Within the genus SIroiif/ijlocenliolus we know the larva' of the species

drobarhiensis and (lauciscauus fairly completely, that of pulchrnimus nearly

so and that of purpuialus in its first stage. They all agree in the body

skeleton forming no basket-structure, the body rod being clubshaped. elong-

ate (less so in franciscdinis); in the second stage there is no posterior trans-

verse rod or posterolateral processes, but both anterior and posterior epau-

lets as in the Echinus-lnrya (presence of epaulets in [he pulchcrrimus-larvci

uncertain).

To the genus Sliougijloccnlrolus Clark also refers the mediterranean

species (//7//)/;/f///'.s. otherwise unanimously regarded as the type of a separate

genus, SplKU'iechinus. According to my view this genus belongs to the

family Toxopneustida', repiesenting a polyporous development within that

family. The larva of this species dilTers most conspicuously from those of

the above named .S7/o/!_(////occ/i//o/f/,s-species. The body skeleton forms a

basket-structure in the first stage; in the .second stage a posterior trans-

verse rod is foiiiu'd. and there are posterolateral processes, vibratile lobes

and anterior biil no posterior epaulets. Thai Ihe posloral lods are fene-

strated is another conspicuous diU'erence from the Slroufiiilocculrolus-lavxx,

though of minor morphological im])ortance. Thus it is evident that the

characters of the larva of Sph. yniuularis bear decided testimony against

classifying that form with the "Strongylocentrotidae", or even referring it

to the genus Slroiu/ylocenlrotus itself, while on Ihe other hand there is per-

fect agreement between the larval characters of .S'. (//(Uiularis and those

of the other Toxopneustid-larv» thus far known.

To the genus Slronf/ylocenirotus Clark also refers the .lajianese species

depressus, which, according to my view, represents the type of a separate

genus, Pseudocenlrolus, of the family Toxopneustida-. The little bit of in-
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formation that has been jJiveii Iuti' of its larva is sufficieiil to show that

it dilTcrs vfiy inarkt'dly from tiu' true Slronf/i/lorcnlroliis-hwym in its body
skeleton in the Hrsl sta^e formin.i^ a baskel-slrnttnre; there is then very

good reason to expert that also in its second larval stage it will prove to

agree with the Toxopneustid larval type. A I least the facts known are

decidedly not in favour of (11 ark's views.

l^egarding the genera referred by Clark to the family lu-hinometridai

there can be no donbl that they really form a natural group, Parnsalenia

alone being doubtful. It must then be claimed that the larvae of these

forms should be in coidormily wKli one another in their essential features.

It is a |Mty thai we do uol know much aboul these larva?, only one species,

luhinoinelm luciinlrr, having been reared to its full larval shape and through

metamorphosis. I5u( it is known that the larva- of Erhinomcha obloiif/a and

(jjloboicntrolus (drains agree with the Ech. lucunlciAaiya in the very char-

acteristic feature of the recurrent rod being double, and it is highly prob-

able that the same character applies to the larva* of Echinomelra Malhsei

and Helerocenlrotus manulldlus. Thus the facts hitherto known regarding

the larvae of the Kchinometridai agree very well with the results derived

from the study of the adult forms as to their natural aflinilies.

Summaiizing now the preceding discussion it must be stated that the

s t u d
}• of the 1 a rV a^ most decidedly lends s u j) p o r t to the author's

views as to t he classi f ica t ion of the Camaroflon la , a u d t luis also

gives proof of the correctness of ascribing com pa rati vely great

importance to the minoi- microscopical characters of pedicel-

laria> and spicules in the classification of this group. The classi-

ficatory results reached on using these characters, coml)ined with the

characters of the test, have been splendidly confirmed through the study

of the larva^. Disregarding these characters, Clark was lecl e. g. to such

an absurdity as to include Spluerechinus (jiannUuis in the genus SlroiKjiilo-

(cnlroliis, otherwise so naturally circumscribed tiiiongh tiu' peculiar char-

acter of its globiferous pedicellaria'. There is no reason to enter here on

a discussion of the objections raised especially by Clark against using

these microsco])ical characters in classification, as it may now be regarded

as an established fact tlial they aie ically of eminenl classilicatoiy value.

Thereby I do not mean to maintain that my classification was correct in

all details. Tiius e.g. the position assigned by me to the genus .SV/o/ii/y/o-

vcnlrolus, mainly on account of the structure of its globiferous pedicel-

laria', as being probably related to the Toxoijueustida", was evidently in-

correct. The study of the larva^ shows that it is most likely to be an offshoot

from the Echinida^ s. str. Upon the w'hole I would emphasi/.e tiiat tlie true

position especially of the forms belonging to the Camarodonla, (excepting
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the Teiimopk'iiriiup). cannot \w laken as deliniU'ly eslahlislu'd, until all

the chaiac lors available, inclu(linf» the slrucliire ol Ihc larva;,

have boon stndiod and duly lakon into considora lion. The struc-

Uiio ol Iho podicollaiia', of course, does not in itself give definite proof of

their aflinilios; also these characters may, doubtless, have dovoloped separ-

ately along (lin'eronl linos, as is seen from the case of Stronfiijlocenlmliis. not

to mention (iliiploriilmis vicnul(tris^). riierefore I would not consider e. g.

Iho position of the genus Lar<T/j///(/.s- in the family lu-hinida- as definitely

established, until it has boon proved that its larva also belongs to the

lu'hinoid type. Still less can the position of forms like Nolerhiniis magel-

hiniciis and Pseudechiiiiis (ilbocinclus, whore the characters of the pedicel-

laria* are very indistinct, bo regarded as settled, as long as we do not know
anything about their larvae. Upon the whole, the natural classification can-

not bo found through arranging the forms diagrammatically after this or

that characlei'; the interrelations and affinities being the result of organic

evolution and descent it is not likely that we will find liio true expression

thereof by means of a diagram.

As a definite result it may bo staled that there is a dcfinile larval

t y p e c h a r a c 1 r i s t i c o f e a c h of the t h r e e f am i 1 i e s , t h e E c h i n i d ae

,

t he Toxopneuslida' and the Ec li i nomo Iridic. They may be shortly

characterized thus:

The larvae of the Ecliinida' have in their first stage an elongated

body, supported by a long, more or less club-shaped body rod, the skeleton

forming no basket-structure. In Iho second stage there is no posterior

transverse rod, no posterolateral or vibratile lobes; epaulets are developed

at the base of the four main arms, often also one pair at the posterior end

of the body. Fenestrated rods are not known to occur within this tyjjo.

The larva^ of the Toxopneustidai have in their first stage a short

body, the body rod being short and, together with the recurrent rod,

forming a basket-structure (excepting the genus Lytechiniis). In the second

stage there is a posterior transverse rod: posterolateral and vibratile lobes

are found, and there are often (always?) epaulets at the base of the four

main arms. The rods of the main arms sim])lo or fenestrated.

The larvae of the Echinomolrida' have in the first stage a short,

obliquely truncated body, supported by a complicate basket-structure, the

recurrent rod being double. In the second stage there is a |)osterior trans-

verse rod; posterolateral and vibratile lobes are found, but no epaulets.

The rods of the main arms are fenestrated.

') Coinp. tilt' author's "l^chinoloKical N()t(•^. " II. A new |)rimi|)Ii' of (^lassificatiuii. N'id.

Medtl. Nalurh. Koreii. Kolu'iiliavn. H>10. p. HI iioU'.
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Turning lo llu- Ophiurid-larvae we (nid niaUcis nuich less clear than

is tiie case wilii Llie luhiiioid-larva'. In iacl. our |)revi()us knowledge would

hardly seem to warrant any other conclusion than this, that these larvtC

form a rather chaotic assemblage; thus e. g. the larvae of forms so closely

related as Ophiura affinis. alhida and le.iiuraln are so different, that they

would rather seem lo belong lo difl'erent families than lo closely related

species. The present researches, however, tend lo prove that matters do

not stand quite as badly.

It may be regarded as an established fact that within the genus Ophio-

Ihri.r the larvae are of a very uniform character, so uniform, indeed, that

it is in many cases impossible lo distinguish the various larval species.

Whether this type is peculiar lo the whole family of the Ophiolhrichidse,

and not to the genus Ophiolhri.v alone, remains lo be proved. Hut in any

case we have here a distinct larval type common to the very numerous

species within this genus, and there is not the slightest reason to believe

that the larvae of any of these species should prove lo difi'er markedly from

the common type. This is then in perfect accordance with the legitimate

claim, that nearly related forms should agree in regard to their larval

characters.

Another conspicuous case is ailorded by the Ophioconia-kwyH.'. The four

(or five) larva^ hitherto known are so closely alike that it may be safely

stated that there is a distinct larval type of this genus, characterized

through the transformation of the central part of the body skeleton into

a sort of link, and through the existence of vibralile lobes. Whether this

larval type is peculiar also lo the family Ophiocomid;v remains uncertain.

The study of the great variety of Ophiuroid larva> of unknown origin

has disclosed the important fact that also among these larvae several

distinctly characterized types may be distinguished, each comprising seve-

ral species. After the analogy of the genera Opiunlhri.v and Ophiocoma it

may very reasonably be concluded that these types represent various

genera, the larva> of the different species within Ihese genera being upon

the whole closely alike, as should be claimed upon the theory of the classi-

ficatory value of the larva-. Such larval types are especially Ophiupluteus

iiiuliildliis, (). iircifri . (). pusillus, 0. serratus-bimaculalus.

11 is llun liaidly to be denied that definite proof has been given that,

also within the Ophiuroids. the larva of closely related species

are in general similar, agreeing in their main characters. The

conclusion to be derived from this fact must needs be this that the con-

spicuous did'erence between the larva of Ophiura albidd, dflinis and Iv.iiurala

proves these forms not to be so very closely related, in spite of the fact
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llial. I'vt'ii afler the recent subdivision of Ihe ^real genus Ophiuva (Malsu-
Mioto. II. L. (.lark), these two species are left in the same subdivision,

the ^enus Oijhiuni s. sir., which would mean that a further subdivision of

this f»eiuis is necessary, in lliis connection it is important to notice that

most probably Ophiura affinis and the miditerranean (). (irubci, which has

unjustly been made a synonym of the fonuer, have larva' of almost iden-

tical structure'). I'urther the Ophiopluleus fusiis, described in the present

work, recalls the Ophiura (tlbida-hirxa to a considerable degree, so that it

might well seem that here again we have the larv;e of two really related

forms. (— O. fusiis being found at the Azores, one might perhaps think

of OphiiiKi 'I'lioiilcli Koehler as its parental form — ). Regarding Ophiuni

Ir.iliirdlii. tile laiva of which is (juite unique among the Ophiurid-larvae

hitherto known through its fenestrated posterolateral rods, it is worth

pointing out that this species is very peculiar by its series of pores along

the ventral midline of the arms, therein dilTering markedly from the other

species of the genus. Upon the whole. 1 would think it very probable that

the genus Ophiiiid (or Ophiof/lypfui) in its wider sense is a parallel to the

Camarodonta within the Eehinoids, that is to say, representing the most

specialized type, in which the "coarser" chaiaclers, if I may use such an

expression, have reached such a point of specialization and uniformity that

they do not alTord a sufficient base for further classification. The generic

characters would then have to be looked for among the minor, mor|)ho-

logically less important structures. Just as in liu' CanKuodonta the char-

acters of till- i)edicellaria^ and s])icules set in, where the morphologically

much more important characters of tin- lest structure are failing as a suf-

ficient base for classificalion. This is, of coui'se, only meant as an idea to

be tested by further studies. But in any case, it would seem perfectly

absurd, in view of the facts here made known regarding the Ophiurid

larvae, to diaw the ()|)posite conclusion that, since the larva? of forms so

closely alike as Ophiura albida, affmis and lexlurala difTer so markedly

from one another, the Ophiurid larvae have no classificatory value at all.

While it thus seems an established fact that within the Ophiuroid-larva^

several very distinct generic types may be discerned, it is, at the jjre.sent

state of our knowledge, im|)ossible to say whether 'family"-types also may
be distinguished. There is some probability lh;il Ihe family Ophiolhiichidse

has a distinct larval type of its own. perhaps also the Ophioeomidaj

have a distinct larval type — but very much more knowledge is required,

before we can form a safe judgment of this problem.

') (;oiii|). IIk- iiudioi's |);i|)iT 'Nolrs on llu' di-vfloimiciil and llu' larval tonus ol sonii-

Scandinavian l-x-liitiodiTius", p. 135.
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Within the Asteroid-larvae tiu- facts previously made known, together

witli those given in the present work, decidedly lend lo show that there

are distinct "t'anuly" types of tlie larvae, corres|)onding lo the fanulies of

the acUdt. Infortunately, our knowledge is still very limited, so that there

is only a poor foundation foi tlu' conclusions; but the little we know speaks

rather clearly.

Within the Astropectinida> we know the larvse of four dKYerent species,

all agreeing in their main features; the processes are very siiort, rigid, and

the larva- do not develop into a Hrachiolaria. By the metamorphosis the

whole larval hody is absorbed. — Witiiin the LuidiidcC we know the larvae

of liie two s|)ecies Liiidia S(trsi and ciliaris, which both agree so closely

in their characters tlial it is diflicult to distinguish them. They are char-

acterized by the great elongation of the anterior part of the body which

apparently forms an active swimming organ; all the paired arms, which

are long and movable, are situated close together in the jjosterior part of

the body. There is no Brachiolaria-stage, and the larval body is not ab-

sorbed by the metamorphosis but apparently simply cast olT, when meta-

morphosis is completed. The fad that "Bipinnaria asterigera" is re-

corded from the Celebes-Sea (in the "Summary of Results" of the "Chal-

lenger", p. 836) indicates that at least one more species of Luidia^ has a

similar larva, which lends supj)ort to the conclusion that we have here a

distinct larval type, chai-acteristic of the genus Liiidia. Whether we may

conclude this much that these two larval types represent the larva' of the

families of the Astropectinida and Luidiiche, is, of course, doubtful. l'>ul.

at least, there is nothing to disprove it.

Within the other families the few facts known of I hi' develo])ment of

the .Vsterinida and the (iymnasterida hardly form a suflicient base foi- any

conclusion as to the characters of their larva\ I would only say that the

chaiacter of the ludimeniary larva of Aslcriiui (/ibbosd and cxiniKi. com-

bined with the fact that the larva of Aslciinu pvcHni/cni develops into a

Hrachiolaria, tend lo show that within this ijenus (s. lal.) the larvae typic-

ally have a iSrachiolaria-stage.

Within the genus Aslcrias the de\elopmenl of the species .1. lulwns

and vulgaris has been studied very completely, and of a Ihird, A. glacialis,

enough is known to stale that its laiva agrees very closely with those of

the other two species. It appears thai we have here a very dislinct larval

ly])e, characterized through its long, movable processes, and developing

into a Hrachiolaria with round arms, crowned by a circle of papilla. On

metamorphosis the larval body is completely absorbed. The characters of

the young larva of some other forms, OrUiasleiias leplolenit, Euasterias

Trosdieli, seem to indicati' that tluse formsalso have a Brachiolaria-stage;
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further the species with shorteiuMl (livelopment, Asterias Mitllcri, groen-

landira, he.Ktclis, Ihroiij^h the fad that their riKhnu'iitary larva' have dist-

inct lirachioiariaii processes, lend support to the suj4i»eslioii Ihat this larval

type is characteristic of the whole family Asleriida'.

So little is known as yet of tin' (levelo|)inenl of Holothurians that

hardly anything can he concluded as to how far the larva- may he arranged

in groups, corresponding to the orders or families of the adults. A single

larva is all that is known of the Synaptids: three larva* of the genus Ilolo-

Ihuria are known, but none of them in their full shape, and it is uncertain

whether they ado|)l a more complicate structure in their more advanced

stages. That they aie very much alike in the younger stages, all being of

a very simple shape, is in good accordance with wiial should be expected,

but much stress cannot be laid on this fact.

Of more w\>ight is the fact that three different species are known of the

type Aniiculdiia midibiaijchiala, resend)ling one another so closely that

it is difficult enough to distinguish them. This proves that we have here

a case of the larvae of closely related species agreeing very closely in their

characters. (Although we do not know to which genus the A. nudibran-

chiala belongs, there can hardly be any doubt that all these larval species

belong within the same genus, or, at least, — in case MacBride's state-

ment that the intestinal pouch of species c is a paired organ be correct

— very closely related genera). It would not seem unreasonable to suggest

that Auricuhtrid (inldirlicd. plicula and minor belong to the same group

as .1. niidibianrliiaUi, and then we would here really have a 'family" of

Holothurian-larvcV, fairly well characterized through several features (e.g.

the peculiar shape of the oral region, the peculiar folding of the vibratile

t)and). Hut as long as we do not know anything with certainty about the

parentage of these larvae, we may only hint at this as a possibility.

It appears to be a rule that llic Dendiochirotes have a shortened devel-

opment, without a typical pelagic larval stage. Without entering here on

a discussion of the question, whether the simple larva of the Dendrochi-

rotes is a secondary adaptation or whether it represents the most primi-

tive condition of Kchinoderm-larvse, it is clear that it has no bearing on

the problem of the classificatory value of the typical pelagic larvae.

The Crinoids are the poorest of all Kchinoderms in regard to the ])re-

sent subject, as we do not know one single truly pelagical Crinoid-larva,

corresponding to the other four main types of h>hinoderm larva\ Till now

only Comatulids have been studied as regards their development, and it

seems very likely that within this whole group the development is of the
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type witlioiil a typical pelagic larva, the Comatulids thus ofTering a case

analogous to that of the Denthochirole Hololhuiians. It may perhaps be

expeclcd Ihal lypical pehigic Iarv;e will be found to exist in some of the

stalked Ciinoiils; but till now iiolhing is known about thai, and accord-

ingly the Crinoids do not contribute to the solution of the problem here

discussed ami iiiusl hv left out of consideration for Ihe i)resenl.

After this summary review we may state as the result of these researches

that the facts hitherto brought to light are decidedly in favour

f t h e V i e w I h a t t h e 1 a r \' se o f t h e 1^ chin o d e rm s h a v e a n im p o r t a n t

bearing on the classification of the adult forms. It seems a suf-

ficiently established fad I hat the larvae of closely related species are upon

the whole very much like one another, often hardly distinguishable, and,

further. Ilia I the larva* of allied genera agree in important characters, so

thai we gel groups of larva\ larval "families", "'orders", corresponding lo

Ihe groups (families, orders) of the adult forms. Accordingly the very im-

portant conclusion seems justified, that when forms, which were sup-

|)()se(l lo be nearly related, i)rovc lo have essentially different

larvae, these forms are not in reality nearly rehiU-d'). The study

of the Iarv<T will thus form a most important criterion for our classifica-

tion, giving, so to say, the final judgment of its true value, and we are

justified in slating that no classification which is i n contradiction

to the evidence given by the larvae can give an adequate expres-

sion of the natural relationship of the adults. — These results

probably apply also to other animal groups than the Kchinoderms; but

this side of the problem will not be discussed on Ihe present occasion.

Although the facts already known seem to warrant the above conclu-

sions. I would maintain most emphatically that the present researches are

only to be regarded as a reconnaissance in this field. Proof is given that

the way entered upon is the right way, and we nun be sure that further

researches will yield imporlanl results. Hut there is a long way to go. Wiinl

has been obtained as yet is nothing more than random samples, taken here

and there. It must be claimed thai all the various forms should be

studied, and not only the genera; it will be equally important

to have all the species within the various genera made the object

01 study, even though Ihey are, apparently or really, ever so closely

related, and il is equally desirable that the larva* should be studied and

figured alive. Thus we will gradually acquire a sum of knowledge of the

greatest importance for reaching the end of all systematic work, the com-

prehension of the multitude of living forms in their natural relationshij).

') Provided, of course, their cinbryological conditions be tlic same. Tliat closely related

species may differ in one haviiif^ typical larv;c. Ihe other having abbreviated development or

being viviparous, is quite a dilTerenl Ihina. and does not interfere wilh llie above conclusion.
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II. Morphology; Phylogeny; Biology.

The general homology ol Ihf loin iii;iiii lypes of the Echinoderni larvae

was so clearly poiiilod out by .loli. Miillcr in his classical memoir "('ber

den allgemeinen Plan in der h>ntsvickhing der luhinodermcn"') thai very

lit lie has had to be corrected-) or addetl, the main Ihing being that the

separate I'ronlal band of the Asteroid-larvae does not rei)resenl an essential

dilTerence from llu' oilier larvie, as.Ioh. Miiller thoughl il lo do. In the

light of liir more extensive knowledge ol' the larval forms now ac(|nired

il may be worth while lo pay some allenlioii to the special development

within each of the fonr lypes, to see how they develo|) From the |)rimitiv('

generalized shajje into more or less highly specialized forms or, on the other

hand, are rednced into forms so simple that they are hardly recognizable

as forms derixcd Irom the true pelagic larval ty|)e.

The Au rieu laria is tlie ty|)e in which the least amonnt oi specialization

a])]K'ars lo have taken place, due allowance being made for the fact that

we know comparatively less about tlu' I lololhurioid larva' than of the

three other main groups. The simplest form is that found within the genus

Ilololliuria (— unless it should turn out lo be much more speciahzed in

the more advanced stages of development, which does, however, not seem

very likely ). The vibralile band hardly shows an indication of the typic-

al larval processes, the larva in fad looking almost like a diagram of the

primitive Echinoderm-larva, as regards its outer shape ( as to its inner

structure il is less simple — ). Only simple calcareous bodies are known

lo occur, irregular stars or spherical bodies'*), no wheels. The larva* of

Sijiutpld and Sticliopus are only a little more specialized, the vibralile band

forming small processes corresponding to those of the other Kchinoderm-

larva>. In the Sijnnpla-hM'va calcareous bodies are formed in the shape

of eleganl wheels.

Till' Am iciildiid pamdoxa being in all probability only a decalcified

luhiiiopliilciis li(ii}sversiis, only one group of Holothurian larva is known,

which represeiUs a more specialized form of the Auricularian type, viz.

the larva Auiirularia minor, plicala and uudibmiuhiala. While .1. minor

is still comj)aralively easily referred to the |)rimitive type, A. plicata is

considerably more specialized, but the climax is reached by .1. niidihrdii-

cliiala in which the vibralile band develo|)s to such an extraordinary degree

of complication that il is difficult enough lo recognize the original type.

Auricidarid (inlarclica, though somewhat specialized in other directions,

') Abhandl. d. Akad. Berlin. 16.33. Taf. 11.

-) Conip. the author's Memoir "Die Eehinodermeniarveii d. Plankton-Hlxpedition" p. 8.

') The Aiiriciilaria spharrif/era (.loli. Miillers's " 'Auriciilaria mil Kiiijeln") may well

be suggested lo lieloiig lo tlie genus llololhiiria.
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seems fairly evidently to belong lo this same larval group. As mighl be

expected in sueh a sjjecialized type, the calcareous bodies are wheels of a

very elaborate structure.

While in .1. nmlibianchidUi the .\uricularian type has readied its hiitjiesl

perfection (— it is very interesting that also in regard lo size this laiva

represents the climax - ). tlie Dendrochirote larva represents the opposite

extreme, being simply worm-siiaped, with none of the characters of the

Auricularia, its vibratile lings recalling those of the .Vuricularian |)upa,

not the band of the .\uricularia itself. P'or deciding the question, whether

this simple larva is a true primitive form (as maintained by (Caswell

(irave^)) or merely a reduced form, it would be of importance to know

whether transitional forms exist, as is the case in tlu' Ophiurans. Of this,

however, we are ignorant as yet; but considering the very im])erfect stage

of our knowledge of the development of 1 iolothurians, it would not seem

unreasonable to expect that such an interesting case might ultimately

turn up.

The Bipi n na ria in its sim|)lest type dilTers so slightly from the sim|)lei-

forms of the Auiicularia that it may sometimes be difficult enough to

decide to which of them such a form belongs. This primitive type is, as

far as hitherto known, peculiar to a genus of starfishes which is unanim-

ously regarded as one of the nu)re primitive of recent Asteioids, viz. Aslro-

peclen. It is especially an important fact that no Hrachiolaria-stage occurs

in this type of Hipinnaria. Tlu' same fact applies to that nu)re s|)ecialized

type, the Liiidia-hiryA. in which the anterior part of the body has under-

gone a development into an apparently active swimming organ. Also the

remarkable Bipinndiin aidarclica recently described by MacBride^)
evidently agrees with the Aslropecten- and Luidia-larvx in having no

Hrachiolaria-stage, as MacBride justly infers from the fact that even in

a fairly advanced stage of metamorphosis the ventral median process

retains its typical shape, no trace of Brachiolarian arms having yet

appeared. If the reference of this larva to Cheiraster gerlachei is correct,

we ha\e here another case in support of the assumption thai iu Ihe nu)re

primitive Asterids upon Ihe whole the larvae do not develop into Brachio-

laria\ This said larva represents the most specialized form of all known

-Vsteroid-larva in regard to the vibratile band, which forms dense folds

or crenulations along the strongly developed arms, a case analogous to

A uricularia niidihiunrhiata.

') Oa.swcll (iiavc. On tlic ociniTriiic among Kfhinodernis ol Larva' with cilia arranged

in traiisviTsu rings, willi a suggi-slion as lo their signilicanei'. Hiol. Mull. \'. I'.MI.!. \t. 16it.

-) E. \V. Mat-Bride. Echinoderma (Part II) and Enleropneusta. Hrilisli Antarctie

("Terra Nova") Expedition, 1910. Zoology. IV. 1920. p. 90.

28*
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W'liilo it would lliiis ;i|)|)(.';ir to be a riilo Huil Ihe lai\';v of llu' I'Ikiiuto-

/unia have no Hrachiolaria-slaf^e, the lads known of the (lt'V(.'lo|)nu'nl of

Ihc Spinnlosa and the Forcii)ulala (Cryptozonia) seem lo indicate llial their

larva- aic clKiraclcrislic through having a Brachiolaria-stage'). The dif-

ferences between the various types of Brachiolarias are very unessential,

consisting mainly in the median Rrachiolarian process being now round,

with a crown of pa]n]l;e. now Hal with a series of papilhe along the edges;

this need not be considered here. The point to be emphasized is that the

Brachiolaria-stage is knt)wn lo occur only in the more spec-

ialized Starfishes, and the Hrachiola ria-arms and the suck-

ing disk connected therewith are therefore later acquired,

specialized structures. Accordingly Ihe homology generally

snj)posed to exist between the sucking disk of the Hrachio-

laria and the I'elmatozoa n slalk is only apparent, and Ihe

greal pari il has [)layed in phylogenetic speculations is un-

just ificd, not being supported by facts acquired from an extended study

of the development of Asteroids. Of course, 1 agree that very much more

knowledge is needed for finally establishing this statement as a fact beyond

disf)ule. The metamorphosis of the .l.s/ropcr/c/}- and Luidid-huxiV need

being studied in a much more detailed way than has hitherto been done,

it would also be of the greatest interest to study the development of such

Aslropeclinids and other Phanerozonia as have large, yolky eggs and lo

see whether the larv;e of such forms possibly develop Brachiolarian j)ro-

cesses and a sucking disk, as do e. g. the .S'o/^/.s7r/-larva\ If my views on

the development of Asteroids are correct, Ihey should not develop such

processes, or, at least, no sucking disk. (Processes might not necessarily

be homologous with the Brachiolarian arms). Anyhow, the facts hitherto

known of Asteroid development seem to nie to enforce the above conclu-

sions.

It is of importance to notice the fact that during the metamorphosis of

') II llio larvii lii^iin-(l on p. I I'.t ol iii.\ papiT "Noli's on llu' dcvflopiiu'iil ami llu' lar\al

fonus of some Scandinavian liciiinoilernis" really l)eloiiKs to Slirhastir roxeiis as supposed

Ijy me ttiere, tiial will be an exception to the rule indicated by the direct observations on

the development of the said groups of starfishes. 1 would not be inclined to think this prob-

able and Iherefore now doubt the correctness of that suggestion, 'liie larva figured would

then belong to Aslnipicitn irreyitlarif:.

Gem mi 11 in his paper on "The larva of the Starfish of I'orania pulvillus (O. F. M.) (Qu. .1.

Micr. Sc. Vol. 61. lOl.'i) concludes from the fact that he has found this larva to have a Brachio-

laria-stage that "it is evident that the division of Asterids into Phanerozonia and Cryptozonia

is not necessarily associated with fundanuiital dilTereiices of developiucnl." .\s. however,

the position of the family (lymnasleridic (or Asteropid;e). to which I'urania belongs, within

tlie I'hanero/onia is doubtful, this conclusion may not be justilicd. The fact of the Porania-

larva being a lirachiolaria at most may serve to prove that this larval stage makes its appear-

ance in tlie most specialized group of the Phanerozonia.
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AsliToids iio breaking up oiid subsequent rearrangement of the ciliated

band into liansverse rings has been observed, such as il occurs especially

in I lololhurians, but also, more or less distinctly, in Ophiuroids and Echi-

noids; accordingly we cannol speak of a pupa-sLage in Asteroids

corresponding to that of I lolotiuirians and (more or less modified) of

Ophiuroids and l^chinoids. Neither do the forms with chrect development

(flcnriria, Solasler etc.) develop ciliatcfl rings, as do the Crinoids and

llolotiiurians with abbrevialetl or direct development; there is only a

general ciliation in these reduced starfish-larvse. It is, of course, possible

that larvae with ciliated rings may occur among those of the Phanerozonia

which have direct development; but as yet we do not know a single case

of such larvae within the Asteroids - and this fact is not in favour of the

suggestion thai the siniple, wormshaped larva provided with ciliated rings,

like the Coniatulid- and the Dendrochirote-larvBe, represents the primitive

I'X'hinoderm-larva.

Two more forms of starlish-larva' have been described, wliicli would

appear to represent special types diflering essentially from I lie main types

treated above. They must be briefly mentioned here.

In my Memoir on "Die h^chinodermenlarven d. deutschen Siidpolar-

Expedition"!) p. 89 notice is given of a larva with more than 2U Hrachio-

larian processes, the general shape of the larva being otherwise like that

of a typical /l.s/e/m,s--larva ; the larva itself I had not examined, the descrip-

tion being founded on observations of the living specimen made by Van-
hoffen during the slay of that Expedition in the Antarctic Sea. As later

on the specimen of this larva was examined by me, those numerous Bra-

chiolarian arms were found to be a mistake; they were nothing but the

spines of the young metamorphosing starfish. — A correction of the de-

scription was given in the "Vorwort" to the said volume of the "Deutsche

Siidpolar-Expedition". p. VI; bul as this correction is very likely to be

overlooked I have found it my duty to mention it here.

In 1906 Koehler c^t Vaney-) published the description of a remark-

able new Asteroid-larva, taken in the vicinity of the Azores, which was

named Stellospluvid mirabilis. Only tw-o stages were observed, [hv younger

being provided with clusters o! large s])ines. which were absent in (he lalei-

stage, so that a remarkable, regressive developmenl oi I he calcareous

bodies in the larval skin lakes place during the progressing development

') Deulsthe Siidpolar-Hxpcdition 1001^1903. Bd. XIV. Zoologie VI. 1913.

^) H. Koi'lilor cl ("I. Vancy. Description d"unc nouvclle larvc d'Asterle apparlcnant

tri's vraisi'inl)lal)kMiu'iit ;'i utii' fornu' al)yssale. Bull. Mus. Oi'i-aiiogr. .Monaco. No. (it. 1906.

Tlu' description was reprinted in Koeliler's great work '"T'cliinodernies provenant des

canipagnes du yacht I'rinccsse .Mice (.\steries, Ophiures, Iichinides et Crinoides), R^s. d.

Camp. Sclent. Monaco. Fasc. XXXIV. 1909. p. 131—136. PI. XXIV.
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of Ihe larva. Tlu' crossed pedicdlaritp. present in bolh larval slages, de-

(inilely prove Ihal il belongs lo Ihe suborder oi' the Forcipuiala, and rea-

sons are f*iven for the suii;gestion liial il is the larxa of a deep-sea form.

It is a noticeable fad tiial no traces of a \ibralile liand aie found.

riiiounh Ihc kindness of Professoi" .liilcs iiichiinl I haxc iccciNt'd

from llie Musee Oceanographique of Monaco some s|)ecimcns of this very

interesting larva. The examination of these specimens has led me to an

interpretation differing rather considerably from that given by Koehler

iS[ Vaney. Hoth the stages described are far advanced metamorphosis

stages, so that the true shape of the larva is not to be made out, the larval

body most ])robably (— as may be inferred fiom a comparison with the

later metamorphosis-stages of Asteiias —
) alreail\- being foi- [he greater

part absorbed. But this mucii is still clear. Ilia I the larva belongs lo the

Brachiolaria-type. In fact, llicre can be no doubl that what Koehler iV

Vaney Lake lo be the moulh of the larva is really the sucking disk of the

Hrachiolaria, round which are found the three typical Brachiolarian arms.

They arc ol ([uilc typical shape, ca. 2—5 mm long, cylindrical, the point

being covered wilii small papilhe; furthermoic there is a close series of

similar small papilhe from the base of the median, anterior Brachiolarian

arm backwards lo each side of the sucking disk. On the larval body there

are besides found the last vestiges of the othei- larval arms, mostly reduced

to mere papilliform processes, which can no longer be identified with

certainty, excepting only the unpaired, median dorsal process, situated

behind the median B.rachiolarian arm. The larva is in a stage correspond-

ing very closely with that represented in PI. 21, Fig. 13 of (iemmill's

Memoir on the development of Aslerias rubens^). If only the body and

arms were a lilLle more contracted — as they would ceiLainly be on a

not very careful preservation — we would here have a figure very well

representing the Siellospha'ia. If we now look upon the figures on I'l.

XXIV of Koehler' s work, it is evident that the figure 10 represents a

larva seen from the apical pole, showing the sucking disk in the middle,

with the three Brachiolarian arms (very poorly represented they have

evidently been unusually conliacted in that specimen; the paj)illa* on the

point of the.se "pedicelles jjeribuccaux" were also observed by Koehler

& Vaney). The smaller papilla* scattered over the body are the remnanls

of the larval arms, nol at all the beginning lubefeet of the young starfish,

as would seein to be the opinion of the authors. The six large calcareous

plates with the clusters of spines are the terminal plates of the starfish.

Another curious result of this examination is that the I. stage of Koehler

& Vaney is really the oldei-, more advanced stage, their II. stage being

') I'Jiil. Trans. Ser. B. Vol. 205, 1914.
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the younger. Accordiiij^ly I lie remarkable absorption of the plates and

spines, supposed by llie authors to take place during the progress of

developnienl, does not take place at all, the facts being quite the inverse.

The peculiar stage represented in fig. 1 of Koehler's work, showing

what appears like two filamenls at the "mouth" is only a later stage of

development, wheit' tiu- Brachiolarian arms have been almost absorbed,

the other arms comjiletely so.

In 1915 (iemmilP) described a new Asteroid-larva, Brachiolavut liiher-

nica, characterized by the point of the tSrachioIarian arms being wholly

covered with small papillfe, and through the presence of a row of small

papilhe on each side of the sucking disk, which latter is transversely elong-

ated. The single specimen observed (taken in the Atlantic, 50 miles to the

W. of Ireland, in a vertical haul from 2165 meters) was in an advanced

stage of metamoiphosis, the larval arms being reduced to short cylindrical

prominences, l)ul (iemmill thinks it very probable that in its younger

stages it has the shape of a typical ISrachiolaria larva. The characters of

this larva exactly agree with those of Siellosphiera mirabilis pointed out

here, and the figures of the larva given by Gem mill also recall the .S7d-

losphiera to such a degree that I cannot doubt that it is really the same

larva. It is true that (Iemmill does not say anything about its being

six-rayed, as is Slellophxra. Hut his Fig. 1 shows, besides the five young

arms, a sixth prominence, which is indicated in the explanation of the

figure only as a "prominence of soft tissues in the aboral notch." I can

hardly doubt that this is really the beginning 6th arm. (The skeleton,

which would have settled the question, was, unfortunately, dissolved).

Thus, I would think, the "Slcllopluera mirabilis" has been definitely

deprived of its remarkableness and been reduced to a, [)rol)ably, quite

ordinary Brachiolaria in an advanced stage of metamorphosis. The

suggestion of Koehlei- iS: Vaney that it belongs to a deep-sea Asteroid

was apparently for a great part due to its supposed fundamental difl'erence

from the typical ])elagic larvit of littoral Asteroids, 'fhe larva> were taken

in vertical hauls with open nets, from .'^UOU m. to the surface: there is thus

— as Koehler & Vaney of course admit — no certainty about the (ie|)th

in which these larVcT were taken. .\s also other larva^ belonging iinil()ui)le(l-

ly to lilloiiil f",chin()(leiins, have Iteen observed far away from the coasts

(see below, the chajjleion the geographical distribution of the larva'), there

seems thus far to be no special reason for regarding the 'SlcUopha'nr as

the larva of a deep-.sea Asteroid. Still it is possible that it was really taken

in greater depths, and if we look up the forms of Starfishes to which it

') .lames I-", (i I'liniiill. On a new brachiatc Asteroid larva and on Ilie advanred Bipin-

naria ol l.iiidia riliaris (I'hilippi) Gray. Proc. R. Phys. See. Hdinliurtili. XIX. p. U>1.
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inighl possibly belong, it seems iiuleed probable tbat it does belong to

one of liu' i'ornis occurring in greater depths. The fads that the young
starlisli is (i-rathate and liiat it belongs to the Forcijjulata (as jMOved bv

its pedicellariae) considerably restrict the nundicr of forms which may
come into consideration. Among liu' starfishes known to occur in the

littoral regions of llie Azores there is not one having normally (1 arms;

Aslerids lenuispiiia Lamk. however sometimes has this number of arms,

though there are generally seven or eight, in case the " Slellospha'ia'

should belong to this species, it nmst evidently start with six arms, since

the metamorphosing starfish apparently always has this number of arms.

The larger number of arms in .1. IcniiispiiKi tiicii imisl l)c due to addilioiial

arms formed by regeneration after selfdivision. This is by no means
improl)ahle, and it is therefore thus far very well |)ossiblc that we have in

tiie 'SIcllosplvi'ra' the larva of Aslciids Iciniispiiid. If liiis is not the case,

the only other forms known to which it could belong are Aslcrias liirhardi

Perr. (not recorded from the Azores, but not unlikely to occur there),

Pedicelluslcr sexradialus Peniev and Frei/ella sexradialaPi'vvivv, all of IIumu

deep-water forms. As the larva was found in considerable numbers it is

very unlikely that it belongs to the rare Freyella sexradiata or to Asterias

Hirhardi, not known with certainty to occur in the .\zorean waters. Thus

Pediccllasler sexradialus alone remains, i'he fad that tiiis species has small

6ggs (— as I have had the opportunity to ascertain —) makes it highly

probable that it has a typical pelagic larva (in contradistinction to Pedi-

celluslcr lypicus, which has large, yolky eggs).

One might expect that the structure of the pedicellaria? would decide

the question to which of these species the larva belongs. This is. however,

not so. the crossed pedicellaria' of the two forms being hardly dilTcrcnl

at all. On the other hand the pedicellaria^ of the young starfish, as tiguied

by Koehler & Vaney, differ from those of the two siiecies mentioned in

having only one series of teeth along the edge, while llicie are two series

in both Asl. leiniispina and Pediccllasler sexradialus. This structural difTer-

euce might rather bear testimony against the refeiriug of the larva to any

of the two said species. It is, however, very well |)ossible that the single

series of teeth in the young is an embryonal character. 1 therefore would

not deem this structural difference of sufficient iniportaucc to couuler-

balance the fact that no other starfish, which might come into considera-

tion as its parental form, is known from the locality where the larva occurs.

(The specimens of the larva examined by me all had their calcareous

structures dissolved, so that I have been unable to ascertain myself the

correctness of the figures of the pedicellarite given by Koehler & Vaney).
— The occurrence of liie larva ofi' Ireland, which nuiy be regarded almost
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as an establislu-d fad lhi()ii,t>Ii llic "'Brachioldiid hibernicd" of Gemmill,

affords anoUior iinpoiiaiil aid for settling Iht' question of the parentage of

the larva. Aslerias Icnuispina does not occur in the Atlantic to the North

of 10' I.at. X. Accordingly its larva could hardly be found olT Ireland.

On the other hand Pcdirctlaslcr sc.rradialus is not known to occur farther

North than the Hiscayan (luU: l)iil il is by no means improbable that it

does, however, occur in I he deep-sea off Ireland. The result is then that

it seems highly probable liiat llu' "Slvllosphn'id inirdbilis" is the laiva of

Pcdicclliislcr scxradidliis.

The Ophioplu t eus. in spite of the great number of s|)ecies" known,

appears to show only uiiiin|)()ilanl dcNialioiis from the original simple

type, which may perhaps be most nearly represented by the Opliiothri.r-

larva. In the shape of the body there are only few features which may be

regarded as a higher specialization: such feature is the presence of vibratile

lobes at the base of the posterolateral arms in the OphiocoiiidAavva. The

presence of a ciliated tuft at the posterior end of the body, occurring in

various forms, may also be a sjjecialized feature, probably acquired separ-

ately in various groups. Hut too little is known for forming a dcfmite judg-

ment of the value of this character. The ciliated ring in the posterior end of

the body of Ophiopliileus corondtus ("bk-hinodermen-Larven d. IMankton-

b>xpe(l." Taf. VI, Fig. (i), as yet quite a unique feature in Ophiurid-larvae,

may perhaps represent a further specialization of the apical tuft. But so

long as we do not know anything about the affinities of thai larva ( its

skeletal structure is still unknown — ) this question must remain unsettled.

The length of the arms varies very considerably. The jiosterolateral arms

are generally much the longer and form the main floating ajjparatus of

the larva: this is especially evident in the Ophiolhri.vAnyxn and Ophiopl.

opuli'nlus. whei'e these arms are entirely unaltered during metamorphosis,

the young Ophiurid remaining attached to them and simply leaving them

by the time it is giving up pelagic life. The arms of ()|)hiurid-larva' never

become actively movable swimming organs, no muscles connecting the

two parts of the body skeleton being present, contrary to what is often

the case in Echinoid larvae. Generally the arms are very thin and narrow,

more rarel\ bioad and Hat (as in Ophiopl. pdiridoxus and the Ophioconvi-

larva). The widening of the arm points often found in preserved si)eci-

mens is probably only due to preservation. It is a curious fact thai the

right anterolateral arm is often longer than the left one.

A very conspicuous feature is the absence of poslerodorsal arms in the

larva of Arnphiura fUiformis (Ophiopliileus numciis). .\lso in Ophiopliileus

r/»ftn/.s (Kchinodermen-l.ai\en d. IMankton-Kxped. Taf. I\ . I'ig. 9— 10) the

29
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poslero<l()is;il ;iiins would iippcar lo he ;il)s('iil. II is vt'ry leinpUng to sug-

gest IIkiI this l;irv:i iikiv holoiig lo Amphiuni C.hinjvi. In that case the

al)sc'iici' ol I his pair ol' arms would sccni lo be characlerislic of Ihe .4m-

pliinni-hiiyiv in general. I lowever. Ihe I'arl Ihal among Ihe numerous

()|)hiuri(l-larvcV examined h\ me Iroiii so many j)arls of Ihe world, liiere

is MO one lacking Ihe poslerodorsal arms, makes I his suggeslion very donbl-

ful, as il is, indi'cd, hard to assiiiuc Ihal in all that mnllilnde nt loinis

there should nol he at k-asl some lar\a of oni' or anothei' of the numerous

.l/;i/>/)///r«-speeies oeeurring in nearly every locality. But, anyhow, the

lacking of the posterodoisal arms, being (piite a normal feature at least

in the larva of Amphiuia /ilifoimis, is a very nolewcirthy, probably regres-

sive, specialization. In conlradistinction lo I his stands the formation

of small e.xira arms in Ophioplulcus opulcnliis. 11 seems beyond dnui)l Ihal

these aims are due lo the branches from Ihe postoral and anterolateral

rods pushing out the vibratile band so as to form a beginning arm; but

as this is ap|)arently the case also with the other arms, the growing skeletal

rod being the primary factor in the formation of the arms, it seems |)er-

fectly justified to regard these small extra arms as having the value of

true arms, and one might very well fancy that other larval forms may
exist in which these arms reach a size similar lo that of the other arms.

These additional arms of ()])hiophilcus ojndviilus form an interesting analogy

with Ihe formation of anterodorsal arms in the Spatangoid-larva'.

It is, however, the skeletal structure that shows the more interesting

diversities within this larval type. Two nuun types are lo be distinguished,

one having simple body rods, Ihe oilier a compound body skeleton, a

ventral and a dorsal iccurrenl rod forming together with Ihe body rod

two meshes in each side of the body. It would seem fairly certain Ihal

the simple type is the more primitive. The only larva with a compound

hotly skeleton, the origin of which has been definitel\' ascertained, is that

of Ophiactis balli^): but it is clear that all the many dilTerent forms having

a compound body skeleton cannol possibly belong lo the family ()|)hiac-

tida^. It is evident, Ihei-efore, Ihal this type of skeletal structure must have

develoj)ed independently along various lines, and accordingly the character

of the body skeleton, whether simple or compound, cannot be of primary

im|)()rtance from a classilicalory point of view. If I was right in referring

the Ophioplulcus (jracilis, described in my Memoir on the Echinoderm

larvae of the (ierman South Polar-I^xpedition (p. 89), to Ophiuni (jdida,

it becomes evident that the compound l\pe of body-skeleton is at nu)sl

a genus-character, not a family-character. The fact that the larva of

Ophiaclis balli has a compound body skeleton, while the larva of Ophio-

') Th. Mortenscn. On the development of some British Ei-hiiioderms; p. 11.
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pholis aculealn, apparent 1> n near relative of it. has a simple body skeleton

lends U) piove the same tiling.

The end rods and the transverse rods reach an extraordinary degree of

specialization in llie Ophiocoma-larvce, in which they are so much reduced

in size as to form together merely a sort of link between the two halves

of the skeleton. Oilierwise the end rods show only a small amount of

diversity, less so than the transverse rods which often afford important

specific characters. More interest, however, is attached to the median pro-

cesses from the transverse rods, present in a number of forms; these rods

may show a high degree of development, especially in the l;ii\;i' of llie

si'iidlus-dirifei-group; also Ophiopluteus munacanlhus must evidently re-

present a remarkable specialization of this skeletal part. These median

l)rocesses are generally directed horizontally outwards from the transverse

rods and thus considerably enlarge the bod} volume, which may serve to

increase the floating power of the larva. In no case the vibralile band is

produced along the body prominences formed by these rods.

The lemarkable preoral rod of Ophiopluteus cosUitus, as yet quite a uni-

que feature in ()])hiuri(l-larva', nmy possibly have origiiuded as a further

develojiment fi-om the median process; but nothing (ielinitely can be

stated about this at our present state of knowledge. There is a certain

analogy between this |)reoral rod and the dorsal arch of Echinoid larvae

— but, of course, il is only a (|uite superficial analogy, by no means a

homology, as, upon the whole, there is no direct homology between the

skeleton of ()])hiuri(l- and Echinoid-larvie, the skeleton having cOrlainlx

been acquired separately in each of these two larval types.

The rods of the inner pairs of arms (postoral, anterolateral and postero-

ilorsal) show but little diversity. The various degree of development of

their thorns is a featuie of interest here; it is not improbable that the strong

development of ilioins along the aboral side in the outer part of the antero-

lateral arms in forms like Ophioplulcus pusillus may prove of some import-

ance. A more conspicuous feature is, however, the development of sjiecial

rods supporting the anal area in Ophioplulcus {ulrilus; bul this is also a

feature as yel unicjiu' among Ophiurid-larva', about the nu)i|)hological

meaning of which il is not safi' as yet to slate anything delinitc. It iccalls

the NiMitial transverse rods of Mchinoid-larva*, with which there is. how-

evei', HO iiomology, of course.

The |)osterolateraI rods show the greatest diversity of all skeletal parts

of the Ophiurid-larv.e, and afford especially important diagnostic char-

acters. The mori' usual type is a simple rod provided with strong, curved

thorns along llie inner (adoral) side; more raiely thorns are found also

along the outer (aboral) side. .\ most remarkable specialization is the un-
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(lulaliiiif rod ol' Ophiopl. iiiuliilitlus. lii some forms Ihi- posU'iolsileral rod is

caiKilirulaU' to a i*ri'alc'r or k'sst-r t-xli'iil {(). roshilus. opiilcnlus). in others

il is composed of two closely apposed, |)arallel rods {(). tij/inis), and liiially

il reaches lis hiiijhesl s|)eciali/,alioii in the larva ol Ophiura Icxiurata, in

which il is fenestrated — another feature unique amonf> Ophiurid-larva*.

This characler also recalls the Kchinoid-larvae in which fenestrated rods

are of general occurrence: but, as was pointed out already by Metschni-
koff*) (com|). also lu'hinodermen-Larven d. Planklon-Kxp." p. 5'i) the

structure of the fenestiated rods of the (). U'.ilural(t-\i\v\'i\ is markedly dif-

ferent from that found in the Kchinoid-larva", in accordance with the fact

that this character has been acquired separately in the two types and is

a highly specializecl feature in the Ophiurid-larva?, while in the Kchinoid-

larvie it is, evidently, a primitive character.

Some Ophiurid-larvK' are more or less rudimentary, showing various

degrees of reduction from the typical Pluteus-shaj)e to a mere worm-shape

which has no longer any likeness wliatever to the IMuleus-fonn. The lirst

stage of reduction may |)erhaps be represented by the larva of Aniphiura

jilifonnis. in which the |)ostcrodorsal arms have disappeared, the larva

otherwise being typical in shape. .\ somewhat more advanced stage of

reduction is probably represented by the larva of Ophiura nffinis or that

figured by .J oh. ]\fiiller on Taf. VII, Fig. 5 of his VI. Memoir on the

development of ludiinoderms. Infortnnately, only the metamorphosis-

stage is known, liowevei', so thai we do not know how fai' (he reduction

has gone; in any case the posterolateral arms are comj)lelely developed.

A much more reduced stage is represented by the larva figured by Melsch-
nikoff (Op. cil. Taf. XII. B. Fig. 15) (OphiopJuteus Melsrhnikolfi) and

a still further reduced stage by the larva figured by Cla pared e-) (Opiiiopl.

Claparedei). In these two larvae, which I have reproduced in figure 102,

the IMuteus-shape is, especially in the lallei-, hardly lecognizable any more;

the rudimentary skeleton of 0. Metschnikojfi still distinctly recalls the

typical Ophiopluteus-skeleton, while in (). (Aaparcdci il is reduced to a

pair of simple rods. In the larva re|)resented in fig. 102, ('., which was dis-

covered by Krohn {Opliiopliileus dumjaliis) the Pluteus-shape is no longer

recognizable, but traces of the larval skeleton are stated by Krohn") to be

found. Through these forms we reach to the larva^ of Opliiodenud hicpispiiid.

') E. Mel sell niko n. Sliidien iilier die l-'iitwickcluiif; (I. lu'hinodeniu'ii ii. Ni'iiUTtincn

p. 2y.

-) E. (Maparcdi-. lU-ohai-hUiiigen iiher Aiialoiniu u. l-jitwii-keluiigsgi'scliicliU' wirln-l-

loser Tiere. 186:i. Tal. I Figs. 11 12.

') "Ini Embryo liess sich sowcilen ausser klcinorcn Kalkablageruiigun .... (Uiillii-li tin

gerader, starker, bis in die bciden Endcn reicliender Kalkstab unterscheiden." A. Krohn.
Cber eineii iieueii Enlwicklungsinodus d. Ophiuren. Miill. Arcliiv 18.')7. p. 373.
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Ophioiieiris sijiKtmulosa (aiul doubtlfss many ollu-r ()|)liiuri(ls), in wliich

also Iho larval ski'lcton lias (iisa])i)oare(l compk-U'ly. no Iract- ol' llic I'lii-

leus-fonii iTmaiiiiiii». In llu'se lallcr larva' ciliali'd rings are lornu-d. as in

the barrel-shaped larva' of (loniatulids and Dendrochiroles. and in the

pupa-slage of other llololhurians.

The existence of a true pupa-stage in Ophiurids was first shown by

Caswell (irave')- (Very likely the larva, in which the rearrangement of

the vibratile band into an indication of rings was observefi by (irave, was

a species of the type described here as Ophiopluleus opulcnlus). My own

observations in Ihe main agree with those of (irave, iiowever, difTering

Fig. 102. A. Ophiopluleus Mflsrhnikojfi (after Met sell n iko ff); B. Ophiopl. Clupitrrdci (after

Claparede: iiiodilied so as to rejjreseiil the larva in ventral view); (;. Ophiopl. clont/uliis

(after K ro li n).

from them in some iiiiiioi |)()iiils. 1 liiul the rings less distinctly indicated

than shown by (liave. which may, however, be due lo m\ not having ob-

served the metamorphosing larvae in the same lateral position as that in

which they are represented in (1 rave's fig. (S. but from the venlial or dorsal

side. The anterior ring" 1 have not found lo be complete, but it may very

well be so in a later stage of metamorphosis such as that figured by (irave.

the stages in which 1 have noticed this rearrangemenl of the vibratile i)and

being less advanced (PI. XXIX, Fig. 3; PI. XXX. l*'ig. 2). 1 have been

able to ascertain thai Ihc anterior band of the i)upa"'-slage is derived

directly from the i)reoral band of the larva. .Vnolhei- interesting fact is

that in some cases, at least, the vibratile band of the posterolateral arms

in an advanced stage of metamorphosis coalesces in the midline of the

larval body, ixlow (he developing 0])hiuiid: how far this is a general rule

remains to be ascertained.

') (Caswell (irave. On the occurrence among Kcliinodernis of larv;e with liUa arranged

in transverse rings, with a suggestion as to their significance. Biol. Bulletin. V. \W.i. p. 175.
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The b>chi iioplu tens a (Tore Is llir f^ieatesl diversity oi toiins of all iMliino-

(liTiii larva', and several well marked types are to be disliiimiished. II does

not imiuedialely appear wliieli of lliese represents the more primitive type.

Consideriiit*, howcvei'. the lad IIkiI Ihc hnvir in which the ixxly skeleton

in the liisl sta^e tonus a baskcl-sliiicliire, and which have in their second

stage a posterior transverse rod and more or less develo|)ed posterolateral

|)rocesses. are characteristic — so far as we know of the (lidarids, Dia-

dematids and Arbaciids, that is to say of the more primitive forms of

l-A-hinoids. it can hardly be disputed that we have got to regard this larval

type as the more primitive form. Co nseq n c n 1 1 \ t he larval ty pe cha i-

acleristic of the family I-^chinidae s. str., with the elongated, club-

shaped l)()(l\ rods, with the recurrent rod rudimentary oi- absent, and with-

out a posterior transverse rod or posterolateral processes, is a highly

specialized and exceptional larval ty])e. it is therefore not at all

justifiable to make this larval type represent the Ecliinoid larva* in general,

as is done in most text-books.

Characteristic of the larval body of the primaiy type are the vibralile

lobes; in the more specialized types, the larviv of the lu'hinida' s. str., and

of the Spatangoids these lobes have disappeared, while the Clypeastroid-

larvte have retained them to some degree. A further specialization from

the lobes are the epaulets occurring in the higher ty])es of the Hegularia.

Both the vibratile lobes and the epaulets evidenll\ serve to increase the

floating power of the larva. 'Iliis object is atlaiiuMl to a still higher degree

in several lar\al foims of Regular h'.chini and Clypeastroids in which

muscles connect the lower ends of the rods of the foni- main arms, so that

these arms become actively movable. These larva', wiun lloating, keep the

four main arms in a more or less horizontal position, raising them when

disturbt'd. This is not yet an active swimming movement, the muscular

apparatus being loo sim|)le for performing regularly repeated movements.

Only one I'.chinoid larva appears to be able to swim actively, viz. the

remarkable Kchiiioplulciis Iraiisrcrsiis. in which a complicate muscular

system is (levelo])ed, as described above (comp. lig. 'M. p. <S(S), the body-

skeleton being most extraordinarily adapted for serving as a support to

the muscles.

The four main arms, the postoral and postt'iodoi'sal, arc liu' most di\i'rs-

ified of the larval arms. They are always lalher long, but sometimes (Dia-

demalida') attain a very great length. This is carried to an extreme in

lu-hinoplulcus liansi>eisus, as regards the postoral arms, while the postero-

dorsal arms have disappeared. In some forms these arms are broad and

flat, especially so in the Mespilia-\i\r\i\. Ihc anterolateral and preoral arms

are very uniform in ciiaracler throughout the whole class. The |)Ostero-
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lateral arms, always the most prominent of [hv Ophioplutcus-arms, are

developed as hue arms only in Arbaeiidsand Spalanqoids. in Ihe rest of the

larvte they have the slia|)e of broad. earsha|)ed lobes or are entirely lacking.

As regards (he skeleton it is a noteworthy fact that the fenestrated
rods rrpii'scnl a primary strncture, as nnisl be concluded from Hie

fact that tiiis type of rods (always confined to the four main arms) is found

in the larva- of tiu- more primitive forms, simple postoral and poslerodorsal

rods, upon Hie whole, occurring only quite exceptionally (Lijlerhimis.

Krhinubrissus) outside the family lu'hinidie, the lai-viie of which are al.so

otherwise among the most specialized of all Kchiiu)i(i-larva'. In some cases

(e. g. Temnopleurid larva, species c. fig. 22. p. <>1) these rods begin as

fenestraltMJ, but leiininale as simple rods. In h'.vcchimis rhlomlinis they

appear to have only two component rods.

The preoral and anterolateral rods are always simple, more or less

spinous, presenting no features of special interest. The dorsal arch al.so

affords little diversity: the long lateral processes from it. supporting lobes

of llic dorsal side of the body (e. g. Temnoj)leurid-larva, s])eciesc; Echiiw-

melnt liKiinlcr), aie very probably homologous with the anterodorsal rods

of Spatangoid-larvse. — The primitive type of the body skeleton is, as

stated above, that in which the body rod and recurrent rod unite so as

to form a basket structure. This has been given up only in the Temno-
pleurida^ and h2chinida\ where the body rod has been more or less specially

(l('\eloped. and, (.\ce|)li()iially, in the genus Lylechimis of the Toxopneu-

slidae. A special development of the basket structuii' is found in the I'.ciiiuo-

metridae, where the recurrent rod has become double, and in the Cllypea-

stroids, where the posterior part of the "basket" often develops into a

large, fenestrated |)lale.

The element of the Hchinopluteu.s-skeleton dis|)laying the greatest divers-

ity is the posterior transverse rod, oi- rather the branches from its i-nds.

the posterolateral rods. These may be simple rods, now very short, now

extraordinarily long (1*1. \'l, Fig. 1), or branching structures of ex(|uisite

form (e. g. Temnopleurid-laiva. species a. fig. 20. p. .)8; Heliocidaris luhci-

cuUtla, fig. 21. p. (i.i). While it has completely disappeared in the Clypea-

stroid-larvte. it has been fuilher specialized in the Spatangoid-larvae, car-

rying the uii|)aiix'd posterior process, so characteristic of that larval t>pe.

The ventral transverse rods are generally of a very uniform character in

the Regularia, whereas in the Clypeastroids and Spatangoids they are

somewhat specialized, being reduplicated in the former, often assuming a

broad, flat shape in the latter. This apparently unimportant skeletal ele-

ment has been nuide the starting point of an extraordinary development

in Eihinupluleus Iransnersiis. where it is transformed into a complicate
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supporting apparatus for the muscular system. (Comp. e. g. fig. 34, p. 88). It

is of cousidiMahk' intcrcsl lo Irai-c this unusual (k'velopincnt ol' a (piitr

indilR'ronl flenuMil into a slruclure of liie grt-alesl perfi'cUon.

KiMlucfd larval forms, so common in the oilier classes of the lichino-

(leruis. are only rarely met with in lu'hinoicls. in fact were hilheilo (piitc

unknown. 1 have had the good fortune of discovering two most interesting

cases of reduction - not counting the I'^chinopluleus lidiisversiis — , in

which all the arms, excepting the posloral ones, have disappeared. One

of them, the larva of Pcroiwlla Lesueiiri, is still recognizable as an I'Lchino-

pluteus, the posloral (and sometimes also the posterodorsal) arms still

remaining, and a larval skeleton, rudimentary but still distinct 1\ leferable

to the normal skeletal typi'. being developed. The vibratile baud has dis-

appeared, the lar\a being covered only by a uniform cilialion; only in

some exceptional cases a rudimenlaiy band is developed (|). IKi: fig. 18).

In the other vixsc, Ilcliucidaris criilhio(/i<imnui, the reduction has gone so

far that there is not the slightest trace of the Fluteus-shape left. This

larva recalls tiie barrel-shaped larva> of Comatulids and Dendrochirotes,

but dilTeis markedly from them in having only one. not very distinctly

dilTerenlialed ciliated ring.

The existence in Kchinoid-larva* of a pupa-stage corresponding to that

occurring in I lololhurians and Ophiurans has been emphasized by t^as-

well (irave, who has observed transverse ciliated rings on the newly

metaniori)hosed sea-urchin of Mellita lesludinaUt. (Oj). cil. Fig. 10. j). 178).

I have not made any corresponding observations and shall therefore refrain

from commenting on the possible existence in Echinoids in general of such

a pupa-stage. Whether the HcUovidaiis ciiilhnxjrammaAiwxa is to be

regarded as an indication in that direction 1 shall leave undecided.

The few Crinoid-larva^ known being all of the vermiform type there

is no reason to mention them in the ])resent connection. With the greatest

expectations we may look forwards lo the future discovery of some typical

pelagic Crinoid-larva: the study of its relations to the other four main

types of Kchinoderm-larva? will be of extreme interest. The existence of

such a pelagic Pelmatozoan-larva would seem almost beyond doubt,

though possibly not in any of the recent Crinoids. Hut these latter repre-

sent — in spite of the enormous development of the Comatulid-type —
only a diminutive fraction of the whole group of the Pelmatozoa. It would

hardly seem too bold to fancy that at least some of the fossil Pelmato-

zoans, especially of the numerous Cyslideaus, had truly pelagic larva-. It

is very sad that we have no hope of learning anything about them, it

being in the highest degree unlikely that such larva* should have been

preserved in a fossil state. Fritsch, it is true, has described an organism
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from the Lower Silurian of Rohemia, which he thinks must be a fossil

Crinoid-larva ("cin IMuUnis oinos Crinoiden"), the "f'^iira bohemicn' of

Barrande'). liul provided lirsl Ihat it be an Echinoderm, anybody who
has the slightest knowledge of Kchinoderm-larvcT will see at a glance that

it is quite absurd to speak of a iarva" in a case like this, where a single

or double series of distinct marginal plates is represented along the whole

border of Ihe animal. Hut, moreover, it is certainly no Kchinoderm al all.

Professor (). .laekel, with whom 1 have discussed this mailer, informs me
thai he knows the 'Furcd bolwinica" quite well, and stales that Ihe re-

presentation which Frilsch lias given of it is quite erroneous. In fact,

Professor .laekel does nol hesitate in declaring it to be identical with

the organism from llic Middle Cambrian (Stephen formation) of British

Columbia which Walcoll has described-) under the name of Marella

splt'iulcns, and which is a C.iustacean, probably allied to the Trilobites.

As regards the anatomical sliuclureof theEchinoderm-larvse (— leav-

ing the reduced, barrel-shaped forms out of consideration here —) attention

may be called to the fact that the ventral depression of the body, in which

the mouth lies, the oral area, generally continues some way down below

the upper edge of the anal area, thus forming a cavity, the lower hmil

of which is mostly very distinctly seen as a line passing across the anal

area at aboul the level of the lower end of the esophagus. It is sometimes

very large, as in Opliioplulcus scridliis (bimnciilalus), sometimes also of a

more comj)licale shape, as in the larva of Colobocenlrolus atralus. This

"suboral cavity", as I have termed it, was well figured and described by

.loh. Miiller in his Memoir "Cbcr die Ophiurenlarven d. Adriatischen

Meeres", p. I, Taf. I, Fig. 1, and also Metschnikoff (Op. cil.) has care-

fully studied this cavity, the "subumbrella" as he names it. in the same

larva, where it plays an imporlnnl part during the process of metamor-
])hosis. Also in a Spatangoid-larva he has noticed it (Taf. VIII, Fig. 12).

The same structure was observed, but apparently not understood, by Mac-
Bride in the larva of Evhinocaidium conUdum: he only mentions it as

"two large cavities", one on each side in "the web of skin connecting the

post-oral arms." — This cavity has some connection with the (|uestion

about the origin of the amnion" of Echinoid-larvje, and accordingly some

morphological interest is attached to it.

In the e|)idermis of Ihe sunk oral area is found a pnii' of ii eive-st reaks.

') A. l-'ritscli. I'ber ciiu' i;cliinoiloriiu'iilarve aus deiii I'nlersilur Boliinens. Zool. Anz.
X\. 1909. p. 797.

-) Cli. I). Wakolt. Cainl)rian (leolotiy and I'aleontology. II. N'o. 6. Middle Cainhrian

Branchiopoda, .Malacostraca. Irilobita. and Merostoniata. Smiths. iMiscell. Coll. Vi>l
"

1912. p. 192. PI. 2.". —26.

30
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which appears to be a structure characteristic of Auriculariae and Ophio-

phitei. It was discovered by Metschnikoff and made Ihe object of a

closer study especially by Senion in his pajjcr on "Die l^ntwicl<elung der

Synapta digitala"'); furtlierniore Chun described the nervous system of

Auriciilariti niKlibranchiata, while it was observed by myself in Auriculariu

(mlarclica, ;dl tlusf loinis agreeing very closely in regard to the shape

and position of this structure. Quite recently MacBride, (Echinoderm

larva:" of the British Antarctic ("Terra Nova") Expedition) gives a repre-

sentation of the nervous system of Auricularia antarclica (PI. I, Mgs. 1—2)

quite dillerent from that given by me (Echinodermen-Larven d. deutschen

Siidpolar Expedition p.81,Taf.X, Fig. 1 ;Taf. XI, Fig.2). There is, however,

hardly any doubt lluil what MacBride here represents as the larval ner-

vous system is the edge of the atrium, which continues some way on to

the oral area as a streak of thickened skin (comp. my memoir quoted

above, p. 79, Taf. IX, Vig. 1), such as it was also found by Chun in Auri-

cularia luulibranchiald. 1 do not want to deny the possibility that this

structure may be of a iili nous character, but that has not yet been proved,

and. in any case, it is not the homologue of the nervous system of Auri-

cularias in general: this latter structure is found more laterally in the oral

area and is not in direct connection with the mouth-).

In the Ophiurid-larva; the nervous system is essentially like that of the

Auricularia, forming a band across the oral area to each side of the mouth;

for a more detailed representation of this structure in Ophiurid-larvge I

may refer to my paper, "Notes on the development of some Scandinavian

Echinoderms" p. 158—160. — In Echinoid-larvae the nervous system is

') Jen. Zc'itsc-lir. f. Naturwiss. XXII.
*) I may lake the opporluiiity here lo object to a statement by MacBride concerning

my representation of the coelomic structures of Auricularia antarclica. On describing the stage

represented in his Fig. 2 MacBride says (Op. cit. p. 87) that "this stage corresponds witli

tliat represented in text-fig. 1 in .>Iortensen's latest jiaper, but .M. has ((uitc misunderstood it.

He o^•erlooi<ed the rudiment of the posterior coeloni altogetlier, and lias ligured a sac entirely

detached from the anterior coelom as the posterior enterocoele. This sac, whicli lies above the

junction of the stomach and intestine, has nothing to do with the coelom, but is one of the

intestinal pouches characteristic of Auricularia antarclica." It is true that I have not observed

the developmental stages of the posterior coelom {— on reexamining the material still at my
disposal I do not fiTid any such stages represeided and I feel conlident. therefore, in saying

that I have not overlooked these stages, but they were not present in my material — ). It is

possible that the vesicle which I represented as the posterior coelom really is the intestinal

pouch (— which I have, otherwise, not at all overlooked, stating, on p. 80, that the rectum
"schwillt niehr oder weniger plotzlich an und kann bisweilen den unteren 'reil des .Magens

ganz ijberdecken" -). But, anyhow, I have at least not iiusundcrstood the anterior coelom

and the hydrocoel. It nuisl certainly Ijc acknowledged that the representation ol the internal

structures of Auric, antarclica, given by nie, means a very considerable progress beyond that

given by MacBride in his first description of this larva (National .\ntarctic Expedition.

Natural History. Vol. VI. Hchinoderma. 1912). and I nnght perhaps suggest that the author

of that description was not (piitc riglit in giving as his oidy conunent on my representation

of that larva that 1 ha<l "iiuite misunderstood" its coelomic structures.
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nol of ([iiik' the same kind as in Auriciilaric'C and lu'hinoplutci. In the

larva of luhinnci/dmus piisilliis I have found a siniicircuhir slieak in the

epidermis of the oral region, whieh is evidently a nervous structure (Op.

cit. p. 157, fig. 5); the same structure appears to exist also in some other

Clypeastroid-larvae, and also in the larva of Echinomelra lucunler I have

observed something evidently corresponding to it (PI. XII, Fig. 1). But
it does not ai)pear as a rule lo exist in all Echin()id-larva\ hut rather as

an exception. On the olher hand MacBride has shown an a[)ical nervous

system of more ganglionic structure lo exist in the larva; of Erlumis escu-

lenius and Echinocardium coidaUim (foi- references, see my paper quoted

above). It will he an object of considerable interest to study the relation

between these two nervous systems in Echinoid-larvtC, how lai- they are

distributed wiliiin this larval type and whether they may occur together

in one and the same larva or exclude one another.

It is a very remarkable fact that the Asteroid-larva* do not appear to

possess anything corresponding to the nervous system of the three other

larval types. (Also the Crinoid-larvae have a fairly well developed nervous

system, but that is, of course, of quite another type than that of the

pelagic Echinoderm-larva). Only a sub-epidermal network of nerve fibres

and neuro-muscular cells have been observed by (iemmill in the larvae

of Asterias nibens and Porunia pulnillus. This fact tends lo indicate that

the Bipinnaria represents a more primitive type than the olher larvae.

The intestinal organs are of a very uniform structure throughout the

whole of the Echinoderm-Iarvae; only a few rather unessential points may
be mentioned here, viz. the existence of a small distinct inlesline in the

larva of Coloboccnlrotus alralus and of a kind of gizzard-like structure in

the larva of Arachnoides placenta and, less distinctly, in some olher Ch'-

peastroid-larvae. The main interest as to the internal structures of Echi-

noderm-larvae is attached to the enterocoel and hydrocoel. and their

transformations during the growth and metamorphosis of the larva. Of

this, however, 1 have only made very few observations, it being out of the

plan of the present work to pay special attention lo these structures. That

would have meant such an increase in the extent of the work that it was

out of question merely for this reason, nol to mention the time that would

have been required for such a study. But, of course, it would be of the

greatest interest to study these developmental processes in so many dif-

ferent forms of the ly])ical larvae as possible, this being the only way to

ascertain which features are of general validity and which of only more

special value. — In the present work it is only the more exceptional forms,

with abbreviated development, Peronella Lesueuri, Heliocidaris crijlhro-

gramma and Ophionereis sqiiamulosa, which have been made the object of

30*
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a soinewlial more detailed study as regards the development and gradual

transt'ormalion of the inner structures. The results accjuired from Ihe study

of these ohjeels, I hough liiey cannot claim lo be of nu)re general value,

are in themselves of very great interest and throw imjiortanl light on

several |)rol)lems connecled with liie developmenlal iiistory of Echino-

derms.

The mosl interesting of the facts discovered by the study of the said

forms with abbreviated development would ap|)ear lo be that of the am-
nion develo])ing from the pharynx in Pcioiielld Lesuciiri, while other-

wise it develops as an invagination from the ectoderm on the left side of

the larva, above the hydrocoel. (In llcliociddiis eriithronrainma il could not

be decided whether il likewise develops on the left side, there being a])par-

enlly no uieans of identifying the right and the lefl sides in this perfectly

cylindrical larva). This may perhaps give some indication as lo the way
in which Ihe anuiion of hxhinoid-larvse originated. MacHride has come
10 the conclusion thai the amniotic cavity of Ihe pAhiuo|)luleus may be

interpreted as a portion ol the stoiuoda'uiii which is formed separately

from liie rest of it'), because in the metamorphosing larva of Opiiiuthri.r

jnK/His he has found the primary lubefeel protruding into the stomodseuni.

The fact that the amnion of Peronclht Lcsiicuri does originate as an out-

growth from the pharynx would seem to lend an emphatic support to

MacBride's theory. Still I would not take it as having been delinitely

proved as yet by these facts. Peronella Lcsueuri is a very highly sj^ecial-

ized type; may w-e then really rely upon this remarkable development of

the amnion in the much reduced larva as meaning a reversion to Ihe pri-

mitive mode of development? It is ])erha|)s not quite safe to draw this

conclusion as yet. If other similar cases were found, the conclusion would

be very considerably strengthened; but this isolated, evidently very spe-

cialized case does not seem l(* me lo afi'ord suflicient proof. Neither does

the OphiolhrixAarva appear to me to be a sufficient proof of the liieory.

11 is the only Ophiuran with a typical pelagic larva liie metamorphosis

of which has been adequately studied as yet. But the little we know about

the metamorphosis of other Ophioplutei does not point towards the slomo-

dteum as iiaving generally the funclion of an amnion in Ophiurid-larva'.

In Ophiopluleus binmculalus, so carefully studied by .loh. .Miiller"'^) and

Metschnikof f ^) — though not by means of sections, of couisc il ap-

pears that the su boral cavity has got liie function o f a n amniotic

') .MacBridi'. Textbook ol Knil)ryolof<y. 1. Iiiverlcbrala. 1914. p. .")22.

-) Joh. Miillcr. ('bcr die Ophiurenlarveii d. Adrialischen Mecres (V. Abliaiidl. 1852),

Taf. II— III.

') E. Metschiiitiofl. Sludieii iiber die Hnlw. d. Echiiiod. u. .Xeinerlinen. Taf. VI^VIl.
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cavit3^ Further it is a fact that I he growth of [Iw hydrocoel in Ophiurid-

larv<e lakes phice in differenl ways. In the hirva of AmphiiiKi liUjuimis

{Opbiophileus manrus) e. g. it ijrows iqiwards over the nioulli, the closing

of llie hydrocoel ring Inking place at the lower end of the pharynx; in

the huvii of Ophiura <tlbid(i {Ophiopluleus paradoxus) the growth proceeds

in the opposite direction, the closnie of the hydrocoel ring taking place

above the mouth. (Conip. PI. Ill, Fig. 4; Fl. IV, Fig. 28 and PI. VI. Fig. 40

of Chadwick's Memoir on the Echinoderm-larvff). The larva of Ophio-

thrix fiaijilis appears to be about intermediate between these two forms,

as regards the formation of the hvdrocoel ring. These facts at anv rate

show this much, that we nuisl be vtM\ cautious in drawing such important

conclusions from facts derived from the study of only one single form. —
With this I do not mean to deny the possibility that MacHride's theory

of the origin of the amnion of I^chino])lutei may be right. On the contrary,

it appeals to me as a very reasonable suggestion. Also a comparison with

the vestibulum of Crinoid-larva" would seem to lend support to this theory.

The fact that the hydropore is not formed in (he hnva of Pcronclla

Li'suciiii nor apparently in llcliocidaris en/lhroiiramivd until at a rathei-

advanced stage of metamorphosis, may be recalled here. I would, how-

ever, not regard this fad as being of greater morphological importance,

it being probably a nuxlilication caused by the exceptioiud conditions ob-

taining in these larvaj. In the same way I would not regard the unusual

way in which the enterocoel develops in these forms as of essential im-

portance from the point of view of comparative nu)rphoIogy.

On discussing the (piestion of the original type of the h^chino-

derm-larva; Caswell (irave^) comes to the conclusion that the larva?

with transverse ciliated rings (Anledon, Cucumaria) represent the primitive

condition from which the other larvie have been specialized "and carried

far out of the ])ath of phylogeny, as a result of their independent life.

To this type of development the specialized larva^ tend to return at the

time when their fiee-swimming life is given up." He nutkes an attempt

to show, how the ciliateil rings were useful to the free-swimming animal

not only as organs of locomotion, but also as organs of feeding (comj). his

texlfiguri' 11. 1).). The atlem|)t does not ajjpeal to me as very successful,

apart from the fact that it could hardly always have been, as he states, the

two anterior rings that were lost when fixation on the bottom took place. It

is true that larva' of this type occur in various groups of the 1-Ahinoderms.

being even apparently the rule in Comalulids and Dendrochirotes. The fact

') Caswell Gravi'. On the occurreiu-i- atiiong Eiliiiioilonns of larva' willi cilia arraiigcil

in transverse rings, witli a suggestion as to their significance. Biol. Bull. V. 1903. p. 183.
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Ihal Hcliocidaiis vvijlhvoiivumma has such a larva, aUhouf»h with only one

ciliated band, might \w adthued Iu-it as proving the occiirrcnce of this

larval ty|)o also in lu'hiiioids. wiu'ii' it was otlierwise unknown. Bui il is

a very strong objection that in the whole class of the Asleroidea not one

case of larva' with ciliated rings is known, neither is anything correspond-

ing to the |)iipa-stage known in tliis class, wliic li is otherwise one of the

more primitive of l"".chino(lernis, at any rate more i)rimitive than Ophiu-

roids and I^ciiinoids. Another ini|)ortanl fact is this, that in all the cases

where larva' wilh ciliated rings occur, the eggs are large and yolk-laden.

This evidenll} means that the larvae with ciliated rings, developing from

such eggs, are modirK'd in accordance with the fact that they have food

enough in store in the yolk and therefore need not trouble with catching

food. The ciliated rings of these larvae decidedly would serve very badly

as food-gatherers. If that type of larvae were really the primitive form

we should have the remarkable fact here of an organism having arisen

evidently unable to subsist by its own means. The fact that the stage

with the ciliated rings is never indicated in the beginning of the larval

development, but always at its end in those forms which have larvae of

the typical ])elagic shape, is also very hard to understand on the assump-

tion that the form wilh the ciliated rings is the more i)rimitive. Also the

fact Ihal in the vivij)arous Opliioiwtus licxdclis the end)ryos develop into

larvae corresponding exactly to the generalized, {)rimitive type of Flchi-

noderm-larvae, is of considerable importance in this connection; this larva

decidedly need.s no special adaptation to pelagic life, and it is hard to see

why it should adopt this form instead of that with the ciliated rings, were

il not of j)hylogenetic importance.

In my opinion there is then no doubt tiiat the larva with a simple

circumoral band, as it is found in the younger stages of all the four

main larval ly|)es of l^chinoderms, is the |)rimitive form, and that il

represents a true phylogenetic stage in the ancestry of l-Lchi-

noderms — that is to say, the larva in its simplest type, the Dipleii-

lula. Of course, the larvae of recent Echinoderms, with their more or

less highly specialized characters, do not represent ancestral types of the

various classes of the Echinoderms, Hipinnaria of the Asteroids, Echino-

pluleus of the Echinoids etc. They represent special adaptations of tlie

original pelagic ancestral form, having been modified along wilh I he

adults, so as to form groups corresponding with the natural groups of the

adults, the result being that there is a larval classification exactly parallel

with thai of the adults. But the primitive type, the Diplciinda must, I

have no doubt, represent the organism from which the whole of the

Echinoderm stini developed.
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Neither time nor space permits me to enter on a detailed discussion of

the phylof^eny of Kchinoderms. I must content myself with slating

my perfect as^reemenl with Bather's views on this matter '). ( I would

only call attention to the difficulty pointed out already by Bury 2) that

no stage of fixation occurs in I he embryogeny of I^chinoderms, excepting

the Crinoids: Uio fixation of Brachiolari* by means of the sucking disk

is, as hinted at by Bury, evidently a secondary adaptation, which hardly

counts in this connection ). Consequently 1 am decidedly opposed to

the theories of the ancestry of Kchinoderms more recently set forth by

A. H. Clark ^) and J. E. V. Boas ^) — not to mention that of Simroth ^).

In my memoir on the development of Crinoids 1 have objected lo some

few points in the theory of Clark — who maintains the barnacles to be

the ancestors of l^ciiinoderms; but otherwise I do not think this theory

more worthy of a refulalion than thai of Simroth, deriving the h>chino-

derms from Mijzosloina! My few counter-remarks to some of the inter-

pretations of Crinoid morphology, set forth — rather emphatically — by

A. H. Clark on the base of his Iheorv, are meant as a tribute called forth

by my admiration for the eminent specialist in Crinoids, not as a wish

lo refute his theory, which seems to me a superfluous task. Both the said

theories, besides bearing evidence of most unusual conceptions of mor-

phology, are at variance with the fundamental principle of phylogeny,

that evolution goes from the lower towards the higher organization, not

the inverse way (due allowance being made, of course, foi- I he rarer cases

of regressive development, as e. g. the Acoela, which is, however, only an

ajiparenl exception to the rule).

This objeclion does, of course, not ap[)ly lo I lie theory of Boas, thai

the Kchinoderms have develo|)ed from some fixed form of Coelenlerates:

but otherwise this theory is, in my opinion, no more acceptable than are

those of A. H. Clark and Simroth. As slated above. 1 cannol enter on

a detailed discussion of the reasons given for this theory. Iml musl con-

fine myself lo making a few objections, which, however, wouhi appeal' lo

suffice for ])roving Ihe unleiiabilily of the theory.

One of the main fads adduced by Boas as support for his theory is this

thai in the Crinoids -- and, mind well, nol Ihe more primitive Pelmalo-

zoa, the (Astids, the simpler forms of which, at least, do nol show any

external signs of a radiate structure') — the water-vascular system re-

') F. A. Bat her. HchiiuxliTiiKi, in Ray I, anki-st er's Treatise on Zoology. Fart III. 1000.

-) H. Bury. 'I'lie nu'taniorpiiosis of Kchinoilcrnis. Quart. .lourn. .Micr. Sc. 38. 180,"). p. 03.

») A. H. ciark. A Monograph of Existing Crinoids. I. U. S. Nat. Mus. Bull. 82. lOl."..

) J. K. v. Boas. Zur .\ulTassung dor Verwandtschafts-Verhaltnisse dor Tiere. I. 1017.

*) H. Simroth. t^ber den L'rsprung di-r Hchinodernien. Verh. d. Deutsch. Zool. Ges. 1904.

') The radiate structure of Echinoderms is regarded as requiring their derivation from

"einer ex(|uisil radiiir gebauten .\bteilung festsitzender riere " (Op. cit. p. 21).
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mains in open connection wilh Ihe body cavity Ihroughoul life, which is

taken as a proof that the C.rinoids are the most primitive of all Kchi-

no(iernis'). 11 would aj)pear llial the auliior has onlirely overlooked the fact,

established beyond any doiibl, es])eeially lhroui»h Seel if»er's researches '^),

(— his results being fully confirmed by my own researches ) that the

coniu'clioii between the water-vascular system ami llii- body cavity in

Anledoi} is only a secondary character, arising at a rather late stage of de-

velopment (in the Pentacrinoid-stage). Accordingly this is no primitive

feature and cannot alTord any proof of relationship with the Coelenlerales.

The (^rinoid-larva is regarded as the most primitive of Echinoderm-

larvae, "nahert sich viel mehr dviu (loelenteraten-Larven-Typus, ist jeden-

falls (hirchaus anderer (iestalt als die (Ivv anderen Echinodermen, uiid da

diese Larve derurspriinglichslen Kchinodermen-Abteilung angeluHl, hat

sie bei der l>eurteilung der N'erwandtschaflsbe/.iehungen ein grosseres In-

teresse als che andere, aus deren liau sicii nicht auf (he Abstamnuing der

lu'hinodermen Schliisse ziehen lassen". The typical pelagic, bilaleial larval

foiiu kauM icli (lioas) natiirlicii nur als eine ganz sekundiire beurteilen.

Diesclbe ist bekanntlich . . . noch nichl bei den Crinoiden ausgebildet,

deren Larve mit fiinf Wimperringen umzingelt ist, von denen vier alien

radiiiren Anforderungen geniigen." (Op. cit. p. 23). — I may refer to the

remarks given above in criticism of the view, also expressed by Grave,

thai the larva with the ciliated rings is the primitive larval form of Echi-

noderms. Especially Ihe structure of the T/i/edon-larva is anything but

primitive, but only inlelligible as a special adaptation of the simpler ty|)e

of the pelagic hiiva- to the conditions of the yolky eggs, as it is found

likewise in other barrel-sliaped larva* devel()])ing from eggs with a rich

content of yolk. On the contiary, as staled above (p. 232). there is every

reason to suppose that there was also a typical bilateral larval form at

least in some of Hie numerous fossil Pelmatozoa, should i I even be proved

that none of the few surviving types have such a larva. The lather bold

assertion that no conclusions as regards the ancestry of h^chinodeinis can

be drawn from the struclure of the typical larva* does not do away with

the fact that all these larva* pass through the l)ipleurula"-stage, that is

to say, begin as a simple, bilateral, wormshaped organism with a segmented

body cavity consisting of at least two, probably three segments, and pro-

') From the Crinoids Ihe Asteroids are derived and from the latter again the Ophi-

urids and Echinoids, the Hololluirians liaving arisen from the Echinoids. Witiiout entering

on a discussion of this view of the genetic interrelations of the classes of recent Echi-

noderms I would merely express my astonishment at a fancy bold enough to conceive

the derivation of Asteroids from the Crinoids.

-) O. Seeliger. Studien /ur l^ntwicklungsgeschichte der Oinoidcn. Zool. Jahrb. .\l)t. f.

Anat. u. Onlog. VI. 189.{.
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vided with a simpU' ciicuinoral ciliated band. This fact is hardly intelli-

gible except on llie assumption Uiat it represents the original larval type

and an ancestral stage in the evolution of the I'Lchinoderni stem. If there

is any connection between Coelenterates and Echinoderms, the vestiges

of it must be sought i'oi- in I lie structure of the Dipleurula, not in the

Crinoids. But 1 fail to see how this could be found. Possibly the Cteno-

phora might have given rise to the Dipleurula — but then these latter are,

in my opinion, no Coelenterates.

It is an established fact that some animal forms have a ditTerenl mode
of development under difTerent biological conditions. As typical instances

may be named the shrimp Pula^monetes uarians. which has much larger eggs

in Southern Europe than in Northern Europe, a corresponding rather con-

siderable diil'erence obtaining in the larval development, and Musca corvina

which is recorded by Port chin ski to be oviparous in Xorthern Russia,

while in Southern Russia it is viviparous in summertime, oviparous in

spring!). Such a remarkable diversity of development, for which Giard has

created the name Poicilogony, was maintained by this author-) to occur

also among Echinoderms, Ophiolhiix fragilis being especially named as an

instance of poicilogony. This s[)ecies is stated to develop "suivant les condi-

tions ethologiques . . . tantot par des Pluleus normaux (comme dans la Me-

diterranee), tantot par des Pluleus imparfaits tels que ceux etudies par Apo-

stolides (a Roscoff), tantot meme par des embryons tres condenses, inca-

pables de nager et qui donnent une Ophiure presque sans metamorphoses

(a Vimereux etc.)." (Op. cit. [). 240). This would appear to apply also to

a number of other Ophiurids of the North Atlantic, since he states in a

previous paper^), likewise reproduced in the "Oeuvres diverses" I. p. 509,

that "presque toutes les Ophiures que j'ai observees dans la Manche sont

.... vivipares. Je citerai entre autres: VOphioihrix fragilis et VOphiocoma

neqlevta que j'ai plus particulierement etudiees au point de vue de la i;e-

|)roduction'". . . . ""A un certain moment de I'annee, on trouve des embryons

dans toutes les Ophiures que I'on ouvre indistinctement (excepte celles

qui sont infestees par les Orthonectida)."

.\s 1 have shown in my paper "On Hermaphroditism in viviparous

Ophiurids" (Acta Zool. I. 1920. p. 7—8) this statement of these Ophiu-

lids being at times of the year viviparous, while at other times they have

') .J. Iv v. Boas. Kk'iiuTt' carcinolof^isclu' Mittlicilungcii. Zool. Jahrb. .\bt. f. Syst. 1800.

') A. (liard. La Poi'i-ilojjonic. ("ongres IiUeriiat. do Zool. licrn. 1001. Bull. Scicntif.

D(^p. dii Nord de l'"raiu'i'. HO. 100."). - Reprinted in Oeuvres diverses. I. Biologic Geiierale.

1911. p. 120.

') \. Giard. I'arlieularites de Beproduition de certains l-xliinoilcrmcs eii Happorl avcc

Icthologie de ces aniniaux. Bull. Scicntif. I)cp. du N'ord de France. IX. 1878. p. 206.

31
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pt'lagic larva', is (|uilc willioul foiindalioii, lesliiig, no doubt, on niisintcr-

prolalions and l)c'inL!; 'Ii'^' I" most iinpi-rrcct niolliods of research. (The

staleinenl ol' tlie same author that these ()|)liiuii(ls also are lierniaphroditic

is equally phautastie, as 1 have shown in the papei- (pioted above). — As

loi- his slalenienl that in Opliialhiix I he iai\;e now develop into I he ly|)ieal

pluteus sJKipe, now develop throui*h a very imperfect larva, it rests on liie

researches of Apost elides^), who expressly says (()|). cil. p. 7()) that the

nine tenths of the larviv reared by him did not develop into the true larval

shajje but showed ' line forme plus ou moins arrondie, qui continm- a

vivre, el dans hupielle nous avons suivi le developpement coni|)let de

ranimal". Althoni>h he says to have ""des raisons d>' j)retendrt' <pie. jnscjira

la lin (In develop])eiiieid de I'animal, il eontinuera a en etre ainsi" it is

evident thai he has simjjly failed lo rear Ihe larva' beyond Ihe slage with

the posterolateral arms, the larva' dyini> when they had reached this

slai^e in fad, he slates himself that 'cette forme singuliere ne conlinuera

plus a s'augmenler, mais pen a pen a se degrader, ju.squ'au moment de

sa disparition."

While thus we need not trouble with this iinjierfect larva with only two

arms, the direct statement of Apostolides that he has followed the com-

plete (levelo])ment of the still simpler embryos cannot simply be done

away with, it does, however, seem very hard to believe il lo be correct

— and he does not give a single figure to accompany these remarkable

observations. That author moreover being anything but a first rate author-

ity it is impossible simply to endorse his statement. Il is a fact that

Giard's statement of these Ophiurids as being at times of the year vivi-

parous, rests on misunderstood observations: it is therefore hardlv too bold

lo suggest that .\postolidcs" statement likewise may rest on misappre-

hension. In any case, we cannot accept the statement, until it has been

confirmed by renewed researches by a com])etenl investigator.

II would appear that Apostolides (Op. cil. p. 77) has also observed

those incomplete larval forms in the free. I would, however, suggest that

it may have been the rudimentary larval forms, Ophiopluleiis Mclschnikoffi

or 0. CAapavhlei, which he has observed. Hut that these larva^ should also

belong to Ophiolhrix, like the typical Ophiopluleiis, is exceedingly hard to

believe. The whole question, however, very iiiinli needs leinvestigation.

As a further instance of poicilogony in Kchinoderms Giard mentions

Asterina and Aslerias. "Astcrina cephea habitant les mers chaudes, aban-

donneau hasard de la vie pelagique des oeufs (pii doivenl donner naissance

a des larves nageuses .... .1. yibbosa n'est done (luune forme poeciloge-

') N. Aposlolides. Anotoniio ol dOvi'lopppinent fles Ophiurcs. Arcli. Zoo), rxpcr. &
g6n6r. X. 1881.
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nkjuo do IM. (c/j/icrr. l)c iiieiiu' Asterias Miillrii n'esl sans doule qu'une

vaiietc i)occiloi»()iik|iu' scpU'iilrionalo du vulgaire.l.s7<'r/r/.s qUiciaUs des cotes

do France." In Ihese Iwo cases lliere is, of course, no doubl as lo the cor-

ix'cLness of the observations. Hut the .said forms are far from being only

"poieilogenetic varieties" of one and the same species of Aslerina or Aslc-

lias; as anybody having some systematic knowledge of these great "genera"

of starfishes will agree, lliey are very well separated species which, on

modern classilicalion, sliould at least be referred to dilTerent subgenera.

In spite of the ])a(l luck of the instances of poicilogony among Eciiino-

derms produced by (liard 1 do not pretend to maintain that poicilogony

does not exist within tliis animal group. In fact, we have an almost typical

instance in Asterias Mulleri—gioenlandica. These two forms are so closely

related that they are hardly distinguishable and apjx^ar to be merely var-

ieties of the same species. But while .1. Midlcri, as already observed by

M. Sars, hatches its eggs in a brooding cavity made by the raised arms,

A. tjroenlandica, according to the beautiful observations of I. Lieber-
kindi) hatches its eggs within the stomach. It is unknown as yet whether

there is any difl'erence in the embryonal development of these two forms;

but at any rate the breeding habits of these two forms are remarkably

difl'erent.

The cases of nearly related species showing (juile a dilTerenl mode of

development, although not lo ])e termed directly poicilogony, are of very

considerable interest as related phenomena. Such cases were known hith-

erto only in the genus Asterias, but have been proved now to exist also

within the genus Aslerina (s. lat.) and among the sea-urchins in the genus

Ileliocidaris, where //. luherculala has a typical pelagic larva, II. erijlhro-

(jramma a barrel-shaped larva showing no likeness whatever lo a Pluteus.

(It must be emphasized that there can be no doubl Ihal the two said

sea-urchins are really nearly related species, decidedly belonging to the

same genus). In a good many cases of nearly related species one has pel-

agic larva>, while Ihe other is viviparous (Echinociiamus pusillus and ini-

Irix, several Ophiurids). l^pou Ihe whole more extended researches will

be sure to disclose many cases of dissimilar development in nearly related

forms. In this connecliou menliou nuisl also be nuule of llie interesting

observalioii by Nach I sliei in'-) Ihal in Echinaster seposiliis the eggs may
dilTer very conspicuously in size; the development, however, is the same

in both larger and smaller eggs, and the larva^ developing from them dilTer

only in size.

') I. LicbiTkiiul. On a slarlisli (.\storias grocnlaiidica) which liaU-lics its youiifl in its

stomach. Vid. .Medd. D. Nat. Foren. 72. 1921.

-) H. Nachl siici ni. l^bcr die Knt\vicl<hini; von Echinaster scposUus (Gray). Zoo). An?..

.\I.I\-. I>)ll.
J).

601.
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'I'hc obscrvalions si't lurlli above (p. 1 l<S) liMi(liiit> lo \m)\r Iho i-xislence

ol' a c-asc ol' Inie inclagenesis in an Opiiiuioid-laiva, Ophioplulfus opu-

lenliis, may be recalled here. Allhoui*!) this is certainly quite an isolated

case in Mchinodernis, considerable iiilt'ii'sl is attached to it both tioni "a

nior|)hological and a biological point ot view.

The observations on the developnienl ol' tlie various forms studied in

this work convey a good impression of the great diversity obtaining, as

regards the length of the time required for the development.

Although I have not taken care in all cases lo notice the exact time at

which each stage of development was reached, still a good deal of inform-

ation may be gathered from what has been noticed. It may be practical

to give the facts in a tabular form.

Diadcinu aiililloruni

Aslruptjya putvinata

Tripneiistes esculenlus

Lytechiniis varieyalns

anainfsiis

pananwnsia

Toxopneusles pileolus

Slrongijlocentrotus pulcherrimus

/ranciscaniis

Tcinnoplrnrtis Idrfumalicua . . .

lu'ichiniis chloruliciis

Heliocidaris liihinulald

erylhroi/ramnia . . .

Echinomrtra hicunler
— (il'ldiiga

Colobocinlrolus alradis

Clypeasler japonicits

Arachnoides placenta

luhinarachniii.s exccnlriciis . . .

Encope micropora

Mfllild li-jxr/orala

Aslriciypeiis Maiini

f'cronella Lcsiicuri

Echinobrissus recens

Brissus Agassizi

Meoma yrandis

Ophiolhri.v anyiilala

Ophiontreis squannilosa

Astropecten scopariif<

Asterina peclini/cra

Gyninasleria cariiii/ira ra. 24

Ophidiaslcr Giiildinyii

Pisaster ochraceus

Euaslerias Troscheli

Stuhvpus cali/iirnicits
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U is evidt'iit Ihat llio amount of yolk subslancc contained in the egg

has an inipoilanl bearing on liie length of time required foi- the develop-

ment. When food enough is contained in the egg for sustaining the embryo

until metamorphosis is completed, the self-feeding larval stage is done

away with as unnecessary and the development thus considerably short-

ened, e.g. Helioiiddiis eriithroijidmma, Pcroiiella Lcsuciiri. Ophionereis squa-

mulosa and many other forms witli abbreviated develo])ment, not mentioned

in the present meiuoir. That also temperature has an imj)orlanl bearing

on the time recpiired for the development is an established fact; interest-

ing results are sure to l)e obtained on studying the develo[)ment of widely

distributed forms in various places, where conditions are dilTerent (tropical,

extratropical). The few facts known, e. g. of the develo])ment of PerondUi

Lesaeuri in tropical seas, as compared with the observations given above,

tend to show that the development proceeds at a conspicuously quicker

rate at the higher temperature of the tropics than in the cooler climate of

extratropical regions.

The said factors, yolk and temperature, cannot, however, account for all

the differences. Thus e. g. of Tripneustes esrulenlus and Li/techiniis varie-

(jdlus, both living in quite shallow water in the tro])ics and both having

small eggs, i)oor in yolk substance, the former takes three weeks to reach

the stage of beginning metamorphosis, the latter only 13 days; or En-

cope micropora assuming the shape of a young Pluteus already at the age

of 12 hours, while MfUila 6-perforata, living under similar conditions re-

quires the double time for reaching that stage. But altogether too little

is known as yet for giving a reasonable base for an attempt to find out the

causes of these dilTerences. The observations recorded here may only

serve to prove that here is a problem worth studying.

In a very interesting paper on 'Sea-temperature, breeding and distribu-

tion in marine animals"^) 1. H. Orton comes to the result that "in those

parts of the sea where temperature conditions are constant or nearly con-

stant, and where biological conditions do not vary much, marine animals

will breed continuously." He concludes that this will be the case in the

tropics, founding on the statement of Semper ("Animal life", p. 110) that

in the Philippines he could not detect a single species (of Invertebrates) of

which he could not "at all seasons find fully grown specimens, young ones

and freshly deposited eggs." This phenomenon, Orion stales, 'appears

to be generally recognized for the tropics, but it would appear that definite

systematic work on the breetling and rate of growth throughout the year

') .lourii. .M;ii-. Hiol. .\sm>c. I niti<l Kiiiiiiloiii. XII. IU2lt.
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ol" a large luinihor ol" ;mimals in llic liopics would slill he very iiseliil."

(Op. c-il. p. ;ir)5).

Willi Iho latler senU'iice I most heartily agree, hut otherwise 1 iiuist

(k'cidodly object lo llie slaltiiu'iil that in the tiopical seas the animals arc

conliiuiously hieeding al least as regaids the lu'hiiioderms. and I caii-

nol hut wonder how Semper came to the above result. It is true Ihal I

have made only lew observations, as regards this point, during my slay at

the Philip|)incs; but al any rate I found that the large Si/iuipta Ueselii had

no ripe sexual products in February March al Zaudjoanga. And it is

certainly not to be assumed that the animals behave otherwise al tiie

IMiilippines than elsewhere in the tropics, as regards theii Ijreeding. My
observations decidedly prove that a I least several of the littoral Kchino-

derms do not breed continuously. Thus e. g. I never found Ihe opportunity

for studying the development of Dindvnw, until I came lo Tobago, li. \V. I.

and there found I). anlilUimm to have ripe sexual products in the end of

March; and when, about a week latei- on, I wanted to start a new larval

culture it was impossible to liiid one specimen containing ripe sexual pro-

ducts, all were ipiite em])ty. A similar experience 1 had with Echinomelrn

van lirunli, Brissus obesus, Slichopus Kefersteinii, and in several cases I

had, to my great annoyance, to give u|) any hope of obtaining a larval

culture, because the breeding season did not coincide with my slay (e. g.

Echinoneus). — On the other hantl, 1 have some observations tending

to show that in the tropical seas Echinodernis (some foiius, at least) have

more than one breeding season in the year. Hut for |)roving this defini-

tely observations must be continued through a longer ])eriod, a stay of a

few^ months being, of course, insufficient for such a task.

1 would recall here that I have been able to prove (Die Kchinuiden d.

Deutschen Siidpolar-Expedition. p. 71)') that the Antarctic Slerechinus

Neumaijeri breeds at least from .lune to April, which fact is doubtless due

lo the very uniform temperature reigning in the .\nlarclic Sea throughout

the year. This case then confirms Orion's statement that "where bio-

logical conditions do not vary nuich, marine animals will breed continu-

ously." I would only object lo making this a general rule; this it is cer-

tainly not, especially not in the tropics.

') Deutsilic Siiil|)olar-I-;xi)C(litioii. Zoologio. III. 191)'.).
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III. Geographical Distribution.

In my work "lYw iMliiuodennen-Larven d. Plankton-Exped." p. 108—

111 tlu' distiihulioii of the l^cliiiiodenn larv.T and soiiic of the probU'ins

(•oiinecli'd llnMowilh were discussod at sonu' k'ii<*lli. Since then only very

little additional infoinialion on lliis subject has been obtained. MacBride
in 190,'! published a Report on a small collection of Echinoderm larvae

iiKide l)y j\lr. (ieorge Murray during tlu' (juise of the Qceana'" in Novem-

ber 1898" 1); only one species, the larva of Luidin Sarsi, is recorded there,

from the Atlantic olT S. W. Ireland (52M' N., 12 27' W.). C.emmill^) has

recorded some larva- of Liiidia ciliaris likewise from oil' S. W. Ireland

(30—60 miles off Tearaghl Island), and one single specimen of "Brachio-

Idiid hibcriiicd" from 50 Miles X. by W. of Kagle Island, \V. of Ireland. In

my report on "Die hxhinodermen-Larven d. deutschen Siidpolar-Expedi-

lion" (p. 109) a Spatangoid-larva is recorded from 10^^17' E. 28"45' S., that

is about in the mid-Atlantic between Cape and Patagonia, at a depth of

nearly 5000 Meters. Apart from this highly interesting find only larva'

taken near the littoral regions are recorded in that work, as also in Mac-
Bride's reports on Echinoderm larvae from the Antarctic Expeditions

(National Antarctic Exped. ; British Antarctic ('Terra Nova") Exped.). The

existence of quite a considerable number of pelagic Echinoderm larva* in

the Antarctic Seas has been established herewith: but this fact, though of

very considerable interest, does not concern us here. Referring still to the

"Stellospluera mirabHis" recorded by Koehler & Vaney from the vicinity

of the Azores (ca. 3()—10 N. 19—30" W.) mention has been made of, so

far as 1 know, all records giving observations on the occurrence of Echino-

derm larvae in the open Ocean. =*)

.\s stated in the Introduction (p. 10) 1 have at various occasions made

eflorts to bring together some more facts relating to the problem of the

distribution of Echinoderm larva? over the open Ocean. Observations made

during the passage over the Indian Ocean from Aden to Singapore gave

the result that, while luhinoderm larvae were found in good numbers in

the Gulf of Aden, none were observed until near the Maldives, but from

there larva* occurred the whole way across the Bay of Bengal. This would

appear to indicate that larva* do not occur in the great Arabian Sea. 1

would, however, not regard the negative result as conclusive, because the

samples were taken there at day time. Later on samples were taken also

by night, and these were invariably richer than those taken l)y day. in

') .Ann. & Mag. Nat. Hist. VII. Ser. XI. p. 477—78.

') .1. V. Gi-minill. On a new brachiak- Asteroid larva and on the advaiiocd Ripimiaria

of Luidia ciliaris (I'hilippi) Gray. Proc. R. Phys. Soc. I'.dird). XIX. 101.'').

") Soo, li()\vc\ cr. (he paper hy SInnlcv (iardincr nicnlioiu'd holow (p. 2.">ll.
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conformity with Ihc well known fact that most pclat^ic animals avoid

the strong dayli^iit by goiiii> down in llie sea, raising again to the

surface at night lime. 1 would exjject that samples tal<en by niglil will

prove larvte to occur also all over the Arabian Sea. But that remains to

be proved.

Besides llu- niaU'rial of |)Iankton samples collected lor me on various

cruises across tiie .\tlantic by Messrs. Blegvad.Kramp and Fogh (comp.

p. 10) I have also had liie opportunity of examining some other samples like-

wise taken on the way to and from the West Indies, kindly placed at my dis-

posal by Dr. .lohs. Schmidt. The samples were all taken at the surface

by night time. The following larv.ne were obtained lioiu these samples.

Spharechinits (jranularis . . . 36°13' N. .S.S°.")0' W. l.")'Il 1 Mil 1 Blegvad OfT .Xzorcs

— — ... .i6°42' - H0".'?6' - 16/111 - ~
Echinoptuicus Iransversiis . . ;i2°l()' - 17^20' - .'JO/X Htll Kramp - .Madeira

.. 27°10' - 21 ".VV - :5/XI — — - Canaries

— -- . . 3r22' - 14°.")7' - 16 \ I!il2 Fogh - Madeira

.. 28°43' - 20-40' - 22 .\ - Canaries

Echiiwpluli-its sp 2.'>°40' - 24°10' - 24 X
— 18°4,")' - 62°20' - 19X111)11 Kranip Virgin Isl.

Liiidia ciliaris ;56°13' - 33=50' - 15/111 — (1 )r, Sc li mid I) - .\zoros

— — 37°31' - 35°34' - 12/V — - —
— Sarsi(^)^) 30°.30' - 49°57' - 22/11 — -- Sargasso Sea

Bipinnaria sp 40°47' - 2110' - 21/III Blegvad Off Azores
— .32°22' - 22°49' - 26/111 —
_ 20°46' - 11°16' - ll/XllDll Kramp Sargasso Sea

— 19°36' - 47°13' - 13/XI — — —
— 23°15' - 58°43' - 16/11 1912 — —

25°16' - 55°37' - 20/11 —
— 24°33' - 60=12' - 18/11 1913 Fogh

Auricularia niidihranchiata .
30°30' - 49°57' - 22/11 191 1 (Or.Schmidt)

_ _
. 33°5o' - 43''40' - 12/111 —

_ _
.
34^39' - 40''54' - 13/111 —

— —
.

.36°1.3' - ,33°50' - 15 111

— —
.
39°22' - 22°49' - 20 111 OIT .\zores

_ _
.
40°47' - 21 = 10' - 21 111 —

_ _
.

45°,32' - 25=50' - 24/VI —

The result is seen to be in fair accordance with that previously obtained

from the study of the material collected by the Plankton-Expedition, viz.

that, while in general the Echinoderm larva? occur more numerously in the

coastal waters, several specimens may be found also in mid-Ocean. This

raises the interesting problem: how did they come there? Were Ihey carried

out from the coastal waters by the currents, or did they rise from the

bottom?

So long as we do not know the parental origin of the larvre found in the

open sea the question cannot be answered definitely. Most probably they

) Identifualion of tlie single specimen a little uiuertain on account of tlie very poor

preservalion.
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come from bolh sources. The quesUon whether any (leci)-sea Kchiiiofierms

have truly pehigic huvte must, after what we now know, be answered in

the affirmative. Lcuiimum diplopora has been directly proved to have pel-

agic larva?, and il is almost certain that also Pedicellaster 6-radiatus has

pelagic larviv (SlellophA'ni inirabilis); judging from the character of the eggs

many other deep-sea forms must have pelagic larvae (though a great per-

centage of them have large eggs and therefore certainly must have an

abbreviated development^). On the other hand it is evident from tlie facts

recorded that larvae of littoral forms may be carried very far from the

coasts. In this connection it is important to notice that Bipinnaria? are

predominant among the larva^ found in the Sargasso-Sea (beside the large

Auricularid niidihranchiala): this is in good accordance with the fact that

the Asterid-larv;e in general require long time for their development, much
longer than do the Echinoid-larvte. Thus there will be ample time for their

being carried great distances by the currents.

The transport of the larvae by means of the currents is, of course, of

considerable zoogeographical importance. Their eventual transport across

the Atlantic has some bearing on the problem of a former land connection

between Africa and South America (the Archhelenis-theory)-). It is a well

known fact that quite a good number of littoral Kchinoderms are common
to the West Indies (Brazil) and West Africa. This peculiar distribution

can be accounted for only in two ways, viz. by the existence of a former

land connection (or a series of islands) between the two continents along

the shores of which these Kchinoderms were formerly distributed, or by
the transport of thinr larva^ across the Ocean. That the latter alternative

is really possible seems undeniable from the facts made known of the

occurrence of larvse in the open Ocean. Accordingly the Archhelenis-theory

is no necessity for understanding the recent distribution of the littoral

Kchinoderms of the tropical Atlantic. On the other hand, it must be agreed,

there arc many other facts, especially in the geographical distribution of

land- and freshwater animals and plants, which seem to require that theory

for an explanation.

The occurrence of larvae of deep-sea forms at the surface of the ocean

is another problem not very easily explained (— due allowance being

made for the fact that we have as yet not definitely ascertained a single

case of a larva of a deep-sea form found at the surface; we do not know

') Pelaf/olhiiria nalalrix has large eggs, until 1,2 nini in diameter according to Ludwig
(.Mbalross'-IIololluirioidea. 1894. p. 119). This large si/e of the eggs probably means that

also this form has a direct development, and we have thus the remarkable fact that this

typical pelagic llolothurian has not a typical pelagic larva.

-) H. V. Ihcring. Archhclcnis und .\rcliinotis. Clesamnicltc Heltriigc zu eincr Cie-

Mhichlc (Icr Ncol nipischcn Hcgioii. 1907.

32
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exactly llu- doplh al which Slcllosphu-ra Diiidbilis was taken, and wc have

not vol (leliiiilcly ])rovo(l Aiirinihd id mnUbi(ii\ihi(il(i to belong to a deep-

sea Ilololhurian). II seems impossible that Ihc hirv;c could rise all the way

by means of their ciliary movements. One cannot help siit»gesUng that

vtTtical cuireiils may have something to do with tiie liaiis|)ort of the

larVcC from the deeper layers towards the surface and the inveise. The

existence of vertical currents is a suggestion called forth by various biolog-

ical facts. Thus e. g. Frof. Ad. S. Jensen informs me that the distribution

of the eggs and the young of Reinhardtius hipim/lossoides (Walb.) in the

Davis Strait seems to be explicable only on the assumption of vertical

currents existing there. While the eggs and newly hatched young larvae,

with the yolk sac, are found in depths of 600—1000 Meters, the slightly

older young, where the yolk sac has just been absorbed, are found at 30

Meters below the surface^). It seems simply imi)ossible that these young

fish larvae could have passed that great vertical distance alone by means

of their own feeble swimming power. Hjort and Murray in "The depths

of the Ocean" (p. 378- 380) think that vertical circulation has a great

inllucnce upon the distribution of pelagic plants, and upon the whole speak

of vertical circulation in the Ocean as an established fact, at least for the

upper 200—300 Meters. This, however, will not suffice for explaining the

ascent of the larvae from the bottom at much greater depths. This inter-

esting problem cannot be solved at our present state of knowledge. Upon

the whole, we are hardly in possession of facts enough even for a definite

formulation of the problems connected with the deep-sea larva:. We can

only see this much that continued researches will be sure to bring im-

portant results.

') Conip. Happorl til Iiulonrigsiiiinisteriet over Briggcn "Tjalfc"s praktisk-videnskabe-

ligc Fiskeriekspeditioii lil Groiiland. 1909.



Appendix.

In a paper by D. I !. To ii ii <. ii I on 'The early influence of the spermatozoa

upon the characters of Kchinoid larvee" (Papers from the Torlugas Labora-

tory of the Carnegie Inst. Washington. Vol. V, 1914) some observations

on the early developmental stages of Eucidaris tribuloides (Lamk) are

recorded. It is evident Ihal the larva of this species agrees closely with

that of Eucidaris Thoiiarsi (comp. p. 22, PI. V, Figs. 1—2). In the Pluteus,

6 days old, represented in his ligure 6 (p. 133) the skeleton is shown; the

postoral rods are fenestrated, horizontally directed. One cannot help being

struck by the resemblance with the Echinopluteiis Iransversus shown by
this young larva, and — in spite of the ophiccphalous pedicellarite - the

conclusion seems almost unavoidable that Evhinophilciis Iransversus really

is the Ci(/rtr/.s-larva.

The paperisnot recorded either in the "Zoological Record" or the 'Biblio-

graphia zoologica." It was therefore only per chance that I discovered it in

time for mentioning this important observation by Tennent in this place.

When speaking of the phylogenetic importance of the larva of the

viviparous Ophionolus hexaclis (p. 238) I forgot to mention the larva of

Chirodota rolifera, which, although developing within the body cavity of

the mother, has also fairly distinct ciliated bands like those of the typical,

free-living larvae.^)

Attention may still be called to an interesting paper by 1. Stanley

Gardiner: "Notes and observations on the distribution of the larvae of

marine animals". (Ann. Mag. Nat. Hist. VII, Ser. XIV, 190 1, p. 103—410),

in which the problem of the importance to be ascribed Id marine larva^

"in distributing species and genera from shore to shore, from one littoral

zone to another" is discussed. In general the views of Stanley Gardiner
are not in contradiction to those set forth in the present work, and I

do not see any reason for entering on a detailed discussion thereof, the

more so as I most sincerely agree with the author in the main object of

'> H. I.. ('.
I a rU. I )rvtlo|)iiiiiil dI ;ui A|)0(1ous 1 lolot luiriaii (CliiiodoUi rolifera). .lourn.

Hxperim. /ool. 1\. I'.Mii.
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liis ])api'r "lo (liii'cl allenlioii to llio subjccl in Ihc hope llial zoologists

who are (Icahiit; with i)huikton will nol conliiu' their attention merely

to the adult groups of the same, hut will, in addition, arrange for ex-

amination of the larva' therein in view of the distribution of the diflerent

grou|)s of littoral animals." I would oidy express my astonishment at

the conclusion he arrives at, viz. that "it woukl appear to me ((iardiner)

that no results in distribution can be expected, so far as the Indo-Pacific

is concerned, from lu'hinoderms and ])robably also from iMiteropneusts

— other than the Crinoid.s," the pelagic life of which latter is consider-

ably shorter than that of typical pelagic l^chinoderm larva\ Probably

this statement is not meant so absolutely as it sounds. I also venture

to think that the fear expressed by Stanley (iardiner "that in the

present state of our knowledge any consideration of larval distribution

is |)remature and must be inconclusive" has been partly removed by

the present researches.



EXPLANATION OF THE PLATES

Sonic of till' lii;ui(.'s ol ( )|)liiuri<l-laivii' wtTc drawn \>\ .Mr. 1. Litliu rk i n<l , who lias also

drawn sonic of the skeletal lif>urcs of Hicsc larva' given in llie text. I l)cg lo ex|)ress here

my indehledness to .Mr. Lieberkind for his valuable assistance.

Plate I.

i'ig. 1. l.arva of Evhiiwmclru lucunler (Linn.), two weeks old, fully fornieil: seen from the

ventral side. Drawn from life. '*°
i.

2. Larva of same species, same age: from the dorsal side. At the base of the left |)ostoral

arm is seen the beginning amniotic invagination. Drawn from life, '""/i-

Plate II.

Fig. 1. Larva of 't'rii>iuiisl(s csiiiltntiis (Leskc), 17 days old; from llic ventral side. Drawn
from life. '-^"/i. ,

2. Larva of same species, 22 days old; from the dorsal side. ,\t I he base of the left

postoral arm is seen a small invagination, the amnion. A pedicellaria has begun

to form in a groove in the posterior end. The forward direction of the ventral ciliated

lobes (V. I.) is due lo pressure of llic larva under the cover. Drawn from life. '*°/j.

Plate III.

I'ig. I. Larva of Lijlirliiitiin rarifyalus (Lamk.), 13 days old, seen from the dorsal side.

Drawn from life. The amnion has been formed and in the posterior end a pedicel-

laria (p) is beginning to develop. '^°/,.

2. Larva of same si)ecies, 1.") days old. seen from the ventral side. Drawn of life, '^"/i-

Plate IV.

l'"ig. 1. Larva of AslriclinH'iis Maniii Verrill. ti days okl; seen from the ilorsal side. am.

amnion. Drawn from life. '^" ,.

2. Larva of Mcllila si'.ri(:iper/i}r(ilu (Lcske). 7 days old; seen from the dorsal side, turned

slightly upwards; in beginning metamorphosis. Drawn from life. On account of

the opacity of the larva the details of the body skeleton could mil be discerned.
200/

Plate V.

Fig. 1. l^mbryo of ICticidaris Tlwuarsi (Val.), :i days old. '^'^'i-

2. Young larva of same s|)ecies. (i days old, slightly restored. I'lie skeleton dissolved.

The small bo<l\ to Ihc left of (he mouth probably represents part of the enterocoel.

;{. Section of voung embryo of I'hijllacanlhus parvispinus Woods, in the blastula stage.

•»/,.

I. Section of embryo in the gastrula stage of same species, ""/i.

5. Larva of Diadema antillarum Phil., ."> days old: from the ventral side. Drawn from



li.') I

life. '-'-"/i. Tlu' lino seen arioss llic \iMilral Iraiisvorsc rods is tile lower liniit of

the suboral lavily.

Fig. t). ^oull{^ larva of Anlropijga jiuhuiuilii (l.amk.). ."> davs olil; vciilral view. Drawn
from life, ""/i-

7. Larva taken ijelagieaily, probably belonging to Aslromiya pulvinata. .Seen in some-

what (ibliqne side view. Some disloeation has oeeurred; the anal area is somewhat
twisted to the left so that the side area of the larva has beeonie too broad. The

li^ure is sli}.!htly eorreeted, the postoral (p. o.) and posterodorsal (p. d.l arms heinj^

in a more upright (but unnatural) position in the specimen from wliieli the lisnre

has been drawn. The basal part ol the Ull postoral rod not to be seen (piilc di-

stinetly, that of the ])osterodorsal rod (piilc indistinil in llie specimen. '''"
,. p. Ir.

posterior transverse rod.

Plate VI.

Fig. 1. Larva of Arbaeiid; taken pelagieally olT the .V/.ores. The postoral and posterodorsal

arms broken; their length must considerably surpass that shown in the figure, '^'/i-

2. The same larva, more magnified ('"/,). The larva is in beginning metamorphosis,

the anterolateral and |)reoral arms are not broken. The large fenestrated i)Iate

at the l)ase of the jiostoral (and, less develo|jed. the posterodorsal) rods is not cha-

racteristic of the larval skeleton but is connected with tlie metamorphosis, p.

pedicellaria: p. tr. posterior transverse rod.

3. Larva of Heliocidaris lubercitlala (Ivamk.), seen from the posterior end; showing

the position of the ventral (v. tr.) and dorsal transverse rods (d. tr.); p. tr. ])ostcrior

transverse rod; da. dorsal arch; [>. o. postoral. )). d. posterodorsal arm; p. 1. postero-

lateral lobe. ^"/i.

4. Larva of Temnolrema siulpla A. Ag., 20 days old. Drawn from life; ventral view.

The skeleton was merely sketched in the original drawing; as it has been dissolved

in the prei)aration, so that the sketch could not be completed, it liad to be omitted

in the figure. '""/,.

5—6. Young larvie of Hololhiiria n. sp. ('?), from the ventral side. P"ig. ."> represents

a specimen :i days old, Fig. 6 another, 8 days old. The rectum Is indiscernible.

The frontal area in fig. 6 probably loo narrow, due to contraction on preserv-

ation. '»%.

Plate VII.

Fig. 1. Larva of Mespilia (/lobaliis (Linn.), 1.") days old; seen from above, but in such a

position that the body is leaning somewhat over to the ventral side. The fact that

the posterodorsal arms are narrower than the postoral arms in this figure is due

only to the oblique position; in reality these four arms are of the same width. Drawn
from life. "»/,.

2. Larva of same species, ventral view; drawn from a preserved specimen. (This ac-

counts for the narrowness of the postoral and posterodorsal arms as compared

with fig. L) Beginning metamorphosis: two pedicellaria' have appeared in the

posterior end. Same age as the larva represented in fig. 1. '""/,.

.'{. Larva of Arhacia sicllala (Blv.); dorsal view. '^j\.

A. Young larva of Li/lfcliiiiiis panamcnsis Mrtsn., ventral view; .'> days old. Drawn
from life. "*»/,.

o. Young larva of J^yteihiiuis ananusiia H.L. Clark; side view; 7 days old. Drawn
from life. ""/j.

Plate VIII.

Fig. 1. Young larva of Lylechinus variegaliis (Lamk.), 2 days old. \'entral view. Drawn
from lite. '•»/,.

2. Young larva of Tripiuiislcs i-snilvnltis (Leske). .'i days old. \entral view. Drawn
from life. =»»/,.

3. Larva of Lylechinus anamesus H. L. Clark, 7 days old. Not yet fully formed. \'en-

tral view. Drawn from life. '"/,.

4. Larva of same species, same age as fig. 3; dorsal view. Drawn from life. '"/,.
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Fig. 5. Young larva of TriiJiicuslea (jrulilla (Linn.), '.i days old. Dorsal view. The skeleton

has been dissolved, --"/i.

6. Same as Fig.."); side view. '--"/i. s. c. suhoral eavity.

7. I.arva probably belonj^ing to Toxopneusles roseiis (.\g.). Xol yet fully formed.

Slightly distorted. Ventral view. ""/i.

5. Young larva of Tuxopncustes pUetilus (l,amk.), '.) days old. Venlral view, ''"/i-

Plate IX.

Fig. 1. Young larva of Slroiuii/locciilrotus /ranriscanus (\. .\g.)» I days old. Dorsal view.
160/

/ 1-

2. Larva of same species, 8 days old; ventral view. "°/i-

i. — - — — 10 days old; side view. "Vi-
i. Fully developed larva of Strongi/locentrnliif; franciscanus, taken pelagieally. Draw-n

from a preserved specimen. The course of the ciliated baud along the sides not

(|uile distinct in the specimen. ''"/,.

.). Larva of Slronuyldccnlrdliis piilcherrimu^ (A. .Ag.), 1 weeks old. \'entral view. -°°/i.

Figures 1

—

'.i and ."> drawn from life.

Plate X.

Fig. I. Young larva of Hvrrhinus chtoroticus (Val.), 11 days old. Ventral view. ""/,.

2. More advanced larva of same species, 3 weeks old. Dorsal view. ""/,.

3. Fully developetl larva of same species; nearly .") weeks old. Ventral view. '*°/i-

4—5. Two abnormal young larv;e of Erechinus chloroticus. '"/,.

6. Nearly fully developed larva of Temnopleurus toreumaticus (Klein); ventral view.

9 days old. l^rawn from life. '*"/i.

7. Fully developed larva of Araclinoides placenta (L.), 7 days old. Ventral view. "°/p

Plate XI.

Fig. 1. Young larva of Ililiariddris luherrulala (Lamk.), 6 days old. Dorsal view. '-'/i.

2. Fully formed larva of same species, .5 weeks old. Ventral view. In the posterior

end a pedicellaria has appeared; a muscle is seen conncctiTig the lower ends of the

postoral rods. Drawn from life, ^^"/i-

:i. Larva of Temnopleurid, species c. Slightly restored. The true shape of the epaulets

not to be ascertained. ""/,.

4. Larva of Erhinohrhsus (Otigopodia) recens (M. Edw.), 4 days old; ventral view. '"'/,.

Plate XII.

Fig. 1. Larva of luliiiiomilra huiinlir (Linn.), 7 days old; dorsal view. The body skeleton

has begun to be absorbed. Drawn from life. Showing the nervous system (the

oblique line on the anal area, at the base of the postoral arms). '--'",.

2. Larva of Echinomcira (ihloiuju (Hlv.). 12 days old; side view. Body skeleton partly

dissolved, -""/i-

3. Larva of same species, same age; ventral view. The skeleton has been omitted

in the figure, being partly dissolved so that a correct drawing of it could not be

made. (Comj). tig. 2). -"V,.

4. Larva of Colobocenlroliis alratus (Linn.), 12 days old; side view. '-'"'/,.

."). Larva of same species, same age; ventral view'. Skeleton dissolved. Drawing from

a preserved specimen, combined with a sketch from life. -""/,.

0. Young larva of Temnophunis lureiimaticus. 22 hours old: ventral view. The ciliated

band rather too distinct in the ligure. --"'i.

Plate XIII.

Fig. 1. Echinnpliiltiis Iran.wersus. species c. Ventral view, "'/i-

2. a. — Slightly corrected, the postoral

band having been shown in what is evidently its normal place, not in the place

where it is seen in the specimen, below the end of the ventral transverse rods. '*'/i.
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F"ig. 3. Echinuplulcus Iransrcrsiis, sjji'cies f. Nenlral view. 'I'lic vibralilc l)aiul iiol (Jisliiicl

over the Eeliinoid-rudinicnt. *'/,.

4. Same larv^ as lij,'. 'A, in ilorsal vii'w. *'/,.

5. Youiifi larva of Mcllila se.virsiitr/orata (Leske); 21 hours old. Ventral view, ""/i-

fi. Larva of sanu- species, same age; side view. ""/,.

Plate XIV.

Kig. 1. Young larva of I.acianuin diplopora H.L.Clark: 'A days old. N'ciilral \ iew. ^""/i.

2. Hnihryo of (^lypeasler japoitlciis Dodcrl.. 2',, days old. Showing hegiiuilng forma-

tion of the skeleton, '""'i.

I{. Larva of same species, 11 liays old. Ventral view. Drawn from life. '"/i.

4. Gastrula of Echiiiarachnius mirabilis (A. Ag.), 18 hours old. '*"/,.

."). Fully developed larva of Eclunarachnius (Dcndrasler) excentricus (Escli.). 11 days

old. Ventral view. From a preserved specimen, condiincd wllli ;i sketch from a

living specimen. Skeleton dissolved, '"'^/i.

6. Larva of same species, same age; side view. Slightly restored, '"^/i.

7. Larva of F.nropv micropora Ag., II days old; ventral view. From a preserved spec-

imen, combined with a sketch from a living specimen, ""/i-

Plate XV.

All figures of I'croiiclla Lcsiicuri (Val.). Figs. 1— 1 drawn from life, ''/i! the rest '""/i-

Fig. 1. iMnbryo, five hours old. in the hlastula-stage; showing irregular folding of the ecto-

derm.

2. Young larva. 17 hours old. The moulli has hccii formed, and the })osloral arms
are beginning lo ap|)ear as a pair of small lateral thickenings.

3. Young larva. 20 hours old; dorsal view. The postoral arms are distinct.

4. Fully formed larva, .'ii) hours old; ventral view. The preoral lobe has been completely

reduced, the mouth opening now being at the anterior edge of the body.

5. Longitudinal section of an endiryo, 9 hours old. .\ number of mesenchyme cells

have been formed, but gastrulalion has not yet begun.

6. Longitudinal section of an emliryo, 12 hours old. Gastrulalion lias begun.
7—10. From a series of longitudinal sections of an embryo, 16 hours old; showing

the shape of the entoderm. Between figs. 7 and 8 there is one section, fig. 9 following

immediately after 8; there arc 3 sections between figs. 9 and 10.

- 11— 13. From another series of longitudinal sections of an embryo, 16 hours old; showing

the shape of the entoderm. Fig. 11 is the more dorsal of the three. In fig. 13 is seen

the apical Ihickening.

- 14. Longitudinal, sagittal section of an embryo, 16 hours old. I'lie nuiutli (ni) has begun

lo form.

- 1.5— 18. From a series of frontal, longitudinal sections of an embryo, 18 —20 hours old.

Fig. 1."), which is the more dorsal of them, shows llie widening (am.) from the lower

end of llie pharynx (ph.), surrounding the entoderm (ent.); this widening gradually

disappears in the following figures. In fig. 18 is seen the rectum (r) in a lateral posi-

tion. There are 4 sections between figs. 1.') and 16, 1 between figs. 16 and 17 and
4 sections between figs. 17 and 18.

- 19—22. From a series of sagittal longitudinal sections of an embryo, 18—20 hours old.

Showing the posterior prolongation (am.) from the pharynx (ph.). .Mso the shape

of the archenteron (ent.) appears from a comparison of these figures. Fig. 20 shows

the blastoporus, which has now shifted to the ventral side, to form the anal open-

ing (a).

Plate XVI.

.Ml figures of I'eroncUa Lcsucuri (\'al.); all ""/i.

Fig. 1. Longitudinal, frontal section of a larva 23-24 hours old. Showing the amniotic

prolongation (am.) of the pharynx (ph.) continuing to the posterior end of the body.

The pari in the middle is the raised ventral wall of the amnion (comp. figs. 1 1 16);



257

in its posterior |);ul llu' \v;ill already lias assuiiu'ii an endothelial character. The

spaces below the arms are the remnants of the hlasloeoel cavity (bl.).

Fig. 2 1. From a series of loiigiludinal, frontal sections of an embryo, .'$2—3.") hours old;

rif>. 2 is the more dorsal: fig. I the more ventral of them. The pharynx has been

very much shortened and now has simply the character of the oijeninfj; of the amnion.

The lu-hinold-rudinieiit has begun to form lobes, representing the young spines

and prinuiry tubefeet. In fig. I the curved intestine (i) is seen. The distinctly

limited space to the right of it is part of the coelom (c), as is also the large, irregular

space in fig. 3. In this latter figure is seen to the left below the anterior part of the

amnion some nuclei, serially arranged so as to ap|)ear like a canal. This is, however,

a casual arrangement of no importance and there is no real canal.

- ^^. Median longitudinal sagittal section of a larva, 21 22 hours old. The amniotic

prolongation of the pharynx has reached the i)oslcrior end, covering the whole of

the dorsal side (comp. I'l. XV. Figs. 20

—

21). Its dorsal wall is beginning to assume

an endothrlial character, while the ventral wall has already thickened considerably.

1)1. blastocoel : h. hydrocoel: i. irdesline.

6—7. From a series of longitudinal, sagittal sections of a larva, 2(i—29 hours old. The

anuiiotic opening, the fornu-r mouth, has now been Iransplaced to the dorsal side.

There are two sections between the two figures. Below the thickened ventral wall

of the amnion is seen the hydrocoel (h.), and on the ventral side the intestine (i.),

the space separating lluin being the coelom (c).

8—9. Fi-(,i,i a series of longitudinal, sagittal sections of a larva, 32—3.") hours old; fig. 8

median, fig. 9 more lateral, separated from fig. 8 by 10 sections. The two parts of

the coelom seen in fig. 8 are found lo be in direct connection in more lateral sections.

The space in the middle probably belongs to the hydrocoel (h.?). The distinctly

limited part of the coelom in fig. 9 is also seen in the adjoining section lo be in direit

conmiunicalion with the rest of the coelom.

- 10. Median longituifinal, sagittal section of a larva, 11— 13 hours old. The anuiiotic

opening is now entirely dorsal. The primary tubefeet are protruding into the amnion.

- 11— 13. From a series of transverse sections of a larva 18 -20 hours old; fig. 11 is from

the anlerior end, the two lateral wings being the base of the postoral arms; figs. 12

and l.i from the middle part of the body, separated by three sections, am. amnion;

bl. blastocoel; cnt. entoderm: ph. pharynx: r. rectum.

- 14— 16. From a series of transverse sections of a larva, 23-21 hours old. Fig. 11 the

more anlerior, 16 the more posterior. In fig. lo is seen the last trace of the blasto-

porus, or anal opening (a.). Figs. 14 and 15 are .separated by 1 section, figs. 1.')

and 16 by 1 sections. The beginning folding of the ventral wall of the amnion is

to be noticed, am. amnion; bl. blastocoel. The cavity in figs. 11 and !.'>, design-

ated h. c, apparently represents both hydrocoel and coelom, not yet separated.

- 17— 18. F'rom a series of transverse sections of a larva, 32—3.^ hours old. The young

spines and primary tubefeet (t.) protruding into the amnion. The two figures are

separated by 8 sections, fig. 17 being the anterior, am. amnion: c. coelom: h. hydro-

coel: i. intestine.

- 19—20. From a series of transverse sections of a larva, 41—43 hours old. Showing the

pore canal (p. c). The two figures are separated by 4 sections, fig. 19 being the

more anterior.

Plate XVII.

.\11 figures of Heliocidaris eriillirof/ramma (Val.). .Ml '^/i.

Fig. 1. Embryo, 18 hours old, showing beginning formation of the gastrula.

2. Embryo, 30 hours old, in the gastrula stage.

3. Embryo, 30 hours old, showing beginning difTerentiation of the arclunleron. in the

lumen of which is seen a mass of a sliiiiy(?) substance.

4. l-'urther advanced stage in the dilTerentiation of the arclienlerou, a large pouch

having been formed: the hydrocoel (and enlerocoel?); 30 hours old.

'). Embryo, 42 hours old, showing the first indication of the amniotic invagination.

The arclienteron (the dark body in the middle) is connected with the blastoporus

by a thill strand, the space seen above the arclienlerou is the tiydro-enterocoel.

33
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FiR. (1. I'jiihryo, 12 hours old. showing a slightly more advanced stage in the formation

of the ainnlotie iiivagiiinlion and a beginning ditVercnliation of the hydroeoel.

7. lindjryo, ;i(l hours old, showing the arehenleron completely separated oil from the

blastoporus.

8. Miid)ryo, '2-'
, days old, showing a further advanced stage of the amTiiolic invagina-

tion, which has formed a furrow nearly round Ihc body. A distinct, broad ciliated

band is seen round the middle (d' the body. The archenteron has been separated

oil from the blastoporus. TJie internal structures very indistinct in this specimen.

it. lunbryo. ;{'/, days old. The tubcfcct of the young urcliin liave begun to jjrotrude

through the amniotic invagination. The internal structures not to be made out

in this sjjecimen.

- 1(1. I'"ml)ryo, ;J^/, days old. The primary lubefeet and the lirst spines (mind)ering U),

both together, in this specimen) are protruding through the amniotic cavity, now
split open. The pigment shows a rather distinct arrangement in bands.

- II. l-jnbryo, 2^ , days old, showing the five [irimary tubefcet lying within the amnion.

- 12. l-jubryo, J' ., days old. The primary lubefeet and spines have further protruded,

and the oral and aboral end of the larval body are pushed uj) on the dorsal side of

the urdiin.

- 13. Nearly metamorphosed sea-urcliin; Ihc al)oral part of the larval body has been

nearly completely absorbed, forndng only a small prominence on the upper side.

The primary tubcfeet arc fully extended. lMid)ryonal spines have begun to appear

also on the aboral side.

- 1 1. Ivmbryo, 4V2 days old. The amniotic invagination has been widened so much that

the primary tubefeet and the spines are assuming a circular arrangement. Only

two of the tubefeet extended. The pigment forms a very prominent band above

the widening of the body.

Figures 1- i) and 11 are drawn from specimens mounted in balsan) and thus

made transparent; figures 10 and 12— 14 are drawn trom specimens not thus clear-

ed UJ).

Plate XVIII.

All ligurcs of Jlcliocidaris cryllirogramina (Val.). All, except lig. 1, '*"/i.

big. 1. Section of an embryo, 6 hours old, in a young cleavage stage. The formation of

the mesenchyme has begun. The nuclei very indistinct.

2. Section of an embryo, IS hours old, in a young blastula stage. The whole of the

blastocoel cavity filled by mesenchyme cells, still in an embryonal condition.

'.i. Section of an embryo, 18 hours old, in the fully formed blastula stage. The mesen-

chyme cells have assumed the character of a reticulum, interwoven between the

large vacuoles, containing a probably fatty substance which serves as nourishment

to the developing embryo.

1. Part of a longitudinal section of an embryo, 2-'
., days old. showing the furniation

of the amniotic invagination. -»7i-

5. Longitudinal section of an embryo, 2'/, days old: showing the primary tubefeet (t)

protruding into the amniotic cavity (am.), which opens out through a small pore,

c. enlerocoel.

6. Part of a section from the same series as fig. o. The amnion is closed here,

h. hydroeoel.

7. Longitudinal section of an embryo, 42 hours old. Showing the hydroeoel (h) lying

close towards the amniotic invagination (am), which is here still an open groove.

Trace of the blastoporus is seen in the oral end; ent. entoderm.

8—0. Two longitu<linal sections of an end)ryo in metamorphosis, 4'/., days old. In

lig. 8 is seen the stone canal and its outer ojjening, in lig. SI the inner opening of the

stone canal into the hydroeoel. a. ampulla; c. coelom; tl. dorsal: ent. entoderm,

h. hvdrocoel; r. reservoir of food ; st. c. stone canal: v. ventral.
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Plate XIX.

Fig. I. ()i>hi(ii)lalfiifi of Ophinlhrix species a. Mlsai<i, 17/VI. 14. ""/i.

- 2. - — c. Jolo. 20 111. 14. «»/,.

- -A. — - — — b. Taboga, Panama. .\11. 191.'>. "7i-

Ci. - Tlic yoimg Opliiuriil has been develoiied and

(lioi)i)e(l oil, the poslenilaUrai arms remaining in lonneetioii and slill eontinuing

the pelagic life. Tobago, Panama. Xll. 191.5. *^/i.

- 7. Ophiopluteus of Ophinlhrix. species d. Somewhat restored, especially the intestinal

traclus. Off Jolo. 20,111. 14. '"/i-

Plate XX.

Fig. 1. Larva of ophiollirix aitfiiilala Say, var. poecila 11. I.. Clark. Drawn from life. 40

liours old. -"" ,.

2. Same, l'/., (hiys old. Drawn from life. -""I,.

:i. Ophiopluleus opulenlus, species c. I'he young Ophiurid lias luen devc'loi)id and

dropped olT, the posterolateral arms remaining in connection and conliniiing pelagic

life. The arms are not represented in full length, ought to lie ca. 4 cm longer by

this magniflcation. The small swelling in llic middle to lie noticed, ^''/i.

4. Same as Tig. 3, showing beginning regeneration of the larval body. *'/,.

,5. Same specimen as fig. 4, more magnified. Showing beginning formation of mouth,

vibratile band, anterolateral (".'iiostoral) rods. '»»/,.

Plate XXI.

Fig. 1. Ophiopluleus costatus, species a. ""/i.

- 2. — — — b. ""/i.

3. — opulentus, species a. Slightly restored. *^/,.

Plate XXII.

Fig. 1. OpIiitipluU-us nirospinu.s, species a. The nervous system is distinctly seen. '°/i-

2. — — — b. Nervous system only partly distinct. '°/i-

3. — opulenlus, — c. "/i.

Plate XXIII.

Fig. 1. Ophiopluleus fulcilus, species a. "-/i.

- 2. — _ _ b. "Vi-
- 3. — _ _ c, "Vi-

Plate XXIV.

Fig. 1. Ophiopluleus /ulcitus, species a. "^/j.

2. — iindulalus. species c. ""',.

3. - a; ill metamorphosis, '"/i.

The details of the skeletal plates of the young Di)hiurid could not be given (piite

accurately by this magniflcation. The first ventral plate has appeared; in four of

the interradii is seen an unpaired i)late. whicli evidently represents the mouth-

shield. The preoral band was not very distinct and is perliaps not quite correctly

represented.

Plate XXV.

Fig. 1. Ophiiipluleus undulalus. species a. Slightly restored. '"/,.

2. b. Slightly restored. »"/i. The three inner arm-

I)airs probabh still longer than represented. Ihe widening on the ends not distinct,

drawn only from analogy with the other species of this type. The shape of the

preoral band perhaps not (|uite correct: the sinuation distinct only on one side.

33*
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Plate XXVI.

Fig. I. Ophiopliitfus arci/cr, .speck's a. '"/p

- 2. — — — b. *»/,.

- 3. — _ _ c. »»/,.

Plate XXVII.

Fig. 1. Ophiopliilctis /iirniDsits, species a. "'/,.

- 2. — - b. Slii>lilly roslored. »»/,.

3. — similis. "/,.

Plate XXVIII.

Fig. 1. Opiiioptiilnis srrniliis. ""/,.

2. — — , beginning metamorphosis. '"/,.

Plate XXIX.

Fig. 1. Ophidphiliiis piisilliis. species a. "^/,.

- 2. - b. "Vi.

3. -; in metaniorpliosis. "^/j.

Tlu' rciniianis ol the vibralile band Lo be noticed.

4. Ophiopliilcits ptisillua, species c. '"^Z,.

- 3. — - — d. >»/,.

6. — diegensis. '"^/j. Tlie small spots in lia' posterior [tail of tlie body
are pijiniciit cells.

Plate XXX.
1^'ig. 1. OpIiKipliilcus ot Ophidfdinu, species c. slightly restored, '"''/i-

2. — /ormosus, species a. in nielainoriiliosis. ''Vj.

3. — nioiiacanthus. ^°/i-

4. — — , in side view, somewhat distorted, '"/i-

Plate XXXI.

Fig. 1. Larva of Ophioncreis sqiiamulosa Koehler; 45 hours old. Drawn from life, \entral

view. 120/^.

2. Same larva, same age. Dorsal view. The 6 primary plates and three of the terminal

plates have a])peared; the oral skeleton has not yet appeared in this specimen,

c. b. ciliated band; Up. hydropore; i)r. I. i)rimary tentacle; tf. .. second pair of

tubefect. "-'Vi-

3. Same larva, 2V2 days old; from the ventral side. The mouth opening has been formed.

Letters as in fig. 2; further stc. stone canal; b. t. buccal tentacles. -^Vi-

4. Same larva, 6 days old; the metamorphosis nearly completed, but the anterior end

of the larval body and traces of the ciliated bands (cb.) are still distinctly visible.

The Ih'st ventral plate (v.) and the first side |)late with its spine have l)een formed.

'I'lie mouth shields have not yet apjieared. t. terminal plate. '-"^
,.

5. Longitudinal, frontal, section of larva of Ophioncreis squamiiloaa. 2(5 hours old;

e. c. enterococl; h. hydrocoel; st. stomach, ""/i-

6. Larva of same species, 26 hours old; drawn from a cleared up specimen. The h\dro-

coel is in a more advanced stage than in Fig. ."), showing the five radial canals. The
enterococl is indistinct, st. stomach, '""/i.

7. Cleavage stage of Amphiura vivipara. ""/i-

8. Further advanced stage of the same; the nuclei have arranged themselves in a

layer along the surface so as to form the eclodernv. "7i-
i). Young embryo of Amphiura vivipara, showing the arms curved over the dorsal

side, in the skin of wliicli the primary jilates are observed, irregularly arranged. *"/!•

Plate XXXII.

All figures of ()pl)iiin(>tiis hrxaclis {l\. A. Smith).

Fig. 1—2. Young larva with a right hydrocoel. 1 from the ventral side, 2 in side view, ""/i-
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Fig. 3. Fully loniuil larva; llir liy<ln)i()cl has fdiiiicd llir priiiiaiy lobes. Tlie rudimenlary

ski'lolon (sk.) is sccMi. ''",.

- 1. Larva in a slif^hlly less advaiueil slaf^e, with a rislil liychoeoel. '"",.

- 5. Fully formed, normal larva. The round hole seen in the slomach is the entrance

to the reelum, which is seen here directly from above, '"/i-

- (). Fully formed larva, in side view. The oral lobe is bent somewhat forwards so as

to cover the oral region.

7. Abnormal larva. '^^^
,.

- 8. The young Ophiuran lyint» within the ovarial sac, on the wall of which are seen

two small, nearly absorbed eggs (e.). *"/,.

- 9. An ovary, attached to the genital rhachis; a tralxcule ol coniuclive tissue is pro-

ceeding from the ovary. 'Vi-

a. c. anterior coelom; e. egg; h. hydrocoel; ni. moulli: ii. nerv(?); p. c. posterior

coelom: r. rectum; rli. rhachis; sk. skeleton; si. stomach; Ir. trabecule.

Plate XXXIII.

Fig. 1. Larva of Asterina pedinifera (M. Tr.); 18 days old. Drawn from life. '""/i.

- 2. Fully formed larva of same si)ecies; same age. Drawn from life. '°7,.

- 3. Larva of Astropeden scopariiis M. Tr., 7 days old. s. c. suboral cavity. "Vi-

- 4. Larva of same species, 19 days old. Side view. »^,.

5. Larva of same species, in metamorphosis. 19—21 days old. ^/i-

- 6. Larva of (iymnaslcria carinifern (Lamk); 26 days old. '''"/i-

7. liipinnuriu sp. from I lie Red Sea. ""/,.

- 8. Larva of Slichopus californicus (Slimps.), 6 days old. Drawn from life, "/i-

- 9. Larva of same species, same age; side view. Drawn from life, "/i-
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