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ADVERTISEMENT.

The present memoir by Dr. Hubert Lyman Clark, of the Musenm of
Comparative Zoology, in Cambridge, Massachusetts, on ‘“The Apodous Holo-
thurians,”” sea-cneumbers or trepangs, forms part of Volume XXXV of the
Smithsonian Contributions to Knowledge.

In this memoir the attempt has been made to give a complete summary of
our present knowledge of the two families of sea-cucumbers whieh lack tube-
feet. As a system of elassifieation is the essential foundation upon which any
diseunssion of strueture, habits or relationships must be built, the first section
is devoted to a discussion of the history of the classification of the two families
(Synaptide and Molpadiide), with comments on the principles involved and a
final summary of the system adopted. Most of the original investigations hav-
ing been based on material in the collections of the United States National
Musenm, the seeond section is an annotated catalogue of the Apodons Holo-
thurians of that institution. The third section deals with the family Synap-
tidee, and takes up in regular sequence, so far as our present knowledge per-
mits, the strueture, physiology, development, habits and classification of these
animals. In the last subdivision of this section, each species, recognized as
valid, is treated separately in some detail. In the fourth section, the family
Molpadiide is treated in the same way.

The most important feature of the work is the recognition of the changes
taking place in the maturing and senaseenee of individunal holothurians, par-
tieularly in the family Molpadiidee. As a result of this, radical ehanges in
nomenclature have been neecssary, but every effort has becn made to have the
system adopted accord with the most widely aecepted codes, and thus be as
stable as possili]e. Special attention las been given to geographical distri-
bution, bnt the work in this line is chiefly of value as a summary of our present
very inadequate knowledge. Artificial keys to genmera and species have been
freely nsed with the intention of making the work as nseful as possible to all
subsequent investigators, and the numerous figures, most of whieh are copied
from other writers, are given with the same end in view.

In aeeordanec with the rnle adopted by the Institution; the work has been
submitted to a commission eonsisting of Prof. A. K. Verrill, of Yale University,
and Prof. W. K. Brooks, of the Johns Hopkins University, who reeommended
its publication in the present series.

Cuas, D. WaLcorr,

Secretary.
SMITHSONIAN [NSTITUTION,

WasHingron, June, 1907. 3
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INTRODUCTION.

Early in the spring of 1900 the collection of apodous holothurians of the.
United States National Musemin was placed in my hands for identification. This
collection consisted of nearly 1,000 speecimens from various localities along
the American coast, both east and west, from the Banks of Newfoundland and
the Aleutian Islands to the Strait of Magellan. It was rich in Molpadiide, and
furnished an excellent basis for the revision of that family, but it was poor
in Synaptide, though many of the American species were represented by nu-
merous specimens. Owing, however, to the great need of a revision of the
Synaptids, it was thought best to take the opportunity of making it, and the
present paper was intended to be a complete acconnt of all the footless holo-
thurians known to science. After the manuscript was completed, in 1906, a
supplementary collection from the National Museum, econtaining over 1,200
specmnels, was placed in my hands, and the examination of this additional ma-
terial has proved of great value, not only by enabling me to test and correect
the artificial keys, but by throwing mmeh additional light on the validity of
a number of doubtful forms. This report, as it now stands, is intended to
include all species deseribed prior to Jannary 1, 1907, and to furnish a means
for their ready identification. The synonymy of each species has received care-
ful attention, but no attempt has been made to include every writer who has
mentioned the form, unless e has in some way modified or qualified the name
in use. The bibliography is thought to inelude every paper whieh eontains any
matter of importance relating to the two families, but a number of papers are
omitted which simply eontain casual references to, or familiar facts concerning,
some of the well-known species. .

As a matter of eonvenience, the elassification of the two families is dis-
cnssed first, and this is followed by an annotated list of the species in the col-
leetions of the National Museum, ineluding deseriptions of new genera and
species. The remaining space is occupied by an account of the morphology,
embryology, physiology, ecology, and taxology of the two families, with arti-
ficial keys and an aeeount of each species, especial attention being given to
the geographieal distribution. The figures are intended to illustrate not only
the new forms deseribed, but also previonsly known species that have not been
figured, and some others, figures of whieh will be of serviee to the student
of these animals. A synonymie index is also given, to aid in finding any species
referred to by previons writers. A sincere effort has been made to place the
nomenelature on as firm a basis as possible, by the use of the now very gen-

erally accepted prineiples laid down in the Internatiomal Code. This has in-
: )


















PART I.

THE CLASSIFICATION OF THE APODOUS HOLOTHURIANS.

The first writer on Holothnrians who recognized the presence or absence
of feet (pedicels) as an important character in the classification of the group
was J. F. Brandt (’35), in his account of the animals observed by H. Mertens.
He divided the group Holothurie, which he ranked as a family, into two great
subdivisions, the Pepat®z and the Apobes. Unfortunately, however, he failed
to distinguish accenrately the apodous from the pedate forms, and conse-
quently, as Ludwig (’81b) has shown, many really apodous forms ocenr in the
Pedate. He divided the Apodes into the PxeumonorHorRZE and the ApNEU-
MoxEs, according to the presence or absence of respiratory trees. But here
again his observations were not exact, and some forms without respiratory
trees are placed in his Pneumonophorz. Burmeister (’37) ranked the holothu-
rians as an order including several families, one of which, called by him Syn-
APTIDE, was equivalent to Brandt’s Apodes. Grube (’40) called the same group
Cummorz, Forbes (’41) called them Sywarrs, Gray (’48) Synaprmz, and
Siebold (’48) Synaprinz., Johannes Miiller (’50) considered the possession of
respiratory trees as the important point in holothurian anatomy, and accord-
ingly he divided the order into ‘‘lungenlose’” and ‘‘lungentragende’’ groups;
the latter were divided into the ‘‘fusslose’’ and ‘‘fussige,’’ and the ‘‘fnsslose’’
were christened Morpapnpz. Bronn (’60) recognized the position of the holo-
thurians as a class, and divided it into two orders, the first of which contained
only the extraordinary Rhopalodina, while the second was divided into two sub-
orders, Aronia and Europia, the Apodia equivalent to Brandt’s Apodes. Under
the Aropia were placed two families, the Synaptide (without respiratory trees;
fonr genera, Synapta, Synaptula, Chiridota, Myriotrochus) and the LiobEr-.
maTIDE (with respiratory trees; three genera, Lioderma, Haplodactyla, Mol-
padia), Miiller’s Molpadiide.

With the publication of Selenka’s monograph (’67) the study of the holo-
thurians really began, from a modern systematist’s point of view. He divided
the class HovrorHuriomEea into two orders, the PxrumoxopHORA and the " Ap-
NEUMONA, the former with three families, the last of which, the LiosomaTina,
was equivalent to Miiller’s Molpadiide. Selenka’s classification of the footless

forms may be tabulated thus:
11
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’ Orders. Families. P Genera.,
PyruMoNopiora . .| Liosomatide . .| Molpadia, Liosoma, Haplodac-
tyla, Caudina, Embolus.
APNEUMONA . . . . . Synaptide . . .| Synapta, Synaptula, Chirodota,
Myriotrochus, Bupyrgus,
! Riiabdomolgus,

In the Liosomatidwe, Selenka ineluded nine species, of which one was deseribed
for the first time. In the Synaptide were inelnded 44 speecies, of whieh 29 were
placed in the genuns Synapta and 10 in Chirodota.

The notable monograph of Semper (’68) used essentially the same elassi-
fication, but he called the family of footless Pneumonophora, Molpadiide, and
in it he placed a new genns Echinosoma. He also deseribed a new Haplodaectyla,
I. molpadioides, with two varieties, pellucide and sinensis. Under the Ap-
neumona he placed two new families, the INupyremzE and OxciNoraBIDE, each
with one genus, but he expressed strong donbts as to the validity of these fam-
ilies, and regarded the genus Enpyrgus as probably belonging to the Molpadiidz,
and Oncinolabes as synonymous with Synapta. Under the Synaptid:a he placed
a new genus, Anapta, containing one species. He also added 10 new speeies
of Synapta and admitted 23 others; five new Chirodotas, and admitted 12
others; and he recognized three other genera each with one speeies. Semper
therefore listed 68 species of apodous holothnrians as against Selenka’s 53.

Seventeen years later, Lampert (’85) returned to the -classification of
Brandt and recognized the order Apoda, with its two suborders each with a
single family. Ilis arrangement was as follows:

T

| = 12
S8 D | =
. L |EE] 2B
Suborders. Families. Genera. No. <§| & 2
R =T
o | 2 1]2
“ AN =T
Apneumona . . . .| Synaptide. . | Synapta, Anapta, Chirodota,| 7| 781 0| 4| 82

Myriotrochus, Trochoderma,
Acanthotrochus, Rhabdo-
molgus.

Pneumonopliora. . | Molpaditide . | Haplodactyla, Molpadia, Lio-| 7| 241 0} 1| 25
soma, Caudina, Trochostoma,
Ankyroderma, Eupyrgus.

14 11021 0| b | 107
{

The next great monograph on holothurians, that by Théel (’86 a) adopts
the same elassification, exeept that Tombolus is admitted among the Molpadiide
and Liosoma is not. Owing to the deseription of 11 new species, the total num-
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ber treated is 118, of which 26 are regarded as of doubtful standing. The
elassic work of Ludwig (’92b) in Bronn’s Thierreich introduces an entirely
new basis of classification and breaks up the suborder Apoda. Ludwig shows
that the embryology of the Synaptide sets them apart as a distinet gronp from
the other holothurians, and he therefore divides the class Hororuaurromsa into
two orders, the Acrinoropa and the Paracrivopopa, distinguished by the place
of origin of the cirenmoral tentacles. The Actinopoda include four families, of
which the last is the Molpadiid®, containing the footless species. The Paraeti-
nopoda includes the single family Synaptide. Tudwig’s arrangement of
genera is as follows:
Molpadiidee = Molpadia (2 species), Kupyrgus (1),JHaplodactyla (5), Caudina (4), Trochostoma
(12), Ankyroderma (8).
6 genera, 32 species.
Synaptidee = Synapta (51 species), Anapta (5), Chiridota (20), Trochodota (2), Trochoderma
(1), Myriotrochus (1), Acanthotrochus (1).

7 genera, 81 species.
Total, 13 genera, 113 species.

The last important paper of the nineteenth eentury dealing with the classi-
fication of the footless lolothurians is Ostergren’s (’985) admirable revision
of the Synaptide. Ue proposes to divide the family into three subfamilies,
chiefly because of differences in the ealcareous deposits: Synaptine with
anchors and plates, or occasionally (Anapta) only miliary granules; Chirido-
tine with 6-spoked wheels, or sigmoid or bracket-shaped particles, never anchors;
Myriotrochine with wheels having 8 or more spokes, never colleeted in papill.
Under the Synaptinw®, he places Anapta and five other genera, made from the
old genus Synapta, as follows: Enapta, Chondrocleea, Synapta, Labidoplax,
Protankyra. These genera are distinguished from each other mainly by the
shape of the tentacles and anchors and anechor-plates. Under the Chiridotinwe
are placed two genera, Sigmodota and Chiridota, while Myriotrochus, Trocho-
derma, and Aecanthotrochus make up the third subfamily. Altogether Oster-
gren reeognizes 81 speeies of Synaptidwe, the same number listed by Ludwig six
vears before.

The report on the holothnrians of the ‘‘Travaillenr’’ and ‘‘Talisman,’” by
Rémy Perrier (:03), returns to the old arrangement of Brandt again, but is
notable for the relative rank given previously recognized groups. He con-
siders the apodous holothurians a natnral assemblage, and ranks them as a
snbclass, the Apodes. This snbelass includes two orders, the AwacTiNopopa'
with one family, the Molpadiidx, and the Paracrizoropa with three families, the
Synaptidwe, Chirodotide, and Myriotrochide. Thus Ostergren’s subfamilies are
here raised to full family rank. Delage and Herouard (:04) recognize two
orders Activopopipa and Paracrinopopins, under the first of which they place

‘Qpelled .\metlp()(h on page 261, \\hme first introduced ; elst \\hmo spelled as above given.
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the Molpadiide as a distinet suborder, with the wusual single family and six
genera. Their classification of the Paractinopodida is most confusing, for no sub-
ordinate groups are given save genera, of which 14 are recognized, two being
known only from fossil remains. Moreover, although several references are
made to Ostergren’s work, these only add to the confusion, for blunders are
made in attempting to indicate the snbfamilies proposed by him, and an ob-
vious slip of the pen concerning the Chiridotine makes matters still worse.
MaecBride (:06), ignoring Ludwig’s important embryological work, divides the
holothurians into six orders, of which the last two ‘are the MovLpaprpa and
SynapTipa, each containing a single family and six genera. Such a classifiea-
tion is certainly no contribution to onr knowledge of the group! Fisher (:07)
recognizes the classifications nsed by Liudwig and by Ostergren, at the same
time calling attention to some points of nomenclature in which the latter seems
to be in error. He adds a new genus (Opheodesoma) which is practically see-
tion B of Ostergren’s Kuapta, and gives a very full aceount of the type species.
He also describes four other new forms of Synaptide.

In arranging any scheme of classification, the first point to be determined
is the relative value of characters upon which to hase specific, generie, and
family differences. In the holothurians, the characters which best determine
family limits are the presence or absence of true retractor muscles and
respiratory trees, the number and form of the tentacles, and the presence or
absence of other ambulacral appendages. Since the ambulacral appendages, ex-
cept tentacles, vary greatly in number, size, and arrangement, even in a single
species, the characteristic features of the internal anatomy carry more weight.
The gronp of apodous holothurians therefore cannot be accepted as a natural
group, especially since the genera Himasthlephora and Gephyrothuria form an
obvious connecting link with the pedate forms. The absence of respiratory
trees is, however, a constant and remarkable character, and, combined as it is
with the absence of pedicels and papillee and the presence of unbroken eireunlar
musecles, marks out the Synaptide as a well-defined family, aside from its
ordinal characters. The other apodous holothnrians are less susceptible of
satisfactory definition, aside from the lack of pedicels, but the shape of the body
usnally terminating in a more or less evident candal portion, the peenliar, short
tentacles, combined with the presence of respiratory trees, are really quite char-
acteristic for the Molpadiidee. These two families may therefore be accepted
as including all known apodous holothurians (except the remarkable and unique
Pelagothuriide), but there is no intention of implying any neccessarily close
connection between them. Perrier’s (:03) reéstablishment of the group Apodes
seems to be an attempt to base the classification on an obvious, external char-
acter, because it is convenient and easy to note, rather than an effort to reach
a natural arrangement. No new arguments are advanced in favor of the
Apodes, and the evidence is certainly against their standing as a subclass,
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In discussing the classification of the Synaptidwe, the question naturally
arises whether the subfamilies suggested by Ostergren (’98D) are worthy of
recognition. Subfamilies may be quite as natural groups as families, but if they
are simply artificial assemblages they needlessly complicate the classification,
unless the number of genera is unusually large, which is certainly not the case
with the Synaptide. That Ostergren’s subfamily Synaptine is a natural group
seems very probable, the genera contained in it being evidently related to each
other. There is more room for question whether the Chiridotinee and Myrio-
trochinz can be properly separated from each other, but the ecaleareous particles
are certainly strikingly different in the two groups, and it is at least probable
that no violence is done in separating them. But Perrier’s (:03) proposition
to make full families of these subdivisions of the Synaptida cannot be ap-
proved without exaggerating their differences.

In attempting to define genera or species in the Synaptine, we are met with
the difficulty that many are known from a single specimen or at most a few, and
nothing is recorded of their life histories. Especially is this true of the various
East Indian species, and since, in those species whose life history has been
studied, it is known that the number of tentacles gradually inereases as the
animal approaches maturity, it is very probable that some of the 10- and 13-
tentacled species will prove to be the young of other 12- or 15-tentacled forms.
Moreover, many species have been described from fragments, the anterior end
of the body being missing, and consequently the species are based wholly on
the calcareous particles, which is of course unfortunate; for it ought to be
clearly understood that the ealecareous particles in the skin of Synaptids (as in
all holothurians) are more or less variable, and while each species usually has
its own distinet sort, yet there is a very wide range of diversity, even in one in-
dividual, and exact conformity to a given type must not be expected or looked
for. The six genera proposed by Ostergren appear in the main to be natural
groups, and will doubtless be quite generally accepted. But unfortunately in
selecting his names, Ostergren overlooked or ignored some of his predecessors.
The name Synapta was proposed by Eschsecholtz (’29) for a species which he
called mammillosa, and he also states that Holothuria maculata Chamisso and
Eysenhardt is congeneric. There can be little question that these two species
are the same, in spite of the extraordinary difference in the colored figures
given (sce page 79), and it is further reasonably sure that they are no other
than the species well known as beselii Jiger. The name Synapta must there-
fore be retained for this species, which Ostergren puts in his genus Chondro-
clea. Owing to its unique anchor-plates, and some other peculiarities, it is
better to regard it as sui generis, and let the other members of ‘‘Chondroclea’
stand apart. They cannot, however, be called by Ostergren’s name, for
among them is “‘vivipara’ (= hydriformis Lesueur), which was made the type
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of the genus Synaptula by Oersted in 1849, and they must therefore be called
by the carlier name, of which Chondroclea is obviounsly a synonym. Omne spe-
cies of this group, however (kefersteinii), is so distinet from the others in its
large number of tentacles that it may well be considered as the representative
of another genus, for which I would suggest the name Polyplectana (see page
76). Ostergren’s other genera Anapta, Euapta, Labidoplax, and Protankyra
arc all valid and may be accepted without further discussion. His genus
Svnapta, however, must bear the name Leptosynapta, proposed for it by Ver-
rill in 1867." To these genera it is now necessary to add the recently redis-
covered Rhabdomolgus Keferstein. It is also necessary to recognize a new
genus, Dactylapta (see page 111), for a remarkable species from the Indian
Ocecan. Fisher’s (:07) division of Enapta into two genera scems to me of
doubtful value, but the two groups are as easy to distinguish from each other
as théy are from Synaptula, and we may therefore recognize Ophcodesoma, for
the present at least, without doing violence to any natural relationships. We
thus' recognize 11 genera of Synaptince.

When we come to the Chiridotine we must first of all determine to what
characters we will give the most weight. The number of tentacles offers an
obvions and tempting character, but one which must be used gnardedly; it does
not secem to be natural or justifiable to separate forms with 10 tentacles from
those with 12, solely on that gronnd. Of course, where the difference in num-
ber is greater, the character has more weight. 1t is probable that Ludwig is
right in putting the emphasis on the distribution of the ecalcareons wheels,
while the presence or absence of the sigmoid bodies may be regarded as the
feature of second importance. With these principles in mind, we find the classi-
fication of this subfamily quite simple. Ostergren divides it into two genera,
Sigmodota and Chiridota. The former genus was suggested by Stnder (’76)
for species having calcareous parficles in the form of sigmoid bodies. Oster-
gren proposes to include in Sigmodota all the species with sigmoid bodies,
whether they have wheels or not, restricting Chiridota to species having no
sigmoid bodies, and with the wheels in papille. The genera Toxodora Verrill
(’82) and Trochodota Ludwig (’92b) are thus inclnded in Sigmodota by Oster-
gren, though he recognizes three distinet groups in the genns. Ludwig (925)
puts Toxodora under Anapta and bases Trochodota on the species with 10 ten-
tacles, the wheels scattered (. e., not in papille), and sigmoid bodies present.
The tentacles of Toxodora, however, are peltato-digitate, whereas those of
Anapta are pinnate; the calcareouns particles are also of essentially different
types; it is hardly legitimate, therefore, to wunite the two groups, for
there is no reason to believe that they have a common ancestry or any close
genetic conncetion. Verrill’s genus appears to be valid and may be defined as

! Fisher (:07) has already called attention to these necessary modifications of Ostergren’s names.
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Ohiridotinee without wheels, but with small C- or bracket-shaped bodies. It is
thus very closcly allied to Chiridota. The genus Trochodota is a natural group,
well characterized by several morphological features. At first sight it might
seem that Ludwig’s name is antedated by Studer’s Sigmodota, but although
Studer states that his type species is Lesson’s purpurea, a perfectly recog-
nizable species which Ludwig makes the type of Trochodota, he incorrectly
identified the Chiridotine before him and in spite of their having 12 tenta-
cles, called them purpurea; consequently he states that Sigmodota has 12
tentacles. (It has been generally assumed that he says further there are
no wheels in Sigmodota; as a matter of fact, he says nothing whatever
on that point.) Ludwig (’98b) has shown that the species Studer had in hand
was undoubtedly Chiridota contorta Ludw., and as his generic diagnosis fits that
species, contorta becomes the type of Sigmodota. But even though it is thus
clear that Sigmodota and Trochodota are not synonyms, the former name can-
not be used; for in 1868 Semper suggested that the peculiarities of Chiridota
australiana Stimpson warranted its being made the type of a new genus to
which he gave the name Tzniogyrus. This seems to be a natural and acceptable
course to follow; but the genus, which is characterized by the presence of wheels
collected in papille and numerous scattered sigmoid bodies, includes besides
the type-species, C. contorta Ludwig and consequently Sigmodota Studer is a
synonym of Twmniogyrus Semper. The interesting species, C. japonica v. Mar-
enzeller, bears the same relation to Teniogyrus that Toxodora does to Chiri-
dota, and therefore is best treated as the type of a new genus, Scoliodota (see
page 125). There are still left about a dozen species to make up the genus Chiri-
dota, but one of these, the widespread C. rufescens Brandt, is so distinet from
the others that it is entitled to generic rank, and we may call the genus Poly-
cheira (see page 120). Tt is clear, I think, that dAnapta inermis Fisher is one
of the Chiridotine, and must, therefore, be made the type of a new genus which
may well be called Achiridota (see page 126). There are thus seven genera of
Chiridotine which it seems proper to recognize, instead of the two given by
Ostergren. However much multiplicity of genera is to be deplored, it cannot
be avoided in this subfamily if our classification is to show natural relation-
ships. In the Myriotrochine there are three well-marked genera, univer-
sally recognized, based on the form of the calcareous wheels; Myriotrochus,
with wheels having 10-25 spokes and 17-35 large teeth extending horizontally in-
ward from the rim; Trochoderma, with wheels having 10-16 spokes, and the rim
with large, scattered, sharp knobs, but no horizontal teeth; Acanthotrochus,
with two distinet kinds of wheels.

Turning now to the Molpadiide, we are confronted by only about half as
many species as in the Synaptide, but with even more difficulty in arranging

them in genera. No suggestion of subfamilies needs consideration in this
2 .
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group, the genera are so closely allied. Of the 10 genera which have been pro-
posed, six are universally accepted: Ankyroderma, Candina, Eupyrgus, Haplo-
dactyla, Molpadia, and Trochostoma. Embolus Selenka is now regarded only as
a synonym of Trochostoma; Echinosoma Semper corresponds to Eupyrgus;
Microdactyla Sluiter is best treated as a synonym of Caudina; and Liosoma
Brandt (Lioderma, Bronn), used by Stimpson for a Trochostoma, is really
a synonym of Chiridota. But generic limits in this family are not sharply
drawn and the evidence now to be presented breaks down all possible distine-
tion between Ankyroderma and Trochostoma. As generally defined, the former
is distinguished from the latter by the presence of rosettes of racquet-shaped
rods, from the center of which there extends outward a conspicuous anchor.
These anchors have a long shaft and serrate flukes, so that if they are nu-
merous, the body surface is very rough, and it is not remarkable that Anky-
roderma has been considered a clearly defined genus. I have had the oppor-
tunity of studying more than 350 specimens of these two genera, and a careful,
long-continued examination has convinced me that the presence of the anchors
and rosettes of racquet-shaped rods cannot be regarded as even a constant
specific character. The first intimation T received of this fact came when com-
paring some specimens of ‘‘Ankyroderma danielsseni Théel’’ with others which
I had identified as ‘“T'rochostoma violaceum (Studer).’” T was struck by the
similarity in general appearance and in the calecareous deposits of the body-wall,
and my faith in the distinetion between the two genera was shaken when I found
some of the raequet-shaped rods in a specimen of what I had called Trocho-
stoma. This led me to make numerous preparations from nearly all the speci-
mens, and the longer I compared them, the more T became convinced that they
all belong to a single species. Some are perfectly distinet specimens of 7. vio-
laceum, and show not a trace of anchors or racquet-shaped rods, and others
agree perfectly with Théel’s (’86a) deseription and figures of A. damnielsseni.
Between these two extremes, however, there are several specimens which at
first sight would pass for T. violaceum, but of which a careful examination
shows that here and there are scattered more or less imperfect groups of
racquet-shaped rods, and occasionally there is evidence of an anchor having
been present. My suspicion that Ankyroderma was untenable was thus con-
firmed, but it was made a certainty when I came to study the 150 or more speci-
mens of Ludwig’s T. intermedium. These varied in length from 17 to 180 mm.
and showed all sorts of intermediate stages in the condition of the racquet-
shaped-rod rosettes. The smaller specimens (those under 60 mm.) all have a
very thin skin in which the colored bodies are light yellowish brown and the
rosettes with anchors are numerous. They are clearly Ankyrodermas and I at
first supposed they represented a new species of that genus. The largest speci-
mens (those from 100 mm. up) have the body-wall rather thick and firm, the
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colored bodies in the skin very numerous and deep red or brown, and, with one
exception, no anchors or rosettes. The specimens intermediate in size differ
greatly in the texture of the skin, in the quantity and shade of the colored
bodies, and in the presence, number, and condition of the rosettes. As a rule,
it i1s undoubtedly true that the larger the specimen, the thicker the skin, the
fewer and more imperfect the rosettes, and the darker and more numerons the
colored bodies. But there are many execeptions: some rather small specimens
show no trace of the rosettes, while some large specimens have the rosettes
quite common and occasionally nearly complete. It is noticeable that as the
rosettes begin to disappear, the number of rods become reduced and they begin
to be transformed into colored bodies. Théel (’86a), Ludwig (’94), and others
have referred to this transformation of calcareous particles into colored bodies,
but in the specimens of intermedium before me, it is unusually well shown by
the racquet-shaped rods. The gradual disintegration of a complete rosette
with anchor into a heap of rounded colored bodies can be easily traced, and is
well shown in figures 5 to 12, Plate XII. Ludwig (’94) in his account of 7. in-
termedium refers to the occasional presence of peculiar, scattered, racquet-
shaped rods, and figures one; so that it is clear his experience was not greatly
different from mine. Moreover, in speaking of Ankyroderma danielsseni, Lud-
wig (’94, pp. 164-170) refers to the difficulty of deciding without very careful
examination whether a given specimen is an Ankyroderma or a Trochostoma, so
rare are the rosettes and anchors in some cases. As to the significance of these
facts, our knowledge is as yet too imperfect to draw any clear econclusions.
Chemical analysis of the deposits (see page 143) shows that the colored bodies
are radically different from the ordinary deposits in the skin. Both are possi-
bly connected with the process of excretion; but why one should replace the
other, it is certainly hard to say. That the change is closely connected with the
age of the individnal seems to me almost certain, though it must be remem-
bered that size in Kchinoderms is not a sure criterion of age. It is interesting
to note that most of the species of Ankyroderma described have been less than
60 mm. long, while many of the Trochostomas range over 75. The discovery
that the prescnce of anchors and rosettes is not a constant feature of even a
given species, combined with the fact that in Trochostoma the calcareous plates
and tables are more variable and show greater individual diversity than in any
other genus of holothurians, makes the proper classification of the genus at the
present time almost hopeless. There may be some species in which the anchors
are present throughout life and there may be species in which they are never
present. In determining species, therefore, the presence or absence of anchors
and rosettes can only be considered as a secondary character, even if it can
wisely be taken into account at all. The name Trochostoma antedates Ankyro-
derma by two years and must therefore have the preference if either be used, but
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as a matter of fact both are synonyms of Cuvier’s Molpadia. Although Cuvier’s
diagnosis is very brief and is also erroneous, there can be no doubt that the
animal he had in hand was a specimen of what has since been called Trocho-
stoma; for he says it was from the Atlantic Ocean, and none of the other
genera to which his description might apply ocenr there. If we do not use
Molpadia in this sense, it cannot be used at all, and the name of the family
would consequently have to be changed. Since I have no doubt as to the group
of holothurians to which Cuvier intended to apply Molpadia, I should not con-
sider myself justified in rejecting his name.

As regards the remaining genera we are in difficulty, because of the very
incomplete characterization given them by their original deseribers and the sub-
sequent extensive emendations of later writers. The loss of the type specimens
increases the trouble. The small genus Eupyrgus is the best characterized of all
and seems to be a natural group. In 1840, Grube deseribed Haplodactyla, a genus
which he characterized as having simple tentacles without digits. Curiously
enough, as Ludwig has shown, his type seems to have been a specimen of
M. musculus Risso, and consequently Haplodactyla is a synonym of Molpadia. In
1868, Semper desecribed a holothurian to which he very naturally applied the
name Haplodactyla, but unfortunately Grube’s name cannot be so used, if we
are to observe the modern rules of zodlogical nomenclature, and consequently
Semper’s species and its allies are without a generic name. As the tentacles
lack digits, we may call the group Aphelodactyla. In 1841, Gould described,
under the name Chirodota arenata, a remarkable holothurian from the coast of
Massachusetts, which Stimpson (’53) later made the type of a new genus Cau-
dina. Unfortunately, Stimpson makes no attempt to define this genus or to show
how it differs from Molpadia, referring simply to Ayres’ (’°52a) description,
which contains some glaring errors. However, owing to the type species being
well known, Caudina has been very generally accepted, and several other species
have been added to the genus. In 1850, Miiller deseribed an interesting holothu-
rian which he called Molpadia chilensis, and in 1868 Semper added M. qustralis.
The latter gave a revised diagnosis of the genus, based on his own and Miiller’s
work, and widely different from the original one of Cuvier. As defined by
Semper, Molpadia was distinguished from Caudina chiefly by the presence of
‘‘retractor’’ muscles. As that character is one of very doubtful importance
among the apodous holothurians (see pages 52 and 144), the species included by
Semper and later writers in Molpadia belong rather in Caudina. One impor-
tant exception to this statement must be made, however, for Sluiter’s (:01)
species, M. demissa, is evidently quite unlike the others, and must be made the

type of a new genus, which may well be called Acaudina, from the absence of a
caudal appendage.
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Althongh many new species of apodous holothurians have been described
in the past 20 yecars, no new genera ascribed to either family have been named,
except in the rearrangement of the Synaptide referred to above. It is remark-
able, therefore, that the collection from the National Museum should afford ex-
amples of two holothurians so extraordinary that they cannot be placed in any
known genus, and the definition of the Molpadiide will have fo be altered to
malke it possible to enter them in that family. In order to lay out clearly the
plan of classification adopted in the present paper, it is necessary to introduce
these new genera at this point. The descriptions will be found later on (see
pages 39 and 40). Onec of these genera is based on four specimens from the
Western Atlantic Ocean, of which the largest is only 28 mm. long. Owing to
some curious lash-like dorsal papille, I have given the name Himasthlephora
to this remarkable holothurian. It bears a striking resemblance fo Gephyro-
thuria Koehler and Vaney ( :05),which is regarded by its deseribers as represent-
ing a new family (Gephyrothuride) of Aspidochirotz. A careful comparison
of Himasthlephora with the descriptions and figures of Gephyrothuria convinces
me that the two genera are very closely allied, if not identical. But it seems
clear to me that they are Molpadiide and that the new family is quite uncalled
for. On account of the differences in the tentacles and the caudal appendage,
it seems best to keep the two genera separate for the present. The other genus to
be described is based on three specimens from Bering Sea, the general appear-
ance of which is not unlike ‘‘Trochostoma;’’ but the tentacles are extraordi-
narily different, and the name of the genus (Ceraplectana) is based on this
character. There arc, therefore, eight genera of Molpadiide recognized in the
present report.

The following table shows in outline the classification herein adopted and
the number of species recognized in each genus:
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| . hardt.
| Fuapta Ostergren. godeffroyi Semper. 2
| Opheodesoma Iisher., spectabilis Fisher. 4
[[Synaptine | Polyplectana, gen. nov. kefersteinii Selenka. 1
| Ostergren. | | Synaptula Oersted., hydriformis Lesueur. 8
11 genera, |“-Leptosynapta, Verrill, “tdanharens O. F. Milller, 9
60 species. | | Labidoplar Qstergren. buskii MeIntosh. 5
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| Protankyra Ostergren. abyssicola Théel, 25
Adnapta Semper. gracilis Semper. 3
I Dactylapta, gen. nov, dubiosa Koehiler & Vaney. | 1
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ster. | |
gé %e)n“{é: \ Chiridota Eschseholtz. discolor Esclischoltz. 13
SPCEiEE, Ghlirite tine Polycheira, gen. nov. rufescens Brandt. 1
' Osibrgren ‘ Teniogyrus Semper. australiarus Stimpsoi, 2
7 gel{ i Trochodota Ludwig. purpurea Lesson. 3
99 g )ec’ie(s Seoliodota, gen. nov. japonica v. Marenzeller. 1
SRS Toxodora Verrill. ferruginea Verrill. 1
L | Achiridota, gen. nov. inermis Fisher. 1
M‘éi?:;ggi’:“ Myriotrochus Steenstrup. rinkii Steenstrup. 4
ey Trochoderma Théel. elegans Théel. 1
6 gpeciéi’ Acanthotrochus Danielssen & Koren., | snirabilis Danielssen & Koren. 1
[ [ | Molpadia Cuvier; holothurioides Cuvier. 27
| | Caudina Stimpson. arenata Gould. 8
| | Acaudi : lemissa Sluit 1
. Acaudina, gen. nov. demissa Sluiter.
I\[IOI\pI"Efllllg‘rc ] Aplwlodac:tf{la, nom. 1ov. molpadioides Semper. 5
) 'y ellller-l. """"""" Liupyrgus Liitken. scaber Liitken. 2
46g o e‘i Y Ceraplectana, gen. nov., trachyderma, sp. nov. 1
PeLies. Himasthlephora, gen. nov. glauca, sp. nov. 1
L Gephyrothuria Koehler & Vaney. | alcocki Koehler & Vaney. 1

Finally, in conclusion of this sectlon, it may be stated that no subspecies
or varieties are aceepted. In some cases proposed subspecies, when well char-
acterized, have been raised to full specific rank, while more commonly no

attempt is made to distinguish them at all.

The wide-ranging species are so

variable and our knowledge is at present so incomplete, genuine subspecies
cannot be positively determined. Until our collections are far more extensive
and have been studied with great care, we cannot profitably make use of sub-
specific or varietal names.



PART II.

THE APODOUS HOLOTHURIANS OF THE UNITED STATES
NATIONAL MUSEUM.

The collection contains abount 2,200 specimens, representing 43 species, of
which 23 are Synaptide and 20 are Molpadiide. There seem to be eight species
which have never been described, two of these representing new genera. The
collection is almost wholly from the American coast, and chiefly from the
Pacific coast of North America. Most of the specimens are in good condition,
but many of the Chiridotas, especially those from deep water, are almost worth-
less. The large series of specimens of Chiridota levis and discolor, and of
Molpadia musculus and intermedia have been of the greatest value in attempting
to solve the problems connected with those perplexing genera. The following
are the species represented in the collection:

SYNAPTID A.
Syxarra MmacUuLATA (Chamisso and Eysenhardt).

There is a single specimen in excellent condition, collected at Cebu, Philip-
pines, by the ‘‘Challenger.”’

Evuarra rappa (Miller).

There are two large specimens from Great Sound, Bermudas, which are of
interest as the only specimens yet recorded from those islands.

Sy~aprura myprirorMmis (Lesueur).
There is a single small specimen of this species from Watling’s Island,
W. L

T,EPTOSYNAPTA DOLABRIFERA (Stimpson).

There are six good specimens of this interesting species, from Port Jack-
son, New South Wales, the locality where Stimpson’s type was taken. There
have been no records of, or notes on, this species published since Stimpson’s
original description; consequently these specimens are of the greatest value in
determining the relationships of the species.

Tieprosynapra inuERens (O. F. Miiller).

There are some 130 specimens from Woods Hole, Mass., and viecinity, 10
from New Haven, Conn., 155 from Newport, R. I, and 8 from Provincetown,
Mass. There are four specimens from Point Loma, California, which show no

characters by which they can be distingnished from specimens from the
23
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Atlantic coast. There are also two fragments of a Synapta from Sitka, Alaska
(Eastern harbor, 16 meters, green mud), which is probably a young individual
of this species. These fragments are about 2 mm. in diameter, yellowish, with
scattered minute red spots. One is an anterior end and has 10 pinnate ten-
tacles, each with 7, 9, or 11 digits and 2 or 3 sense-cups. The calcareous ring
and partieles in skin are like those of inherens, except that the anchor arms
are smooth. All of these peculiarities seem to me to indicate immaturity, but
the specimen is strikingly snggestive of Ostergren’s Synapta decaria (q. v.).
An anterior end of a similar small synaptid with 11 tentacles is in the collec-
tion labeled simply ‘‘Alaska,’” and confirms the opinion that the one from Sitka
is a young inherens. There is also a nicely preserved specimen from Bergen,
Norway. I am unable to distinguish satisfactorily between the specimens from
Alaska, California, Massachusetts, and Norway.

LEPTOSYNAPTA 0OPLAX (v. Marenzeller).

There are 18 specimens from Funafuti, of which the largest is about 200
cms. long. The calcareous particles are like those of Bedford’s variety lewvis
from the Loyalty Islands, but there is no little diversity even in a single in-
dividual.

Lapmoprax pierrata (Montague).

There are two specimens from Trieste, Austria, of small size, but notable
for the large size of the anchors and plates near the posterior end of the body.
Many of the anchors are half a millimeter or more in length, but they do not
resemble the so-called ‘‘giant’’ anchors of this species. Sense-cups are pres-
ent on the tentacles, but I failed to detect a ‘‘giant’’ anchor anywhere.

Lasmoprrax pusia (Semper).

There are five specimens of this species taken off the coast of Japan by
the ‘‘Albatross’’ (Stations 3723, 3724, and 3770) in 23-81m. They agree
perfectly with the specimens called ‘‘incerta var. variabilis,”” by Théel (’86a)
collected near Japan by the ‘‘Challenger.”” T fail to distinguish them fromn
dubia Semper in any other way than by the presence of sense-cups on the tenta-
cles, which Semper says were lacking in dubia. As he only had a single, mutilated
speeimen, however, I cannot consider this difference of great importance. The
specimens before me are 60-70 mm. long and about 4 mm. in diameter, and are
of a dirty whitish color, though one specimen shows an evident reddish tint
dorsally. There are 5 or 6 sense-cups on each of the 12 tentacles, and 4 digits.
The anchors and plates are abundant; the former are 200-265  long ; the latter,

180-235 ». The miliary granules are very scarce and usually have the ends
little, if at all, bent.
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Lapmorrax tHOMsoNT (Herapath).

A decalcified synaptid from Naples lacks sense-cups on the tentacles and
seems to be referable to this species.

Prorankyra aByssicora (Théel).
Prate 1V, Fies. 8-11.

A single strongly contracted individual of this species is in the collection,
dredged by the ‘‘Albatross’’ in 2,260 m. (St. 2382) in the Gulf of Mexico, lat.
28° 19" 45” N., long. 88° 01’ 30” W. Fortunately the anterior end is uninjured,
and it is possible, therefore, to figure one of the tentacles and the calcareous de-
posits. These agree essentially with those described by Ludwig (’94) for the
closely allied species pacifica. The specimen is 65 mm. long and 5 mm. in
diameter, and the color is dark yellowish, with considerable reddish pigment at
base of tentacles, oun the inner side. Anchors and plates are numerous on the
bivium, but are almost wanting on the trivium near the middle of the body,
though somewhat more common posteriorly. There are 7 polian vessels,
slender and nearly equal. The stone canal was not found. The genital glands
are small and somewhat branched. The anchors (700 long) have the teeth
on the flukes sharp, and not blunt, as figured by Théel. The plates (550 n)
have the holes rather smooth or with several teeth. No miliary granules were
found.

Prorankyra pacirica (Ludwig).

The type and co-type of Ludwig’s Synapta abyssicola var. pacifica from
¢ Albatross’’ Stations 3360 and 3381, off Panama, 3,009-3,189 m., are in the col-
lection. They are quite different from abyssicola and are entitled to full spe-
cific rank.

Prorankyra BRYCHIA (Verrill).
Prate 1V, Fias. 12-14.

There is a single headless fragment of this species, from 1,688 m. off
Cape Hatteras (‘‘Albatross’’ Station 2111), lat. 35° 9’ 50” N, long. 74° 57" 40”
W. Although not labeled, I suspeet this is Verrill’s type, as it is from the same
locality and answers his deseription exactly. Itis gray, 100 mm. long and about
9 mm. in diameter. There are two polian vessels and long branched genital
glands. The anchors and plates are similar to those in the preceding species, but
are much larger, a full mm. or more in length, and the flukes of the anchors are
more slender. Miliary granules in the shape of simple elongated dises or oval
rods occur along the radii. The anchors and plates are in approximately three
longitudinal rows in each interradius.
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PROTANKYRA DUODACTYLA, Sp. NOV.

(8%w, two -+ ddxrvda (poetie plural), fingers; in referenec to the number of digits.)

Prate 1V, Fias. 1-7.

Tentacles 12, well expanded, each with only 2 digits. Calcareous ring nar-
row, 1 mm. high, the radial pieces slightly higher and perforated for passage of
the nerve. Cartilaginous ring wanting. Polian vessels only 2. Stone-canal
single, of moderate size. Genital glands long and branched. Body rather stout,
cylindrical. Anchors 360 p long, similar to those of inherens, though the base
is somewhat wider. Plates 300 » long, unlike those of any known synapta, per-
fectly flat, usually with no bow, and with smooth holes. Two holes are much
larger and more elongated than the others, and lie side by side, with the smaller
holes more or less symmetrically arranged at the two ends of the plate. One
end usually has many more holes than the other, and no two of the plates are
exactly alike; many seem to be only partly developed. Miliary granules want-
ing, but there are numerous branched rods and perforated plates in the tenta-
cles. Color, nniform gray. Length, 60 mm. Diameter, 8 mm.

The specimen just deseribed (type, Cat. No. 19,829, U. S. N. M.) was taken
at ‘“ Albatross’’ Station 2871, in 1,006 m., lat. 46° 55" N., long. 125° 11" W, about
60 miles off Gray’s Harbor, Washington. A second specimen, in very poor con-
dition, is in the collection, from lat. 54° 11" 30” N, long. 167° 25" W., 1,777 m.
In this specimen the plates are only 250 p long, and many of them have a
more or less incomplete bow on that end of the plate which has the more
numerous holes (fig. 5). The presence of only 2 digits allies this species to .
bicornis (p. 101), but the plates are very different from those of that or any
other species.

Axarra FALLAX Lampert.

There are 2 incomplete specimens from off the southern coast of Chile,
‘‘Albatross’’ Station 2784, lat. 48° 41’ 8., long. 74° 24’ W, 350 m. Both are
anterior ends of small individuals, the oral dises being only 3 mm. in diameter.
Each has 12 tentacles with 7 or 9 digits. The minute elliptical rods are most
numerous along the radii, and the tentacles are richly supplied with slightly
curved rods, which are either smooth or rough. The color of these specimens is
pale yellowish brown.

CHIRIDOTA DISCOLOR Hschscholtz.

There are considerably more than 600 Chiridotas in the collection, which
almost defy classification, for though the largest specimens are easily separated
from the smallest, not only by size, but by color and general appearance, there
are almost all possible intergradations between the extremes. The largest
specimens are all from Alaska or Siberia, and are distinetly gray or crecamy
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whitish in color. In life, the largest must have been over 30 em. long and about
15 mm. in diameter, but most of the specimens of approximately the same color
and general appearance are much smaller, 10-15 em. in length. The wheel-
papille are usually in a single row, and that is apparently in the mid-dorsal in-
terambulacrum. These specimens, I believe, represent Eschscholtz’s species dis-
color, as shown by the habits as well as the habitat, for they are said to be
‘‘common in mud, under rocks.”” Kschscholtz, however, says that discolor has
15 tentacles, 12 large and 3 small, while all the specimens I have examined (save
1 with 9) have 12 tentacles. Moreover, he says that there is on each of 3 inter-
radii a single row of large white spots (the wheel-papillie, doubtless); while
most of the specimens before me have only one, many have none, a few have 2,
several 3, and one 5. In spite of these differences, the fact that this seems to
be the abundant littoral chiridota of Alaska makes it very probable that it is
the species Kschscholtz was describing. I have accordingly referred the fol-
lowing 207 specimens to discolor: ‘

1 specimen from Arectic Ocean.
11 specimens from Alaska.

16 “ “ Nazan Bay, Atka, Alaska.
20 2 “ Atka Island, Alaska.
3 “ “  Port Etches, Alaska.
4 “ “  Robben Island, Siberia, 50 m,
1 specimen from Bering Island.
7 specimens from lat. 656° 25’ 28" N., long. 171° 11’ 26” W.
18 “ “  <“Albatross” Station 2852, lat. 55° 15" N, long. 170° 33’ W., 74 m.
1 specimen ¢ “ “ 2853, lat. 56° N, long. 154° 20" W., 286 m.
2 specimens « “ 2871, lat. 46° 55" N, long. 125° 117 W., 1,006 m.
2 & £ « “« 2928, lat. 32° 477 30” N, long. 118° 10’ W., 750 m.
« « « « 3077, lat. 55° 46’ N, long. 132° 24’ W., 580 m.
30 “« “« “« “ 3227, lat. 54° 36’ 30" N, long. 166° 54" W., 405 m.
11 « « « “ 3310, lat. 53° 56’ 51” N., long. 166° 28" 53” W.,
104 m.
5 « « o« “ 3324, lat. 53° 33’ 50” N., long. 167° 46’ 50” W.,
196 m.
2 “ « “ « 3326, lat. 53° 40’ 25” N., long. 167° 41" 40” W,
1,037 m.
2 « “ “ “ 3329, lat. 53° 56 50” N., long. 167° & 15”7 W,
720 m.
20 «“ « « “ 3439, lat. 57° 06’ N, long. 170° 33’ W., 74 m.
2 “ “« « “ 4227, near Naba Bay, Alaska, 111-117 m.

45 & with no label.
207 € from 21 stations.

Many of these specimens are in poor condition, some so very poor as to
make positive identification impossible. Tt is not unreasonable to suppose that
if this great mass of material could have been carcfully studied when living, it
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would have been possible to distinguish at least two species, but at present such
division would be hazardous and of no advantage.

CHIRIDOTA REGALIS, SP. OV,

(regalis, royal; in reference to the color.)

Similar in general appearance to discolor, but distinguishable at once by
the purple color. In some specimens the color is pale, but in most it is quite
decp, and in some it is a rich royal purple. The wheel-papille are rather
numerous, but are confined almost wholly to the mid-dorsal interambulacrum,
although anteriorly a very few may occur in the lateral interambulacra. Aside
from the color, this handsome species differs from discolor and levis in the pres-
ence of C-shaped deposits along the ambulacra. These deposits are similar to
those shown in figure 27, plate vii, and seem to be constantly present, although
not always abundant. They are not confined to the area of the longitudinal
musecles, but occur in the skin along each side of that region. The largest of
the specimens in the collection is upward of 200 mm. long.

26 specimens from “Albatross” Station 3695, south coast of Honshu Island,Japan, 198-428 m,
3 « “ «“ “ 3737, Suruga Gulf, Honshu Island, Japan, 290-300 m.

26 « “ 2 stations.

Cuirmnora r&EvVIs (Fabricius).

Of the more than 400 Chiridotas remaining, there are some which are very
clearly representatives of Fabricius’s species, but there are others which are
quite different, although there are numerous connecting examples. The condi-
tion of the specimens makes a careful separation of species out of the question.
There are, however, 4 sorts of individuals which are fairly recognizable,
though not always so. The typical form is small, soft, pinkish, more or less
translucent, and has the wheel-papille in 3 rows dorsally, with some scattered
ones anteriorly on the ventral interambulacra. These are from water 5 or 7
m. deep, between Nantucket Island and High Duck (Grand Manan), off the
Atlantic coast of America. Others resemble these in the arrangement of the
wheel-papille, but are much larger and are cream-colored or light gray; they
are from the Bay of Fundy, Labrador, and Anticosti. Still others have the
body-wall generally stiffer, and the color is more or less dirty brownish. These
are all from the Pacific coast of America, and may prove to be a distinet
species from those of the North Atlantic. The fourth sort are similar to the
latter, but have the wheel-papille in a single row. They are also all from the
North Pacific. Since the Atlantic forms answer well to Duncan’s and Sladen’s
description of Fabricius’s species, I fecl justified in ecalling them levis, and
as I am not able to find any constant distingnishing characters, I have re-
ferred all of the following specimens to that species:
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1 specimen from Antieosti.
3 specimens from Labrador.

40 & “ the Bay of Fundy.
26 “ “  between Nantucket (N. B.) and High Duck, in 5-7 m.
1 speeimen from “Albatross” Station 2866, lat. 48° 09’ N., long. 125° 3’ W., 308 m.
1 “ = “ “ 2922, lat. 32° RV 5” N., long. 119° 5" 15” W., 85 m.
3 speeimens g i 3070, lat. 47° 29’ 30" N, long. 125° 43’ W., 1,145 m.
50 «“ 3 S «“ 3193, lat. 35° 25’ 50” N., long. 121° 9" 10” W,
288 m.
250 « « « « 3196, lat. 35° 2’ 55” N., long. 120° 59’ 40” W.,
360 m.
2 o “ “ “ 3210, lat. 54° N., long. 162° 40" 30" W., 869 m.
3 i “ “ “ 3326, lat. 53° 40’ 25” N., long. 167° 41’ 40” W.,
1,037 m.
10 ¥ “ g «“ 3329, lat. 53° 56’ 50” N., long. 167° 08" 15” W,
720 m. .
10 3 “ “ «“ 3330, iat. 54° 0’ 45” N., long. 166° 53" 50” W.,
632 m.
2 & o “ «“ 3340, 1at. 55° 26" N, long. 155° 56" W., 50 m.
4 ; & « “ 3343 lat. 47° 40’ 40” N., long. 125° 20’ W., 929 m.
9 « « « “ 3603, lat. 55° 23’ N., 170° 31’ W., 3,188 m.
4 5 5 s « 3607, lat. 54° 11’ 30” N., long. 167° 25’ W., 1,776 m.
419 & “ 17 different stations, mostly collected by the “Albatross.”

Many of these specimens are in very poor condition, a large majority
having the calcareous deposits dissolved. It is practically out of the question
to separate them and make more than a single species from the lot, although
it seems almost certain that there are at least three species included in this
mass of material.

Cairmora psaNtt Ludwig.

There are three specimens from Gregory Bay, Strait of Magellan. The
wheel-papille are very few, but there are many miliary granules along the
radii.

CuirmoTa rROTIFERA (Pourtales).

From Key West there are 9 small specimens of this common tropical
species.

TANIOGYRUS AUSTRALIANUS (Stimpson).

There are five excellent specimens of this very interesting species in the
collection from Port Jackson, New South Wales. They show that Stimpson’s
description is correct as far as it goes, and that the species is entirely distinet
from either contortus Ludwig or dunedinensis Parker. The specimens are yel-
lowish, 30-50 mm. long and each has 10 tentacles, with 5-6 pairs of digits.
The- genital glands are distinetly branched, and there is a single polian vessel.
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The ealcareous ring is very narrow, much as Dendy (’97) figures it for dune-
dinensis. The wheel-papille are conspictious in the three dorsal interradii,
especially anteriorly. The sigmoid bodies are also collected, on the dorsal
side, into little groups which appear to the naked eye as numerous small
whitish papille.

TaEN106YRUS CONTORTUS (Ludwig).

There are 3 specimens of this species from the Strait of Magellan,
‘¢ Albatross’’ Station 2771, lat. 51° 34’ S, long. 68° W. They were dredged in
91 m., and measure 40-45 mm. long.

Scoriopora Jaroxica (v. Marenzeller).

There is a single specimen in the collection, one of those taken by the ‘‘Chal-
lenger’’ at Port Jackson, New Sonth Wales, and alrecady described by Théel.
There can be no doubt that wheels are entirely wanting.

MyrioTrocHUS RINKIT Steenstrup.

There are rather more than 600 specimnens of this little holothurian in the
eollection, from 10 widely separated points: Point Belcher, Aretic Ocean,
16 m., sand; off the banks of Newfonndland, lat. 45° 35" N., long. 55° 01" W,
121 m.; Barden Bay, Inglefield Gulf, 18-72 m.; Norway; Cape Smyth, Alaska;
Aberdore Channel, east of Alger Island; Point Barrow, Alaska; Greenland;
Kara Sea; and ‘“Albatross’ Station 3440, Bering Sea, lat. 57° 05" N., long.
170° 41" W, 86 m. The abundance of material from Bering Sea and the banks
of Newfoundland led me to make a comparison of the calcareous wheels of
the specimens from those points. These measure 164 to 328 in diameter,
but average about 245p, and the very great majority are near that figure.
The wheels of specimens from the banks average 16.5 spokes and 26.5 teeth on
the rim; the number of spokes, therefore, is about 0.62 that of the teeth. In
specimens from Bering Sea the average was 17 spokes and only 23.7 teeth, or
about 0.71. This difference was found in eounting 10 wheels chosen at ran-
dom in each of 10 specimens from each locality. It is not probable, however,
that it really has any significance, as the number of spokes and teeth shows
such great diversity, and there is apparently no correlation between the two;
for although the wheel with the smallest number of spokes (12) had the small-
est number of teeth (16) and the wheel with the largest number of spokes (22)
had the largest number of teeth (30), wheels with only 15 spokes had as
many as 29 teeth—that is, a ratio of only 0.51—while others with 17 spokes
had only 18 teeth, or a ration of 0.94. In every case, however, there were more
teeth than spokes. It is interesting to compare these figures with those given
by Ostergen (:03). He says the wheels of specimens from eastern Siberia aver-
age from 240 to 260p, while those of Norwegian speeimens averaged 208-
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220; the Ameriean material is thus seen to be very similar in this particular to
the Siberian. The Siberian specimens, however, averaged about 20 spokes to
the wheel, while those from Norway had about 16; so, in this particular, Ameri-
can speeimens are more like the Norwegian. The average number of teeth, as
given by Ostergren, is 26.5-29.3, which is decidedly more than in the American
material. The number of spokes is about 57 per cent of the number of teeth
in Norwegian specimens, about 62 per cent in Newfoundland specimens, about
71 per cent in Bering Sea material, and about 76 per cent in high Aretic speei-
mens. It seems quite possible, judging from these figures, to draw the conclu-
sion that the number of spokes tends to decrease toward the southern limit of
the range of Myriotrochus rinkit.

) MOLPADIID A&.
Morpapia arrFiNis (Danielssen and Koren).

In the same bottle with the two specimens of arctica from the Kara Sea,
labeled ““boreale’” (see page 32), was a third specimen, 75 mm. long, with a few
seattered eolored bodies and numerous calcareous tables exaetly like those
figured by Daniclssen and Koren (’82) for affinis; there are, however, no
anehors or rosettes. Although the status of affinis is not beyond question, this
specimen must for the present be referred to that speeies.

MoLpPADIA AMORPHA, Sp. NOV.

(dpopdpos, misshapen; in reference to the imperfectly formed calcarcous tables.)
Prate XIII, Figs. 14-22.

Body rather stout, the candal region short; skin thin, but not delicate.
Ground color, gray, more or less spotted, fleeked or blotched with dark pur-
plish; in some specimens the purplish predominates, especially toward the
anterior end, which may become almost uniformly dark; the oral disec and tail
are, however, always gray. Tentacles 15 (in two specimens there were only
14), each with 3 terminal digits. Calcarcous ring as usmal. Deposits of two
kinds, eclliptical phosphatic bodies, and calcareous tables; elliptical bodies small
and dark purplish red, though some very small, yellowish-brown ones also oc-
eur; tables small and irregular, widely scattered in body-wall, but common
though not erowded, in the caudal region. They are very abortive, twisted and
incomplete, and it is upon this fact that I have based the name.

3 specimens from “Albatross” Station 2779, lat. 56° 6’ S., long. 70° 40" 30” W., 138 m.

1 specimen ¢ - “ 2783, lat. 51° 2’ 30" 8., long. 74° 8’ 30” W., 220 m.
20 spccimens « = 2784, lat. 48° 41’ S, long. 74° 24’ W, 349 m. Types
- - and co-types, Cat. No. 19,866, U. S. N. M.
24 s “ 3 stations.

The largest specimen is 140 mm. long (10 mm. is ‘‘tail’’) and 45 mm. in
diameter; the smallest is 52 mm. long and 20 mm. in diameter. The specimens
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from Station 2779 are very large and very deep purplish-red, exeepting only
the oral disc and tail; they thus bear a striking resemblance to some specimens
of oolitica.

The general appearance of most of the specimens, in form, color, and texture
of skin, distinguish them at once from any other species which T have seen, and
the scattered, very imperfect ‘tables are also quite characteristic. The species
is probably most nearly related to Molpadia intermedia (Ludwig), but the
specimens from Stations 2783 and 2784 arce casily distinguisbed from any
specimen of that species which has come under my notice, while those from Sta-
tion 2779 were identifiable by means of the infrequent, scattered misshapen
tables of the body-wall.

Movrpapia antTarcTICA (Théel).

There are numerous specimens of this species, all but two from the vicinity
of Wellington Island, off the coast of Chile. The largest is 92 mm. long, while
the smallest is only 14. They all agree in having a very thin and delicate skin,
gray in color, but generally somewhat blotched with yellowish-brown, especially
dorsally and anteriorly; in some specimens there is a tinge of brown around
the caudal region. There are numerous calecareous deposits in the small speci-
mens, but in those over 30 mm. long, they are confined to the candal region, and
in a specimen 35 mm. long they are scarce even there. In the large specimens
no trace of calcareous hodies could be found in any part of the skin. The de-
posits are similar to those in the following species; the dise is in most cases
regular, and the spire is longest in the smallest specimens, where it sometimes
has as many as 7 cross-bars; in older specimens the spire of the tables is
shorter and it may be wanting.

3 specimens from “Albatross” Station 2782, lat. 51° 12’ S, long. 74° 13’ 30” W., 464 m.

5 £ « “« 4 2783, lat. 51° 02" 30” 8., long. 74° 08" 30" W., 220 m.
18 « « « “  2v84, lat. 48° 41’ 8, long. 74° 24’ W., 349 m.

2 “« “« .o« 4 2791, lat. 38° 8" S., long. V5° 53’ W., 1,218 m.

28 “« “ 4 stations.

Morpapia arcrica (v. Marenzeller).

Of this species there are three specimens before me, two of which are labeled
“Trochostoma boreale, Kara Sea,’’ while the third is labeled ‘‘Trochostoma
arcticum, Norway.”” These specimens all agree in the entire absence of colored
bodies in the skin, and although the tables are simpler and less erowded in the
specimen from Norway than in the others, I am not able to separate them sat-
isfactorily. They have the thin skin characteristic of arctica, and I have no
hesitation in referring them all to that species. Whether arctica is really dis-
tinet from borealis (odlitica) is still an unsettled point; so far as I know, con-
necting forms have not been recorded as yet.
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Movrpapia arENICOLA (Stimpson).
Prare XTI, Figs. 1,' 2.

There are 8 specimens of this species in the eollection, and they agree per-
feetly with Stimpson’s deseription, except that the calcarcous ring consists of
the nsual 10 pieces found in the Molpadiide. The largest is about 120 mm.
long and 35 mm. in diameter, and the candal portion is not abruptly narrowed,
though it is only 5 mm. thick at the extremity; although there are no deposits
in the skin of the body, there are numerous small, much-branched rods and per-
forated plates in the skin of the tail. In the smallest specimens, the calca-
reous particles are more abundant. The specimens are from San Pedro and
San Diego, California, and ‘‘Southern California.”” Some, if not all, were
picked up on the beach after storms.

Movpapia BLAKEI (Théel).

There is a single specimen of this very well characterized form, from
““ Albatross’’ Station 2383, Gulf of Mexico, lat. 28° 32" N. and long. 88° 6’ W.,
2,126 m. It is of a light grayish-brown color and about 50 mm. long. The cau-
dal appendage is very short, there are no colored bodies, and the remarkable
tables are very abundant, though not crowded.

Movrpapia granvraTa (Ludwig).

Lundwig’s type and three co-types, from ¢‘Albatross’’ Stations 3361 and
3399, off Panama, 2,648-3,132 m., are in the collection, but there are no other
specimens. .

Morprapia INTERMEDIA (Ludwig).

Prare XII, Figs. 5-15.

This is apparently the common Molpadia of the eastern Pacifie, for there
are no less than 143 specimens before me, collected at various points from the
28th to the 56th parallel, and at depths ranging from 52 to 2,925 m. They
vary in length from 17 to 105 mm., with eorresponding variety in form, texture
of skin, and eolor. The smallest specimens are gray, and the yellowish-brown
ellipses in the skin are so small and scattered they only become visible under the
mieroscope; the skin is very thin and delicate and abundantly supplied with ecal-
earcous bodies, the tables characteristic of the species, and the rosettes and
anchors supposedly charaeteristic of Ankyroderma. The largest specimens
have the ground color gray, but this is more or less eompletely hidden by the
reddish-brown color, cansed by the very numerous ‘‘ellipses’’; the skin is mod-
erately thin but firm; the caleareous bodies are in nearly all cases simply the
tables, but not infrequently the last browning remnants of a rosette are found,

and occasionally more or less complete rosettes and anchors oeccor. Between
3
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the two extremes all possible intergradations occur, and it seems almost beyond
question that the small specimens are the young, the large specimens the adults.
Ludwig had only 5 specimens before him for his description, and all
were over 48 mm. long, but he speaks of the very thin skin of the smallest and
of the presence of rare, scattered, perforated rods, like those which make up
the rosettes of Ankyroderma, though he did not find any rosettes or anchors.

13 specimens from “Albatross” Station 2838, lat. 28° 12’ N, long. 115° 09’ W., 79 m.

g « « « “ 2902, lat. 34° 06’ N., long. 120° 02’ W., 95 m.
1 specimen “ “ 2971, lat. 34° 20 30” N., long. 119° 37 50” W.,
48 m.
12 spechinens ¢ “ “ 2972, lat. 34° 18" 30” N., long. 119° 41’ W., 110 m.
10 “ “ « “ 2973, lat. 34° 19’ 30” N., long. 119° 44’ 15” W.,
122 m.
50 < “ « “ 3068, lat. 47° 55’ 30” N., long. 122° 27 W., 243 m.
1 specimen  * « “ 3193, lat. 35° 25" 50” N., long. 121° 09’ 10”7 W.,
' 288 m.
5 specimens ¢ « “ 3195, lat. 35° 14" N,, long. 127° 07 W., 454 m.
2 “ “ « “ 3196, lat. 35° 02" 55”7 N., long. 120° 59" 40” W.,
48 m.
6 « « « « 3307, lat. 53° 55’ N., long. 170° 50’ W., 1,859 m.
11 « « 5 “ 3308, lat. 56° 12’ N., long. 172° 07’ W., 2,925 m.
1 specimen ¢ « “ 3331, lat. 54° 1”7 40” N., long. 166° 48" 50”7 W.,
630 m,
2 specimens ¢ « “ 3395, lat. 7° 30" 36” N, long. 78° 39" W, 1,314 m.
2 « g « « 3431, lat. 23° 59’ N., long. 108° 40’ W., 1,791 m.
2 « « “ “ 3478, lat. 36° 44’ 45” N, long. 120° 57" W., 122 m.
3 “ “ “ “ 3604, lat. 54° 54’ N, long. 168° 59" W., 2,522 m.
1 specimen  « « “ 3666, lat. 36° 45" N, long. 121° 53/, 122 m.
1 “ “ “ “ 3667, lat. 36° 45" N, long. 121° 527, 162 m.
1 “ «“ « “  3676;no record.
4 specimens « “ 3737, off Honshu Island, Japan, 295 m.
1 specimen ¢ “ “ 3738, off Honshu Island, Japan, 300 m.
2 specimens ¢ « “ 3775, off Honshu Island, Japan, 103 m.
4 “ No locality.
143 “ “ 23 stations.

Morrapia muscuLus Risso.
Prate XI.

Besides Ludwig’s type and two co-types, from Stations 3382, 3392, and
3432, off Panama and in the Gulf of California, 2,286-3,230 m., there are three
small speeimens (27, 43, and 65 mm. in length) of a Molpadia from ‘‘Alba-
tross’’ Station 2393, lat. 28° 43" N., long. 87° 14’ 30” W., 945 m., which answer
well to his deseription of Ankyroderma spinosum, except for color. All these
specimens are very spiny, and the anchors and rosettes are numerous. The
color is pale brown, but under the microscope a considerable number of the
small reddish-brown ellipses are to be seen. A fourth specimen from “Mba-
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tross’’ Station 2925, lat. 32° 32’ 30” N., long. 117° 24" 'W., 610 m., is only 18
mm. long, but, unlike Ludwig’s specimen of the same size, it is well supplied
with anchors. Koehler and Vaney (:05) are eonvineed that Ludwig’s spinosum
is only a form of the widespread musculus, and although I think there is room
for doubt on the point, I defer to their opinion, as they have had more material
for study.

The form of musculus known as violacea Studer seems to oceupy in the
Southern Pacific the place that M. intermedia does in the northern, but has an
even more extended range, as there are specimens before me from lat. 32° 44/
N. and nearly 52° S., and not less than 16 intermediate stations, at depths of
220-3,229 m. These specimens vary in size from 20 x8 mm. to 100 x 20, and in
color from pale gray, with a few small scattered reddish or purplish spots, to
deep wine red, though all the specimens have the oral disc and tail pale gray.
There is also great diversity in the shape, abundance, and arrangement of the
caleareous bodies; they are most irregular and seattered in the smallest speei-
men and most regular and transversely arranged in the largest. A few of the
specimens seem to have no rosettes and anchors and correspond exaetly to the
descriptions of wviolacea; others have the browned remains of rosettes, and
many others have more or less complete rosettes and anchors present and cor-
respond admirably to Théel’s deseription of Ankyroderma danielsseni. 1 am
therefore led to the eonclusion that the ankyroderma individuals are probably
the young, losing their caleareous particles as they grow older; but the evi-
dence is not indubitably convineing.

6 specimens from “Albatross” Station 2781, lat. 51° 52" S., long. 73° 41" W., 626 m.

1 specimen “ “ 2782, lat. 51° 12’ S, long. 74° 13" 30” W., 464 m.
7 specimens ¢ “ “ 2783, lat. 51° 02’ 30” S., long. 74° 08" 30" W., 220 m.
39 “ «“ “« “ 2784, lat. 48° 41’ 8., long. ¥4° 24’ W., 349 m.

1 specimen ¢ a3 “ 2923, lat. 32° 40" 30” N, long. 11%7° 31" 30" W.,

1,480 m.

1 % % % « 2925, lat. 32° 32’ 30” N., long. 117° 24’ W., 610 1n.
6 specimens « “ 3361, lat. 6° 10" N, long. 83° 6" W., 2,648 m.

1 specimen ¢ « “ 3362, lat. 5° 56" N., long. 85° 10" 30" W., 2,115 1.
1 “ “ “ « 3366, lat. 5° 30" N., long. 86° 45" W., 1,921 m.

4 specimens ¢ ‘« “ 3381, lat. 4° 56" N, long. 80° 52’ 30" W., 3,190 m.
1 specimen ¢ « “ 3382, lat. 6° 21" N, long. 80° 41" W., 3,229 m.

2 specimens “ “ 3392, lat. 7° 5" 30" N, long. V9° 40" W., 2,286 1.
8 “ % “ “ 3398, lat. 1° V" N., long. 80° 21" W., 2,831 m.

5 « « « « 3399, lat. 1° 7 N., long. 81° 4’ W., 3,132 m.

1 specimen ¢ «“ “ 3407, lat. 0° 4" S, long. 90° 24’ 30” W., 1,593 m.

il « “ “ “ 3418, lat. 16° 33" N., long. 99° 52’ 30" W., 1,188 m.
1 « “ « _« 34929, lat. 22° 30’ 30” N, long. 107° 1’ W., 1,654 m.
1« « « « 3627, lat. 32° 44’ N, long. 119° 32’ W., 1,397 m.

87 specimens from 18 stations.
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Morprapia ooruiTica Pourtales.

There are three specimens of a Molpadia in the collection, whieh answer
admirably to Pourtales’ deseription of odlitica, of whieh borealis Sars is al-
most certainly a synonym. It is probably true in this speeies, as in others, that
the older the specimen, the more elliptical bodies and the fewer tables it will
have. The specimens before me are all large, 100, 110, and 122 mm. in length,
and dark-colored; one is reddish with small gray patehes; another is very dark
reddish, with very little gray, and the third is so dark a red it is almost black.
In all, the oral dise and the tail are almost white, as they are free from the
clliptical bodies which give the color to the body. There are apparently no
tables present. The three specimens were all taken by fishermen from Glouces-
ter, on the banks of Newfoundland. There is also in the eolleetion a small
molpadid, labeled ‘‘Ankyroderma jeffreysii. Norway,”” which has at some time
been completely desiccated. It is impossible now to determine its identity,
but if it is eorreetly labeled it may be ineluded here, as jeffreysii is very prob-
ably the young of odlitica.

Morrapia parva (Théel).

The thin-skinned molpadids from the Caribbean Sea, referred by Théel to
antarctica, and two varieties of arctica, are represented in the National Mu-
senm ecollection by nine speeimens. While their relationship to arctica is ob-
vious, they seem to be elearly and eonstantly different, and I therefore adopt
for them the first of the varietal names suggested by Théel. I do mnot think,
however, that the variety cerulea is sufficiently well marked or constant to
warrant its separation.

1 speeimen from “Albatross” Station 2106, lat. 37° 41’ 20” N., long. 73° 3’ 20" W,

2,695 m.
8 specimens ¢ “ “ 2144, lat. 9° 49’ N., long. 79° 31’ 30” W., 1,613 m.

CaupiNa AReENATA (Gould).

There are 3 speeimens of this well-known species from off Cuttyhunk
Island (Mass.), in 33 m., the largest 50 mm. long. There are 173 speeimens
of all sizes, labeled simply ‘‘Massachusetts Bay,”’ and a single greatly con-
tracted speeimen from ‘‘Fish Hawk’ Station 1617. From ‘‘Albatross’ Sta-
tion 3767, off the coast of Japan, 25-32 m., there is a eompletely desiccated
molpadid, the caleareons particles of which are exactly like those of arenata.
I am unable to avoid the suspieion that there is some mistake about the label.
If not, arenata or a very closely allied species oceurs in Japanese waters.
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Caupina ALBicans (Théel).

There are 3 speciméns from ¢‘Albatross’’ Station 2111, 35° 9” 50” N. and
74° 57’ 40” W., 1,678 m.; 1 from Station 2677, 32° 39’ N. and 76° 50" 30” W,
860 m.; and 1 from Station 2682, 39° 38" N. and 70° 22" W., 1,807 m. As no con-
necting links between this well-marked form and the preceding are known, it
is hard to see why albicans should not rank as a distinet species, instead of a
variety (armata) of arenata, as Théel (’86b) described it. The specimen
from Station 2682 is labeled ‘‘Trochostoma albicans, det. A. E. Verrill.”” The
identification appears to be correct, but I am unable to find any satisfactory
ground upon which that species can be distinguished from Caudina arenata
armata; certainly the calcareous particles are identical. The name albicans
antedates armata.

CaupINA canirorNICA Ludwig.

Besides the type specimen from ‘‘Albatross’ Station 3434, Gulf of Cali-
fornia, 2,858 m., a larger molpadid, labeled ‘‘Southern California probably,’’
is in the eollection, which is doubtfully referred to this species; it is in poor
condition and the caleareous deposits are mostly dissolved. There is also a
much smaller specimen, from Station 2838, off Lower California, 85 m., which
seems to be a young californica. The numerous plates are smaller, more
symmetrical and with fewer perforations than in the type, but they are dis-
tinetly knobbed or provided with blunt spines. The differences seem to me
such as might be expected between the plates of a young and an old individual.

CAUDINA PLANAPERTURA, Sp. DOV.
(plana, even, -} apertura, openings; in reference to the smooth calcareous plates.)
Prare I1X, Fias. 6-8.

Tentacles 15, each with 4 long digits. Caleareous ring not very stout, the
posterior prolongations of the radial pieces not very prominent and rather
pointed. Polian vessel single, long. Stone-canal single, lying in the dorsal
mesentery. Respiratory trees long and delicate. (enital glands branched and
containing very large ova. Body elongated, tapering into the slender {tail,
which is more than one-third of the total length. Caleareous particles in the
skin smooth, or slightly knobbed, plates perforated with many smooth holes.
Color gray, with minute light brown blotches, which are so numerous on the
back as to give a faint brown tinge to the dorsal side. Length, 67 mm, of
which the caudal portion is 27; diameter of body, 12 mm.; of tail, 3.

This species resembles C. arcnata superficially, but is easily distinguished
by the very characteristic plates in the skin. It differs from C. californica in
having the plates smaller, much less numerous, and mnearly or quite smooth.
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There are 4 spceimens (Cat. No. 19825, U. S. N. M.), collected by the ‘‘ Alba-
tross’’ (Station 2784) near the southern part of Wellington Island, Chile, lat.
48° 41’ S., long. 74° 24" W., 349 m.

CAUDINA OBESACAUDA, SP.10V.
(obesa, fat, - cauda, tail; in reference to the stout caudal appendage.)

Prate IX, Fias. 1-5.

Tentacles 15, each with 4 sharply pointed digits. Caleareous ring stout,
the posterior prolongations of the radial picces very prominent. Polian vessel
single, long. Stone-canal single, small. Filaments of the genital glands very
long and unbranched. Body stout, the tail not abruptly narrow. Calcarcous
particles, cups closed with a cross, similar to those of C. coriacea, but the
knobs are not so prominent. The anal papille are erowded with modified cups
and irregular perforated plates, and do not secem to have any such deposits as
those figured by Théel (and called ‘‘characteristic’’) from the anal papille of
coriacea. In the tail, however, the deposits are very much crowded, heavily
knobbed, and nearly spherical, and the holes are almost obliterated. Color,
pale brown. Length, 115 mm., of which the tail is about one-third; diameter
of body at middle, 30 mm.; of tail near base, 20 mm.; near middle, 12 mm., and
near tip, 4 mm.

There is a single specimen (Cat. No. 19823, U. S. N. M.) of this large and
notable species, bearing only the label ‘‘Marco, Florida.”” It is very obviously
different from arenata, the common Atlantic species, but it is closely related
to coriacea of the western Pacific. It differs from that form, however, in the
shape of the body and in the caleareous particles of the caundal portion. If the
-label is correct, it is curious that this new species should find its closest ally
in a species of the western Pacific. There is a small Caudina from Galveston
Bay, Texas, which seems to be of this same species, but as it has at some time
been completely desiccated, it is past accurate determination.

CAUDINA CONTRACTACAUDA, Sp. NOV.

(contracte, made abruptly smaller, 4+ cauda, tail; in reference to the form of the caudal
0 appendage.)

Prare IX, Fies. 9-13.

There is a single remarkable specimen of Caudina from the Aleutian
Islands, ‘“Albatross’’ Station 3600, lat. 55° 06" N., long. 163° 28" W., taken in
16 meters of water (Cat. No. 19824, U.S. N. M.). It is 70 mm. long, of which
a little more than omne-third is ‘‘tail,”’ though the terminal portion is broken
off. The greatest diameter, 24 mm., is just before the body suddenly con-
tracts to form the caudal portion, which is 10 mm. in diameter at the base
and 5 near the tip. The color is very pale brown, the body wall thiek and
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firm, partially due to its being strongly contracted. The tentacles and internal
anatomy are not peculiar, but like those of any Caudina. The posterior pro-
longation of the radial pieces of the calcarcous ring are only moderately long.
The ecalcareous particles in the body wall are cups closed by a cross, as in
coriacea and obesacauda, but very few of them are symmetrical and even these
arc apparently without knobs. In fact, the vast majority of the cups are very
irregular and incomplete.

Although this Caundina resembles both coriacea and obesacauda, the differ-
ences in the caleareous deposits, combined with the different shape of the
body and the geographical isolation of the species, are sufficient to warrant its
recognition.

Evupvreus scaBer Liitken.

There is an excellent specimen of this interesting little species, from off
the coast of Alaska, ‘‘Albatross’ Station 2852, 105 m. It agrees well with
typical specimens, and I think there can he no doubt of its specific identity. It
is of particular interest hecause the species has not been recorded hitherto from
west of Greenland, and its occurrence near Alaska would seem to indicate a cir-
cumpolar range.

CERAPLECTANA, gen. nov.
(xepads, horny, -+ mAexrdvar, feelers; in reference to the extraordinary tentacles.)

Tentacles 10, simple, unbranched, horny, and pointed, provided with normal
ampulle. Body nearly eylindrical, but tapering posteriorly into a well-de-
veloped caudal appendage. Radial pieces of calcareous ring with marked, but
not deeply forked, posterior prolongations. Calcareous deposits in the form
of irregular branched plates or straight rods, perforated near the middle, and-
usually with a single, sharp, outwardly directed spine. Phosphatic deposits
present.

The type species of this genus is the following:

CERAPLECTANA TRACHYDERMA, SP. Nov.

(7pax¥s, rough, + déppa, skin; in reference to the prickly body surface.)
Prare XIII, Figs. 5-13.

Color gray, flecked with numerous patches of red brown. Tentacles 10,
almost the shape and color and nearly the size of apple seeds, arranged one
pair in each interradius. The ampullie are reasonably long. The respiratory
tree divides some distance from the cloaca, and the left branch is very short.
Deposits differ somewhat in different specimens. In the smallest the ellipses
are small, pale yellowish brown, and occur singly or in groups of three, while
the calcareous particles are fairly erowded, irregularly branched rods, flat and
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wide, and perforated near the middle by several holes, among which there is
nsnally a single outwardly directed sharp spine. In the large specimen the
ellipses are reddish brown and are eollected in patches, while the rods are
nearly straight, without a spine, and crowded at right angles to the axis of the
body. The third specimen has deposifs intermediate between the other two.
Length of body, 63 mm. x 20 in diameter; tail broken; in another speeimen the
body is 30 x 10 and the tail is an even 10 more.
Three specimens from ‘‘Albatross’’ Station 3603, lat. 55° 23’ N. and

long. 170° 31" W., 3,188 m. (Cat. No. 19860, U. S. N. M.)

This remarkable species is so easily recognized by its peculiar tentacles that
it cannot be confused with any other.

HIMASTHLEPHORA, gen. nov.
(ipdabhy, thong of a whip, + ¢opds, bearer; in reference to the remarkable dorsal appendages.)

Tentaeles 15, each with 4 digits, of which the terminal pair are the larger;
without ampulle. Body nearly eylindrical, rather stout, terminating abruptly in
a long, slender, caudal portion. Mid-dorsal interambulacrum with 4-6 whiplash-
like papille. Rudimentary pedicel-like outgrowths near both the anterior and
posterior ends of the body. Genital papille prominent, 2 mm. or more in
length. . Respiratory trees small and delicate. Longitudinal muscles simple,
flattened, and unpaired. Calcareous ring of 10 pieces, rather stout and syn-
apta-like, with no posterior prolongations. No calcareous or phosphatic de-
posits in the skin. Careful examination of two specimens failed to show a stone-
canal.

The type species of this genus is the following:

HIMASTHLEPHORA GLAUCA, SpP. LIOV.

(yAavds, gray; in reference to the color.)

Prate XITI, Figs. 1-4.

Color light gray; tentacles and papille brownish. Length, 28 mm., of
which nearly a third is tail ; body 8 mm. thick. Genital glands noticeable as tufts
of numerous, thick, unbranched tubes, one on each side of mesentery, 3-4 mm.
back of calcareous ring. The papille in mid-dorsal interambulacrum are 4-6
in number and 5-6 mm. long. There appear to be 5 clusters of pedicel-like pro-
Jections at the posterior end of the body, at the base of the caudal appendage,
and there are rudimentary pedicel:like processes scattered about the anterior
end also. Calcareous particles in the skin are wanting, but were possibly dis-
solved by impure alcohol, as the specimens were collected in 1886.

There are 4 specimens of this most remarkable and interesting holothu- '
rian, which were dredged by the ‘‘ Albatross,’”’ Station 2678, in 1,316 m. off the






PART IIl.

THE SYNAPTID A.
Order PARACTINOPODA Ludwig.

External appendages of water-vascular system arise from cireular canal
and appear only as circumoral tentacles. While five of these are radial in posi-
tion, no true radial canals are present in adults.

Family SYNAPTIDA Burmeister.

More or less cylindrical elongated holothurians with terminal mouth, with-
out respiratory trees and with water-vascular system greatly redunced; cir-
cumoral tentacles, cither simple, pinnate, or digitate, are present but lack am-
pulle; there are no pedicels or papillee; circular muscles of body-wall contin-
uous, 7. e., not broken or interrupted at radii; characteristic sense-organs
(positional organs) present, situated beside radial nerves, near nerve ring;
minute ciliated funnels, apparently having an excretory function, usually pres-
ent in body-cavity on or near mesenteries; calcareous deposits, in form of
anchors and plates, wheels or sigmoid bodies usually present, but no tables or
phosphatic deposits (see p. 142) occur.

MorpuoLOGY.

Form anp size.—The body is generally elongated and more or less eylin-
drical, but the exact shape and proportions differ in different species, and,
owing to its remarkable contractility, its form differs greatly in the same indi-
vidual under varying conditions. The largest species in the family is Synapta
maculata, which reaches a length of more than 200 cm., though the diameter is
not commonly more than 3 em. The smallest species is Leptosynapta minuta,
which is only 3 to 5 mm. long. Between these two cextremes we find great di-
versity, but species more than 30 or less than 3 em. when fully grown, are in-
frequent.

CoLor.—In color there is some variety, but really bright colors are rare;
white, flesh-color, dull yellowish, and gray are the more usual shades, but dull
shades of red are common. Protankyra rodea is said to be ¢‘carmine-red’’ and
Scoliodota japonica ‘‘blood-red.” Green is occasionally found in an olive, or
some other dull shade, but the bright shades are rare. Some species are very
dark-colored, and have been described as ‘‘crimson-black,’’ ‘‘dark violet-black,’’

and ‘“‘brown.”” The color is seldom uniform, but spots and little papille—
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white, brown, or red—are often quite thickly scattered over the body. Fine
lines of a darker shade often ornament the skins of gray and brown species,
and ocecasionally longitudinal stripes are present. Large irregular blotches of
darker or lighter shades often variegate the color. A few species are colored
more darkly on one side than on the other, and this is probably dune to their
manner of life. Subterranean species are unsually white or nearly colorless,
while species which live about reefs are apt to be gray or brown, and those
which live among living corals are generally the bright-colored forms. The
color is due, at least in large part, to the presence or absence of pigment cells
in the connective tissue of the body-walls. These cells are irregularly radiant
in shape, and may be scattered or closely crowded. In Synaptula hydriformis
the green color is due in some measure to unicellular alge in the connective tis-
sue. The chemical composition of the pigment varies considerably; in some
species pure alcohol does not affect the color, while in others the pigment is
dissolved by it; acids and corrosive sublimate dissolve or modify the pigment
rapidly. White spots are very frequently due to the aggregations of miliary
granules or other caleareous bodies in the skin. Complete absence of pigment
tends to make the body-wall transparent, and the longitudinal muscles then
stand out as five prominent opaque bands. Even in dark-colored species, the
position of these museles is often indicated by a darker (or lighter) longitudi-
nal stripe.

Bopy surrace.—The surface of the body in the Synaptide is almost always
more or less rough, and is seldom smooth and slimy, though there are glands
in the epidermis. The roughness may be due to the small, nsually crowded, and
regularly arranged projections of the body-wall itself, known as verruce, or to
the caleareous bodies, single or in heaps. Verruce vary greatly in size and
prominence, according to the size of the animal and the amount of contraction
of the body-wall. In the larger species, they may be very prominent, 5 or 6
mm. high, and 6 or 8 in diameter; in such cases, they generally form regularly
transverse and longitudinal rows, the latter usnally 10 in number. These large
verruce are by no means constant in size and form and seem to be dependent
on the condition of the animal. They may be large, small, or wholly wanting in
individnals of a single species (see Plate I), and, in Euapta lappa at least, in
a single individual at different times. It is probable that their presence is
due to unusual muscular contraction brought on by abnormal external condi-
tions. Their presence or absence is therefore not a character which is of any
taxonomic importance. True verruce are much smaller and usually much
more numerous, sometimes as many as 500 to the square centimeter. They
usnally contain caleareous deposits and oftentimes pigment. The largest and
most mnoticeable verruca ocenr in the genera Synapta and Euapta, but the
smaller ones are found in Leptosynapta, Synaptnla, and T@niogyrus. They are
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generally wanting in other genera. In most Synaptids the calcareous particles
are not of sufficient prominence to affect the appearance of the body surface, but
in those species in which the anchors are more than 250 ¢ in length, or where
the ealcareous bodies are accumulated in special heaps (as the so-called ‘“wheel-
papille’’ of Chiridota), the surface may become rough and even very prickly,
not only to toueh but to sight. The degree of roughness depends to no little ex-
tent on the amount of contraction of the cireular muscles of the body-wall, and
is almost always more noticeable in preserved than in living specimens. In
Trochoderma the body-wall is firm and stiff from the crowded calcareous de-
posits.

TrxTacLEs.—The number of tentacles varies from 10 to 27, but it must be
borne in mind that the number in the young is at first five, and that thereafter
the number varies with the age of the animal, certainly until sexual maturity is
reached, and in some eases possibly thereafter. In some species there is a dis-
tinet 7-tentacled stage, while in others the second quintet of tentacles appears
simultaneously, and we have a 10-tentacled larva. After that it is probable the
tentacles appear singly or in pairs; they certainly do in the 12-tentacled spe-
cies, whose development is known, but we have no knowledge of the develop-
ment of any species with more than 12 tentacles. Now these facts have an im-
portant bearing on what we are to consider the normal number of tentacles
in a given species. Where a large number of mature individuals have been ex-
amined, the normal number of tentacles is not difficult to determine, but where
only a few individuals, and some or all of those obviously immature, have been
available, it is clear that we cannot decide positively on the number for that
species. Unfortunately, comparatively few species are sufficiently well known to
make our knowledge on this point satisfactory. Although 10 tentacles are char-
acteristic of Rhabdomolgus, Trochoderma, and Trochodota, and of some species
of Synaptula, Leptosynapta, Protankyra, Teeniogyrus, and Myriotrochus, few
of these latter forms are sufficiently well known to put the matter beyond dis-
pute. One species of Labidoplax (buskii) has constantly only 11 tentacles, and
since many specimens have been examined, this is probably the normal number.
Many Synaptids have the number of tentacles constantly 12, and individual
specimens of these species not infrequently have 13. Several species have been
described as having 13 tentacles, but all are known from only a few specimens,
and it is quite possible that 13 is not the normal number. Many species have 15
tentacles, and individuals of these may have 13, 14, or 16 instead of the normal
number. Several species have been described as having 16, 17, 18, or 19 tenta-
cles, but all are Kast Indian forms, and not one can be said to be satisfactorily
known. It is very probable that the normal number for these species will be
found to be 20 or possibly 18. Tt is rather remarkable that not one authentic
species is known with 20 tentacles, though one or two have been so deseribed.
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The genus Polypllectana has more than 20; the normal number is probably 25,
but individuals with as many as 27 are known, and it is common to find speci-
mens with less than the normal number. In regard to the arrangement of the
tentacles, when 10 are present there are 2 in each interradius; when 12 are
present, the right and left dorsal interradii have 3 caech; when 13, the addi-
tional tentacle is either in the mid-dorsal or in one of the ventral interradii;
when 15, there are 3 in each interradius. We have no information in regard to
the arrangement of the tentacles in the species with more than 15 tentacles.
The shape of the tentacles differs very markedly, but they are usually provided
with finger-like outgrowths called digits. Rhabdomolgus is the only genus in
which there are no distinet digits whatever. In all other Synaptids there are
always at least 2 digits, one on each side, and the number may be as great as
. 30 on each side. In many cases the tentacles are truly pinnate (Plate VI, fig.
19), having a tapering shaft with the digits arranged in a simple row along
each side. Those ncar the middle are the oldest and usnally the longest, new
digits being formed at both ends of the shaft as the animal grows. In some
cases the tentacles are very short, and the few digits (2 or 4) arise at the tip
end, from what is nearly a common source; such tentacles are called digitate.
Tn the Chiridotinze we have an arrangement of the digits along the margin of
a flattened disc which occupies the upper and outer side of the tentacle. The
longest digits are at the top, the youngest and smallest at the lower, outer end.
Such tentacles are sometimes called peltato-digitate. When eontracted, the two
sides of the disc fold toward each other outwardly, and, thus folded, the whole
‘disc can be withdrawn more or less completely into the base of the tentacle.
The tentacles are sometimes connected with each other at their bases by a
more or less evident membranous fold, and in some species the digits are
united to each other in a similar manner. So far as known, the tentacles of
adult Synaptids are always of equal size. The cases which have been recorded
where such was not the case are clearly young individuals, or the observer has
been deceived by the unequal eontraction of the tentacles. The tentacles are
always hollow, containing, as they do, the tentacular canals of the water-vascu-
lar system. The wall of the tentaeles is made up of a thin cutis overlying a
layer of epithelial cells, beneath whieh is a econnective tissue layer—an arrange-
ment essentially the same as in the body-wall. Any calcareous particles pres-
ent in the tentacles lie in the conneetive tissue. The cavity of the tentacle is
lined with a thin epithelium, and betwecn this and the connective tissue occur
the muscles. Longitudinal muscles are always present, so far as synaptid
histology is known, but the presence of circular museles is a disputed point.
They are certainly absent in some species, but seem to be present in Labido-
plax digitata and perhaps in some others. The digits of the tentacles have the -
same structure as the tentacle itself, but the central cavity which each one con-
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tains is, in some species at least, entirely cut off from the tentacular canal
(Plate VI, figs. 19 and 20). At the tip of the tentacle the epithelium is much
thickened, especially on the ounter side, and the thickening probably serves as
a special organ of tonch. There are no tentacle ampulle in any of the Syn-
aptida. (See p. 147.)

Sense-orgaNs.—The sense-organs of Synaptids are of four very distinet
sorts—Ilight-detecting, positional, gustatory, and tactile organs. The Ulight-
detecting organs, or eyes, are known in only a comparatively few species, and
their function has been a matter of some dispute. They are best known in
Synaptula hydriformis, where at least they are simple eyes (Plate VI, fig. 15).
They are situated, a pair at the base of each tentacle, and consist of a distinet,
rather horny mesodermal layer, containing scattered nucléi, overlying the
swollen end of a large nerve, which arises on cach side from the circumoral
ring at the base of the tentacle nerve. The cends of these nerves are made up
of nerve cells of considerable size with big nuclei, which are somewhat swollen,
and are apparently vacuolated at their onter extremities. They are polygonal
in outline when seen in cross-section, and the inner ends taper off into fibers
which run out into the nerve. The mesodermal ecovering, which also has the
appearance of being vacuolated, is clearly a continnation of the thin mesoderm
layer which surrounds all the nerves. The eyes are abont 60pg in diame-
ter, the mesodermal covering being rather more than one-tenth as thick. The
pigment, which is contained in the mesodermal covering, is at first bright green,
but gradually becomes deep reddish brown, so that the eyes look like small
brown spots. In some instances it has heen shown that the so-called ‘‘eye-
spots’’ are simply clusters of ‘‘wandering cells’” and are not supplied with
special nerves, and are thercfore of course not sense-organs at all. The posi-
tional organs are generally, though incorrectly, called ‘‘anditory vesicles,”’ or
“‘otocysts.”” They are known to oecur in a nnmber of species of Leptosynapta,
Synaptula, Protankyra, Labidoplax, Chiridota, Myriotrochus, and Acanthotro-
chus, and no Synaptid is known to lack them. They are spherical saes situated
just outside the calcareous ring, one on each side of each radial nerve, with
which they are connected by small nerves. They differ greatly in size, those
of Synaptula hydriformis (Plate VI, fig. 16) measuring only 60 or 70 p in diame-
ter, while those of Labidoplax digitata are sometimes as much as 210z They
arc lined with cilia and filled with finid, and contain one or more little spheres,
which are kept in active movement by the action of the cilia. These spheres are
heavier than the flnid in which they lie, and constantly tend to sink to the lowest
part of the sac, and by contact with the cilia give rise to sensations of changed
position. Whether these spheres are made up wholly or in part of inorganic
salts is still undetermined, but they appear to be vesicles filled with a denser
flnid than that in the sac. The gustatory organs (Plate V, fig. 22; Plate VII, figs.
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21-22) oceur in a number of species of several distinet genera, but many species
are known which do not have them. They are small enp-shaped outgrowths on
the inner face of the tentacles, near the base, just large enongh to be seen with
the naked eye, or even smaller. The number on each tentacle varies from 1 to
30 or even more in large animals. KEach eup is lined with eilia and is connected
by a small branch nerve with the tentacle nerve. There seems to be little doubt
that these cups serve as organs of either taste or smell, although the evidence
is not conelusive. 7Tactile organs, or ‘‘touch-papille’’ (Plate VI, fig. 17), occur
in many and perhaps all Synaptids, not only in the tentacles, which are them-
selves sueh important organs of touch, but also scattered all over the surface
of the body. These ‘‘sense-buds’’ or ‘‘touch-papille’’ are small groups of epi-
thelial cells connected at their inner ends with special ganglia situated at the
ends of small nerves, which arise as branches of either the radial or tentacle
nerves.

NEervous systEM.—The complete nervous system is known in very few
Synaptids, but those species in which it is known agree so well that there is
little reason to expeect anything strikingly different in other species.” At the ex-
treme anterior end of the body lies the circumoral ring, a band of nerve tissue
surrounding the esophagus and giving rise to the five radial nerves and the
tentacle nerves, the number of which corresponds to that of the tentacles. The
circnmoral ring lies above or within the calcareous ring, close upon the outer
wall of the circular sinus in which the cesophagus lies, and is a tenth of a milli-
meter, more or less, in thickness. The outer layers contain most of the ganglion
cells, the interior being chiefly fibrous. In those Synaptids which have eyes
the optic nerves arise directly from the circumoral ring, and in some speeies
special nerves or nerve bands arise from the inner or lower side of the ring and
run to the oral dise and esophagus. The radial nerves run outward, over or
through the radial pieces of the calcareous ring, and then, bending abruptly
baekward, run with little diminution in size to the extreme posterior end of
the body. Hach nerve consists of an inner and an outer band, the latter of
which contains most of the ganglion cells on its outer side. The two bands lie
close together in the connective tissue of the body-wall just outside of the circu-
lar muscles. Fach radial nerve gives rise -fo the nerves supplying the posi-
tional organs, and to numerous small branches, which supply the musecles and
¢‘sense-buds’’ of the body-wall. In many Synaptids there is an open space or
canal, between the radial nerve and the longitudinal muscle, known as the hy-
poneural canal; but it is not always present; it is wanting in Synaptula hydri-
formis. The tentacle nerves arise from the outer, lower side of the circumoral
ring and run upward on the inner face of the tentacle, giving off branches to the
digits and to such sensory cups or papille as may be present.
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Bopy-warL.—The body-wall of the Synaptids is thin and generally translu-
cent, if not actually transparent. - In Myriotrochus and some species of Lepto-
synapta and Chiridota it is so transparent that the inner organs are readily
seen through it. It consists of five parts (Plate VI, fig. 21), a cutis and a layer
of epithelial cells, which together make up the epidermis; a layer of connective
tissue in which lie the calcareous bodies, pigment, ete., a layer of eireular mus-
cles—in the radii the longitudinal museles—and an inner epithelium, which
lines the body eavity.

1. Epidermis.—The ecutis is a thin, transparent, structureless layer, se-
creted by the epidermal cells, and exhibiting no special peculiarities. The epi-
thelial cells beneath are of three distinet sorts; ordinary, more or less elon-
gated, irregularly polygonal cells, which greatly predominate, but among which
are scattered sensory and gland cells, the former in clusters of several dozen,
forming the ‘‘sense-buds’’ to which reference has already been made. The
sensory cells are much more elongated than the ordinary epithelial cells, and
the inner end is drawn out into a fiber which connects directly with the small
ganglion lying underneath the sense-bnd. Sometimes such sensory cells oceur
scattered singly among the ordinary epithelial cells. The gland cells are of two
kinds, but their number, size, distribution, and activity undoubtedly differ
much in different Synaptids, according to the manner of life. The so-called
goblet glands are the more numerous, and oceur in nearly all parts of the
epidermis, while the larger club glands are much less common and more widely
scattered. Both kinds of glands are most numerous and best developed in the
epidermis of the tentacles, especially on the outer side near the tip and on the
outer side of the digits, the surface of which is quite viseid in most Synaptids.
Whether the so-called ‘‘contractile rosettes’’ (sece Becher :06) are epidermal
structures does not seem to have been determined, but they probably lie deeper. .
Very possibly they are identical with the larval glandular organs of Synap-
tula hydriformis referred to on page 61.

2. The connective tissue layer makes up as a rule more than three-fifths of
the body-wall, although the proportion varies with the total thickness. Tt eon-
sists of a mass of fibers, the outgrowing prolongations of spindle- or star-shaped
cells, imbedded in a clear, transparent, nearly colorless ground-substance of
gelatinous consistency. Besides these connective-tissue cells, so-called wander-
ing cells are abundant, which are more or less oval in outline, hut often pos-
sess pseudopodia as they are capable of ameboid movements. In the connect-
ive-tissue layer are found two of the most important structures of the body-
wall, the pigment cells and the calcareous bodies. The pigment cells are some-
times more or less oval or spherieal bodies, but are often irregular, much-
branched particles of coloring matter, most numerous in the outer part of the
body-wall just below the epidermis. They are often aggregated in particular
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parts of the body and in some species chiefly about the anterior end or on the
dorsal side. They often erowd about the caleareous ring and even oceur in
that strueture. The color is generally some shade of red, brown, or blaeck; but
purple, green, and yellow pigments also oeccur, and perhaps other eolors. It
is possible that the pigment bodies sometimes erowd into the epidermis, but
it is doubtful if this is a normal condition. The pigment is gencrally, if not
always, insoluble in water, ether, or pure alecohol, but is rapidly discolored
or profoundly changed by acids, alkalies, and corrosive sublimate.

The calcareous deposits of the body-wall are rarely entirely wanting. They
are formed by speecial mesenchyme ecells in the econnective-tissue layer, and
their manner of growth is well known. They are almost, if not entirely, pure
carbonate of lime. It is most convenient to eclassify them under four heads:
anchors and plates, wheels, curved rods, and miliary granules; all four kinds
never oceur in any one speeies, though three often do, and there are usually
at least two kinds present. )

The anchors and plates (Plates IV and V) are more or less symmetrieal,
and always lie in the body-wall, with the anchor over or outside the plate,
and usnally their long axes are at right angles to the long axis of the animal.
The plate arises as a short rod, parallel to the long axis of the animal, which
soon forks at each end. The forks grow and divide dichotomously, with more
or less regularity, but the subsequent branches do not grow with equal rapid-
ity. As a consequence, branches of the third and higher degrees meet
and fuse, thus inclosing the open spaces which are the perforations in the
completed plate. The edges of these holes may remain smooth, or they
may become toothed, although the smallest holes are always smooth. In
some species the branching, which gives rise to the plate, proeeeds so irreg-
nlarly that the plates become very asymmetrical, this being espeeially
trne when the perforations are small and numerous. In speeies with symmet-
rical plates the nnmber of large, toothed holes is generally 6 or 7, rarely more,
but the number of small, smoooth holes is not limited, though generally less
than 10; they are found mostly at the smaller end of the plate. Usually the
plates are not flat, but are more or less coneave on the outer side, and the pos-
terior end frequently bears an outwardly eurved bow, which thus arches the
concavity. This-bow sometimes bears teeth at the center on the anterior edge.
The bow is often imperfeet and frequently wanting. Anchor-plates vary in
size from 0.1 mm. up to 1 mm. in length, and the breadth is from one-half the
length up to nearly equaling it. The plates are always shorter than the
anchors which accompany them, though the proportion between the two pieces
is very variable. The plates are frequently longest at the posterior end of
the body. They are occasionally double and provided with two bows. Two

quite different sorts of plates sometimes oceur in the same species. The
4
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anchor consists of a more or less eurved shaft, lying with the eonvex side
against the plate, the posterior end (stock) frequently, if not always, con-
neeted with the bow or posterior portion of the plate by eonnective tissue,
and the two arms, which are more or less outwardly flaring. The arms are
frequently toothed on their outer sides, the teeth, however, pointing, not back-
ward, bnt forward or outward. When the arms are smooth, there are often
several small knobs on the vertex of the anchor, where the two arms and the
shaft fuse. The stock is more or less expanded, and may be undivided and
edged with numerous fine teeth, or it may be more or less branched, the
branches bearing teeth. In exeeptional eases the anehors bear arms at both
ends. Not infrequently the anchors are asymmetrical, one arm being larger
than the other, and occasionally a third arm oceurs. The anchors of the pos-
terior end of the body are oftentimes longer than those of the anterior end, and
sometimes there are two entirely different kinds of anehors found in a single
species. Anehors vary in size from 0.12 to 1.1 mm. in length, those of the latter
size being quite easily seen with the unaided eye. They arise as straight rods
lying perpendicularly to the long axis of the animal, and thercfore at right
angles to the rods giving rise to the plates. They are of considerable size be-
fore the plate rods appear, and already show the rudiments of the arms, which
extend outward at first, and later bend backward. The teeth on the arms, and
the branches and teeth on the stock are the last parts to appear. The number
of anchors and plates varies greatly, not only with their size, but also with the
habits and habitat of the animal. In some species there may be only a few—
less than 25, perhaps—to a square eentimeter of skin, while in other eases
there are from 1,000 to 1,500 per sq. em. They are often more numerous pos-
teriorly than anteriorly.

The so-called wheels (Plates VII and VIII) occur in a number of genera,
in several forms, either seattered singly in the skin or colleeted in little heaps
or papille. These heaps are generally large enough to be visible to the naked
eye, and then appear as small white spots. They are eovered only by the very
thin epidermis and are easily rubbed off. They oecur chiefly on the inter-
ambulacra, often in definite longitudinal rows, but are sometimes seattered
over the whole body. When the wheels are seattered and not in heaps, they
are usually quite widely separated; but they may be erowded, and oeceasionally
so much so as to form several layers and make the body-wall firm and hard.
The wheels are sometimes flat or nearly so, but more eommonly they are de-
cidedly concave, somewhat saucer-shaped, so that the margin is higher than the
eenter, though the latter may be higher than the surrounding spokes. Most com-
monly the wheels have 6 spokes, which are rather wide and flat, but in other
cases the spokes are narrower and more numerous, from 8 up to 25 in number.
The rim of the wheel is usually smooth on its outer margin, thongh some-
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times it bears prominent spines, alternating with the spokes. The inner
margin is generally toothed, either with numerous minute teeth or with from
15 to 30 larger teeth which point inward, but it may be perfectly smooth. The
center or ‘‘hub’’ of the wheel is usually smooth, but is sometimes rough on
the outer end. Tts inner end is the point of attachment for a strand of con-
nective tissue, the exact function of which is not known. In size the wheels
vary from about 30 to upward of 350g, the diversity being very notice-
able oftentimes in a single individual. The various kinds of wheels arise first
either as dises or saucer-like plates, with fluted edges, or as star-shaped bodies
(Plate VIII, figs. 9-12). The spokes arise either from the projections on the
edge of the plate or from the rays of the star. As they increase in length, they
expand at the outer end, and the expanding branches meet and fuse to form
the rim of the wheel.

The curved rods ocenr most commonly as supporting rods in the tentacles
(Plates IV, V, and VII), but are sometimes found scattered in the body-wall
itself. In the former case they are usually more or less branched, toothed, or
perforated at each end, though in some cases they are smooth and solid. They
show great diversity in size and shape, ranging from 20 to 200x. Their
long axes are generally parallel to the long axis of the tentacle or to that of
the digit in which they lie, but they are sometimes collected more or less irreg-
ularly near the base of the tentacles, especially on the inner side. The rods
which lie scattered in the body-wall may be only very small elongated parti-
eles, with smooth, rounded ends (Plate IV, fig. 14), or they may be more or
less curved, having the ends somewhat enlarged and often toothed (Plate VII,
figs. 4, 7, and 12); or the form may bhe that of a hook or bracket or an
elongated letter S (Plate VII, figs. 5, 6, 9, 10, and 11). The latter are called
sigmoid deposits. In such deposits the curves of the opposite ends may lie
in the same plane or in planes at right angles to each other. The rods and
sigmoid deposits of the body-wall are irregularly scattered, though the latter
generally lic at right angles to the longitudinal axis of the animal. The rods
range from 20 to 100p in length, while the sigmoid deposits are larger,
usually measuring between 100 and 200p. The sigmoid deposits arise as
simple, smooth, curved rods, which gradually increase in size and curvature
until the perfect form is assumed.

The so-called miliary granules (Plate IV, figs. 16 and 21) are very small
partieles of lime, sometimes smooth and rounded, sometimes cross- or star-
shaped, and sometimes branched and irregular, which oceur not only in the
connective tissue of the body-wall, but often in the underlying muscles also,
both circular and longitudinal. Generally they oceur scattered more or less
uniformly in the body-wall, but are sometimes confined to the radii. They are
often colleeted in small heaps or patches, which appear to the naked eye as
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white spots on the skin. The irregularly branched forms are sometimes ealled
rosettes (Plate 1V, figs. 18 and 23). In size the miliary granules vary from
3 to 30 p.

3. The circular muscles of the body-wall of all Synaptids run eompletely
around the body-cavity, just without its lining epithelium. In most species
the layer is of uniform thiekness and continuity in all parts of the body, ex-
cept that it becomes somewhat better developed near the ecloaeal opening, for
which it forms a sphincter musele. It may perhaps also thicken on or near
the oral disc. In Aeanthotrochus, however, the eircular musecles oecupy only
the interradial portions of the body-wall, exeept at the ends of the animal,
where they are continuous, as in other Synaptids.

4. The longitudinal muscles of the body-wall are econfined to the radii,
where they project more or less markedly into the body-cavity, the epithelial
lining of which covers them. They are usunally single folds or strips, attached
anteriorly to the ealeareous ring, and posteriorly thinning out and disappear-
ing near the cloaeal opening. They are generally most eompressed anteriorly,
and become flattened near the middle of the body and imperfectly eylindrieal
at the posterior end. In some eases the anterior part of the musele may be di-
vided into an outer and an inner portion, and in such cases the inner half
is called a retractor musele, and is regarded as homologous with the retractor
muscles of Dendrochirote; but the eonstant presenee of suech museles in any
Synaptid is open to doubt; they are said to be charaeteristie of Euapta lappa,
Synapta maculata, and Chiridota rotifera, but althongh I have examined these
species, macroscopically and mieroscopieally, both living (exeept maculata) and
preserved in aleohol, T have never found the slightest evidenece of a retractor
musele. Those of Chiridota rotifera are said to be very short and joined by
eonneetive tissue to the longitudinal muscle. In this statement lies a probable
explanation of the whole difficulty; the anterior portion of the longitudinal
museles, being strongly compressed, may divide more or less incompletely in
a plane parallel to the body-wall, and where the division is only partial such
an arrangement as is reported for Chiridota rotifera would arise, while if the
division were completed it would result in the arrangement said to occur in
C. discolor. Now, as I have examined specimens of both rotifera and discolor
and have failed fo find any trace of a separate retractor muscle, I am con-
vinced that the matter is one of individual diversity, or perhaps eorrelated
with age. At any rate, the presence or absence of retractor muscles is a char-
acter upon which only the slightest value ean be placed for purposes of elassi-
fieation.

9. The innermost layer of the body-wall is a simple, epithelial layer, which
covers all of the surfaece bordering on or projecting into the body-cavity. It
consists of polygonal eells similar to the ordinary epithelial eells of the outer
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surface, but much more flattened. Whether they are provided with eilia or not
is a dispnted point. Hamann (’84) asserts that cilia are present, but other
investigators have failed to find them. My own observations lead me to be-
lieve that eilia are not usually p.resent on the cells of this inner epithelium.
Bopy-caviry.—The body-cavity of the Synaptids is always spacious, and
extends from the oral dise to the posterior tip of the body without any marked
separation into parts, although the portion around the cesophagus has had a
different origin from the rest in the development of the animal. TLongitudi-
nally the cavity is divided on the dorsal side by the mesentery, which supports
the intestine, and anteriorly it is traversed by strands or folds of tissue
which support the @sophagus. All parts of the body-cavity are lined with the
thin, flattened epithelium, already deseribed as forming the innermost layer
of the body-wall. The fluid contained in the body-cavity is largely water, but
contains albuminons material and corpuscle-like cells. It is probably identical
with the fluid in the water-vascular system, but may contain more water. So
far as known, the body-cavity is always in communieation with the water-
vaseular system through the madrepore bodies and stone-canal. In Synaptula
hydriformis and probably in Chiridota rotifera the body-cavity is in commu-
nication with the outside through openings in the wall of the rectum and at
times through rupture of the body-wall near the anus. The former openings
seem to be permanent, but the latter are only formed when the young are born
and apparently heal up thereafter. In the viviparous species just mentioned,
the body-cavity fluid must contain nutritious material which serves as food
for the young, as the latter grow to considerable size (10 mm. long or more)
before birth. . '
Cavrcareous rING.—Surrounding the cesophagus in Synaptids, as in all other
holothurians, is a ecircular ring, made up of more or less distinet calcareous
plates. Of these, five lie at the anterior ends of the longitudinal musele bands,
which are attached to them, and are called the radial pieces, while the remain-
der are called interradial. These plates arise from caleareous bars (Plate
VI, fig. 9) which branch more or less irrcgularly, the branches anastomosing
and fusing until solid plates are formed. The plates are generally more or
less quadrilateral, but may be higher than wide (Synaptula hydriformis, Plate
VI, figs. 7 and 8) or approximately square (Plate V, fig. 14) or wider than
high (Leptosynapta roseola, Plate V, fig. 16). Usually the posterior margin
of each plate is slightly concave or even notched, but it is never forked or
deeply divided. The anterior margin may be straight or convex, or distinetly
pointed (Plate IV, fig. 2), and frequently the radial pieces are either pierced
or notched for the passage of the radial nerves; in Labidoplax digitata only
the three ventral radial pieces are so pierced. Oceasionally the radial pieces
of the ventral side are better developed than those of the dorsal, or the reverse
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condition may occur. The number of interradial pieces ranges from five up-
ward, but the most frequent number is seven, the two dorsal interradii ecach
having an extra piece. Where the number of interradial pieces is more than
seven, there is usmally an agreement between the number of tentacles and the
total number of plates in the ring, but several species have been desecribed
in which there is no such agreement. It should be borne in mind that new
pieces may form in the ring with the growth of the animal, and that such
unusnal nnmbers as 16 and 18 plates very possibly are an indication of im-
maturity. There will probably prove to be a reasonably definite correlation be-
tween the number of tentacles and the number of pieces in the calcareous ring,
when all the facts are known.

CarriLacivous RiNG.—In the genera Synapta, Polyplectana and Synaptula
and sometimes in Opheodesoma, there is a noticeable ring of cartilage or some
similar connective tissue immediately posterior to the calearcous ring (Plate VI,
fig. 18). In bulk it may exceed the latter, with which it is in more or less close
contact. This ring is often without projections or perforations, but in some cases
it is provided with 15 openings, either anteriorly or posteriorly. The presence or
absence of this ring has been used as a generic character, but as its develop-
ment is apparently more or less variable, it is still a doubtful question as to how
great a taxonomic value it has. Its function has never been determined, but
it probably gives a more or less useful, though flexible, support to the calca-
reous ring.

‘WatTER-vascuLar  sysTEM.—Encircling the cesophagus at a greater or less
distance behind the calcareous ring or the cartilaginouns ring, when the latter
is present, is a tnbe, which forms the central part of the water-vascular system
and is known as the circular ring. It is from a fifth to a half of a millimeter
in diameter, more or less, according to the size of the individual, and the wall
is a thin layer of connective tissue and circular muscles, covered on the out-
side with the body-cavity epithelium and lined with a very similar layer of
cells. From this circular ring arise the tentacle canals, which run, one to
cach tentacle, passing upward, on the inner side of the calcareons ring. Just
before entering the tentacle, each canal is provided with a valve which per-
mits flnid to pass into the tentacle, but prevents its outflow. The number of
tentacle canals may be fewer than the mumber of tentacles, but such cases are
due to immaturity or arrested development. In many, if not all, Synaptids,
the anterior margin of the calcarcous ring projeets forward so far (Plate VI,
fig. 18) that the outer half of the lower part of the ecavity of each tentacle
forms a blind sac or rudimentary ampulla, separated by the calcareous ring
from the inner half, which is directly continuouns with the tentacle canal. The
sacs are always very short and closely appressed to the outer side of the cal-
careouns ring. Dependent from the cireular canal are the polian vessels (Plate
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VI, fig. 6; Plate VII, fig. 29), the size and number of which are very diverse.
They are more or less elongated, blind sacs, the diameter of which varies
greatly with the amonnt of fluid contained within. In Synapta and some-
times in Euapta they may be branched; that is, a number of vessels arise from a
common stalk-like ontgrowth of the circular ring. Comparatively few Synap-
tids have only a single polian vessel, the great majority having more than
two. Many have from 8 to 16, and a few species have 50 or even more. When
more than one, the polian vessels are seldom of the same size, and when
numerous there is the greatest variety in length. When only one is present,
it is generally of very moderate size, usually less than a tenth of the body
length. This single polian vessel lies on the left side of the body, usually in
the left dorsal interradins; but when more are present, they arise from the
ventral portion of the circular ring, and when very numerous they spring
from all parts of that ring. The wall of the polian vessel has essentially the
same histological structure as the circular ring; in the connective tissue of
either there may oceur small caleareons particles, but they are never conspic-
wous or numerous. Arvising from the circular ring is still another outgrowth,
the so-called ‘‘stone-canal,”’ which may be single, or there may be a number.
In the great majority of cases the ‘‘stone-canal’’ is a single, unbranched
tube, arising in the mid-dorsal interradius and more or less completely in-
closed in the mesentery. In Synapta the stone-canal is usually single, but
branched, while sometimes in that genus, and commonly in Opheodesoma,
a large number of stone-canals are present, arising from almost any part of
the circular ring. While the inner end of the stone-canal is in imme-
diate connection with the ring, the outer end is almost always unattached,
and bears a more or less prominent and irregular enlargement which corre-
sponds to the madrepore plate of other echinoderms, and is known as the mad-
repore body. Through the openings in the madrepore body the stone-canal,
and hence the entire water-vascular system, is in direct communication with
the body-cavity. In Synaptula hydriformis, moreover, the madrepore body
lies in the mesentery and is attached to the dorsal wall in such a way that
there is present at least one opening between the stone-canal and the water out-
side. This opening is on the dorsal side, just in front of the genital duect.
In all Synaptids the wall of the stone-canal consists of only three layers, the
outer epithelium, a connective-tissue layer, and an inner epithelium of high,
more or less cylindrical cells, which are conspicuously ciliated. There are no
musele fibers anywhere in the tube wall, but the connective-tissue layer con-
tains a large quantity of irregular particles of carbonate of lime, giving that
firmness and brittleness to the tube which has led to its being called a stone-
canal. The madrepore body is mainly a mass of such calciferous connective
tissue, more or less extensively pierced by the openings between stone-canal
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and body-eavity, whieh are very short tubes, lined with a prominent ciliated
epithelium. Owing to this direct connection between the lumen of the water-
vascular system and the body-cavity, the fluids contained in the two are essen-
tially identieal.

AvmveNTARY cANAL—The mouth of Synaptids is a circular opening in the
center of the oral dise, around whieh the tentacles form a single eirele, and
which econstitutes the anterior end of the body. The mouth opens at onee into
a slender thin-walled cesophagus of variable length, which is encircled by the
calecareous ring and water-vascular ring, and which is more or less connected
with them and with the body-wall by strands of connective tissue. The
esophagus opens into a more or less well-marked stomach, the thicker and
more muscular walls of which usually distinguish it from both cesophagus and
intestine. The latter is usually thin-walled and of nearly uniform diameter;
it may be short and without a loop (a eondition practically unknown among
other holothurians) or it may be elongated to such an extent that from the
point of union with the stomach it bends forward and runs for a greater or less
distance toward the mouth before it bends again and takes its course back-
ward to the vent. The latter is the ordinary arrangement. It terminates in
a slight enlargement homologous with the cloaca of the lung-bearing holo-
thurians, but as no other organs enter it, in the Synaptids it is better ealled
the rectum. The vent or anal opening is always terminal. A eross-section
throngh the alimentary tract at any point reveals an outer epithelium, the
ordinary lining of the body-eavity; inside of this a very thin layer of connect-
ive tissue, following which is a musenlar layer consisting first of longitudinal
and then of circular fibers; within this is a thick layer of connective tissue,
and then the lining epithelium of the canal. The layer of muscles is thickest
on the stomach, the walls of which are decidedly muscular. The inner epithe-
lium is more or less glandular, especially in the stomach, and is frequently
ciliated, at least in the intestine. Some writers have described a delicate euti-
cle there instead, but this is possibly a misinterpretation of the appearance
of the ecilia in preserved material. Wandering cells (often bright red in the
living animal) oceur more or less abundantly throughout the lining epithe-
lium. The alimentary canal is supported through part or all of its course by
a 1mesentery, usually consisting of three seections. The first supports the
cesophagus and stomach and is attached to the body-wall in the mid-dorsal
interradius ; the second supports that part of the intestine whieh runs forward
from the end of the stomach and is attached in the left dorsal interradius; the
third supports the remainder of the intestine and is attached in the right
ventral interradius. The second section may be greatly reduced and is prae-
tically wanting in those species which have an approximately straight aliment-
ary eanal. In other cases the first and second sections of the mesentery run
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backward considerably posterior to the point where the intestine bends for-
ward, and, being united together over the left dorsal radius, they form a blind
sac which Semper has called the ‘‘mesenterial canal.”’- In Myriotrochus
minutus the mesentery is greatly reduced, and there are special connections
between the loops of the intestine and with the body-wall. The mesenteries
are nsually attached a little to one side of the mid-line of the interradius in
which they lie. They consist of a very thin layer of connective tissue, with or
without musele fibers and covered on each side with the epithelium of the
body-eavity.

CiuiaTep FUNNELS.—In the body-cavity of all Synaptids, so far as known,
except Rhabdomolgus ruber and Labidoplax buskii, there oceur minute, more or
less funnel- or cornueopia-shaped bodies conspicuously ciliated over a part of
their surface (Plate V, figs. 11, 12, 20, 21; Plate VII, figs. 14, 23, 28). These
ciliated funnels are very characteristic of the family, and are not known to
oecur in any other animals. They are very few in number in Leptosynapta
minuta and it may be that they will yet be found in the species of Labidoplax
and Rhabdomolgus, where they are said to be wanting. They most commonly
occur upon the mesenteries close to where the latter join the body-wall, but
they may ocecur on the body-wall itself and on the face of the mesentery also.
They may occur in connection with all three sections of the mesentery or only
with one or two. The funnels may be individually distinet and uniformly
separated, they may oceur in small groups, or a number may be united into
a cluster having a common stem (Plate VII, figz. 14). They range from less
than 80p to considerably over a millimeter in length, When connected on
a common stalk, the whole group may be nearly a milimeter high, and the
individual funnels range from 70 to 250 p. In any one species the size as
well as the arrangement of the funnels is fairly constant, though in some ecases
two very distinet sorts of funnel occur in the same individual. Thus in Lepto-
synapta inherens the ordinary funnels are generally less than one-tenth of a
millimeter in height, but scattered here and there among them are funnels of a
somewhat different shape from four to twelve times as large (Plate V, fig.
20). The stalk of the funnels is always a slender strand of connective tissue
covered with an epithelium, both direet continuations of the same tissues of
the mesentery or body-wall. In groups having a common stalk, the latter is
said to contain musele fibers. The funnel itself is made up of connective tissue
covered on the outer (convex) side with the flattened epithelium of the body-
cavity and lined with an epithelium of high, eylindrical, erowded cells, each of '
which bears a cilium. The exact form of the funnel, the thickness of the
various parts, and the size of the space inelosed vary greatly in different
species, and to some extent in different individuals of the same species, and in
different funnels of the same individual.
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Broop system.—In connection with the digestive eanal, there are present
in the Synaptide two long longitudinal vessels, which form the principal por-
tion of the blood system (Plate VI, fig. 6). One of these lies just at the line of
union of the mesentery and alimentary canal, and is called the dorsal vessel,
while the other is on the opposite side, and is called the ventral vessel. These
vessels may be elosely appressed to the stomach aud intestine or they may be
eompletely separated from them by a greater or less distanee. In the former
case they are connected with each other by lacunar spaees in the wall of the
alimentary ecanal, but when separated from the latter they are connected with
its wall by short cross-vessels which open into the lacunar spaces or into a
secondary longitndinal vessel from which lacune arise. The ventral blood-
vessel runs from the lower end of the wsophagus back as far as the middle of
the third section of the alimentary canal, both ends fading out into lacunar
spaces. Between the ventral blood-vessel of the first and second sections of the
digestive tube (sometimes between second and third, sometimes even between
first and third) there are usually present one or more connecting vessels of
considerable prominence. The dorsal vessel runs backward about as far as the
ventral vessel, but anteriorly it extends to the water-vasenlar ring, upon the
inner surfaee of which there lies the cirecumcsophageal ring of the blood-sys-
tem, ir which it terminates. Direet connection between the ventral vessel and
this ring has yet to be demonstrated in the Synaptide. From the blood-ring
arise vessels running into each tentacle along the inner surface, elose to the
tentacle canals. The genital gland receives its blood-supply direetly from the
dorsal vessel. Radial blood-vessels are wanting in the Synaptids. The blood
is usnally colorless, hut in some of the larger speecies it is yellowish. It eon-
tains much more albuminous material than the fluid of the water-vascular Sys-
tem; it also contains eorpuseles, amahoid cells, and minute granules.

RepropucTive system.—The reproductive organs of the Synaptide eonsist
of a more or less branched pair of tube-like projections, one on eaeh side of the
dorsal mesentery, in which lies the common genital duet, into which they open.
The duet is short and opens to the outside by a single pore, in the mid-dorsal
interradius, just back of the cirele of tentacles. In Synaptula hydriformis,
however, the duet is not united with the outer epithelium of the body-wall and
probably eommunieates with the exterior by several minute pores. The genital
tubes themselves lie in the anterior part of the body-eavity; there is rarely only
a single branech on each side, generally several or many branches. Usually the
branches or tufts of branches of the two sides are of equal size in adult
Synaptids, but in the young, so far as is known, that of the left side is the
smaller, and this asymmetrical condition may persist in some adults. The tubes
are often somewhat colored, usnally yellowish, sometimes green, but more com-
monly they are white, although the shade varies with the eondition of the con-
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tents of the tubes. In their finer strueture the tubes are found to consist of
an outer epithelium continuous with that of the mesentery, and an inner ger-
minal epithelium. Between these there is always present more or less of a
conneetive-tissne layer (though this may be reduced to seattered mesenehyme
cells) and a more or less evident layer of longitudinal musele fibers. In some
eases a layer of eireular musele fibers is also said to occur. The finer structure
of the genital duect is similar to that of the tubes, but the musele layers are
wanting, and anteriorly the wall of the duet may even be reduced to a single
layer of cells. Hermaphroditism is common in the family, but many species
are nnisexual. In the latter the germinal epithelium gives rise only to eggs
or spermatozoa, as the case may be, but in the former the eggs arise on one
side of the germinal epithelium, the spermatozoa on the other, or they arise at
different places on the inner side or at different times. It is possible that
some of the cases reported in which individuals seemed to be of different sexes
are simply cases of protandry; but this phenomenon is not eertainly known to
occur among the Synaptide, and in some cases there is no question that eggs
and spermatozoa are present and maturing in the same part of the genital
tubes and at the same time.

EmMBRrYOLOGY.

Our knowledge of the embryology of the Synaptide is confined to a very
few species, particularly Labidoplax digitata, Synaptula hydriformis, Chiridota
rotifera, and Teniogyrus contortus, and the following account is based upon
the observations recorded of them. The eggs range in size from rather more
than 100 mierons to upwards of 330 microns. They are spheriecal, contain eon-
siderable yolk, which gives them a yellowish or brownish tinge, and are more
or less transparent. They are generally set free in the water, but in some cases
develop within the body-cavity of the parent, or even in the genital tubes of
the mother. Nothing is known positively of the formation of the polar bodies or
the process of fertilization, though the latter must, in viviparous forms, take
place internally. Segmentation is total and approximately equal (Plate VI,
figs. 1 and 2) and results in the speedy formation of a blastula from which
the gﬁtﬂ]la_arises by invagination. The subsequent developmental changes
depend very largely upon-whether the embryos are proteeted within the body
of the mother or not. If development is so proteeted, it proceeds directly and
with considerable rapidity; but if not, the young Synaptid passes through
more or less prolonged larval stages. In any ease the arehenteron soon bends
to one side, and uniting with the body-wall, brings its lumen into eonnection
with the exterior, and this opening forms the water-pore and indicates the
dorsal surface of the animal. The archenteron continues its growth forward.
however, and, bending downward, unites with the ventral surface of the larva,
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and the mouth is subsequently formed at that point. In this growth of the
archenteron the portion connected with the water-pore comes to lie at one side
(the left) and soon is separated as a pouch by itself. This pouch grows back-
ward and constriets, so that its posterior part soon becomes a distinet pouch,
which grows out laterally to the right across the dorsal surface of the archen-
teron onto the right side. The right and left halves of the pouch then sepa-
rate and become entirely distinet. At this stage, then, we have a larva with a
mouth, gut, and anus (the blastopore), a hydroccel connected with the exterior
by a water-tube, and two ccelomic pouches, one on each side of the gut. Scat-
tered throughout the segmentation cavity are more or less numerous mes-
enchyme cells, which have arisen from the endodermal cells of the archenteron.
In those Synaptids which have free-living larval forms, the external appear-
ance of the larva at this stage is very characteristic, and is very similar to the
auricularia larva of other holothurians. The Synaptid auricularia is a dor-
sa]ly-ﬂatteﬁed, wide, squarish larva with a deep depression on the ventral side
(oral vestibule), at the bottom of which opens the mouth. The uniform ciliated
coat of the gastrula has given place to a complicated symmetrical series of eili-
ated bands. A larval nervous system, muscles, and wheel-shaped calcareous
bodies are also present. After a time the auricularia becomes barrel-shaped,
and the ciliated bands form five encireling rings around the body; this stage
is sometimes called the pupa, sometimes barrel-shaped larva. At the upper or
anterior end of the pupa is a very deep, constricted, funnel-shaped space, the
vestibule, in the floor of which lies the mouth; the hydrocel completely en-
closes the csophagus, forming the water-vascular ring from which arise the
polian vessel and the tentacles; of the latter, five are already indicated, and
between each pair are five other outgrowths corresponding to the radial water-
canals of pedate holothurians; these may be quite well-marked in the pupa,
running back toward the rear of the body; the ceelomic pouches have become
fused ventrally, but on the opposite side are still separated by the dorsal mes-
entery; the rudiments of the caleareous ring have appeared, and the positional
organs are well formed. With the growth ¢f the five tentacles the vestibule
disappears and the larva assumes the pentactula form (Plate VI, fig. 3),
characterized by the short, oval body, the absence of ciliated rings and the five
prominent tentacles without digits. The muscular -and nervous system are
fairly distinct and are rapidly assuming the adult condition. The transforma-
tion from the pentactula to the adult form is chiefly marked by the appearance
of the blood-system, ciliated funnels, and reproductive organs and the increase
in the number of the tentacles, with accompanying development of digits. In
Teniogyrus contortus the sixth and seventh tentacles appear simultaneously in
the lateral dorsal interradii (Plate VII, fig. 13), and subsequently the ecighth,
ninth, and tenth appear. in the other three interradii, but in Synapiula hydri-
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formis the second quintet of tentacles appear all at the same time. Probably
the 10-tentacled larva (Plate VI, fig. 4) is characteristic of all Synaptids. In
the viviparous species the auricularia seems to be wanting and the pupa stage
is passed through quickly, nor are there any sharp lines between the different
steps in the process of development; the pentactula and 10-tentacled larva
are, however, plainly shown. In other respects there is little essential differ-
ence between the development of the oviparous and viviparous species. In the
larvee of Synaptula hydriformis, however, there are peculiar glandular organs
in the ectoderm, which may have some use in absorbing food material from
the body-cavity fluid of the parent. Perhaps these glandular organs are iden-
tical with the ‘‘contractile rosettes’’ of certain other Synaptids. (See Becher,
:06.) In species with twelve tentacles, the eleventh and twelfth arise, one in
each of the two lateral, dorsal interradii; nothing is known of the development
of the additional tentacles in species with more than twelve.

In conclusion, the organogeny of the Synaptids may be stated as follows:
FEctoderm: The cpithelium of the entire body surface, including the sensory
epithelium of the tentacles, the entire nervous system, the sense-organs, the
anterior part of the esophagus and possibly the posterior part of the rectum
arise from the larval ectoderm. Mesoderm: The calecareous concretions, the
calearcous ring, the pigment-cells and all cartilaginous and connective tissues
arise from the mesenchyme cells of the larva, which in turn arise from the
archenteron; there is no satisfactory evidence that any musecles are formed
from these cells. Endoderm: The alimentary canal (except the ectodermal por-
tions already mentioned), the water-vascular system, the entire musculature,
the ciliated funnels, the blood-vessels and corpusecles, the reproductive organs,
and all internal epithelial tissues arise from the larval endoderm, either di-
reetly from the archenteron or from the hydrocel and celomic pouches to
which it gives rise.

Prysioroay.

Comparatively little work has yet been done in studying the functions of
various organs of Holothurians or indeed of any Echinoderms, and particu-
larly is this true of Synaptids. Most of our knowledge of the physiology of
these animals is the result of casual observation or chance discoveries made
while some problem of morphology or embryology was under investigation.
What little is known may be conveniently grouped under the following heads:

Morron.—The movements of Synaptids are mainly concerned with the col-
lection of food and the avoidance of encmies, and are dependent upon the
fluids within the body-cavity and water-vascular system quite as much as upon
the muscles; the calcareous particles in the body-wall also play an important
part in the locomotion of many species. In the search for food, the animal is
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usnally fully extended, and while the tentacles eclearly assist, the principal
means of locomotion is by the alternate contraction and extension of the body-
wall, due to museular movements. The contraction of the longitudinal museles
draws the posterior end of the body forward, and their relaxation, accom-
panied by the contraction of the circular muscles, forces the anterior end
ahead; for since the body-cavity is filled with fluid, the deecrease in its di-
ameter, due to the contraction of the circular muscles, necessarily results in its
increased length, and this causes a forward movement, since the body is pre-
vented from slipping backward by the marked projection of the calcareons
particles. This projection is brought about by the contraction of the circular
muscles—a contraction that begins at the posterior end of the body and moves
forward to the head. In species which are distinetly subterranean the calca-
reous particles of the rear of the body are frequently much larger and more
numerous than those anteriorly, in accordance with their use. When moving
through sand or mud, the tentacles play an important part in the progress by
separating and loosening the particles and pressing them apart, thus permit-
ting the anterior end to be forced forward by the contractions of the body
muscles. The subterranean species often move about in burrows, gathering
food as they go, the glands of the skin providing a secretion which serves to
give the walls of the burrows a certain smoothness, as well as increasing their
firmness. Synaptas can turn in their burrows, although they do not usnally do
so, and backward movements are possible, but not frequent. In collecting food,
Synaptids do not lie in their burrows, with their tentacles extended on the
surface of the sand, waiting for what may be brought them, but they gather
it as they ereep about, picking it up by the tips of the tentacles and passing it
inward to the mouth. { The movements of the tentacles and digits are effected
partly by the contained fluid of the water-vascular canals, but mainly by the
longitudinal musecles lying on the inner surface. Under pressure from behind,
dne to muscular contraction of polian vesels and perhaps of the water-ring it-
self, the fluid tends to straighten the tentacles, while the contraction of their
longitudinal muscles tends to bend them inward. | Movements to avoid enemies
are occasionally like those already described, but may take the form of sud-
den, active, and very powerful muscular contraction. Similar movements may
be produced artificially by changes in environment or by unnatural stimuli.
The results of these movements depend of course upon the muscular systems
involved. When the whole animal is affected, the body becomes reduced in
bulk, both the longitudinal and lateral diameters being evidently decreased;
the tentacles may be so strongly contracted as to be entirely invisible, crowded
as they are into the now concave surface of the oral dise. Contraction of
the circular muscles is always more marked than of the longitudinal, and may
go so far as to break the body up into a number of fragments. Such disas-
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trons movements, however, probably do not occur under normal conditions.
Subterranean species draw back into their burrows when attacked, and may
even retreat into them for some distance, 'Few, if any, Synaptids swim, exeept
in the larval state, but young ones up to 2 em. in length are sometimes found
floating, if not swinming, in the water. They seem to move partly by the aid
of the tentacles and partly by undulatory movements of the body. Many
species crawl about with more or less activity, by means of the tentacles, and
a few forms can climb the glass walls of aquaria, using the glandular sensory
epithelium of the outside of the tentacle tips as adhesive organs. In rare cases
the caleareous particles of the body-wall assist in elimbing about in seaweeds.
As for the rate of movement, it of course varies greatly with the individual and
the external conditions, butla healthy Synaptid of moderate size can move
from 20 to 30 mm. per minute; larger specimens may move more rapidly.

DicesTioN AND ABSORPTION.—So0 far as is known, these processes show no

-special peculiarities, taking place as they do in a remarkably simple alimen-
tary system. The food pushed into the mouth by the temtacles is carried by
the short and narrow cesophagus into the stomach, where it becomes mixed
with the digestive secretion of the gastric glands. Digestion begins here, but
probably takes place also in the intestine, while absorption, which may take
place to a certain extent in the stomach wall, is mainly accomplished by the
wall of the intestine, the absorbed food material being received in the two
main trunks of blood system through an extensive system of lacunw in the in-
testinal wall. The rectum receives and ultimately rejects the excrement. It
is possible that the ‘‘larval glandular organs’’ of Synaptula hydriformis
(see page 61) and the ‘‘contractile rosettes’® of Leptosynapta minuta (see
Becher, :06) are absorptive organs, but it is by no means certain what their
function is.

CircuraTioN AND NUTRITION.—There is no true circulation in the blood-sys-
tem of the Synaptide, and the so-called blood plays no part in the carryving of
oxygen to the tissues or in removing excreta from them. We are to look
upon the movements of the fluid as normally away from the digestive system
to the various parts of the body, and as carrying simply the absorbed food to
its destination. The system thus is essential to normal and healthful nutrition,
but cannot be considered as in any frue sense a circulatory system. There is
no heart or other vascular organ for propelling the fluid, but contractions of the
musecles in the wall of the alimentary canal serve to force the fluid products of
digestion into the lacunz and thence into the larger vessels, and from them on
and away, while contractions of the musecles in the body-wall and elsewhere
may serve to open up the minute lacnnar spaces that drink in the nutritious
fluid. No proper investigations of the fluid or its movements in a Synaptid
have yet been made, and whether the corpuscles play any important part is
unknown.
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RespiraTioN.—The providing of oxygen for the tissnes of the body is not
delegated to any particular system, so far as we know, but the needed gas is
taken from the water directly through the skin, probably of all parts of the
body, but particularly of the tentacles. Probably some oxygen passes entirely
through the skin into the body-cavity fluid, whence the alimentary canal and
reproductive system may be supplied. Naturally the tentacles and anterior
part of the body require more oxygen than other parts, and there is some rea-
son for believing that the oral disc and tentacles are particularly aetive in
respiration. There is no reason for attaching any respiratory function to the
blood system, but we as yet know nothing of the actual inovements of gases to,
from, or in the tissues.

Excrerion.—The getting rid of waste matter from the tissues takes place in
Synaptids as in other echinoderms, chiefly by means of the wandering cells
already referred to (p. 48), but assisted in a large measure by the peculiar
ciliated funnels (p. 57) so characteristic of the family. Whether the water-
vascular system, the blood system, or the alimentary canal play any part in
excretion we do not know. Kxereta passes into the body-cavity fluid from all
those tissues which it-touches, and much or all of this waste matter, certainly
if it be in solid particles, is sooner or later swept into the ciliated funnels.
It collects there and scems to be seized on by the ‘“wandering cells,”” which
carry it into the connective tissue of the body-wall. Here these cells may re-
main indefinitely, but probably most of them ultimately pass on through the
skin to the water outside. Fluid and gaseous excreta probably pass directly
through the skin into the water. As a matter of fact, we really have almost
no evidence on the subject of excretion, except observations made on the action
of the ciliated funnels, and while collecting solid particles from the body-
cavity fluid is undoubtedly an important function of these organs, it is by no
means proven that they are exclusively excretory. As for the wandering cells,
most statements regarding them are hypothetical, but there is some evidence in
support of the view that as the animal grows older, these cells, with their
loads of excreta, collect more and more thickly in the skin and caunse the darker
or brighter colors which large Synaptids show as compared with their young.
What the ecssential difference is between such cells and the normal pigment
cells has yet to be shown, but there can be little doubt that there is a definite
correlation between color and excretion. Whether the calcareous particles are
to be regarded as the product of excretion is an open question.

SexsaTioNn.—The senses of a Synaptid are apparently very simple. Touch
is the most widely distributed, almost any part of the body responding to a
mechanical stimulus, but it is specially keen in the digits of the tentacles, which
are exceedingly sensitive. So far as we can interpret the actions of a Synap-
tid, the sensations caused by a mechanical stimulus is the same as in all other
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animals, and the eharacter of the object touched is appreciated to a limited
degree. In some cases at least food is reeognized apparently by the sense of
toueh only. Sight is seemingly limited merely to the distinguishing between
light and shade, and is probably confined to those speeies which have speeial
light-detecting organs, but it is entirely coneeivable that in other speeies light
may in some way aet as a stimulus. Experiment has shown that some sueh
sense as that of taste or smell is apparently possessed by those species
whieh have the speeial gustatory organs or eups on the inner faee of the
tentacles, and that this sense is located in these cups. The evidenee is not
conclusive, however, and it is not known whether any such sense exists in other
Synaptids or not. The sense of hearing is apparently entirely laecking, but
the sense of position is good, and experiment has shown that the difference
Detween going up and going down is perfectly evident to a moyihg Synapta.
There is no doubt either that this sense is located in the so-called ‘‘otoeysts’’
(positional organs) at the base of the tentacles. There is no evidenee of any-
thing like intelligence in the actions of Synaptas, and even their movements
are apparently not dependent on an intaet nervous system or even an unin-
jured circumoral nerve-ring; for the severing of the nerve-ring in half a
dozen places does not, after the first shoek is over, interfere with normal co-
6rdinated movements. The habit of contraeting the body so strongly as to
rupture the body-wall is frequent, and may possibly indicate a lack of any
such feeling as that whieh we eall pain, but it is out of the question to determine
positively whether a Synaptid feels pain or not. Stupefying by means of
magnesinm sulphate, chloral, ete., is, as a rule, easily accomplished to such an
extent as to render the animal unresponsive to any sort of stimnlns. The
difference between a sandy (or muddy) bottom and a glass (or porcelain) sur-
faee is rather slowly detected, but leads to definite alteration of conduet and
movement. Changes in the composition of the water (percentage of salts, CO,,
ete.) are readily detected and also lead to altered movements, but it is doubt-
ful how far these are due to nervous stimulation.

ReceNEraTION.—The power of regeneration in Synaptids is quite remark-
able in some ways, but as yet very little experimental work has been done to
show how great it is. One or more tentacles, even the whole circle, will be
reprodueed if external eonditions are at all favorable, but if the whole oral
end is eut off, there seems to be no power of reproduecing it. On the other
hand, if the body is bisected, the anterior end appears to be able to reproduce
the posterior portion, although the latter eannot form a new oral end for it-
self. This seems to be true, no matter where the biseetion is made. Appar-
ently it is not essential that any eonsiderable portion of the alimentary eanal or
blood system should be left in the regenerating part. No experiments have
been carried through to show how far sense-organs or nerves.can be re-

produced.
5
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Reeropuction.—Reproduction in the Synaptide is always sexual, but a
large number of species, probably the great majority, are hermaphroditic.
Fertilization ordinarily takes place in the water, outside the body of the egg-
produeing individual, but in the viviparous forms it seems to occur in the body-
cavity or even in the genital ducts. So far as known, there is nothing like
sexual union between two individuals, but the viviparous species are often, if
not always, more or less gregarious, so that fertilization is thereby facilitated.
In the great majority of cases, the fertilized eggs undergo their development
in the water entirely independent of the parent, but in four species they are
known to be retained in the body and undergo their development there. In
one case (Teniogyrus contortus) the development takes place within the gen-
ital tubes, which thus serve as a uterus, but in the other cases (Synaptula
hiydriformis, Leptosynapta minuta, Chiridota rotifera) the body-cavity serves
as the brood-pouch. How the eggs get into the body-cavity is not certainly
known, but it is supposed that they pass in from the ovaries directly by rupture
of the covering epithelium. When and where fertilization takes place, in such
a case, are undetermined points, but probably it occurs after the eggs have
left the ovary and are free in the body-cavity. If such is the case, the sper-
matozoa must pass into the celum either directly from the hermaphroditic
gonads or else indirectly through the wall of the-rectum, openings in which
are present in Synaptula hydriformis. In Teniogyrus contortus the sexes
are separate and the spermatozoa must enter the uterus from the ountside water.
The young remain in the body-cavity of S. hydriformis until 5 mm. or more
(sometimes 20 mm.) in length, and are then born by a rupture of the body-
wall near the rear of the body. In T. contortus the young remain in the uterus
until 3 mm. long, and then pass out through the genital opening. Little is
known as to the frequency with which young are produced or the number of
eggs matured at each breeding period, but some of the tropical Synaptas seem
to breed throughout the year, while the more northern species are-known to
mature their reproductive cells only in the spring or summer. The number of
eggs produced at each sexual period seems to range from five to several hun-
dred, but the exact limits are not known in even one species.

Ecovoay.

The Synaptide are all marine animals and have a bathymetrical range
from above low-water mark to at least 4,200 meters. The very great majority,
however, are littoral forms and there are few species ocenrring at depths of over
350 meters. They are found in all parts of the world, but seem to be most
abundant in the region southeast of Asia, where more than half the reported
species are said to occur. They appear to be least abundant in the region west
of South America, where no species is known to occur. An unusual number
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of genera oceur in the Arctic and Subarctic region, but the number of species
there is not large. Several of the tropical species occur in mangrove swamps,
where the sea-water is not as saline as on the recefs, and at least one of the
Philippine species is known to live ordinarily in distinetly brackish water. As
a rule, however, the Syunaptids are quite susceptible to impurities in the water
and are to be found only where it is clean and well aérated. Three quite
distinet groups, in the matter of habitat, can be recognized, though they are
not sharply distinguished from each other. First, there are those species
which are really subterraneém, living buried in the sand or mud and rarely
coming out from their burrows. A second group is made up of those species
whieh live under stones and in similar hiding places; and third are those
species which live among .corals or seaweeds,” not concealed, except as their
color and form harmonize with their surroundings. The habitat of any given
species varies in different regions, so that subterranean species are often
found under rocks, and similar situaﬁons are sometimes frequented by species
which are ordinarily unconcealed. A certain amount of correlation between
eolor and habitat is seen throughout the family, for the brightly colored species
are those which live among corals, while the white, colorless, or inconspicuous
speeies {ll'é usnally subterranean or at least lie concealed under stones. In
some cases this eorrelation is very striking; for example, Syraptula hydriformis
in Jamaican waters is reddish brown in color, in perfeect harmony with the
seaweed it inhabits, while at the Bermudas it is more or less bright green, in
harmony with the Ulvacee among which it lives. » b

Very little is really known as to the food of the Synaptide, but the alimen-
tary canal is usually found well filled with particles of sand and other inorganie
substances, which are taken in with the food. The tentacles of a living Synap-
tid are in almost constant motion, continually bending in toward the mouth,
and then curving outward again, and it is often possible to see particles of
solid matter being pushed into the mouth. In Synaptula hydriformis the food
is largely, if not wholly, vegetable, diatoms forming a conspicnous part of it,
and it is probable that the same is true of all those species which live in sea-
weeds. The food of Leptosynapta inherens is organic matter, taken in with
the sand through which it burrows, and apparently consists of both animal
and vegetable remains; probably all of the subterranean species and those
which live under stones feed on similar material. Whether the species which
live among corals are carnivorous has yet to be shown; on a priori grounds, it
is highly improbable. _

Like all holothurians, Synaptids are very inactive animals. Unless irri-
tated by some exceptional external stimulus, their movements are slow and
uniform. There is no good ground for believing that they are more active
during the night than in daylight. Those forms whieh live under stones ap-
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pear to be the most restricted in their movements; for while both the sub-
terranean and the free-living forms are more or less continnally moving about
in search of food, they seem to remain for long periods of time in a single
spot. As a rule, Synaptids do not thrive in aquaria, but some of the sub-
terranean forms will do very well if there is an abundance of pure sea-
water. The free-living forms are very sensitive to changed conditions and
soon die in ordinary aquaria. The length of life and the rate of growth are
wholly nnknown, though there is reason to believe that both are closely cor-
related with the abundance of the food supply. It is hard to say whether
Synaptids have any enemies of importance or not; so far as we know, they are
not sought after by any animals, but it is difficult to see why they. would not
serve, as well as worms, for food for fishes. Some starfishes and a few mol-
Iusks are known to eat holothurians and some Synaptids may be destroyed by
such foes. Parasites are quite common; some half dozen sporozoans, a sponge,
several trematode worms, a rotifer, a erustacean, and half a dozen mollusks
are already known, which live upon or within some Synaptid, and there are
doubtless others which have not yet been noted. Some of these probably
obtain little, if any, nourishment from their host, but some of the internal
forms are true parasites of the most degenerate kind. Whether any of them
seriously enfeeble their host is, however, an open question.

Abnormal individuals (aside from some diversity in the number of tenta-
cles) have only been reported in the case of Synaptula hydriformis, where the
‘young are sometimes more or less grown together in pairs (Plate VI, fig. 22)
or triplets, occasionally even in quartets and quintets. It is more than doubtful
whether these monstrosities ever reach maturity, but one adult with only 3
radit and 11 tentacles has been recorded. Additional tentacles and abnormal
calcareous particles are frequent and are known in many species. So far as
the human race is concerned, the Synaptide are absolutely useless; none of
them serves as food or even as the source of articles or substances which are
of the least value to man, nor do they furnish food for any animal of commer-
cial importance. The geological history of the Synaptide is very imperfectly
known, but calcareous particles clearly referable to members of the family have
been found in Eocene rocks, and there is reason to believe that the family
dates back to the Cretaccous period at least.

TaxoLogy.

The classification adopted in this report has already been discussed and
fully outlined (pp. 14-17), but a few words may be added here in explana-
tion of the principles which have been used in determining the validity of the
genera and species herein accepted. Tn attempting to distinguish a “‘good
species,”” it is essential that the possibilities of individual diversity should
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not be forgotten; for this reason it is unfortunate when it is mnecessary to
deseribe a new species from a single specimen, but this necessity often arises.
As a general rule, however, we may say that any individual Synaptid belongs
to that speeies of its' own genus whieh inhabits the region where it was taken,
unless it shows a marked and tangible difference, constant and without any in-
tergrading sevies, either in the form or size of the calcarcous particles, in the
number or form of the tentacles, or in the special localization of the calcarcous
particles in spots, rows or papille. Tn case more than one 'Speeies of the
genus oceurs in the region where the individual under consideration was taken,
the latter will of course be compared with each one and assigned to that one
whieh it most nearly resembles, unless it shows some one or more of the abhove-
mentioned differences. In case such a differcnce does appear, the individual
is then eompared with all other known species of the genus, regardless of local-
ity, and in case the difference is still nnique, it must then be given a new name.
On the other hand, great care must be used to prevent confusing really dis-
tinet species from one side of the globe with nearly related ones from the other;
on a priori grounds, it is to be assumed that a species from the Atlantic Ocean
i1s distinet from its nearest allies in the western Pacific. Even slight differ-
cnces, if they are constant, may be used to distinguish species from widely
separated areas. Of course, however, it is understood that the eharacter must
be sufficient to distinguish individuals of the allied species from cach other,
regardless of whether their geographical habitat is known or not. Of char-
acters used to distinguish speeies, the most reliable and satisfactory are un-
doubtedly the chief caleareous particles of the body-wall, their form, size, and
distribution; making proper allowance for individual diversity and the possi-
ble solutive effects of preserving fluids, these deposits are remarkably eonstant
in ahy species. The number and form of the tentacles arc good charaeters, if
the specimen is unquestionably mature, but differences in the form and abun-
dance of the lesser calcareous deposits, in the number and length of the digits,
in the presence or absence of a web or membrane between digits or between
tentacles, and in the relative length of the tentacles must all be regarded with
great suspicion, especially if only preserved material is available; of course,
where plenty of living material is at hand, some of these characters may
prove to be of great importance. Color and size are valuable characters in
some species, but very little weight can be attached to them except where a
large amount of living or fresh material has been examined. Several other ex-
ternal characters, such as roughness or thickness of the body-wall, promincnee
of verruce (sce p. 43), and proportion of diameter to length, have been used
in deseribing species, but little or no weight attaches to them, as a rule. Of
internal characters, the form of the picces of the calcareous ring is the best;
but even in this there is some individnal diversity. The number of polian ves-
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sels and stone-canals, the form of the ciliated funnels, the arrangement of the
alimentary canal and its mesentzries, the form of the longitudinal musecles (in-
cluding the presence of so-called ‘‘retractors’’), and the appearance of the re-
productive organs are all eharacters which are subject to much individual di-
versity, often according to age, time of year, size, and habitat, and little
weight can be placed on them in distinguishing speeies. Of characters for
distingnishing genera, aside from the calcareous particles, the number and
the form of the tentacles arc the best, aud while others may occasionally be
used, no great weight attaches to them. The genera used in this report are
easily recognizable (except that Molpadia and Caudina are not always distinct
from each other), and there need be no difficulty in distinguishing them. Un-
fortunately the same cannot be said for the species. Many of the latter are
very elosely related, but still apparently distinguishable, and must be retained
for the present, while others are almost certainly based on abnormal or im-
mature individuals. In other cases it is quite possible that two or more species
are included under a single name. No doubt the present compiler has made
errors in many cases, but it is hoped that in spite of these the elassification
here offered may prove satisfactory to students of the Synaptidee, and may
be the basis for much further investigation of the taxology of the group.

Ky To THE SUBFAMILIES OF SYNAPTIDA.

A.—No whecls, sigmoid or bracket-shaped particles present in the skin, but usually anchors
and perforated plates; deposits rarely wholly wanting ; tentacles never peltato-digitate.
SYNAPTIN A
AA.—Wheels, sigmoid or bracket-shaped particles commonly present in the skin, but no

anchors ; deposits sometimes wholly wanting; tentacles commonly peltato-digitate.

Wheels present or wanting; if present, never with more than six spokes.

CIIIRIDOTINE
Wheels present, with eight or more spokes .................... MYRIOTROCHIN &

SYNAPTINA Ostergren, 1898b.

Tentacles with the stalk cylindrical or terete, not becoming widened dis-
tally, either with digits along each side for most of its length (pinnate) or with
only one or two digits on each side near the tip (digitate) or without digits
at all (simple). Calcareous deposits, usually anchors and perforated plates,
often accompanied by irregular, curved rods or minute particles (miliary
granules), but any or all of these may be wanting. Hermaphroditic so far as
known, except possibly Rhabdomolgus.

In the following keys and descriptions the terms which are used are com-
monly self-explanatory, but some explanation is needed of those used in
reference to the calcareous particles. The term miliary granules does not
include any particles occurring in the tentacles or in the longitudinal
muscles, so that a species in which it is stated that the ‘‘miliary granules
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are wanting’’ may have supporting rods in the tentacles and small oval
bodies in the longitudinal muscles. When the miliary granules have a number
of short curved branches, they are called rosettes. The different parts of the
anchor are the arms and the shaft; the point where the arms mecet and join the
shaft is the vertex, and this is the anterior end; at the opposite (posterior) end
of the shaft is the stock. The anchor-plate lies below the anchor, and the end
beneath the stock is of course the posterior end; it is across this end that the
rod extends, which is called the bow; the anterior end is commonly the wider.
In the key to the genus Protankyra the term ‘‘accessory calecareous particles’’
is used for any calcareous bodies in the skin (nof in the tentacles) other than
the anchors and their plates.

KEY T0 THE GENERA OF SYNAPTINZE.

A.—Calcareous particles present in form of anchors and anchor-plates.
B.—Arms of anchor smooth; vertex usually with minute knob-like projections (plate
1v, figs. 17, 25).
C.—Cartilaginous ring posterior to calcareous ring usually wanting; stock of
anchor branched irregularly (plate 1v, fig. 25).

Calcareous ring without noticeable anterior projections; stone-canals
not numercus; anchor-plates not abruptly contracted at posterior
end, but with a large, smooth hole on each side (plate 1v, fig. 24).
Euapra
Calcareous ring with conspicuous anterior projections; stone-canals
numerous; anchor-plates abruptly contracted posteriorly, and thus

lacking a large, smooth hole on each side (plate v, fig. 24).

OPHEODESOMA

CC.—Cartilaginous ring commonly present ; stock of anchor not branched (plate
v, fig. 17).

D.—Tentacles numerous, normally 25 ................. PoLYPLECTANA

DD.—Tentecles normally 15 or fewer.
Size very large; anchor-plates subrectangular or irregular, with
numerous smooth holes (plate 1v, fig. 19)........... SYNAPTA
Size diverse; anchor-plates rounded in front, narrow behind, with
few holes, the largest dentate and regularly arranged (plate v,
figs. 11, 12) et e SYNAPTULA
BB.—Arms of anchor usually serrate, sometimes smooth; vertex without knobs (plate 1v,
figs. 3, 8, 12, 15; plate v, figs. 1, 3, 5).

C.—Tentacles pinnate, with 5-21 (usually more than 7) digits or simply pin-
nately notched, without digits ..................... LEPTOSYNAPTA

CC.—Tentacles digitate with 3-5 digits.
Anchor-plates abruptly narrowed into a sort of handle (plate v, fig. 23)

LasiporLax
Anchor-plates irregular with numerous holes, not narrowed into a handle
(plate 1v, figs. 4, 5, 9, 18) ..oovviiiiiiiiiiiiii ... PROTANKYRA
AA.—Calcareous particles never in form of anchors or perforated plates.
B.—Tentacles 12, with digits.
Tentacles pinnate, with 5-13 digits ................cooiiaa.... ANarTA
Tentacles digitate, as in Protankyra, with only 4 digits........ DacTyLaPTA

BB.—Tentacles 10, without digits.............cociiiiiiiiiina... REABDOMOLOUS
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EUAPTA Ostergren, 1898b.

Tentaeles pinnate, 15, occasionally 16; individuals not fully mature often
have 12, 13, or 14. Digits numerous, 10-35 on each side. Cartilaginous ring
usually wanting. Polian vessels numerous. Stone-canals one or more. Sense-
organs, in form of pigment-eyes at base of tentacles on oral dise, often present.
Stock of anechors distinetly branched; arms smooth; vertex with some minute
knobs. Anehor-plates with large central hole surrounded by six (rarely seven)
other large holes, all more or less dentate, and with several holes of variable
size and arrangement (one on each side, large), but with smooth margins, at
posterior end, where a well-formed and arehed bow erosses outer surface of plate.

The Synaptids of this genus are of large size and variable eolor, shades
of brown, dull green, and gray predominating. They occur in shallow water,
upon or near reefs in tropical seas. The number of valid speeies is doubtful, as
it is impossible to determine from the material and data now available what is
the status of the following forms, whieh seem to belong here or in one of the next
four genera: Fistularia fusca and punctulata Quoy and Gaimard, 1833; Onci-
nolabes mollis Brandt, 1835; Synapta intestinalis, raynaldi and zebrina Held,
1857, and Fistularia vittata Forskal, 1775 (see under Synaptula, p. 80). The
forms here recognized as valid speeies may not prove, on examination of more
extensive material, to be distinet. The differences whieh are supposed to sepa-
rate them are really very slight and doubtless variable, and further study of
the living animals 1s necessary to fully determine their relationship.

KeYy 1O THE SPECIES OF EUAPTA

Base of digits united by a membrane; malformation of anchors more or less frequent; East

UMM, 0 ooanancoannnnnnaona00060000066000000000080080000000000000000E GODEFFROYI
Base of digits not united by a membrane; malformation of anchors very rare; West Indian.
LAPPA

EuapPTA GODEFFROYL

Synapta godeffroyi Semper, 1868, p. 231. Calcareous ring and particles, pl. XXXIX,
fig. 13.

Euapta godeffroyi Ostergren, 1898b.

LenetH.—200-400 mm., with diameter 15-20 mm.

Coror.—Yellowish gray or ereamy-white, with radii indicated by greenish-
brown or pale brown stripes, and the dorsal interradii marked with large, dusky
greenish-brown blotehes. Young speekled with silvery gray (Bedford, '99a).

DistriBurron.—Reported from Mauritius (Haaeke, Ludwig); Thursday
Island, Torres Strait (Sluiter); Great Sangir Island, Celebes (Sluiter);
Pelew Islands (Bedford); Caroline Islands (Bedford); Fiji Islands (Lam-
pert) ; Rotuma (Bedford); Samoa (Semper); and Hawaii (Fisher). Apparently
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ranging thronghout the Indo-Pacific region, between 50° E. and 155° W. longi-
tude and 20° N. and 20° S. latitude, although it has not yet been found about
either Ceylon or the Philippines.

Remarxs.—Fisher (:07) gives a very good account of the appearanee in
life and the anatomy of this speecies. It oeeurs among pebbles and coral on
sandy or gravelly bottoms, in the Hawaiian Islands, but is apparently not very
eommon.

KuAPTA LAPPA.
Prate TV, Fics. 23-25.

Synapta lappa Miiller, 1750, p. 134. Calcareons ring, with some anatomical details,
in Miiller, 1854, pl. x, fig. 4; calcareous particles, pl. vi, fig. 17.

Synapta polit Ludwig, 1374, p. 80.

Euapta lappa Ostergren, 1898b.

Euapta polii Ostergren, 1898b.

Leveri.—200-450 mm., with diameter 15-20 mm.

Coror.—Silvery gray, finely mottled with black and white; interradii often
distinetly darker, the specimen appearing imperfeetly longitudinally striped;
oceasionally the ground eolor is brown and the longitudinal sfripes almost
black; the numerous white specks are due to the erowded miliary granules.

DistriBution.—Reported from ‘‘West Indies’ (Miiller); Gomera, off Ten-
eriffe (Théel); Barbados (Ludwig); Jamaica and Porto Rieo (Clark); Ber-
muda (Clark, antea); probably ranging throughout the Caribbean Sea and
southward along the eoast of tropieal America; not yet known from Florida, but
extending castward to the Canary Islands.

ReMargs.—This species is quite eommon under fragments of coral rock on
sandy bottoms near the reefs about Jamaieca. It is sluggish in all its move-
ments and apparently feeds on partieles of organie matter pushed into the
mouth by the tentaeles, which seem to be in constant movement. If is not at
all subterranean in habit, nor does it seem to oeeur among the living corals.
How long individuals remain under one piece of rock is an open question, but
they were never observed moving from one place to another, and it is quite pos-
sible that they remain throughout adult life in a single place. At the base of
each tentaele is a pair of eonspieuous black pigment-spots, though whether they
funetion as light-detecting organs was not determined by the few observations
made. Ludwig’s deseription of his solitary specimen from Barbados, whieh he
named polii, leaves no doubt in my mind that it is identical with Miiller’s lappa.

OPHEODESOMA Fisher, 1907.

Tentacles pinnate, 14-16. Digits numerous, 10-35 on each side. Polian
vessels numerous. Stone-canals numerous. Anchors as in Euapta. Anehor-
plates with large central hole surrounded by six (rarely seven) large holes, all
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more or less dentate; posterior end of plate abruptly narrowed so that there
are only a few small, smooth holes there; a bow across plate is, however, present.

The general appearance of the synaptids of this genns is like that of an
Kuapta or Synapta, and the close relationship of the three genera is obvious.
The number of valid species is doubtful, but can only be determined by the ex-
amination of mnch material. All the described species arc Indo-Pacific in
their distribution.

NEY TO THE SPECIES OF QPHEODESOMA.

A.—DBase of digits united by a membrane; eolor, reddish brown or lighter, either uniform or
spotted and marbled with other eolors.
Surface of body smooth, not roughened by anchors; cartilaginous ring absent.
GLABRA
Surface of body very rough from anchors; cartilaginous ring well developed.
SPECTABILIS
AAd.—Base of digits not united by a membrane; miliary granules numerous and aggregated
into heaps; color, grayish, mottled.
Ground color obscured by numerous irregular spots and narrow dusky bands (some-
times white, without markings)........... ... .. ... oiiaiiii GRISEA
Ground color clear greenish-gray or dusky yellowish-brown, with few large blotches
(sometimes wanting) and broad dusky bands, some or all of which may be very
indistinet ....... ..., SRS SERPENTINA

OPHEODESOMA GLABRA.

Prate V, Fie. 24.

Synaple glabra Semper, 1868, p. 12; pl. 1. Calcareouns ring and parti-les, pl. 1v, fig. 8.

Euapta glabra Ostergren, 1898b.

Opheodesoma glabra Fisher, 1907.

LeNerH.—300-900 mm., with diameter about 25 mm.

Coror—Uniformly reddish brown, the tentacles greenish brownj; accord-
ing to Sluiter (’94), a large specimen from Saleyer was whitish, bnt possibly
it was bleached by the formalin in which it was preserved.

DistriBurion.—Reported from Bohol, Philippines (Semper); Cebn, 'Philip-
pines (Théel); Amboina (Sluiter); Bima and Saleyer, D. K. I. (Sluiter);
Thursday Island, Torres Strait (Sluiter); and Fiji Islands (Théel). Prob-
ably having the same range as godeffroyi, although not yet known from any
station west of Bima.

Remarks.—Nothing is recorded of the habitat or habits of this species. It
seems to be well characterized by the dark color, smooth, thick skin, scattered
miliary granules, numerous stone-canals and polian vessels, and webbed digits,
but the constancy of these charaeters is not beyond question.
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OPHEODESOMA SPECTABILIS.

Ophleodesoma spectabilis Fisher, 1907, p. 723; pl. Lxvi. Calcareous particles and ana-
tomical details, pl. LXxX, figs. 1, 1a-d; pl. LxxxI, fig. 2.

-

LexarH.—300-650 mm.

Coror.—*‘In life, reddish-orange spotted with brown, the brown forming
transverse more or less interrupted bands; ventral surfaee posteriorly grayish,
spotted with whitish and barred with dark gray. Tentacles, dark dull greenish’’
(Fisher).

DistriBution.—Hawaiian Islands (Fisher).

Remarks.—In view of Fisher’s excellent deseription of this species and
his eritical ecomparison of it with glabra, 1 am ineliued to suspend judgment and
await further material before deciding that the two species are identical. I
have to thank Dr. Fisher for sending me an excellent specimen of this most
interesting form, which he reports as very eommon in Pearl Harbor, near
Honolulu.

OPHEODESOMA GRISEA.

Synapta grisea Semper, 1868, p. 11. Calcareous ring and particles, pl. 1v, figs. 6 and 7.

LBuapta grisea Ostergren, 1898D.

Opheodesoma grisea Fisher, 1907.

Leverr.—300-900 mm., with diameter 20-25 mm.

Coror.—Mottled dusky greenish and bluish gray, with narrow dusky lines
and irregular spots, the radil appearing as elearer stripes. Sluiter (’94) de-
seribes a white variety from Thursday Island, but it is possible the speeimens
had bleached in the preserving fluid.

Disrrisurion.—Reported from Bohol, Philippines (Semper); Bay at Bata-
via, Samoa, Timor, Bima, Pater Noster Islands, Sawan and Saleh, D. E. 1.
(Shuiter) ; Thursday Island, Torres Strait (Sluiter); Fitzroy Island, Queens-
land (Bell); and Bowen, Queensland (Théel). Probably with the same dis-
tribution as godeffroyi, though not yet reported so far east or west.

Remarrs.—Were it not for Sluiter’s (’88) opinion to the contrary, I should
have no hesitation in pronouncing this species identical with the next, but as
he has had abundant opportunities for comparing them, I yield to his judg-
ment. The difference in eolor is hardly of primary importance, while the dif-
ference, so often referred to in the ealcareous rings, is very intangible. The
figure of grisea given by Semper (’68) is sufficiently different from that given
for serpentina by Miller (’54), but Slniter (’88) particularly says that in
grisea the anterior prolongations are as long as the rest of the ring is high,
thus making the whole structure like Miiller’s figure. This species seems to be
a common reef-frequenting form in the East Indies and along the northern
and eastern coasts of Australia, but nothing is recorded of its habits.
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OPHEODESOMA SERPENTINA.

Synapta serpenting Miiller, 1850, p. 132. Calearcous ring and attachments in
Miiller, 1854, pl. 1x, fig. 5, and ealeareous particles, pl. v1, fig. 16.

Euapta serpentina Ostergren, 1898b.

Opheodesoma serpentina Fisher, 1907.

Lenera.—300-900 mm., with diameter 20-25 mm.

Coror.—Clear greenish gray or dusky yellowish brown, with or withont
broad dusky bands and a few dusky blotches; the bands are three or four times
as wide as the dusky lines in grisea.

DistriBution.—Reported from Zanzibar (Selenka, Lampert, Ludwig) ; Cel-
ebes (Miiller); Bay of Batavia, Bima, Kur, Amboina, D. K. 1. (Sluiter);
Ternate (v. Marenzeller); and Pulo Edam, E. 1. (Ludwig). Apparently hav-
ing the same distribution as godeffroyi, thongh it has not yet been taken west
of the East India Islands.

Remarks.—SlIniter (’88) says this species is much more rare than grisea
in the Bay of Batavia, but is easily distingnished by the difference in color,
and adds that the calcareous ring is somewhat different. Later (’94) he says
that the only way the specimen from Amboina could be distinguished from
grisea was by the calcareous ring. Lampert (’96) mentions a small specimen
with 17 tentacles, notes some interesting color variations, and calls attention
to the resemblance to grisea. It is very probable that the two species are iden-
tical. '

POLYPLECTANA, gen. nov.
(woMds, many, + mAexrdvar, feelers; in reference to the numerous tentacles.)

Tentacles pinnate, 25, sometimes 26 or 27; individuals are often found
with 24 or fewer. Digits numerous, 15-40 on each side. Cartilaginous ring
present. Polian vesscls very numerous, 20 or more. Stone-canal single. Stock
of anchors not branched, though finely toothed; arms smooth, but vertex with
some mipute knobs. Anchor-plates with large central hole, surrounded by six
other large holes,' all dentate except the most posterior, which may be smooth,
and with two large and several small entiré holes at narrower posterior end,
where a well-formed and distinctly arched bow crosses outer surface of plate.
Miliary granules present, but tentacles without supporting rods.

This genus is monotypie, for I am unable to find any valid character by
which to distinguish Synapta kallipeplos Sluiter (’88) from the longer and
better-known Synapta kefersteinii Selenka (’67). As for Fistularia tenuis
Quoy and Gaimard (’33), I think it very unlikely that the specimen was a
Synaptid at all; certainly it is impossible to determiine the point positively.
The following, then, must be considered the type and only known species.
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PoLYPLECTANA KEFERSTEINII,
Prate IV, Frias. 20-22.

Synapta kefersteinii Selenka, 1867, p. 360. Calcarecous ring and particles, pl. xx,
figs. 120-121.

Synapta kallipeplos Sluiter, 1888, p. 217. Calcareous ring and particles, pl. 11, figs.
41-43.

Chondroclea kefersteinit Ostergren, 1898b.

Chondroclea kallipeplos Ostergren, 1898b.

Synaptula kefersteinit Fisher, 1907.

Leneri.—250-450 mm., with diameter 10-15 mm.

Covror.—Purplish, reddish brown, or dark brown, darker above than be-
neath, and more or less speckled and spotted with lighter; the spots are prob-
ably due to the heaps of miliary granules. In life the color is brownish-green
(Fisher).

istrisution.—Reported from Kosseir, Red Sea (Lampert); Amboina,
Moluecas (Ludwig, Sluiter); Batavia, Java (Sluiter); Ternate (v. Marenzel-
ler); Rotoma (Bedford); Samoa (Semper); and Hawaii (Selenka, Fisher).
Probably occurring, like the preceding genus, throughout the Indo-Pacific region.

Remarks.—Nothing whatever is recorded concerning the habits of this
species, exeept that Sluiter (’88) says of the specimen which he deseribed as
kallipeplos that it did not hide under stones, but erept about on the corals.
I see no reason to doubt that this individual was a large example of kefer-
steinii, in which the tentacles were still incompletely developed. Sluiter’s de-
seription of the caleareous ring would indicate a unique condition for a ma-
ture Synaptid with so many tentacles; but, after comparing his figure with
Selenka’s, 1 am inclined to think there is a possible mistake in his interpre-
tation of the condition he found, or possibly in adults of kefersteinii the inter-
radial pieees become completely merged together, each quintet becoming a
single piece. Sluiter’s-specimen was much larger than any other that-has been
recorded and the color was somewhat different, hut these differences cannot
carry much weight. Semper (’68) says kefersteinii is common at Samoa, and it
would seem to be ecommon also at Amboina. The specimens from the latter
island examined by Ludwig (’88) showed great diversity in the number of tenta-
cles; of 11 spceimens, 1 had only 15, 6 had 20, 1 had 22, 2 had 26, and 1 had
27. The 8 examined by Sluiter (’94) werc remarkable for the imperfect con-
dition of the caleareous particles, but he does not refer to the number of tenta-
cles; presumably, therefore, they had 25 each, as did those from Rotuma,
Kosseir, Samoa, and Hawaii.
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SYNAPTA Eschscholtz, 1829.
Chondroclea Ostergren, 1898 (partim).

Tentacles pinnate, 15, occasionally 16; individnals not fully mature have
14 or fewer. Digits nnmerons, 15-30 on each side. Cartilaginous ring present.
Polian vessels very numerons (up to 50) and sometimes branched. Stone-
canal single and branched, or there may be two or even a small tnft of them.
Stoek of anehors finely toothed, but not branched; arms smooth, but vertex,
with a few minnte knobs, arranged in one or two groups. Anchor-plates sub-
rectangular or irregunlar, much longer than wide, with seven or eight large, and
numerous small, smooth holes; at posterior end, on outer side, a well-arched
bow erosses plate. Miliary granules abundant, but tentacles without sup-
porting rods.

This is also a monotypie genus (with the type speeies maculata) and may
be easily recognized by the large size and the characteristie ealeareous parti-
eles, while the branched polian vessels and stone-canals are also notable.
Théel (’86a) comsiders, with good reason, that T.esson’s (’30) Holothuria
oceanica is synonymous with the single species of this genus. Whether Oncin-
olabes forsteri and fuscescens of Brandt (’35), Holothuria radiosa of Reynaud
(in Lesson ’30), Holothuria tentaculata of Forster (in de Blainville '21), Fis-
tularia doreyana of Quoy and (Gaimard (’33), and Synapta fasciata of Kuhl
and Van Hasselt (’69) also belong here it is impossible to say positively, but
some, if not all, of them probably do.

SYNAPTA MACULATA.
Prares I axp IV, Fies. 17-19 AND 26.

Holothuria maculala Chamisso and Eysenhardt, 1821, p, 352, pl. xxv.

Synapta mammillosa Tschecholtz, 1829, Hpt. 2, p. 12; pl. X, fig. 1.

Iolothuria oceanica lesson, 1830, p. 99; pl. 35.

Synapta beselit Jager, 1833, p. 15; Semper, 1868, pl. 1. Calcarcous particles in
Théel, 1886q, pl. 1, fig. 12.

Synapta oceanica Jéger, 1833.

Synapta mammillosa Jéager, 1833.

Synapta maculata Jiger, 1833.

Synapta astrolabt Held, 1857, p. 269.

Synapta agassizii Selenka, 1867, p. 361,

Synapta Beselli (also Besellit) Tenison-Woods, 1880, p. 129.

Chondrocleea beselit Ostergren, 1898b.

LexerH.—1-2 meters with diameter not over 50 mm.

CoLor.—Brown, greenish brown, dark olive-green, or bluish gray, often
with large spots and blotches of darker and lighter shades, or less eommonly
with the dark markings arranged in five longitudinal stripes. The striped
form is the agassizii of Selenka, which Lampert (’85) considers a valid speeies
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and Bedford (’99a) a good variety. Further investigation is necessary to de-
termine whether it is entitled to any recognition. Kent (’93) describes and
figures S. beselii as bright pink, and furthermore his figure shows but 10 tenta-
cles. Whether the Australian Synaptid thus figured really exists must be de-
termined by other observers, but if it does, it is obviously not beselii.

DistriBution.—Reported from Kosseir, Red Sea (Lampert); Zanzibar and
Mauritius (Lampert); Seychelles (Ludwig); Indian Ocean (Ludwig); Ceylon
(Pearson) ; Nicobar (Semper); Philippines (Semper); Celebes (Jdger); nu-
merous stations, D. E. 1. (Sluiter); Lucipara Islands (Lampert); Ternate (v.
Marenzeller) ; New Guinea (Bedford); Port Douglas, Queensland (Tenison-
Woods) ; Caroline Islands (Semper); New Hebrides (Théel) ; Marshall Islands,
(Chamisso and Kysenhardt) ; Samoan Islands (Semper); and Society Islands
(Eschscholtz, Théel). Evidently commonly and widely distributed throughout
the Indo-Pacific region.

Remarks.—There can be no question, I think, that Syrapta mammillosa Esch-
scholtz and Holothuria oceanica Lesson are identical ; and that they are both the
same as Jiger’s beselii hardly admits of question. There is more room for doubt
as regards maculata Ch. & Hys., but T am entirely satisfied that the holothu-
rian so designated is the same huge Synapta. On the first comparison of the
colored figures given by Eschscholtz and by Chamisso and Eysenhardt, it seeins
incredible that they ean both represent the same species, but when we read
their descriptions and see how far the plates are from showing the natural
colors as they give them, we realize that little weight can be placed on that
point. Moreover, Eschscholtz’s picture is seemingly taken from a strongly con-
tracted specimen showing big verrucz, while the specimen of maculata was
evidently in normal condition. It may be mentioned in passing that Semper’s
colored figure also represents the animal as having prominent verruce, and
therefore probably in an unusual state of contraction. While it is not out of the
question that maculata should be Opheodesoma grisea (Semper), the latter
species is not known from any of the South Sea Islands, and the evidence,
such as it is, all points to beselis Jager as being the species figured by Chamisso
and Eysenhardt.

Although so well known to zodlogists, very little is recorded of the
habits of this interesting giant Synaptid. Semper (’68) says they move
about between the rocks and on the sand of the reefs, but are exceedingly
sluggish. On account of their size and appearance they well deserve the name
‘“‘sea-serpent,”” which is sometimes applied to them. Studer (see Lampert
’89b), on the other hand, affirms that their movements among the blocks of coral
are remarkably swift for a holothurian. Sluiter (’90) says that those he found
in the Bay of Batavia were exactly like Opheodesoma grisea in appearance and
could only be distinguished by an examination of the ealcareous plates; he adds
that while he at first overlooked ‘‘beselii’’ on this account, more careful investi-
gation convinced him that it was really much more common there than grisea.
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SYNAPTULA Oersted, 1849.

Ileterosynapta Verrill, 1867.
Chondroclea Ostergren, 1898 (partim).

Tentacles pinnate, 10-15. Digits at least five on each side. Cartilaginous
ring present. Polian vessels three or more. Stone-eanal single, unbranched.
Sense-organs in form of pigment-eyes at the hase of tentacles on oral dise,
often (always?) present. Stock of anchors finely toothed, but not branched;
arms smooth, but vertex with a few minute knobs. Anchor-plates with a large
eentral hole surrounded by six other large holes, all more or less dentate, and
with two large and several small smooth holes at the narrow, posterior end,
where a well-formed and distinetly arched bow erosses outer surfaee of plate.

This genus contains an nnusually large number of poorly deseribed or im-
perfectly known species, so that it 1s exceedingly difficult to determine which
are valid. - Those which are well known occur upon or among seaweeds and
eorals, ereeping abont very slowly by means of their tentacles and the worm-
like movements of their bodies, clinging tenaeciously to a rough surface by
their anehors, and feeding upon diatoms and other micro-organisms. All the
known members of the genus are tropical. It is almost certain that some of
the oriental species here given as valid are really identical with some of the
others, bnt further and more eareful study of plentiful material is necessary
to determine their true relationships. Whether Chiridota verrucosa and lum-
bricoides (Synapta lumbricus Jager (’33) ) of Hschscholtz (’29) and Fistularia
reciprocans (Holothuria glutinose Lamarck (’16) ) and wvittata of Forskal
(1775) really belong to this genus it is simply impossible to say from the avail-
able evidence. The Synaptid which Herouard (’93) identified as reciprocans
is almost eertainly Synaptula nigra; but, as Forskdl’s deseription is praecti-
cally worthless, it is impossible to determine whether Herouard and ‘he refer to
the same animal. As for wittata, Miller (’54), Lampert (’85), Ludwig (’86D),
Bedford (’99a), and Sluiter (:01) all iwrofess to have found it, but none of
them give any distingnishing characters or add anything to Forskal’s (1775)
original inadequate description. Their remarks are not altogether consistent,
and it is hard even to determine the genus to which the species should be
referred. The figures given by Held (’57) show clearly that his specimen was
an Kuapta. The name had better be entirely discarded and with it, of eourse,
Leuckart’s genus Tiedémannia, of whieh it is the type. Since Oersted (’49)
made Synapta vivipara (= H. hydriformis Le Sueur) the type of a new genus
Synaptula, it is clear that this name should have preeedence over Ostergren’s
(1898) name Chondroclea, for Ostergren places Oersted’s vivipara in his later
genus. It scems probable, however, that, as at present constituted, Synaptula
includes at least two groups of species which further knowledge will necessi-
tate reecognizing as separate genera; one of these is best represented by nigra
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and the other by wivipara. Should these groups be separated in the future, the
former would of course be called Chondroclea, unless indeed Forskal’s vittata
is rediscovered and found to belong in that genus, whieh would then, appar-
ently, have to be called Tiedemannia.!

KeY To THE SPECIES OF SYNAPTULA.

A.—Tentacles 15, with numerous digits (20-30 pairs) united at their bases by a thin
membrane ; color uniform dark brown or violet............ .o NIGRA
AA.—Tentacles 12-13 (often 15 in recta, perhaps normally ‘in adults), with 10-30 pairs of
digits (pl. vi, fig. 19).
B.—Tentacles normally 12, with 10-20 pairs of digits; viviparous; occidental.
HYDRIFORMIS
BB.—Tentacles usually 13 (often 15), with 10-30 pairs of digits; not viviparous so
far as known; oriental.
C.—Gonads unbranched; polian vessels few; tentacles very long and slender,

with about 10 pairs of digits ......... ... o il INDIVISA

CC.—Gonads branched ; polian vessels numerous; tentacles not excessively elon-
gated.

D.—Miliary granules very minute, simple oval bodies usually arranged

in eircles; color gray, with darker spots................. PSARA

DD.—Miliary granules irregular rosettes.

Color, very variable; digits very short.................. RECTA

Color, dark brown-violet, longitudinally striped with white; digits

long and united by a delicate membrane............. VIRGATA

AAA.—Tentacles 10
Digits numerous (12-15 pairs), long; color, milk-white o1 .ith a rosy tint..nacTEA
Digits few (5-6 pairs), short; color variable, but not white........... RETICULATA

SYNAPTULA NIGRA.

Synapta nigra Semper, 1868, p. 12. Calcareous particles, pl. 1v, fig. 9.
Synapta orsinit Ludwig, 18860, p. 33.
Synapta reciproquans Herouard, 1893, p. 137.
Chondroclea nigra Ostergren, 1898b.
Chondroclea orsinit Ostergren, 1898b.
LexeTr.—100-200 mm.; Semper’s type was only 60 mm.
CorLor.—Dark brown, deep brownish red or violet, sometimes with a black
longitudinal stripe ou the outer surface of each tentacle.
Distrisurion.—Reported from Bohol, Philippines (Semper); Austraha
and Red Sea (Lampert); Margalla Bay, Assab (Ludwig), and Fontaine de
Mobise, Red Sea (Herouard). Probably occurs along the entire southern coast
of Asia, throughout the East Indian Archipelago, and southward to Australia.
ReMarks.—This is one of the least-known members of the genus, no addi-
tional information regarding it having appeared since Semper’s original de-
seription, save for the localities given by Lampert (’85), the deseription of a
spec1men from the Red Sea as a new spec1es (orsmu) by Ludwig (’86), and

For an excellent dlscussmn of thls pmnt see Flsher ( :07), pp. 718-719.
6
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the remarks of Herounard (’93) eoncerning a speeimen, also from the Red Sea,
whieh he identifies with reciprocans Forskdl. My reasons for believing that
these latter speeimens are really nigra are: (1) Ludwig’s deseription agrees
perfeetly with Semper’s, save for the color, the miliary granules, and the
anchors and plates. (2) Herouard’s account does not indieate a single differ-
ence between his speeimen and #nigra, save the numerons abnormal anchors.
(3) The difference in eolor between Ludwig’s speeimen and the others is ob-
viously not of great importance. (4) The anchors and plates of Ludwig’s
specimen are exaetly like those of Herouard’s. (5) The miliary granules in
Herouard’s speeimen are exaetly like those of Semper’s. (6) The appearanee
of the miliary granules in Ludwig’s specimen and their seareity would indieate
the possibility at least of partial dissolution. It is praetically impossible,
therefore, to draw even an arbitrary line of division between the speeimens
of the three writers, and I am satisfied that they all refer to the same animal.
I do not believe, however, that it is possible to determine from the data at hand
whether this is one of Forskal’s Fistularias or mnot, but I am exeeedingly
doubtful. '

SYNAPTULA HYDRIFORMIS.
Prate VI.

Holothuria hydriformis Lesueur, 1824, p. 162.
Holothuria viridis Lesueur, 1824, p. 163.
Synaptula vivipara Oersted, 1849, p. viI.
Synapta viridis Pourtales, 1851, p. 14.
Synapta pourtalesii Selenka, 1867, p. 365.
Leptosynapta hydriformis Verrill, 1867.
Leptosynapta pourtalesii Verrill, 186%.
Heterosynapta viridis Verrill, 1867.
Synapta vivipara Ludwig, 1886b.
Synapta picta Théel, 1886a, p. 10.
Chondroclea vivipara Ostergren, 1898b.

Lexera.—100-150 mm., with diameter from 4 to 9 mm.

Coror.—Pale reddish brown to dark greenish brown or even green, more
or less mottled and spotted with white; these white specks are really aggrega-
tions of the abundant miliary granules. The ground eolor of the animal cor-
responds very well with the environment, the reddish tints predominating in
case the surroundings are mainly red and brown alge, while the green tints
prevail where the Synaptids live among green alge.

Disrrisurion.—Reported from West Indies (QOersted); Bermuda (Théel,
Clark); Biscayne Bay, Florida (Pourtales); Watling’s Island, Bahamas
(Clark, antea); Jamaiea (Clark); St. Thomas (Lesueur); Guadeloupe
(Lesueur); and Abrolhos Reef, Brazil (Lndwig) ; doubtless oceurs in suitable
situations thronghout the Caribbean Sea, the Gulf of Mexieo, and the warm
portion of the western Atlantic Oeean, from 32° N. to 18° S. latitude.
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Remarks.—This is undoubtedly the best-known member of the genus, as
it is very common at Bermuda and in Kingston Harbor, Jamaica, and owing
to its being viviparous, it has attracted an unusual amount of attention. In
addition to the characters already mentioned, the presence on the oral disc of
a pair of pigment-eyes at the base of each tentacle, and the opening of the
stone-canal to the outside of the body are notable features of the anatomy.
It is a somewhat gregarious Synaptid, numbers of individuals occurring to-
gether. They live in tufts and patches of seawceds, where they creep about by
means of their tentacles, the anchors assisting in clinging to the plants. In
Bermuda they live chiefly in Ulvace and are correspondingly green, while in
Jamaica they oceur in Acanthophora (one of the Floridez) and are very de-
cidedly reddish brown; so that Bermudan and Jamaican specimens appear
very different at first sight. They are quite sensitive to changed conditions
and do not live well in aquaria. The food consists almost wholly of diatoms.
Breeding appears to go on throughout the entire year, for specimens taken in
April, May, June, July, September, and December all contained embryos and
young at various stages of development. The cggs develop in the body cavity
of the parent, and the young ultimatcly eseape through rupture of the body-
wall near the anus; as many as 176 young have been taken from a single in-
dividual. For a full account of the development, anatomy, and habits of this
interesting species, see Clark (’98z). There can be no doubt that Lesueur’s
(’24) wviridis was a green specimen of vivipara, with incompletely developed
tentacles, and his hydriformis a red individual of the same species. His de-
seription of the latter answers admirably to living examples from Jamaiea,
while his desecription of the former is sufficiently near (save for its abnormal
tentacles) to specimens from Bermuda to leave no doubt in my mind that they
are the same. Nor can there be any question that Pourtales’ (’51) Synapta
from Biscayne Bay, which he called wviridis, is identical with Lesueur’s and
Oersted’s West Indian species.

SYNAPTULA INDIVISA.

Synapla indivise Semper, 1868, p. 13. Calcareous particles, pl. 1v, fig. 1.
Chondroclea indivisa Ostergren, 1898b.
Lexera.—40 mm.
Covror.—*‘Translucent reddish gray’’ (Semper).
DistriBurion.—Reported from Zamboanga, Mindanao, Philippines (Sem-
per); Rotti, D. E. I. (Sluiter); and Thursday Island, Torres Strait (Sluiter).
Apparently confined to the East Indian region.
Remarks.—Nothing has been added to our knowledge of this species since
Semper’s original description, and no one bnt Sluiter (’94, :01) has seen a
specimen. The undivided gonads, the extraordinarily long and slender tenta-
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cles, and the small number (3) of polian vessels are notable characters, but
it is by no means improbable that this species will prove to be the young of
some other member of the genus, in spite of the fact that in Semper’s specimen
the gonads were ‘‘completely developed.”” The tentacles were very slender,
with 20 digits, and even in alcohol were two-fifths of the body length.

SYNAPTULA PSARA.

Synapta psara Sluiter, 1888, p. 219.
Chondroclea psara Ostergren, 1898b.
TLenara.—400-500 mm.
Coror.—Clear or dark gray, with irregular scattered darker patehes, and
moue or less clearly sprinkled with white dots, due to the calcareous deposits.
DistrisuTion.—Reported from the Bay of Batavia, Java (Sluiter), and
Saleyer, D. E. I. (Sluiter). Apparently entirely Fast Indian.
Remarks.—This species appears to be well characterized by its color and
the peculiar miliary granules. Sluiter (’88) says that it has in life the 10 rows
of prominent verrnce characteristic of the large Synaptas, and is in its general
appearance very similar to O. grisea and serpentina. Like those species, it
occurs about the reefs.

SYNAPTULA RECTA.

Synapta rccta Semper, 1868, p. 14. Calcareous particles, pl. 1v, figs. 2-3.
Synapta striata Sluiter, 1888, p. 216. Anchor and plate, pl. 11, figs. 39-40.
Chondroclea recta Ostergren, 1898b.
Chondrocleea striata Ostergren, 1898b.
Chondroclea albopunctata Sluiter, 1901, p. 127.
Chondrocleea striata var. incurvata Vaney, 1905.
LenerH.—100-240 mm.
Coror.—Apparently very variable; clear grayish yellow, variegated with
a network of dark brown or purple lines (Sluiter), or with alternate longi-
tudinal bands of dark and light gray (Bedford), or dark violet finely reticu-
lated with yellowish white (Semper), or striped lilac on a white ground (Pear-
son) ; more or less speckled with white, due to the caleareous deposits.
Distrisurion.—Reported from Bohol, Philippines (Semper); Owen Island,
Mergui Archipelago (Bell); Dutch Fast Indies (Koechler, Sluiter); China
Strait, New Guinea (Bedford); near east end of Timor (Sluiter); Batavia,
Java (Sluiter); Saleyer (Sluiter); Dutch East Indies (?) (Ludwig); Ceylon
(Pearson), and Gulf of Aden (Vaney). Apparently an East Indian species,
extending southward to New (Guinea and westward to the coast of Africa.
Remarks.—Although Semper lays much stress on the fact that in his type
specimen the alimentary canal was straight (that is, without the customary
loop), I quite agree with Ostergren (:05) that this is purely an individual
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peculiarity without systematic importance. Aceordingly, as Ludwig (’88) hints,
we must consider striata as identical with recta, the difference between the
anchiors and plates of the two, to which Sluiter (’88) refers, being altogether
too slight to carry any weight. Furthermore, I cannot consider albopunctata
Sluiter (:01) as other than recta with unusually abundant miliary granules,
although it may ultimately prove a valid species. Vaney’s (:05) variety in-
curvate is hardly entitled to recognition. It is most interesting, as showing
that 15 is probably the normal number of tentacles in the adult, as all of his
specimens had 15, and were larger than those reported by Pearson (:03) from
Ceylon. The slight peculiarity in the anchors deseribed by Vaney is probably
not constant, or it may have been overlooked by other observers. Nothing
whatever is recorded as to the habits of recta. Semper reports it from water
11-15 m. deep and Sluiter (:01) from 27-54; Bell (’86), Koehler (’95), and
Bedford (799a) give no information whatever regarding anatomy, habits, or
habitat.
SYNAPTULA VIRGATA.

Chondroclea virgate Sluiter, 1901, p. 128; pl. 1, fig. 5.

Chondroclea aspera Sluiter, 1901, p. 128,

LexetE.—200 mm.

CoLor.—Brown violet, with longitudinal white stripes dne to the very
numerous miliary granules.

Distrisurion.—Reported only from Salawatti and Gebe, D. E. I. (Shi-
ter).

Remarks.—Although it is by no means certain that this species is distinet
from the preceding, it may be provisionally accepted; but there does not ap-
pear to be any reason for regarding aspera Sluiter as other than a young
virgata, in which the miliary granunles are entirely, and the anchors and plates
partially, dissolved by some acid preserving fluid; the difference in length of
anchors is not great enough to carry any weight, and the difference in number
of digits (if difference there be) is doubtless due to difference in age.

SYNAPTULA LACTEA.

Synapta lactea Sluiter, 1888, p. 216.
Chondroclea lactea Ostergren, 1898b.
Lexcra.—Not given, but apparently the size is about the same as in the
next species.
Coror.—Milk white, varying to clear rose.
Distrisution.—Reported only from Batavia, Jedan, and Banda, D. E. L
(Sluiter). .
Remarks.—This appears to be a well-marked species, though it has not yet
been met with by any one but Sluiter. He says that its manner of life is the
same as that of reticulata, creeping about on living corals in shallow water.
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SYNAPTUTA RETICULATA.,

Synapta reticulata Semper, 1868, p. 13. Calcareous ring and particles, pl. 1v, figs. 4-5.

Chondroclea reliculata Ostergren, 1898b.

LexneTH.—100-160 mm.

Coror.—Clear violet or brown, recticulated with dark brown; or (var.ma-
culata Sluiter ’88) with irregular blotches of dark violet or less often ehestnnt-
brown, sometimes forming irregular broad bands; or (Lampert ’89b) light gray
with five narrow longitudinal, dark violet stripes; or (var. nigropurpurea Bed-
ford ’99a) dark, without markings, ‘‘crimson-black’’ when alive.

Distrizution.—Reported from Bohol (Semper); Mermaid Straits (Lam-
pert); Isle of Pines, New Caledonia (Bedford), and numerous stations in the
Dutch East Indies (Koehler, Sluiter).

Remarks.—Numerons speeimens of this species have been examined by
Sluiter, and he regards it as well characterized. Both he and Lampert report
individuals with 12 tentacles, and Sluiter’s variety, maculata, has 11. There
is certainly room for suspicion that young individuals (and perbaps adults) of
two or more species are confused under the name reticulata. In its habits, this
Synaptid is remarkable for making its home on living corals, upon which it
creeps about very slowly. In its clinging closely to rongh surfaces by means
of the anchors and its power to climb up a vertical glass plate, reticulata re-
sembles hydriformis.

LEPTOSYNAPTA Verrill, 1867.
Synapta Ostergren, 1898.

Tentacles pinnate, 10-13. Digits usually four or more on each side (rarely
three or only two or none). Cartilaginous ring wanting. Polian vessel usually
single, rarely more than one. Stone-canal single, unbranched. Sense-organs never
in formn of pigment-eyes, but occur as minunte eups, probably olfactory, on inner
face of stalk of tentacles. Stock of anchors finely toothed, but not branched;
arms usually with upwardly or outwardly projecting teeth on the outer edge;
vertex smooth. Anchor-plates oval or somewhat elongated, with large eentral
hole, surrounded by six other large holes, usually more or less dentate, and
two large and several small smooth holes at the narrow ' posterior end, bnt
without any arched bow crossing the outer surfaee; at the broad end there are
often additional dentate holes; in ooplaw the plates are often quite asymmetrical
and all the holes more or less smooth. .

Just why Ostergren elected to apply Eschscholtz’s name to this group of
Synaptids it is difficult to understand. It is clear that Eschscholtz himself
intended the large 15-tentacled, oriental forms to be placed here, while he refers
Miiller’s inherens to the genus Chiridota. (Of conrse this is a self-contradie-
tion, as inherens does not have digitate tentacles, the one distinguishing char-
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acter which he gives for Chiridota.) It is necessary, therefore, even if it is dis-
agreeable, to change Ostergren’s selection and use Verrill’s (’67) name Lep-
tosynapta for these forms of which inherens is typical. The species S. bachei
Ayres is an absolute nomen nudum, without a word of description or explana-
tion. It is possibly a Chiridota.

The genus as now restricted includes nine species, of moderate or small
size, all but one of which occur in the north temperate zone, though some of
them range southward into the warmer seas of the tropics, while others occur
in the cold waters of the far north. They live in sand or mud, usually burrow-
ing like worms and feeding on the organic matter which they pick out of the
dirt with their tentacles; but they are continually taking in grains of sand and
other indigestible stuff with the food, so that the alimentary canal is usually
filled with such material. They are sluggish in their movements and apparently
come out of their burrows only on rare occasions, though they are sometimes
found (particularly roseola) under rocks and in similar sifuations.

KEY T0 THE SPECIES OF LEPTOSYNAPTA.

A.—Tentacles 12 ; length usually over 50 mm.
B.—Radial pieces of calcareous ring perforated for passage of the nerves (pl. v, fig. 14).
C.—Anchors and plates of variable size, but of only one kind.
D.—Anchors usually under 250 p, never over 300 p; plates more or less oval,
with smooth margins and not more than 7 or 8 dentate holes.

E.—Anchor-plates more or less symmetrical, with distinctly dentate holes,
more than 125 x long in posterior part of body and much more

than half as long as anchors there.

Anchor-arms usually with 4 or more teeth; calcareous particles in
longitudinal muscles, oval or dumb-bell-shaped; radial picces
of calcareous ring decidedly concave on the posterior edge ; polian
vessel usually single .......................... INHARENS

Anchor-arms with only 2 or 3 small teeth; calcareous partieles in
longitudinal muscles C- or doughnut-shaped; radial pieces of
calcareous ring scarcely concave posteriorly; polian vessels 3-7.

DOLABRIFERA
EE —Anchor-plates more or less unsymmetrical, with the holes smooth or
with few teeth, less than 125 p long in posterior part of body and
only a little more than half as long as anchors there...... OOPLAX
DD.—Anchors usually over R50 p and often over 500 p; plates elongated, with
more or less dentate margin and often more than 8 dentate holes.

Anchors not often over 500 p; plates with 7 to 30 holes. .GALLIENNII

Anchors 500 to 800 x; plates usually with 25 to 40 holes.

MACRANKYRA

CC.—Anchors and plates of two quite distinet kinds (pl. v, figs. 1-4) ; polian vessels

Z-Dy 59 000000000000665 g0 300 0aPECAA06000656000600000000000000a ACANTIHIA

BB.—Radial pieces of calcareous ring not perforated, but simply notched, for the passage

of themerves (pl. v, fig. 16) . ... i i ROSEOLA
AA.—Tentacles 10; length 3-50 mm.

Tentacles with digits; length 80-50 mm. ..................ccoeiuiinnnn. DECARIA

Tentacles without digits; length 3-5 mm. ............................. MINUTA
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LEPTOSYNAPTA INHZERENS.
Prare V, Figs. 14, 15, 18, Anp 20.

Holothuria inherens O. I. Miiller, 1776, p. 232; 1788, p. 35, pl. XXXI.
Chiridota pinnata Grube, 1840, p. 41.

Synapta inherens Rathke, 1843.

Synapta duvernwa Quatrefages, 1842, p. 19, pls. 11-v.
Holothuria flava Rathke, 1843, p. 138.

Synapta henslowana Gray, 1848, p. 12.

Synapta tenuis Ayres, 1851, p. 11.

Synapta girardit Pourtales, 1851, p. 14.

Synapta pellucida Ayres, 1852b, p. 214.

Synapta duvernea Held, 1857, anchor and plate, pl. 11, fig. 1.
Synapta ayresit Selenka, 1867, p. 362.

Synapta gracilis Selenka, 1867, p. 3G3.

Synapta albicans Selenka, 1867, p. 368.

Synapta bifaria Semiper, 1868, p. 14.

Leptosynapta tenuis Verrill, 1867, p. 325.
Leptosynapta inherens Verrill, 1867, p. 325.
Leplosynapta girardii Verrill, 1874a, pp. 361 and 716.
Synapta inharens Ostergren, 1898b.

Synapte inherens Clark, 1899b, pls. 10 and 11.

? Synapta albicans Clark, 19010.

Synapta inlarens Clark, 1901a.

FENGTH.—100-300 mm., with diameter of 5-10 mm.

Coror.—White to buffy yellow, with more or less red pigment modifying
this ground color; most American specimens have little or no pigment and are
thus nearly pure white, while most European speeimens arc decidedly red. Ac-
cording to Ostergren (:05), they are always red, but the majority of those I
have from Naples are as white as those from the coast of Massachusetts. Oc-
casionally American specimens are colored exactly like Miiller’s (1788) figure.
Paeific Coast specimens, so far as known, are nearly white.

Distrisurion.—Reported from a great number of stations along the coasts
of both Europe and North America;also from the Red Sea and the mouth of the
Congo. These last two stations are almost certainly mistakes, and Ostergren
(:03) eonsiders the report of its oceurrence north of the Aretic Circle as
equally unreliable. It undoubtedly occurs on the coasts of Norway, Denmark,
Great Britain, Franee, and Ttaly, as therc are abundant reliable records. On
the American Atlantic coast it ranges from Maine to South Carolina, and also
occurs at the Bermuda Islands, while on the Pacific coast it has been found at
Puget Sound, Washington, and Mendocino, Pacific (Grove, and TPoint ILoma,
Cal.  Its occurrence on the Alaskan coast is still open to donbt. It seems very
probable that it is a eireumpolar species, ranging sonthward on the European
and American eoasts to subtropieal waters. It has not, however, been reported
from any part of the Asiatic coast, and it has yet to be taken in Bering Sea
and the North Pacific.



THE APODOUS HOLOTHURIANS 89

Remarks.—This species is apparently the central one of the genus from
which the others appear to have been derived, and it is, as one would thercefore
suppose, the most variable of all. Besides the characters already given, it
may be added that the number of digits varies (probably with age) from 3-10
on cach side, but is uvsually 5-7, and the terminal one is the lougest, with the
adjoining ones nearly as long; the sense-cups vary from 2-14 on each tentacle,
but there are usually about 8; there is no distinet stomach nor is the intestine
conspicuously looped; the ciliated funnels are nunmerous and of two distinet
sizes; reproductive organs long and branched. (For an excellent detailed ac-
count of the specific characters, seé¢ Ostergren :05a; for notes on habits, and
physiology, see Clark, '990.) Whether the common white Synapta of the New
Iingland coast is really distinet from the Kuropean species is regarded by
Ostergren (:05) as an open question, but it is exceedingly difficult to find any
differences of importance; those mentioned by Ostergren are certainly trivial.
A careful comparison between individuals from Norway (for which beautiful
specimens my thanks are due Dr. Ostergren), Naples, California, and Woods
Hole has failed to bring out a single constant difference, althongh I am not
sure that the Pacific Coast form may not prove distinet, when living specimens
are studied. The anchors and plates are noticeably smaller in these specimens
than in those from Norway, but the Woods Hole and Naples specimens are in-
termediate and no real line of division can be drawn. Too much emphasis
must not be placed on either dimensions or proportions of the calcareous
particles, not only because they vary so much, even in specimens from a single
locality, but because in measuring such minute ohjects the ‘‘personal equa-
tion’’ is a factor not to be ignored. Ostergren suggests that the American
form may be regarded as a distinet variety or subspecies, if not a fully ae-
credited species; but I fail to see what would be gained by such a course, and,
moreover, I can find no other ground than locality by which to distinguish it.
For the present, therefore, I must believe that inherens is (or has been) a cir-
cumpolar species and extends its range southward on both coasts of America
as well as in Europe.

LLEPTOSYNAPTA DOLABRIFERA.

v

Synapta dolabrifera Stimpson, 1856, p. 386.

Lexera.—50-90 mm., with a diameter of about 4 mm.

CoLor.—Dirty yellowish.

DistriBution.—Port Jackson, New South Wales.

Remarks.—Besides the characters given above in the key, there are several
others which aid in the recognition of this species. Stimpson’s description is
accurate, but not very complete, and as nothing further has ever been published,
the following notes will be of value: Of the six specimens examined, four had
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12 and two had 13 tentacles; cach tentacle has 6-10 digits on cach side and car-
ries 5-15 sense-cups on its inner face. The stone-canal is single, but there are
3-7 polian vessels. The calcareous ring is narrow and the pieces of which it
is composed are scarcely concave on their posterior edges. The anchors
are about 230z in length and the plates are about 170 by 115p; those in
the posterior part of the body do not seem to differ in size from those
anteriorly. The anchor-arms have only 2 or 3 small teeth and the stock,
although convex on its outer edges, is mnot bent in or curved at the
ends as in inherens; it is also less finely toothed, usually having only 12-20
rather coarse tecth. The particles in the longitudinal muscles are very simi-
lar to those in roseola, but the rods in the tentacles are longer and more slender
than in that species, slightly curved and a little enlarged and notched. There
can be no question that this species is more closely related to inherens than
to any other member of the genus, which, in view of its gecographical isola-
tion, is rather rcmarkable. It differs from ooplax, its necarest geographical
neighbor, far more than it does from inherens. As yet it is known only from
Port Jackson, but it doubtless occurs elsewhere on the Australian coast. It will
be intercsting to learn its exact geographical range. Stimpson says it occurs
“‘under stones, near low-water mark.’’ '

LEPTOSYNAPTA OOPLAX.
Synapta ooplax von Marenzeller, 1881, p. 122. Calcareous parts, pl. 1v, fig. 1.

LexerE.—70-150 mm., with diameter of about 5 mm.

Coror.—Clear reddish, rosy, or even white.

DistrisuTion.—Reported from Japan (v. Marenzeller); Tifu, Loyalty Is-
lands (Bedford) ; Dutch East Indies, 103 m. (Sluiter); Funafuti (Bedford);
Kokotoni, K. Africa (Lampert); Zanzibar (Ludwig). Apparently a widely dis-
tributed Indo-Pacific species; the inherens reported from the Red Sea is very
likely ooplazx. .

Remarks.—This Synapta is closely rclated to inkherens and is clearly the
Asiatie representative of that species. In addition to the characters already
given, however, there are several other points in which it differs. The plates
are wider at the posterior end and contain more numerous and irregularly ar-
ranged holes, while the seven large holes of the free end have few tceth along the
margin or may even be entirely smooth. Bedford (’99a) describes the speci-
mens from the Loyalty Islands as a new variety (levis), but as the characters
he assigns (smooth, or nearly smooth, margins to all the holes in the plate,
biscuit-shaped granules confined to ambulacra and 1-4 polian vessels) are too
variable to be of much weight, there is little advantage in giving the form a
name. The specimens from Funafuti, in the National Museum, correspond
well to Bedford’s description of levis, but strangely enough he does not refer
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his specimens from Funafuti to that form. Japanese specimens have 9-11
digits on each tentacle, while those from Zanzibar have from 9 to 13.
The latter are interesting further as the host of the remarkable parasitic
bivalve, Entovalva mirabilis. Lampert’s (’96) statement that the difference
in proportions between the anchors and plates posteriorly and anteriorly is
not due to a difference in the anchors, as v. Marenzeller (’81) says, but to a
remarkable difference in the plates, is borne ont by my measurements. The
following table gives the figures involved, measurements in mierons:

— ‘ I 7|7 - 1 |
|
Anteriorly. Posteriorly.
Observer.
Length of Anchor. Plate. Anchor. Plate.
| v. Marenzeller - 119 109 200 109
Lampert -—---- 124-140 110-115 | 120-140 60-90
’_Clark --------- 157 114 157 86

LEPTOSYNAPTA GALLIENNII.

Synapta galliennit Herapath, 1865, p. 5.

Synapta sarniensis Herapath, 1865, p. 5.

Synapta sarutensis Herapath, 1865, pl. 1.

Synapta sarniensis Lankester, 1868, p. 53.

Synapta bergensis Ostergren, 1905a, p. cxxx11. Calcareous particles, fig. 1a.

LenerE.—100-300 mm., but usually about 150.

Coror.—Reddish, similar to that of inherens.

Distrisurion.—Reported only from Guernsey (Herapath, Lankester),
Outer Hebrides (MeIntosh) and Norway, Sweden, and the Faroes (Ostergen).
Probably occurs along the entire coast of northern Europe with its outlying
islands. _

Remarks.—This Synapta is certainly closely related to inherens and is in-
termediate between that species and the following. Whether there is an un-
broken series between the true inherens and the Mediterranean macrankyra is
still uneertain, but for the present we may econveniently recognize the three
species. Ostergren (:05az) considers the Norwegian form, which he calls ber-
gensis, as quite distinet from Herapath’s species, but the differences whieh he
mentions (15-17 digits instead of 13, terminal digits no longer than the others,
skin thicker and redder, slightly larger anchors, margin of plate not so con-
tinuously dentate, more holes in most of the plates) are so trivial, so very
variable, and so commonly correlated with the age of the individual, that,
when we eonsider he had only a single specimen of galliennii for comparison
and that a very large one (250 mm.), we are not justified in regarding the two
forms as speeifically distinet; and this decision is confirmed by the faet that
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in the other points which Ostergren emphasizes as distingunishing bergensis
from inherens (a muscular stomach and a decidedly looped intestine) it agrees
entirely with galliennii. The latter has been guite nnanimously regarded as a
synonym of inherens, but Ostergren makes its right to be recognized quite clear,
and the reader is referred to his admirable paper (:05a) for a full, clear, and
interesting aceount of this Synapta.

LLEPTOSYNAPTA MACRANKYRA.

Synapta hispida Semon, 1887, p. 72 (non Heller, 1868, p. 71).
Synapta macrankyra Ludwig, 1898a, p. 2.

LexneTa.—250-350 mm.

Coror.—Reddish, deeper than that of inherens (1).

DistrisuTion.—Mediterranean Sea, near Naples (Semon, Ludwig).

Remarks.—Very little is known of this species, and it may still be regarded
as an open question whether it is really distinet from the preceding. It is en-
tirely conceivable that under specially favorable conditions, in some individuals
of inherens, the anchors and plates might increase in size to that which we find
in galliennii and even in macrankyra, and in that case the inereased number of .
perforations in the plate would be a natural accompaniment. The rarity of
macrankyra would thus be easily accounted for. But at present we entirely
lack the necessary evidence to determine such a point.

LLEPTOSYNAPTA ACANTHIA.
Prate V, Fies. 1-13 axp 22.
Synapta acanthia Clark, 1899a, p. 126, pl. 1v.

Lexere.—250-350 mm., with a diameter of about 12 mm.

Coror—Very pale reddish to nearly pure white.

DisrriBurioNn.—Bermuda Islands (Clark).

Remarxs.—Nothing further has been recorded of this species since the
original description, except a few field notes (Clark, :01c). It is apparently
an isolated offshoot from inherens. Ostergren’s (:05a) point in regard to the
probable error in the original deseription of the alimentary canal is well taken.
Careful examination of better material shows that the mesentery passes over
from the mid-dorsal into the right ventral interradius as in inherens; although
a distinet stomach is present, it lies some distance back of the calcareous ring
and not near it, as in galliennii; acanthia further resembles inherens in the ab-
sence of any loop in the intestine. Besides the characters already mentioned,
this species is notable for the large number (25-30) of sensory cups on each
tentacle, and the numerous C-shaped miliary granules distributed over the en-
tire body.
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LLEPTOSYNAPTA ROSEOLA.
PraTte V, Figs. 16, 17, 19, 21.

Leptosynapta roscola Verrill, 1874a, p. 422.
Synapta roseola 'Théel, 1886a, p. 25.
Synapta roseola Clark, 18995, p. 24; pls. 10 and 11.

Lexera.—Rarely exceeding 100 mm. '

Coror.—Rosy red, sometimes yellowish, sometimes almost brick red.

DistriBuTion.—Southern coasts of Massachusetts, Rhode Island, and Con-
necticut (Verrill) ; Bermuda Islands (Clark).

Remarks.—Although often found on the Massachusetts coast with in-
herens, this species seems to be a more southern form and is particularly
abundant in Bermuda, where inherens seems to be rare. Unlike inherens, it
is commonly found under stones, and seems to burrow little in the sand. Be-
sides the unique calcareous ring, the small size, slender body, soft thin skin,
and few digits (5-9) serve to distinguish roseola, while there are also peeuliari-
ties in the ciliated funnels, the miliary granules, and the supporting rods of
the tentacles.

LEPTOSYNAPTA DECARIA.
Synapta decaria Ostergren, 1905a, p. cxLvi. Calcareous particles, fig. I B.

LexngTH.—30-50 mm., but diameter only 3.

CovLor.—Whitish.

DistriBuTion.—West coast of Seandinavia (Ostergren).

Remarks.—In spite of the presence of 2 or 3 polian vessels, it is not im-
possible that this is only the young of inherens. There is a striking similarity
in the calcareous particles and in the tentacles, the difference in number of
digits being simply a matter of age. On the other hand, a comparison of Oster-
gren’s description with the remarks on p. 24, referring to fragments of synap-
tas from Alaska, suggests the possibility that they are decaria, and that it
is a cireumpolar species. In view of the very small amount of material avail-
able, however, the matter cannot be fully determined at present.

LEPTOSYNAPTA MINUTA.
Synapta minuta Becher, 1906, pp. 505-509, with text-figures.

LeNeTH.—3-) mm.

CoLor.—Practically wanting.

Disrrisution.—Reported only from the North Sea (Becher).

Remarks.—This curious little synaptid is notable for several reasohs, chief
among which is its being viviparous. The anchors and plates show some
peculiarities and ‘‘buttons” are said to be also present.
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LABIDOPLAX Ostergren, 18g8b.

Tentacles digitate, 11 or 12, with 3 or 4 digits. Cartilaginous ring want-
ing. Polian vessel usually single. Stone-canal single. Stock of anchor toothed
but not branched; arms usually toothed; vertex smooth. Anchor-plates with
posterior end abruptly narrowed (forming a sort of handle), the bow crossing
its outer surface rudimentary or wanting.

This small group of synaptids stands midway between the preceding and
the following genus and doubtless indicates the line of connection between the
two. They are confined to the Old World, but range from the Arctic Ocean to
the tropics. As will be seen from the followirg artificial key, the genus falls
naturally into two sections, and it is by ne means certain that the second of
these would not be associated more naturaily with Protankyra.

KEY T0 THE SPECIES OF LABIDOPLAX.

A.—Anchor-plates with 7 large, more or less dentate holes in the free end, arranged as in
Euapta or Synapta (plate v, fig. 23).
Tentacles 11, with 3 digits........o oo e BUSKII
Tentacles 12, with 4 digits..... ..ot i, MEDIA
AA.—Anchor-plates with numerous, irregular, smooth holes (plate v, fig. 25) ; tentacles 12,
with 4 digits.
B.—Anchor-plates, even anteriorly, usually much longer than wide, 1. e., width less than
.60 of length; width of anchor-arms from tip to tip less than .70 of length of
anchor and usually under .55; sense-cups commonly present on inner face of
tentacles.
Anchors posteriorly 300-500 p long; anchor-plates with numerous small holes
near margin, especially at posterior end, not showing any special arrange-

BEM 6000000000000000000000000000600a00000000060AAAE00000C DIGITATA
Anchors posteriorly 150-300 p; anchor-plates with few small marginal holes
and about 8-10 large holes arranged in 3 or 4 transverse rows...... DUBIA

BB.—Anchor-plates, at least anteriorly, very wide, 4. e., width usually more than .70 of
length ; width of anchor-arins usually.70, sometimes over .80, of length of anchor;
no sense-cups on tentacles.......... ... .o il THOMSONII

LABIDOPLAX BUSKIL
Prate V, Fia. 23.

Synapta buskii McIntosh, 1866, p. 612. Anchor and plate, fig. 6.
Synapta tenera Norman, 1864 (no description).

Labidoplaz tenera Ostergren, 1898b.

Labidoplax buskii Ostergren, 1903.

Labidoplax buskii Ostergren, 1905a, p. CLVI.

LeNera.—15-30 mm., with diameter about one-tenth as mueh.

Covor.—Pale, transparent grayish, without pigment.

Disrripurion.—Reported from Outer Hebrides (MeIuntosh); British Isles
(Norman) ; west eoast of Sweden (Théel); and coast of Scandinavia, from Cat-
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tegat to Porsanger Fjord, at depths of from 18-405 m. (Ostergren). Ap-
parently confined to the northern eoasts of Europe.

Remarks.—This curious little synaptid is easily recognized by the unusual
number and form of the tentacles, both of which peculiarities are remarkably
eonstant. It has been often confused, nevertheless, with Leptosynapta inherens,
according to Ostergren (:03), but usually oceurs at greater depths and is eom-
monly found on a elay bottom. For a full and admirable deseription, see Oster-
gren (:05a).

LABIDOPLAX MEDIA.

Labidoplar media Ostergren, 1905a, p. cLvnt.  Caleareous particles, tig. II B.

LexerH.—30-50 mm.

Coror.—Not given, but the skin is said to be ‘‘thin, transparent.””

DistriBurion.—Bergen, Norway (Ostergren).

Remarks.—The tentacles easily distinguish this species from the preceding
and the anchor-plates from all other known synaptids. Nothing more is known
of its anatomy or habits than is given by Ostergren.

T.ABIDOPLAX DIGITATA.

Synapta digitata Montague, 1815, p. 22; pl. 1v, fig. 6.

Synapta digitate Woodward and Barrett, 1858. Calcareous particles, pl. x1v, figs.
1-17.

Holothuria inherens Delle Chiaje, 1823, p. 124.

Chiridota chiati Grube, 1840, p. 41.

Laobidoplaz digitata Ostergren, 1898b.

Levera.—250-350 mm., with the diameter when fully extended one-thirtieth
to one-fortieth as much.

Coror.—Yellowish or reddish white, more or less heavily pigmented with
brick-red, especially on the dorsal side, which is often sharply in contrast with
the lower surface.

DistriBuTroN.—Reported from numerous stations on the coasts of Great
Britain, France, Spain, Italy, and Austria to depths of 618 m. (Herouard)..
Lampert (’89) refers a fragment from near the mouth of the Congo to this
species, but admits the possibility of error. Probably confined to the coasts of
western and southern Europe and perhaps northern Africa.

Remarks.—According to Semon (’87), this species is probably not strietly
subterranean, but lives on the bottom, where its rather peculiar eoloration is
apparently protective. He says further that small individuals do not occur at
Naples, although the auricularie are common enough. For further notes on
habits and physiology, see his paper, and for a very detailed account of the
development his later report (’88). Ludwig (’98a) says the anchors of this
species are from 170 to 310p in length, while those which I have meas-
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ured in the posterior part of specimens from Trieste are from 350 to 500 p.
Ludwig further calls attention fo the remarkable ‘“‘giant’’ anchors, 700-950 u
long, first figured by Woodward and Barrett (’58), with perfectly smooth arms,
which oceur in the dorsal interradii of this species. I was unable to find any
in the specimens from Trieste, so that T am in doubt as to their value as a
specific character.

T.ABIDOPLAX DUBIA.

Prate V, Fics. 25 AnD 28.

Synapta dubia Semper, 1868, p. 10. Calcareous particles, pl. 1v, fig. 11.
Synapta incerta Tudwig, 1874, p. 9. Calcareous particles, pl. vi, fig. 3.
Synapta incerta var. variabilis Théel, 1886a, p. 14. Anchor-plates, pl. 1, fig. 5.
Labidoplaz dubia Ostergren, 1898b.

Labidoplaz inceria Ostergren, 1898b.

Labidoplax incerta Sluiter, 1901.

Lenera.—60-100 mm. Most of the reported specimens are fragments.

Coror.—White, dirty-whitish, or reddish, or with a violet tinge; tentacles
yellowish.

DisrriButioNn.—Reported from Bohol and Zebu, Philippines (Semper);
Banka, D. E. I. (Ludwig); Japan (Théel); and Dutech East Indies (Sluiter).
Apparently a rare tropical and subtropical East Indian species.

Remarks.—Owing to the small amount and poor condition of the material
examined, there is room for difference of opinion as to the validity of Lndwig’s
(’74) incerta, but the differences between his specimen and Semper’s (’68) are
so slight (miliary granules) or are based on faectors so variable in this genus
(serration of anchor arms) that T can see no sufficient reason for separating
the two, especially as Théel (‘86a) thinks them probably identical. The speci-
mens from Japan in the National Museum show conclusively that this is a
valid species and convince me that dubia and incerta are identical. I think it
possible that Semper (’68) mistook the first beginning of anchor-plates for
miliary granules, but even if not, the differences between his figures and Lud-
wig’s (’74) are not important. In the Japanese specimens the miliary granules
are very scarce and are usually straight rods, but sometimes resemble Lndwig’s
figure. The anchor-arms are commonly smooth, but often have one, two, or
three teeth, which are sometimes minute and sometimes conspicunous. The
plates are commonly quite symmetrical, with three small holes near the tip, the
middle one largest, and three, of about the same size, at the posterior end; be-
tween these two series are cither two large, elongated holes side by side, or one
long one and the other divided transversely into two, or both are divided trans-
versely, making a group of four holes. The anchors measured 200-265 p
long, with the arms 80-115u across, while the plates are 180-235p long
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and 75-110p wide. There are 12 fentacles in each specimen, each with
four digits; the presence or absence of a fifth rudimentary terminal digit
in this species and its near allies, and in Protankyra, seems to me to be a char-
acter depending on the state of contraction and the opinion of the observer.
Semper (’68) distinetly says there are no sense-cups on the tentacles, but he
ounly had a single imperfect specimen. In the Japanese specimens there are
five or six sense-cups on each tentacle in all of the specimens. They are small
and might perhaps be overlooked.

LABIDOPLAX THOMSONII,

Synapta thomsonii Herapath, 1865, p. 6.

Synapta digitate from Antrim, Herapath, 1865, pl. 1, fig. 5.

Synapta hispida Heller, 1868, p. 71.

Synapta digitata (partim) v. Marenzeller, 1893, p. 17. Anchor and plate, pl. 11,
fig. 6.

Synapta thomsonii Ludwig, 1898a.

Synapta thomsonii Ostergren, 1898b.

“Synapta johnstonii Herapath,” Lo Bianco, 1899, p. 476.

Lenera.—250-350 mm., with diameter, when fully extended, of about one-
fortieth as much.

Coror.—Like digitata.

DistriBurion.—Reported from Carrickfergus, North Ireland (Herapath);
(C'oncarneau, Brittany (Barrois); Naples (Ludwig); Adriatic Sea (v. Maren-
zeller). Apparently the range coincides with that of digitata.

Remarks.—Although vouched for by such observers as Herapath and Lud-
wig, the status of this species is not beyond question. Marenzeller considered
his specimens merely as a form of digitata. Five specimens which I received
from Naples in 1898 as digitata all lack the sensory cups and the giant anchors,
while the anchor-plates are similar to those deseribed by Ludwig for thomsonii.
Tt seems remarkable, however, that all of these specimens should belong to this
species, when they were probably selected at random. Certainly further study
of digitata and this, its nearest ally, is greatly needed.

PROTANKYRA Ostergren, 1898b.

Tentacles digitate, 10-12, rarely 13 or 14. Digits two (rarely one only)
on each side. Cartilaginous ring wanting. Polian vessels 2-10, or rarely only
one. Stone-canal usually single, but rarely there are several. Stock of anchors
more or less branched or only finely toothed ; arms usually serrate; vertex with-
out knobs. Anchor-plates without a handle, with numerous irregular perfora-
tions and with a more or less imperfectly developed bow across outer surface of
posterior end; plates and perforations also, with either smooth or dentate

margins.
7
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The Synaptids of this, the largest genus of the family, are of medium or
small size and dull color. With few exceptions, they oceur only in tropical or
subtropical waters and are specially characteristic of the Indo-Pacific region,
where more than three-fourths of them occur. In most cases only one or two
individuals of a species are known, so that specific limits are very hard to de-
termine, but those herein accepted seem to have characteristic calcareous de-
posits. While most of the species oceur in shallow water (under 100 m.),
seven of them are from depths of over 1,000 m., and all known synaptids
from such great depths belong in this genus. Little is known of their habits,
and even the appearance in life is unrecorded for the great majority. The fol-
lowing key is based of necessity upon the size and form of the calcareous par-
ticles. When it is realized, however, that we do not at present know how greatly
these may vary, not only in the individuals of a species, but in different parts of
one individual, skepticism as to the validity of some of these species is bound
to arise, and this is inereased by the knowledge that in several cases only frag-
ments of the animal, whether anterior or posterior is uncertain, are known.
The two New Zealand species described by Hutton (’72), uncinate and n-
equalis, are absolutely indeterminable (see Dendy, ’97) and are therefore
omitted.

KEY TO TIIE SPECIES OF PROTANKYRA.

A.—Tentacles 12 ; entirely marine.
B.—Anchors and plates all of one kind, though they may vary somewhat in size.
C.—Anchors not conspicuously asymmetrical.

D.—Anchor-plates more or less elongated and irregunlar in outline, with com-
paratively few (R0-50) holes; these have smooth margins, and one or
more of those near center of plate are conspicuously larger than the
others, and are polygonal or elliptical in shape (plate v, fig. 26; plate
1y, figs. 4 and 5). :

E —Stock of anchor not branched (plate 1v, fig. 3) ; accessory calcareous
bodies not in the form of elongated slender, straight, or bent rods.
F.—DPlates more or less asymmetrical (plate v, fig. 26).
Accessory calcareous bodies in the form of small oval, notched
or irregular short rods, perhaps sometimes wanting.

CHALLENGERI
Accessory calcareous bodies in the form of large, irregular per-
forated plates .......... ... oot BICORN1S

I'F.—Plates nearly symwmetrical, with a single pair of large elliptical
holes at center and a number of smaller ones at each end
(plate 1v, figs.4 and B5)............. ... ..... DUODACTYLA
I'E.—Stock of anchor branched (as in fig. 25, plate 1v) ; accessory calca-
reous bodies long, slender rods, either straight or bent, often
notched at the tip................... 1o ofido R SLUITERI
DD.—Anchor-plates more or less oval or elliptical, usnally with numerous
(40-150) holes, but sometimes with only 20-50; these are more or less
circular, are often dentate, and near center of plate are usually some-

what larger than near margin (plate 1v, figs. 9 and 13).
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#.—Anchors 400 p or less in length.
I'—Anchors over 200 p in length; stock a conspicuous undivided bar
at right angles to shaft (plate v, fig. 29).
Accessory calcareons bodies small, oval or somewhat con-
stricted particles ............ ... ...l VERRILLI
Accessory calcareous bodies, dichotomously divided and
branched rods, which often become so complicated as to
form perforated plates (plate v, fig. 30)..... BIDENTATA
FI'.—Anchors mostly under 200 u; stock widened and irregularly
divided (plate v, fig. 31); accessory calcareous bodies much
as in bidentala. .. ... %0006 0600600000000030d0008 AUTOPISTA
1. —Anchors 500 & or more in length; accessory calcareous bodies curved
rods, or simple, short, oval, or somewhat constricted granules, or
wholly wanting.
I'.—Stock of anchor more or less branched, dichotomously or irregu-
larly divided, often denticulate, but not finely serrulate (plate
1v, fig. 12).
(*.—Anchors very large, usually over 700 u; accessory calca-
reous bodies present.
H.—Anchor-plates about as long as anchors, much longer
than wide; at least the larger holes at center with
dentate margins (plate 1v, fig. 13).
Anchor-arins dentate, nearly half as long as an-

chor ... il BRYCHIA
chior-arms without teeth, about one-third the
length of anchor.................. SUSPECTA

H H .—Anchor-plates much shorter than anchors, three-fourths
as wide as long or more.
I.—Accessory calcareous bodies, simple oval or ellip-
soidal particles.

Holes at center of plate not much larger than
others; stock of anchor not divided into a

number of slender anastomosing branches.
ACULEATA
Holes at center of plate much the largest;
stock of anchor with slender anastomosing

branches ........... ... CONFERTA
T1.—Accessory calcareous bodies, curved rods with ends
often enlarged, and notched............ ERRATA

GG —Anchors from 500-700 x in length; no accessory calca-
rcous bodies.
H.—Plates more or less concave, with about 100 holes
(plate 1v, fig. 9).

Anchor-arms distinetly serrate....... ABYSSICOLA
Anchor-arms without teeth............. PACIFICA
HH.—DPlates flat, with less than 50 holes......... TRISTIS

FI—Stock of anchor usnally finely serrulate, often slightly notched or
forked, but not at all branched or divided (plate v, fig. 32).
@.—Anchors about 600 in length.
Anchor-arms and holes of anchor-plates with many teeth.
INSOLENS
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Anchor-arms with 5 or 6 tecth and holes in plates with
1-3 teeth or mone...............ovvvtt, BENEDENI
G G.—Anchors over 1 mm. long.
Plate abruptly contracted posteriorly and provided with
very numerous, small, entire holes (plate v, fig. 33).

RODEA
Plate not abruptly contracted; provided with holes of
very unequal size .................... DENTICULATA

CC.—Anchors conspicuously asymmetrical (plate 1v, fig. 15; plate v, fig. 36).
D.—Accessory calcarcons bodies in the form of perforated plates.
Accessory perforated plates normally with 4 dentate holes (plate v,

17 5 ASYMMETRICA
Accessory perforated plates normally with 10 dentate holes (plate v,
. 84) it e e e LUDWIGII

DD.—Accessory calcareous bodies in the form of small cruciform or branclied

rods (plate 1v, fig. 16). Anchors grotesquely asymmetrical (fig. 15).

PETERSI

BB.—Anchors and plates of two distinet sorts, differing especially in size; large anchors
with serrate arms.

Large anchor-plates with com,aratively few (less than 100) holes; these are
rather large, polygonal, and smooth; small anchors with smooth arms; ac-
cessory calcareous bodies, small cruciform or branched rods.

PSEUDO-DIGITATA

Large anchor-plates with numerous (150 or more) holes; these are small, cir-
cular, and dentate; small anchors with serrate arms; accessory calcareous
hodies, minute oval granules............ ... coiiiiiiiiiinn. BANKENSIS

AAd.—Tentacles 10; brackish water. . .....cooviiriinii ittt SIMILIS

PROTANKYRA CHALLENGERL.
Prate V, Fic. 26.

Synapta challengeri Théel, 1886a, p. 14. Calcareous particles, pl. 1, fig. 4.
Protankyra challengert Ostergren, 18985,
Protankyra challengert var. Siboge Sluiter, 1901, p. 131; pl. 111, fig. 5.
Protankyra timide Koehler and Vaney, 1905, p. 108. Calcareous particles, pl. xv,
figs. 33-35. '
Protankyra albatrosst Fisher, 1907, p. Y28, Calcareous particles, pl. 1xxx1, figs. 1,
Ta, and pl. LxxXx11, figs. 4, 4a—c.
LexaTH.—80-100 mm.
Coror.—Reddish, yellowish or whitish, sometimes with a lilac tinge.
DistrisuTion.—Reported from near the Fiji Islands, 252 m. (Théel); from
near Aru, Arafura Sea, 1,788 m. (Slniter) ; near Andaman Islands, 1,010 and 1,170
m. (Koehler and Vaney); Hawaiian Islands, 257-1,586 m. (Fisher).
Remarks.—The anchor-plates ally this species to the preceding genus,
with which it is a sort of connecting link. Sluiter’s specimens were so nearly
like Théel’s that the slight differences in color, anchor-plates, and abundance of
miliary granules are not enough to warrant our regarding the form as a dis-
tinct variety; neither is the difference in the depths at which they were taken
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sufficient to affect their identify; nor can the slight differences mentioned by
Koehler and Vaney (:05) as distinguishing timida, and by Fisher (:07) as dis-
tinguishing albatrossi, warrant our regarding those as distinct species. The
anchors are from 240-350 p in length and their plates from 180-270 n. There
are two polian vessels and the usual single stone-canal, and in Fisher’s (:07)
specimens there were sense-cups on the tentacles.

PROTANKYRA BICORNTS, ,
Protankyra bicornis Sluiter, 1901, p. 131. Calcareous particles, pl. x, ﬁg: 5.

LexerH.—115 mm., with diameter about 5.

Coror.—Unrecorded.

Disrrisurion.—Reported from near Timor, 828 m. (Sluiter).

Remarks.—This is a very notable species, unique not only in the remark-
able perforated plates, but in the presence of only a single digit on each side
of the tentacle, and of four or five stone-canals, while there is only one polian
vessel. The anchors are comparatively infrequent, about 330 long, and
their plates are only 245p long and about half as broad. The accessory
plates are much more numerous and are sometimes 350 x in diameter; their
perforations are circular and entire. On the whole, bicornis is one of the most
interesting holothurians discovered by the ‘‘Siboga.’’

PROTANKYRA DUODACTYLA.
Prate 1V, Figs. 1-7.
Protankyra duodactyla Clark (antea, page 26).

LenerE.—60 mm., with diameter about 8.

Corors.—Clear deep gray.

Distrisurion.—Reported from off the coast of Washington in 1,000 m., and
from near Unalaska, Aleutian Islands, in 1,777 m. (Clark).

Remarks.—This species is related to the preceding in the presence of only
a single pair of digits on each tentacle, but there are no accessory calcareous
bodies; there are, however, irregular branched and perforated rods in the ten-
tacles. The anchors are 300-360 » and the plates about 320 x in length, but
few of the latter are complete and only rarely is the bow present. There are
two polian vessels and a single stone-canal.

PROTANKYRA SLUITERI.

Prate V, Fia. 27.

Protankyra stboge Sluiter, 1901, p. 132. Calcareous particles, pl. x, fig. 16.
Protankyra sluiteri Fisher, 1907, p. 729.

Lexagra.—More than 110 mm.
Coror.—Unrecorded, but the skin is ‘‘thin’’ and ‘‘transparent.’’
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DistrisuTioN.—Reported from north of Sumbawa, East Indies, 794 m.
(Sluiter).

Remarks.—This is another of the ‘‘Siboga’s’’ interesting discoveries,
unique in the form of the accessory calcareous bodies, in the presence of teeth
on the shaft of the anchor, and also, if Sluiter’s figure is ecorrectly drawn, in
_ the dirgction of the teeth towards, instead of away from, the tips of the arms.
‘As the only specimen was a fragment, nothing is known of the internal
“‘-ﬁf}ﬂf;QJil‘}.{.‘:: Fisher’s change of name for this species seems to be necessary.

PROTANKYRA VERRILLI,

Prare V, Fie. 29.
Synapta verrilli Théel, 1886a, p. 12. Calcareous particles; pl. 1, fig. 1.

Protankyra verrilli Ostergren, 1898b.

Lexera.—About 23 mm.

CoLor.—Yellowish white (in alecohol).

Distrisurion.—Reported from near Cape York, Australia, 14 m. (Théel).

Remarxs.—The simple caleareous particles is the principal character to
distinguish this species from the next; but the small size, pale color, and
tendency of the anchors to be asymmetrical are other differences. There were
four polian vessels and a single stone-canal in the type.

PROTANKYRA BIDENTATA.
Prate V, Fic. 30.

Synapta bidentata Woodward and Barrett, 1858, p. 365. Calcareous particles, pl.
x1v, figs. 23-25.
Synapla molesta Semper, 1868, p. 9. Calcareons particles, pl. 1v, fig. 13.
Synapta distincta v. Marenzeller, 1881, p. 123. Calcareous particles, pl. 1v, fig. 2.
Protankyra bidentata Ostergren, 1898b.
Protankyra molesta Ostergren, 1898b.
Protankyra distincta Ostergren, 1898b.
LexerE.—30-100 mm.; diameter nearly one-fourth as much, according to
Woodward and Barrett, but their specimen must have been greatly contracted.
Coror.—Reddish gray, reddish violet, or clear reddish; according to Wood-
ward and Barrett, their preserved specimen was ‘‘devoid of color.”’
DistriBuTion.—Reported from China (Woodward and Barrett); Bohol,
Philippines (Semper); Japan (v. Marenzeller, Théel); and Amoy (Ludwig).
Remarks.—Lampert (’85) is probably correct in identifying molesta Sem-
per with bidentata Woodward and Barrett, but why he should have deliberately
ignored the latter name, which has ten years’ precedence and is accompanied
by a good description and excellent figures, it is hard to see. The differences
between bidentata and distincta are so slight and the caleareous particles of
the latter so variable (see Théel, ’86), that it is hard to believe they are not
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identical, especially since their geographical distribution is the same. The
type specimen of distincta is a’ fragment, and all of Théel’s specimens were
also incomplete. Semper says there are four polian vessels and one stone
canal.

PROTANKYRA AUTOPISTA.

Prate V, Fia. 31.

Synapta autopista v. Marenzeller, 1881, p. 123. Calcareous particles, pl. 1v, fig. 3.
Protonkyra autopista Ostergren, 18985.

LexerE.—More than 20 mm.; diameter of only known fragment, 6 mm.
Coror.—Reddish brown.
Distrisurion.—Reported from Miya Bay, Japan (v. Marenzeller).
Remargs.—The very small size of the anchors and the peculiar shape of
the stock easily distinguish this species, and yet it may be that the type and
only known specimen is simply the anterior part of the body of a peculiar in-
* dividual of the preceding speecies.

PROTANKYRA BRYCHIA,
Prare IV, Fias. 12-14.

Synapta brychia Verrill, 1885, p. 539.
Prolankyra brychia Ostergren, 1898b.

Lexera.—160 mm.; diameter about one-sixteenth as much.

Coror.—Purplish brown or gray (in alecohol).

Distrisution.—Off Cape Hatteras, 1,688 m. (Verrill).

Remarks.—The very large anchors and plates, a millimeter or more in
length, are arranged in approximately three longitudinal rows in each inter-
radius. Verrill says the anchor-arms are smooth; but that is not the case
in the fully-developed anchors, which have about six teeth on each arm. There
are no accessory calcareous bodies in the skin. There are at least two polian
vessels and one stone-canal. The tentacles are unknown.

PROTANKYRA SUSPECTA.
Protankyra suspecta Sluiter, 1901, p. 132. Calcareous particles, pl. x, fig. 14.

Lexera.—More than 70 mm.; only a fragment known.

Coror.—Not recorded.

DistriBuTion.—Buton Straits, D. E. 1., 148 m. (Sluiter). .

Remarks.—This is another of the diseoveries made by the ‘‘Siboga,’’ and
also, nnfortunately, another of the speeies known from only a slight, headless
fragment. Although related to the preceding species, the differences are ob-
vious.
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PROTANKYRA ACULEATA.

Synapta aculeata Théel, 1886a, p. 13. Calcareous particles, pl. 1, fig. 3.
Protankyra aculeata Ostergren, 1898b.

Lencera.—More than 65 mm.; only fragments known.

Coror.—liight brownish or dirty white.

DistriBuTion.—Coast of Japan, 621 meters (Théel).

Remarks.—This interesting species has the anchors 1.1 mm. long and the
plates only about two-thirds as much. The anchors vary greatly in shape
and sometimes even have flukes at both ends. In the type specimen the miliary
granules occurred in a double row in each radius and were of a simple oval
form.

PROTANKYRA CONFERTA.

Protankyra conferta Koehler and Vaney, 1905, p. 105. Calcareous particles, pl. xv,
figs. 26-29.

Lexgrr.—More than 72 mm.; only fragments known.

Coror.—Brownish.

Disrrisurion.—Recorded from near Ceylon, 1,450 m., and off Masulipatam,
Madras, 1,220 m. (Koehler and Vaney).

Remarks.—This is one of the deep-sea species taken by the ‘‘Investigator,’’
and regarding which we know all too little. The anchors are strikingly like
those of brychia except in the length of the arms.

PROTANKYRA ERRATA.

Protankyra errata Koehler and Vaney, 1905, p. 106. Calcareous particles, pl. xv,
figs. 14-16.

Protankyra infleva Koehler and Vaney, 1905, p. 109. Calcareous particles, pl. xv,
figs. 30-32.
“Ankyroderma marenzelleri Théel” Walsh, 1891.

LenerH.—32-110 mm. and more; diameter about one-sixteenth as much.

Coror.—Not recorded.

Distrisurion.—Reported from near Andaman Islands, 234-270 m., and from
Gulf of Bengal, 738-864 m. (Koehler and Vaney).

Remarxs.—The characters distinguishing inflexa from errata are too slight
to justify us in keeping them separate, and it is probable that both are forms
of aculeata, which is apparently a very variable species. Koehler and Vaney
are authority for saying this species is Walsh’s Ankyroderma marenzelleri.
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PROTANKYRA ABYSSICOLA.
Prate IV, Fies. 8-11.

Synapta abyssicola Théel, 1886a, p. 14. Calcareous particles, pl. 1, fig. 11.
Protankyra abyssicola Ostergren, 1898b.

LeNxoerH.—65 mm.; diameter about 5.

Coror.—Dark yellowish (in aleohol), with considerable reddish pigment at
base of tentacles on inner side.

Distrisution.—Reported from tropical mid-Atlantic, 4,230 m. (Théel); off
coast of New Jersey, 2468 m. (Théel); off coast of Senegal, 3,200 m. (R.
Perrier) ; Gulf of Mexieo, 2,259 m. (Clark, antea). Probably distributed through-
out the deeper parts of the Atlantic Ocean.

Remarks.—One of the interesting discoveries of the ‘‘Challenger’ was this
abyssal Synaptid, which has since been taken several times. It is little modified
by the great depth at whieh it lives and shows no speeial peculiarities of structure.
Therc are seven polian vessels. Although miliary granules are wanting in the
skin, the longitudinal muscles contain the usual oval particles, and there are
nearly straight supporting rods in the tentacles.

PROTANKYRA PACIFICA.

Synapta abyssicola var. pacifica Ludwig, 1894, p. 174. Calcarcous particles, pl. xvii,
figs. 13-19.

LexerH.—85 mm.; diameter about 5.

Coror.—Yellowish white or greenish gray.

DistriBurion.—Reported only from outside the Gulf of Panama, in 3,000-
3,189 m. (Ludwig).

Remarks.—As the characters mentioned by Ludwig, which distinguished
the Pacific from the Atlantic specimens, appear to be constant, there is no rea-
son why this should not be regarded as a distinet species. The anchors and
plates are really quite distinct in the two species, when compared side by side.
The internal anatomy is not peculiar, but there were ten polian vessels in the
specimen examined by Ludwig.

PROTANKYRA TRISTIS.

Protankyra tristts Koehler and Vaney, 1905, p. 107. Calcareous particles, pl. Xv,
figs. 17-18.

Lexera.—More than 25 mm.

Coror.—Grayish white.

DistriBurion.—Off northern Madras, India, 2,358 m. (Koehler and Vaney).

Remarks.—Although this species seems nearly related fo aculeata, the
small size of the anchors appears to distinguish it. Unfortunately, however, it
is known only from an anterior fragment.
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PROTANKYRA INSOLENS.
Prate V, Fia. 32.
Synapta insolens Théel, 1886a, p. 13. Calcarcous particles, pl. 1, fig. 3.

Protankyra insolens Ostergren, 1898b.

LeneTtH.—40-110 mm.

Coror.—Yellowish white.

Distrisution.—Reported from Torres Strait, 51 m. (Théel), and from near
the Aru Islands, 57 m. (Sluiter).

Remarks.—This ‘‘Challenger’’ species was found again by the ‘‘Siboga,’’
and may be easily recognized by the anchors, which are 600-650u long
and nearly 500 x broad, with 12-18 teeth on each arm; the broadly oval plates
with numerous dentate holes are also characteristic. There are five polian
vessels and a single stone-canal.

PROTANKYRA BENEDENI.

Synapta bencedeni Ludwig, 1881a, p. 55. Calcareous particles, pl. 111, figs. 19-20.
Protankyra benedeni Ostergren, 1898b.
Lenara.—22-35 mm.; diameter about one-fourth as much; obviously the
speciniens were greatly contracted.
Coror.—Whitish.
DistrisuTion.—Reported only from coast of Brazil (Lundwig).
Remarks.—Ludwig says that the whole appearance of this Synaptid is like
that of Labidoplax digitata, but the anchors and plates are so obviously differ-
ent there is no donbt of the distinctness of the two species. The miliary gran-
ules are minute rods, ronnded at the ends and constricted at the middle. There
are six polian vessels and one stone-canal.

PROTANKYRA RODEA.
Prare V, Fia. 33.

Synapta rodea Sluiter, 1890, p. 108. Calcareous particles, pl. 1, figs. 10-14.
Protankyra rodea Ostergren, 1898b.

Lenera.—Up to 250 mm.

CovLor.—Carmine red.

DistriBution.—Reported from Bay of Batavia; Lombok; Timor; and near
Madura, D. E. 1., 330 m. (Sluiter).

Remarxs.—The huge anchors and plates, the minute miliary granules, and
the conspicuous color make this species a notable one. There are two polian
vessels. In his original description Sluiter says the calcarcous ring consists
of 17 pieces; it would be interesting to know whether further observations con-
firm this peculiar number. This species lives in mud near the coral reefs.
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PROTANKYRA DENTICULATA.

Protankyra denticulata Koehler and Vaney, 1905, p. 105. Calcareous particles, pl
xv, figs. 36-39.
Levern.—Over 70 mm.; diameter, 12 mm.; known only from a fragment.
Coror.—Brownish.
DistrisuTion.—Off Madras, India, 738 m. (Koehler and Vaney).
Remarks.—Althongh allied to rodea, the shape of the plates easily distin-
guishes this species.

PROTANKYRA ASYMMETRICA.
Prare V, Fies. 35 AnD 36.

Synapta asymmetrica Ludwig, 1874, p. 78. Calcareous particles, pl. vi, fig. 2.
Protankyra asymmetrica Ostergren, 1898b. )

LenerE.—40 mm.

Coror.—¢“Colorless.”’ -

Distrisurion.—Reported from Banka, Sunda TIslands (Ludwig, Théel);
Saleyer and near Madura, 82 m., D. E.I. (Sluiter).

Remarks.—The remarkable accessory calcareous plates with their four sym-
metrical holes and the peculiar anchors would seem to be sufficiently diagnostic,
but Sluiter (:01, p. 129; Pl X, fig. 13) desecribes and figures still other re-
markable accessory calcareous bodies, in the form of curious double-headed
rods. It is virtually certain that neither Ludwig nor Théel would have over-
looked such calcareous bodies, so we are safe in assuming that they were not
present in the specimens from Banka. The question naturally arises whether
their presence in Sluiter’s specimens would not indicate an important specific
difference, but we must await further material before we attempt to decide
the point. Ludwig’s specimen had four polian vessels and one stone-canal.
The anchors are 500 ¢ and their plates about 400 » in length, and the accessory
plates are about 50 s in diameter.

PROTANKYRA LUDWIGIIL.

Prate V, Fie. 34.

Synapta ludwigii Sluiter, 1890, p. 108. Calcareous particles, pl. 1, figs. 4-9.
Protankyra ludwigii Ostergren, 1898b.
LENeTH.—40 mm.
Coror.—Ranges from carmine-red to ‘‘colorless,”” with a reddish tinge on
the tentacles.
DistriBuTion.—Reported from Bay of Batavia; near Timor, 73 m.; and near
Flores, 247 m. (Sluiter). .
Remarks. —While evidently allied to the preceding species, the very differ-
ent accessory ealcareous plates are an excellent mark of distinetion. The
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anchors are about 500 in length and their plates only a little shorter; the
accessory plates are about 80 in diameter. There are only two polian ves-
sels and one stone-canal.

PROTANKYRA PETERSI.
Prate 1V, Figs. 15 AND 16.

Synapta petersi Semper, 1868, p. 30. Calcareous particles, pl. xxxIx, fig. 12.
Protankyra petersi Ostergren, 1898b.

Lexera.—130 mm.

Coror.—Clear reddish.

DistriBuTion.—Reported only from Amboina (Semper).

Remargs.—The type specimen of this interesting species still remains
unique. The curious grotesque anchors are accompanied by normal plates
perforated with numerous smooth holes. Nothing is known of the habits, hab-
itat, or anatomy.

PROTANKYRA PSEUDO-DIGITATA.

Synapta pseudo-digitate Semper, 1‘868, p. 9. Caleareous particles, pl. 1v, fig. 12.
Synapta innominate Iudwig, 1874, p. 9. Calcareous particles, pl. vI, fig. 4.
Protankyra pseudo-digitata Ostergren, 1898b.

Protankyra innominata Ostergren, 1898b.

Lexera.—60 mm.

Coror.—Not recorded.

Distrisurion.—Reported from Bohol, Philippines, 27 m. (Semper) ; Philip-
pines (Ludwig); and Macasser (Sluiter).

Remarks.—Ludwig himself expressed the opinion that his species was pos-
sibly identical with Semper’s, and Lampert (’85) emphasizes the point. There
is little doubt that such is the case. Iudwig had only a fragment 10 mm. long
for his description and Semper had lost his only specimen when he wrote his
description. He says it was similar to Labidoplaxz digitata in appearance,
and Sluiter (:01) tells us there are 12 tentacles, each with four digits.

'

PROTANKYRA BANKENSIS.

Synapta bankensis Ludwig, 1874, p. V8. Calcareous particles, pl. v, fig. 1.
Protankyra bankensis Ostergren, 1898b.
Lexera.—More than 75 mm.; only fragments known.
CorLor.—Whitish with a reddish tinge.
DmstriBution.—Reported only from Banka, Sunda Islands (Ludwig,
Théel).
7 Remarks.—This species is certainly nearly related to the p.r,eceding and it
is an open question whether they are not identical. The differences in the cal-
-careous particles are not beyond the range of individual diversity.



THE APODOUS HOLOTHURIANS 109

PROTANKYRA SIMILIS.
PraTe II, Fie. 2.

Synapta similis Semper, 1868, p. 10; pl. 111, fig. 2. Calcareous particles, pl. 1v,
fig. 14.
Protankyra similis Ostergren, 1898b.
Lexerr.—60-100 mm.
Covror.—Semper gives the eolor as ‘‘transparent reddish,’’ but the colored
figure is pale fawn color with purplish tints.
Distrisution.—Reported only from Bohol, Philippines (Semper).
Remarks.—The anchors and plates of this species are very much like the
large ones of I. pseudo-digitata, and the accessory caleareous bodies also re-
semble those of that species. There is a single stone-canal and one or two
polian vessels. Semper says this is one of the commonest and most interesting
of the Philippine synaptids, living in the mud of brackish, mangrove swamps.
It is well known to the natives and is called ‘‘dapan-dapan’’ in Visayan. It
should perhaps be made the type of a distinet genus.

ANAPTA Semper, 1868,

Tentacles pinnate, 12. Digits 2-6 on each side and a long terminal one.
Cartilaginous ring wanting. Polian vessels several (5-7). Stone-canal single.
Anchors, perforated plates, wheels, and sigmoid bodies entirely wanting, the
only ecalcareous particles in the skin being small oval or ellipsoidal bodies, and
even these may be wanting.

This small group is closely related to Leptosynapta, but is of course easily
distinguished therefrom py the entire absence of anchors. Ostergren (’°98b) con-
siders that Sluiter’s (’88) species subtilis is based on an abnormal individual,
and he accordingly omits it; but since Slniter especially states that the animal
was examined when fresh, and consequently its peculiar characters cannot be
due to decaleification, there is no reason to doubt its authenticity. Were it a
regenerating synaptid, the calcareous ring would be normal and there would
be some indications of ecalcareous bodies. Ludwig (’92b) proposes fo in-
clude in Anapta, Toxodora ferruginea Verrill and Scoliodota japonica (v.
Marenzeller), but the affinities of these two species seem to be so clearly with
the Chiridotine that it would be very misleading to place them here.

KEY T0 THE SPECIES OF ANAPTA.

A.—Calcareous particles present in the skin, longitudinal muscles or tentacles.
Size large (up to 190 mm.) ; calcareous bodies scattered everywhere in the skin.
GRAOCILIS
Size small (under 100 mm.) ; calcareous hodies confined mainly to radii or longitudinal
muscles and tentacles ; those of latter often slightly branched at the end....raLLAX
AA.—Calcareous particles wanting....... ... . ittt i i i SUBTILIS
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ANAPTA GRACILIS,
Prares 11, Fia. 1; VII, Fies. 19-23.

Anapta gracilis Semper, 1868, p. 17; pl. 11, fig. 1. Caleareous particles, pl. 1v,
figs. 10-15.

Lexera.—Up to 190 mm.

Covror.—Pale purplish brown (rosy in the figure given), with numerous
white papille.

Distrisurion.—Reported only from Manila, Philippines (Semper).

Remarks.—It seems strange that such a large and well-charaeterized species
as this has not been met with since its original discovery, nearly 40 vears ago.
The ealeareous ring, eiliated funnels, reproductive organs, and sensory-enps
on the tentaeles are all very mueh like those of a Leptosynapta.

ANAPTA FALLAX,
Anapta fallaz Lampert, 18895, p. 848.

Lenera.—Up to 80 mm.

Coror.—In life, flesh color, reddish anteriorly, the tentaeles elear rose-red;
in aleohol, yellowish brown or yellowish white.

DistriBution.—Reported from off Cape Blaneo, Argentina, 114 m. (Lam-
pert); Stanley Harbor, Falkland Islands, and southern eoast of Tierra del
Fuego (Ludwig); Punta Arenas, Susanna Cove and Calbueo, Chile (Lndwig) ;
near Wellington Island, Chile (Clark, antea). The range apparently includes
all the eoasts of Sonth Ameriea and neighboring islands sonth of 40° S., where
the water is less than 125 m. deep.

Remarks.—This is deeidedly the best known of the three speeies, but it is
somewhat difficult to see from the deseriptions published any important differ-
ence between it and the preeeding species. Ludwig’s (’98¢) statement, ‘‘wohl
aber finden sich bei einzelnen, aber nieht bei allen, Exemplaren, in den Liangs-

muskeln, sehr zahlreiehe, kurze, fast ovale IKalkstabehen und in den Fiihlern,

* * * #* * *

Kalkkérperelien,”” leaves one in
donbt as to whether some of his specimens entirely lacked all caleareous par-
tieles or not, and if so, whether it might not have been due to acid aleohol. How-
ever, the geographieal isolation of this speeies is so marked, it eannot be eon-
fused with any other, and it may well be eonsidered distinet until its identity
" with gracilis is shown by a more eareful study of the two species. Aeeording
to Ludwig (’98b), fallax lives ‘‘am strande, im Sande.”’

, Kkleine, klammerformige

ANAPTA SUBTILIS.
Anapta subtilis Sluiter, 1888, p. 211.

Lexera.—Not given: ‘‘nur etwa dreimal so lang als breit.”’
CoLor.—Brownish, with numerous, elear yellowish white papilla.



THE APODOUS HOLOTHURIANS 111

DistriBution—Reported only from the Bay of Batavia (Sluiter).

Remarks.—Sluiter distinetly says that the absence of calcareous particles
could not be due to impure alcohol, for he examined the animal when ‘‘ganz
frisch.”” Ostergren (’98b) expresses the opinion that this is only a regenerating
individual of some synaptid, but that would not account for the entire lack of
calcarcous particles. Although the type specimen is still nnique, it must be al-
lowed to stand as a valid species until we have more light on the subject.

DACTYLAPTA, gen. nov.

(3dxrvAa, fingers, + dnrw, to fasten or bind; in reference to the tentacles and to cor-
respond to Synapta, ete.)

Tentacles digitate, 12. Digits only four, two on each side, as in Protan-
kyra. Calcarcous particles, only short, curved rods, scattered in the skin.
This genus is instituted for the following unique species.

DACTYLAPTA DUBIOSA.

Anapta (?) dubiosa Koehler and Vaney, 1905, p. 109. Calcareous. particles and cal-
"~ careous ring, pl. xv, figs, 11-12.

Lexera.—30 mm. and more; only an anterior fragment known.

Coror.—Brown.

DisrriBurion.—Reported only from Gulf of Bengal, 738 m. (Koechler and
Vaney). .

Remarks.—Although there is at least a possibility that this specimen, upon
which a new speecies and genus is based, is only a diseased or abnormal Pro-
tankyra, we must for the present admit its validity. The form of the tentacles
and of the calcareous deposits shows that the species bears the same relation to
Protankyra that Anapta does to Leptosynapta, and it must therefore be placed
in a distinet genus, so that this relationship may be emphasized.

RHABDOMOLGUS Keferstein, 1862.

Tentacles without digits, simply ‘‘am Rande leicht gelappt,’”’ 10. Carti-
laginous ring wanting. Calcareous ring remarkably weak. Polian vessel one.
Stone-canal one, but non-calcareous. Ciliated funnels wanting. Calcareous par-
ticles wholly wanting. Sexes separate (?).

The remarkable holothurian upon which Keferstein based this genus is in
many ways much like a young synapta, and since no other zodlogist met with it,
each succeeding writer has been more and more inclined to reject the genus and
species altogether. Ludwig (’98b) places it in a foot-note and doubts its va-
lidity, and Ostergren (’98D) ignores it entirely. It was therefore a matter
of considerable surprise when Ludwig (:05) announced the rediscovery of
Rhabdomolgus, and his complete report is awaited with keen interest.
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RHEABDOMOLGUS RUBER.
Rhabdomolgus ruber Keferstein, 1862, p. 34; pl. x1, fig. 30.

Lexera.—5 mm. with diameter of .6 mm. (preserved material).

Coror.—Bright red or carmine.

Distrisurion.—Reported from St. Vaast (Keferstein) and ¢‘Sudspitze von
Helgoland”’ (Ludwig).

Remarks.—Keferstein secured only a single specimen, and that was float-
ing near the surface, so that the question was raised as to whether the animal is
pelagic. Ludwig (:05), however, has conclusively shown that under normal
conditions it is a bottom form. It breeds in August; the sexes seem to be sep-
arate and the eggs are large.

CHIRIDOTIN A Ostergren, 1898b.

Tentacles with stalk short, becoming widened distally where it bears 3-10
digits on each side; the digit-bearing portion forms a sort of disc which can in
many cases (perhaps always?) be drawn downward in contraction, more or less
into the basal portion of the stalk; such tentacles may be called peltato-digi-
tate. Cartilaginous ring wanting. Stone-canal single. Eye-spots wanting.
Gustatory organs seldom present. Calcareous deposits either six-spoked wheels
or conspicuous sigmoid or C-shaped bodies, or both, often accompanied by
curved or straight rods or coval miliary granules; rarely minute curved rods
only are present, or deposits are wholly wanting. Sexes apparently separate in
many species, perhaps in all.

In the following keys and descriptions there are few terms which require
any explanation, for nearly all are of the kind which carry their own meaning.
The term ‘‘sigmoid’ bodies is used for curved rods which bear a more or less
close resemblance to that form of the Greek letter sigma, which is used at the
termination of a word; that is to say, each end is curved, but in opposite direc-
tions, and very often in planes at right angles to each other. When rods are
found in which the ends curve inward towards each other and in the same
plane, they are called C-shaped or ‘‘bracket’’-shaped particles. Both sigmoid
and C-shaped rods may oceur in the same individual.

Key 10 THE GENERA OF CHIRIDOTINZA.

A.—No sigmoid bodies; wheels present, collected in little papillee (plate vir, fig. 24).
Tentacles 12 (10-14); ciliated funnels mostly single and scattered (plate viz, figs.

D T CHIRIDOTA

Tentacles 18 (16-20) ; ciliated funnels mostly single and scattered (plate vr1, figs.

1¥5) 06000606000000000 0000000000600 06 6%ade0a06600aa00b6AA000G PoLYCHEIRA

AA.—Sigmoid or bracket-shaped bodies or minute curved rods present (plate vir, figs. 3, 6, 9,
10, 11, 27).

B.—Wheels present, in papille.............cooiiiiiiiii T £NTOGYRUS

BB.—Wheels present, but scattered...............cooiiiiiiiiiiiiL, TROCHODOTA

BBB.—Wheels wanting.
Sigmoid bodies present........... ..t ScoLIODOTA
Sigmoid bodies wanting; minute curved rods present.............. ToXODORA

AAA.—Deposits wholly wanting..........veeiiievinerennraeeneeneneann, ACHIRIDOTA
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CHIRIDOTA Eschscholtz, 1829.

Dactylota Brandt, 1835.
Liosoma Brandt, 1835.
Trochinus Ayres, 1852.
Lioderma Bronn, 1860.

Tentacles 12, exceptionally 13 or even 14. Digits 3-10 on each side, the ter-
minal pair the longest. (Although Semper, Lampert, and others speak of a ter-
minal unpaired digit, it is very doubtful whether such normally oceurs. The
number of digits on a tentacle may be odd, but examination will show that this
is due to an extra digit on one side at the base of the series.) Polian vessels
numerous, 3-20. No gustatory organs are known to occur. Ciliated funnels
usually single, sometimes collected into little groups, but not forming true
stalked elusters. Caleareous deposits in the form of 6-spoked wheels (Plate
VII, figs. 8, 15, 26) collected in little papille containing 10-80 of divers sizes
(Plate VII, fig. 24); no sigmoid deposits, but small eurved rods with enlarged
ends are often present (Plate VII, figs. 16, 27), and minute oval miliary gran-
ules, or somewhat larger rod-shaped particles, frequently occur in connection
with the longitudinal muscles.

The species of this genus are of small or moderate size and of variable
color. They are widely distributed in both warm and eold seas, but no one
species, except perhaps levis, has a very extensive range, so far as our present
knowledge shows. They occur chiefly in shallow water, often along shore, but
are frequently met with at depths of 500-1,000 m. and sometimes down to 3,000~
3,200 m. Specific differences are very difficult to determine satisfactorily, for
the number and length of digits on the tentacles is closely correlated with age
and size, while the number and arrangement of wheel-papille appear to show
a similar correlation. Thus full-grown specimens of rotifera have the wheel-
papille very nmnerous all over the body and the ventral surface is not distin-
guishable from the dorsal; but in young specimens, 2040 mm. long, the wheel-
papillae of the ventral side are few and confined to a single series in cach inter-
radius, and such specimens therefore closely resemble rigida (Plate I, fig. 3).
The presence or absence of miliary granules along the radii seems to be another
variable feature, for Ludwig (’98)) has shown that in some specimens of
pisanii these grauules are abundant, in others infrequent, and in still others
entirely wanting. In the light of these facts, it is not strange that the num-
ber of species in the genus and their geographical distribution are still uncer-
tain. The speeies deseribed by Miiller (’50) as pygmea is apparently a young
levis or possibly rotifera (Sclenka (767) says it is West Indian), while the form
called rubeola by Qnoy and Gaimard (’33) is absolutely unidentifiable at pres-
ent, and it may not be one of the Chiridotine at all. The same is true of
Synapta coriacea Agassiz (’52), which has been considered a synonym of
Chiridota levis. The holothurian called Aspidochir mertensi by Brandt (’35)

is thought by Ludwig (’816) to be a Chiridota.
8
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Key 10 THE Srecirs oF CHIRIDOTA.

A.—Wheel-papille numerous, more or less uniformly scattered all over the body, with no
evident arrangement in longitudinal series; digits 8-14. (In young specimens, pa-
pille may be very few on ventral side.)

B.—Numerous curved rods (plate vi1, fig. 27), with more or less branched ends scat-
tered all over interambulacra........... ... . il ROTIFERA

BB.—NXo such rods in interambulacra.
Miliary granules of longitudinal muscles, minute oval particles; polian vessels

B0 500000000000a0000000000000006000000030050005800000 FERNANDENS1S
Miliary granules ot radii longer than diameter of wheels; polian vessels 15-20.
STUHLMANNI

A A.—Wheel-papillee numerous or few, confined to interambulacra, and there forming more or
less irregular longitudinal series, less abundant on ventral side and often wholly
wanting there.

B.—Digits of tentacles about 20 ; wheel-papille in 5 irregular series; numecrous minute
crescent-shaped bodies inskin. . ... oL VIOLACEA
BB.—Digits of tentacles generally fewer than 16 (very rarely 18).
(.—Wheel-papilize very few and only in right and left dorsal interambulacra : stel-
late, perforated plates (plate vii. fig. 25) in skin........... MARENZELLERI
('C.—No stellate plates in skin.

D.—Numerous “buttons” (“schnallenformiger Hautkalkkorper”) in  sking
wheel-papille in 5 simple longitudinal series........... L.... EXIMIA

DD.—No “buttons” in skin.

E.—Curved rods, with enlarged ends (plate vii, figs. 16 and 27), which
may be smooth or spinous, or even branched, scattered in skin,
at least along ambulacra.

F.—Size large, up to 200 mm.; color more or less purple; wheel-
papille confined almost wholly to mid-dorsal interambulacrum.
Curved rods very small (40-60 u), confined to ambnlacra,

and distinctly enrved ... ... o iiiiiiiile, REGALIS
Curved rods larger (80-120 u), uniformly scattered, and
commonly almost straight ............... UNISERIALIS

FIF—Size small, under 100 mm.; color not purple; wheel-papilie and
rods more or less generally present in all the interambulacra.
Color red or reddish; wheel-papille numerous dorsally;
occurs about coral reefs ......... ... ...l RIGIDA
Color whitish; wheel-papilia in an irregular single row in

cach interambulacrum: occurs in mangrove swanps.
INTERMEDIA

I Il—No such curved rods in skin.

F.—Size small, usually. under 100 mm. (rarely twice that) : color in
life yellowish, pink, red or purple, becoming whitish, grayish,
yellowish, dusky or purplish red in alcohol; wheel-papille, of
course, white.

Wheel-papille very large, 1-1.5 mm. in diameter; polian ves-

sels few, only 4-5; austral.............. .. .. PISANII
Wheel-papillee smaller and polian vessels nmmerous, 10-20 or
more; boreal ....... ... . i LAVIS

FF.—S8ize large, up to 300 mm.; color prevailingly grayish, with more
or less red pigment in skin............ ... oL DISCOLOR
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CHIRIDOTA ROTIFERA.

Synapta rotifera Pourtales, 1851, p. 15.
Chirodota rotifera Stimpson, 1860. Ludwig, 1881a, p. 41; pl. 111, figs. 1-15.
Charidota rotifera TLudwig, 18920,

Lexera.—Up to 100 mm.; usually about 50.

Coror.—Reddish or purplish, with light tentacles and numerous white
wheel-papille,

Disrrisurion.—Reported from Biseayne Bay, Florida (Pourtales); Brazil
(Ludwig, Verrill, Rathbun); Jamaica (Clark); Key West, Florida (Clark,
antea) ; and Bermuda (Clark). Apparently a typical West Indian species, with
the same distribntion as Synaptula hydriformis.

Remarks.—This is one of the best known and most distinetly characterized
species of the genus, and is of particular interest because it is viviparous—a
fact first noted by Ludwig (’81a); the eggs undergo their development in the
body ecavity of the mother, as in Synaptula hydriformis. 1t oecurs commonly
under stones and fragments of coral on sandy beaches or among living corals,
in shallow water, and is somewhat gregarious, a number often being found
under the same stone.

CHIRIDOTA FERNANDENSIS.
Chiridota fernandensis Ludwig, 1898c¢, p. 446.

Lexetu.—Up to 100 mm.

Coror.—In life, brownish yellow; in aleohol, whitish yellow; very numer-
ous small wheel-papille, white.

DistriBution.—Reported only from the Island of Juan Fernandez (Lud-
wig).

Remarks.—This species was collected by Dr. Ludwig Plate in March, 1898,
Ile seems to have found it quite common, as some 20 specimens were taken.
Nothing is recorded of its habits or habitat.

CHIRIDOTA STUHLMANNTI.

Chirodota stullmanni Lampert, 1896, p. 67.
Chiridota stuhlmanni Ostergren, 18980,
LexcTH.—80 mm.
Coror.—Yellowish, with white wheel-papillie, cach of which has a rust-red
dot. :
Distrisution.—Reported only from Tumbatu, East Africa (Lampert).
REMarks.—This seems to be a very well characterized speeies, of which,
however, only a single specimen is as yet known. The remarkably large (210~
266p), straight rods confined to the ambulacra, and the very numerous polian
vessels are striking features.
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CHIRIDOTA VIOLACEA.

Chirodota violacea Miiller, 1849, p. 379 ; 1850, p. 137.
Chiridota violacee Ludwig, 1892b.

LENeTEH.—300 mm. or more, with a diameter of only 6-8 mm.

CoLor.—Not given, presumably violet or purple.

Distrisution.—Reported from Ibo, near Mozambique (Miiller); Amirante
Islands (Bell). Semper (’69) gives ‘‘Zanzibar,”’” but Ludwig (799) says that is
probably a mistake, as Semper’s note apparently refers to Miiller’s original
specimen in the Berlin Museum.

Remarks.—Although eommonly attributed to Peters, the original deserip-
tion of this species is obvionsly by Miiller, and, so far as known, Peters never
published one word about it; there is no reason, therefore, why the name shonld
be written violacea Peters, even if that collector did select the mname. Bell
(’84) is the only zodlogist who has been fortunate enough to meet with this
species since its original diseovery, but unfortunately he does not consider that
fact sufficient justification for’ giving any information whatever in regard to the
specimen (or specimens?) collected by the ‘“Alert.”” The large size of this
species and the number of digits make it an nnnsually interesting form.

CHIRIDOTA MARENZELLERI.
PraTe VII, Fies. 24, 25.
Cliridota marenzelleri R. Perricr, 19045, p. 8370, with text figures,

Lexari.—33-36 mm., with a diameter of 10-11.

CoLor.—Reddish above, deepest along the mid-dorsal region, with a network
of fine dark lines like eraecks; yellowish white beneath.

DistriBuTion.—Reported only from Magellan Strait (R. Perrier).

Remarks.—So well eharacterized is this speeies by its unique eoloration, its
still more nnique stellate calcareous particles, its few wheel-papille (6 in one
and 9 in the other dorso-lateral interambulaerum), and its tentacles (having
only three pairs of digits, the terminal the largest), that one is almost inclined
to assign it generie rank; but, after all,-the only character whieh would clearly
mark such a genus is the form of the stellate bodies, and we are scarcely pre-
pared to accord that feature alone such distinetion.

CHIRIDOTA EXIMIA.

Chirodota eximia Haacke, in Mobius, 1880, p. 47.
Chiridota cximia Tudwig, 18925.

Lexera.—Not given.
CorLor.—Not given.

Distrmsurion.—Reported only from Fouquet’s Reef, Mauritins (Mébius).
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Remarks.—Although this species is apparently well characterized, it is
diffieult to understand just what form the ‘‘schnallenférmige’’ particles have,
and in view of the results of Lndwig’s (’83) reéxamination of the material on
which ITaacke based his numerous (14) new species, we may be pardoned if
we are very skeptical regarding this Chiridota, which Ludwig was unable to
examine. '

CHIRIDOTA REGALIS.
Chiridota regalis Clark (antea, p. 28).

Lexara.—Up to 200 mm., with a diameter of about 6 -mm.

Coror.—More or less deep, royal purple, deepest anteriorly; more grayish
posteriorly.

Distrisution.—Coast of Japan, 198-300 m. (Clark).

Remarks.—Althongh quite nearly related to uniserialis and also to discolor,
whicl it approaches in size and general appearance, this seems to be a well-
marked species.

CHIRIDOTA UNISERIALIS,
Chiridota uniserialis Fisher, 1907, p. 733; pl. 1xxx1, fig. 4, and pl. LxxX1, figs. 5, 5a-c.

LeneTH.—150 mm., with diameter of 7-9 mm.

Coror.—Dark purple or pale lilac.

Disrrisurion.—North of Molokai, Hawaiian Islands, 590-745 m. (Fisher).

Remarks.—This species appears to be very close to the preceding, but the
difference in the size, form, and distribution of the C-shaped rods is quite strik-
ing. Fishier notes well-developed retractor niuseles in wuniseriatis, but I found
none in regalis. The wheel-papille in regalis are often very numerous (70-80
or more), of very variable size, and most numerous anteriorly, where they may
oceur in the lateral interambulacra, while in uniserialis they are 9-50 in num-
ber, of eonspicnous size, eonfined strictly to the mid-dorsal interambulacrum,
and often most numerous posteriorly.

C'HIRIDOTA RIGIDA.

Prares 11, Fig. 3; VII, Fias. 26-29.

Chirodota rigida Semper, 1868, p. 18; pl. 1, fig. 3. Calecareous particles, pl. v, figs.
3 and 13.

Chirodota liberata Sluiter, 1888, p. 212. Caleareous particles, pl. 11, fig. 44.

Chirodota amboinensis Ludwig, 1888, p. 819.

Chiridola rigide Ludwig, 1892b.

Chiridota liberata Lumdwig, 1892b.

Chiridota amboinensis Ludwig, 1892b.

Chiridota hawaiiensis Fisher, 1907, p. 731; pl. Lxxx1, fig. 5, and pl. LxxX1I, figs. 3,

3a-é.
LENGTH.—25-75 mm.
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Coror.—Red of some shade, ranging from reddish brown and reddish pnr-
ple to rose-red; tentacle: whitish; wheel-papille white.

DistriBurion.—Reported from Bohol, Philippines (Semper); Bayv of Ba-
tavia, Kur-reef, Lucipara and Binongka, D. E. 1. (Sluiter); Pulo Edam and
Amboina (Ludwig); Rotuma and China Straits, New Gninea (Bedford); and
Hawaiian Islands (Fisher). Apparently well distribnted throughout the entire
East Indian regiomn.

ReMmarKs.—Since Sluniter’s deseription of liberata 1s obvionsly erroneous
(he speaks of three ventral interradii), it is evident that his specimens were
very similar to rigida, and as they were qunite small, there can be little doubt
that they were yonng ones of that species. Imdwig’s amboinensis is appar-
ently well within the limits of variation which such a species as rigida com-
monly shows and cannot be distinguished therefrom, and the same appears
to be true of Fisher’s hawaviensis. This species oceurs around coral reefs,
either among the dead (less commonly, the living) corals or in holes in the
blocks of coral rock.

CHIRIDOTA INTERMEDIA.
Chiridota intermedia Bedford, 1899b, p. 846. Calcarcous particles, pl. 1an. fig. 6.

Lexere.—20-30 mm. _

Coror.—Whitish, transparent posteriorly.

Drstrmisurion.—Reported only from the Mangrove swamp, Funafuti (Bed-
ford).

Remarxs.—Although this species is strikingly like a young rigida, the un-
usnal habitat and the pale color make it seem probable that it is really quite
distinet. Bedford says that the C-shaped caleareouns particles rarely become
S-shaped, ‘‘a condition whiech is normal in C. contorta,”” ete. No ordinary
chainge of form would in itself make the calcareons particles of rigida (Plate
VII, fig. 27) and intermedia like the sigmoid bodies of Teniogyrus (Plate VII,
figs. 9-11) ; these latter are an entirely distinet sort of ealcareous deposit.

CHIRIDOTA PISANII.

Chirodota pisanvi Ludwig, 1886, p. 29. C(aleareous particles, pl. n, fig. 14.
Chirodota purpurea Théel,.1886a, pp. 15 and 35. (‘aleareous particles, pl. 11, fig. 1.
Chirodota purpurea Lampert, 1889b, p. 851.
Chirodota pisanii Lampert, 1889b, p. 851.
Chiridota pisanii Tudwig, 1892b.
LeNeTH.—30-130 mm.
Covor.—Red of some shade, varying from dark pmple-red to rosy-white;
the color becomes either intensified or bleached in aleohol; the longitndinal
museles sometimes show through as white stripes.
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DistriBurion.—Reported from Calbuco, Porto Lagunas (Chonos Archipel-
ago); Pmuta Arenas and Susanna Cove (Magellan Strait), Chile (Ludwig);
Port Bridge, Tierra del Fuego (Ludwig); Orvange Bay and Punta Arenas,
Chile (R. Perrier); and Falkland Islands (Théel). Apparently ranges on both
coasts of Sounth America and among the neighboring islands to ahout 42° S.
lat.

REMARKS.

This species is of particnlar interest because, although quite dif-
ferent from its southern allies, it is strikingly similar to the widely distribnted
northern species, levis. Curiously enoungh, Ludwig does not in any of his
several papers (’86D, ’98b, and ’98¢) make any reference to this similarity, and
yet it is quite noticeable. Indeed, it is hard to draw any sharp line between the
two species, although pisanii is apparently redder, with fewer and larger wheel-
papille and polian vessels, and oftentimes has minute oval calecareous grains
in the longitudinal museles. The southern species oceurs in sand or mud along
shore or out to a depth of about 100 m.

CHIRIDOTA LAEVIS.

Holothuria levis Fabricius, 1780, p. 353.

I olothuria pellucida Vahl in O. F. Miiller, 1806, p. 17.
Chiridota lewvis Grube, 1851, p. 41.

Trochinus pallidus Ayres, 1852¢, p. 243.

Chirodota tigillum Selenka, 1867, p. 366.

Chirodola typica Selenka, 1867, p. 366.

Chirodota levis Duncan and Sladen, 1881, p. 12; pl. 1, figs. 14-19.
Chirodota lwve lockington, 1885, p. 180.

COhirodota abyssicola von Marenzeller, 1893, p. 19; pl. 1, fig. 5.

Leneri.—Up to 200 mm., but usually 50-100. :

Coror.—Usnally pinkish, sometimes bright pink, sometimes pinkish brown,
sometimes nearly transparent and colorless, rarely grayish or yellowish.

Distrisurion.—Reported from numerous stations on the east coast of
America from 42° N. lat. northward; from Greenland, from Spitzbergen, and
from the northern coasts of IFurope above 66° N. lat. Concerning its oc-
currence in the Pacific Ocean, see antea, p. 28. The bathymetrical range in
the North Atlantic is commonly from low water to about 100 m., but von
Marenzeller’s abyssicola was taken in 2,870 m., north of the Azores, and speci-
mens from the Pacific were taken in over 3,000 m.

Remarks.—The large series of specimens of a Chiridota, apparently this
species, disenssed on p. 28, shows that levis has either not yet been clearly and
accurately defined, or else has a remarkable geographical and bathymetrical
range. It is entirely distinet from the following species, but in the present state
of our knowledge it is surprisingly hard to draw a sharp line between them.
No constant character by which to distinguish the deep-water forms has yet
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been pointed out, so that the interesting‘‘species’’ abyssicola must be regarded
as identieal with levis. Sandy, more rarely muddy, bottoms are the favorite
resorts of levis, but it also occurs sometimes among stones and seaweeds.

CHIRIDOTA DISCOLOR.

Chiridota discolor Esehscholtz, 1829, p. 12; pl. x, fig. 2.
Liosoma sttchense Brandt, 1835, p. 58.

Lexera.—Up to 300 mm., with a diameter of 10-15.

Coror.—Whitish, yellowish, grayish, reddish, or brownish, the shade de-
pending on the abundance or searcity of red pigment seattered in the skin and
the degree of contraction of the body.

DistrisuTion.—Reported from Sitka, Alaska (Eschscholtz), and “Okhotsk
Sea (Grube). For other localities, see antea, p. 27. Apparently common on the
northwest coast of America and the northeast coast of Asia.

Remarks.—There is no dounbt that this is a valid speecies, but its speecifie
and geographical limits have yet to be ascertained. 1t lives under stones, in
loose sand along shore, but also appears to range outward into water 1,000 m.
or even more in depth.

POLYCHEIRA, gen. nov.

(mwoAdxepos, many handed; in reference to the numerous palmate tentacles.)

Tentacles 18, exceptionally 17 or 19. Digits 9-16 on each side, the terminal
pair the longest. Polian vessels numerous, 6-19. Gustatory organs do not
_oceur. C(iliated funnels collected into stalked -clusters. Calcareous deposits
similar to those in Chiridota.

This is a monotypic genus including only the wide-ranging and somewhat
variable species to which the following names have been given:

POLYCHEIRA RUFESCENS.

\ Prare VII, Fies. 14-18.

Chirodota rufescens Brandt, 1835, p. 59.

Chirodota panensis Semper, 1868, p. 19. Calcareous particles, pl. v, figs. 1 and 21.

Chirodota vitiensis Semper, 1868, p. 19. Calcareous particles, pl. v, figs. 8 and 20.

Chirodota variabilis Serper, 1868, p. 20. Calcareous particles, pl. v, figs. 6, 7, 9-
11, 19.

Chirodota dubia Semper, 1868, p. 1. Calcareous particles, pl. v, fig. 4.

Chirodota incongrua Semper, 1868, p. 22. Calcareous particles, pl. v, fig. 5.

Chirodota refuscens Théel, 1886a, p. 36.

Chiridota dubia, tncongrua, panwmnsis, rufescens, vitiensis Tudwig, 1892b.

LENeTH.—60-100 mm.
Coror.—Variable, ranging from very dark violet through clear reddish to
almost colorless.



THE APODOUS HOLOTHURIANS 121

DisrrisurioN.—Reported from Bonin Tslands (Brandt); Bay of Manila,
Panaon bei Surigao, and north Imzon (Semper); Singapore (Théel); Hong-
kong (Lampert, Tudwig); Sunda Straits, not Bay of Batavia (Sluiter); Timor
(Ludwig) ; Amboina (Ludwig, Sluiter); Japan (Imdwig); Ternate (von Maren-
zeller) ; Ceylon (Bell, Walter); Fiji Islands (Semper); Cape York, Australia
(Semper) ; Loyalty Islands and Blanche Bay, New Britain (Bedford); Tum-
batu (Lampert); Roepang (Lampert), and numerous places in the D. K. L.
(Sluiter). Apparently distributed throughout the Indo-Pacific region, exeept
perhaps in the northiwestern part.

ReMarks.—The collection and examination of such a large amount of
material as i1s indicated by the above list of localities where this species oceurs
leaves little room for dounbt that all of the Indo-Pacific Chiridotas with 16-19
tentacles must be referred to this one species. Semper (’68) himself was
skeptical about dubia and incongrua, while the nnmerous specimens reported in
the past twenty years show clearly that panensis and vitiensis are not constantly
distingnishable. The last-named species is usnally aseribed to Griffe, because
Semper (’68) attributes it to him; but Dr. Griffe never published a word
about it, and Semper himself is really responsible for its deseription. Semper
says that panensis occurs among large stones near low-water mark, but noth-
_ ing else is recorded of either habitat or habits.

TZANIOGYRUS Semper, 1868.

Sigmodota Studer, 1876.

Tentacles peltato-digitate, 10 or 12. Digits 5-7 on each side, the terminal
pair longest. Polian vessel single, or there may be several. No gustatory
organs. Ciliated funnels not in stalked elusters. Calecareous particles consist
of wheels eollected in papille and large sigmoid bodies about 200 p long scat-
tered in the skin; no miliary granules in either skin or longitudinal musecles.

This scems to be a well-characterized genus intermediate between Chiridota
and Troehodota. The two species it contains are apparently quite distinet from
each other. They are confined to the southern hemisphere, but a specimen of
Teniogyrus is recorded from the Hawaiian Islands by Fisher (:07) which is
probably an undesecribed species nearly allied to contortus.

Key 10 THE SPECIES OF T ANIOGYRUS.

Tentacles 10; polian vessel single; sigmoid bodies in papille, at least dorsally...AUSTRALIANUS
Tentacles 12 ; polian vessels 6 or 7; sigmoid bodies not in papille................ CONTORTUS
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TAENIOGYRUS AUSTRALIANTUS.

Chirodota australiona Stimpson, 1856, p. 386.
Twntogyrus austratianus Semper, 1868, p. 23.
Stgmodota austrationa Ostergren, 18980,
LexerH.—30-50 mm.
Coror.—Yellowish
DistrisuTion.—Port Jackson, New South Wales (Stimpson).
Remarxs—This very interesting species, rediscovered in the collection of
the National Musemn, is well worthy of the generie distinetion, which Semper
accords it. Like Leptosynapta dolabrifera, it is known only from Port Jack-
son, where Stimpson (’56) says it oceurs under stones near low-water mark.
The wheel-papille are conspicuous, but ocenr only in the dorsal interambnlacra
and are most abundant anteriorly. The sigmoid bodies are also in papille
which are very abuudant all over the body, but ave largest and most noticeable
dorsally. HKach papilla contains six or eight sigmoid bodies. The calearcons
ring is very narrow, much as Dendy (’97) figures it for T'rochodota dunedinen-
sis. The genital glands are distinetly branehed. Kach of the five specimens
at hand has only ten tentacles.

TAENIOGYRUS CONTORTUS,
Prare VI, Fies. 8-13.

Chirodota contorta ludwig, 1874, p. 80. Calcareous particles, pl. vi, fig. 6.
Stgmodota purpurea Studer, 1876, p. 454 (non Lesson).

Chirodota purpurea Bell, 1881, p. 101.

Chirodota studerit Théel, 18864, p. 33.

Chiridota contorta Ludwig, 1892b; 1898b, p. 73 pl. 11, figs. 37-42.
Sigmodota contorta Ostergren, 1898D.

LeneTH.—20-45 mm.

CoLor.—Very variable, ranging in life from orange through various shades
of red and purple to brownish violet; tentacles lighter, white to orange-red;
aleoholic material varies from yellowish white or gray to brownish red or
violet.

DistriBuTiON.—Reported from Port Gallant, Punta Arenas, the Elizabeth
Islands, and stations in Strait of Magellan (Théel, Bell, Lndwig); Canal de
Washington (R. Perrier); eastern coast of Patagonia (Lampert, Lndwig);
Navarin Island, south of Tierra del Fuego (Ludwig); betwecen Patagonia and
Falkland Islands (Théel); South Georgia (Lampert); Marion Island (Thdéel);
Kerguelen Island (Studer, Théel); near Madura Island, D. E. 1., 82 m. (Slni-
ter). Apparently ranging from Kerguelen to the Strait of Magellan, aeross the
southern Indian and Atlantic Oceans,

Remargs.—This interesting species has had a peenliar history, whieh is
admirably told by Ludwig (’980), who also gives a very readable account of
the morphology and development. It is found in sand and mud near low-water
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mark, or more commonly at depths of 10-220 m. It is especially remarkable
for its breeding habits. The eggs undergo their development in the genital
tubes of the mother, and consequently the species is not only viviparous but
is unique among holothurians in the possession of nteri. One caunot avoid the
feeling that a careful comparison of good material from Kerguelen and its
vicinity with material from the Strait of Magellan and the Falkland Islands
will show that there are two distinet species in these widely separated dis-
tricts. The specimens reported from the Kast Indies by Sluiter (:01) prob-
ably represent a third species, while that from Hawaii (Fisher, :07) 1s very
likely a fourth; but of course it is not impossible that contortus does occur
throughout the southern hemisphere, and even extends its range northward into
the Kast Indies and among the Pacific islands.

TROCHODOTA Ludwig, 18 _2.

Tentacles 10. Digits 2-6 on each side. Polian vessel single. Stone-canal
single. Calcareous ring of 10 slender pieces, the radial not pierced for pas-
sage of nerves. Gustatory organs sometimes (always?) present on tentacles.
Caleareons deposits consist of sigmoid bodies (Plates VII, figs. 2 and 6) (90—
160 » in length) either scattered irregularly through the skin or arranged in
eireles or in little groups; with these are associated wheels, like those of
Chiridota, but scattered through the skin and never collected in wheel-papille.

This is a very natural and well-defined group, first set off by Ludwig
(’92b) under the name Trochodota. Its geographical distribution is remark-
able, for while one of the species oceurs only at New Zealand, a second is found
only about the southern end of the American continent and the third is con-
fined to the Bay of Naples. The last is, however, such a small species and so
difficult to find that its range may really be very much greater than is sup-
posed.

KEY To THE SPECIES OF TRrOCIIODOTA.
A.—Wheels about 150-180 u in diameter; sigmoid bodies normally with one end rolled in-
ward, the other eurved outward in a different plane, and neither end enlarged (plate
vil, fig. 6).
Wheels scattered all over the body; genital tube unbraneched...........PURPUREA
Wheels confined to 3 dorsal interradii; genital tubes somewhat branched.
DUNEDINENSIS

AA.~—~Wheels about 80 u in diameter; sigmoid bodies not as above, often thickened at one
end (plate VI fig. 3) ..o vrrt i VENUSTA

TROCHODOTA PURPUREA.

ITolothuria (Fistularia) purpurea Lesson, 1830, p. 155; pl. 53, fig. 1.
Chirodota purpurea Jéger, 1833.

Chirtdota purpureca Brandt, 1835.

Sigmodota purpurea Studer, 1876, p. 454 (partim).

Chirodota australiana Théel, 1886a, p. 16.
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Chirodota studeri Lampert, 18895, p. 849. Calcareous particles, pl. xx1v, fig. 12.
Trochodota studeri Tudwig, 1892b.
Sigmodota studeri Ostergren, 1898b.
Trochodota purpurea Tudwig, 1898b, p. 83. Calcareous particles, pl. 111, figs. 43-45.
Lexnera.—Up to 40 mm.
Coror.—Variable; yellowish, reddish, or hrownish, more or less dusky or
with red spots; Lesson gives the color in life as carmine-red to purple-red.
DistrisuTion.—Reported from Falkland Islands (Lesson, Ludwig); Strait
of Magellan (Lampert, Ludwig, R. Perrier); Lennox Island and Picton Island,
south of Tierra del Fuego (Ludwig). Apparently oceurs only around the
Falkland Islands and the extreme southern parts of the American” continent.
Remarks.—This species has been the source of much confusion, but Lud-
wig (’98D) seems to have straightened out the synonymy with great accuracy.
It occurs commonly among the so-called ‘‘roots’’ of Laminaria and other alga,
but may perhaps also live in sand or mud, at depths of less than 20 m. The
sigmoid bodies are scattered all over the body and lie at right angles to the
longitudinal axis.

TROCHODOTA DUNEDINENSIS.

Chirodola dunedinensis Parker, 1881, p. 418.

Chiridota dunedinensis Ludwig, 1892b.

Chirodota dunedinensis Dendy, 1897, p. 26. Calcareous particles, pl. 111, figs. 1-8.
Trochodota dunedinensts TLndwig, 1898b.

Sigmodota dunedinensis Ostergren, 1898b.

Lexera.—Up to 50 mm.

Coror.—Pale yellowish; in life, with minute red spots.

Distrisution.—Reported only from Otago Harbor, New Zealand (Parker,
Dendy, Ludwig).

Remarks.—Parker speaks of dark spots on the inner side of the tentacles,
which are not affected by aleohol, but neither Dendy nor Ludwig refer to
them, and we can only surmise as to whether they are gustatory organs, such
as Semon (’87) says occur in venusta. The habitat of this species appears to
be like that of the preceding, among seaweeds, in shallow water. It appears
to be rare, for the specimens examined by both Dendy and Ludwig were from
the original lot collected by Parker, and so far as I can learn, no others have
been collected. There can no longer be any question as to the complete dis-
tinctness of this species from Teniogyrus australianus. Dendy and Ludwig
have each intimated that the two species were probably identical, and I have
for several years considered them so, but the material of australianus in the
National Museum has shown the error of such a belief.
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TrocHODOTA VENUSTA.
Prate VII, F.IGS. 1-4. )
Chirodota venusta Semon, 1887, p. 276; pl. 9, figs. 1-2; pl. 10, figs. 8, 14, 15.
T'rochodota venusta Ludwig, 18925.
Sigmodota venusta Ostergren, 1898b.
Lexera.—Up to 27 mm.
Coror.—Nearly transparent, with a reddish tinge, due to very minute pig-
ment-eells in the skin.
Disrrisurion.—Reported only from the Bay of Naples (Semon).
Remargs.—This eurious little speeies ocenrs among the roots of eel-grass
and is apparently quite rare. Nothing is known of it beyond Semon’s original

account. Ie speaks of sensory-organs on the tentacles, but gives no details in
regard to them. .

SCOLIODOTA, gen. nov.

(axodids, crooked, + 8otds, granted, given; in reference to the erooked sigmoid bodies and to
agree in termination with Chiridota.)

Tentacles 10. Digits 10 or more. Wheels wanting; caleareous partieles
sigmoid bodies only, eomnionly arranged in groups.

This is a monotypie genus, apparently quite closely related to Tweniogyrus,
confined to the Kast Indian region, but ranging from Japan to Australia.

SCOLIODOTA JAPONICA,
Prate VII, Fia. 5.
Chirodota japonica von Marenzeller, 1881, p. 123.
Chirodota japonica Théel, 1886a, p. 17. Sigmoid bodies, pl. 11, fig. 3.
Anapta japonica Ludwig, 18925.
Stgmodota japonica Ostergren, 1898b.

Lexara.—More than 40 mm. (v. Marenzeller) and up to 170 mm. (Théel).

Coror.—In life, blood-red (v. Marenzeller); in aleohol, whitish gray or pale
brownish violet, with numerous small dark red or violet papille (Théel).

Disrrisumion.—Reported only from Eno-sima, Japan (v. Marenzeller) and-
Port Jackson, Australia (Théel).

Remarxs.—Théel says that his specimens were highly incoriplete, and it
is not impossible that they represent a species quite distinet from the Japanese
one, although, so far as T can see from the specimens in the National Muscum,
they agree perfectly with v. Marenzeller’s description. It is not at all likely
that wheels are normally present in this speeies, but much more extensive ma-
tertal is neeessary before the matter can be eonsidered settled beyond .question.

TOXODORA Verrill, 1882.
Tentaeles 12. Digits numerous, 10-16. Wheels wanting; caleareous par-
tieles eonsist exelusively of ‘‘minnte, slender plates in the shape of a bow or
parenthesis with the ends incurved.”’
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This is another monotypie genus. Its relationship with Chiridota is per-
fectly obvious, but wheels appear to bz consistently wanting. The caleareous
particles are very small, only about 60p in length, and closely resemble the
C-shaped rods of Chiridota rotifera.

"ToXODORA FERRUGINEA.

Toxodora ferruginea Verrill, 1882, p. 220.
Chirodota ferruginea Théel, 1886a.
Anapta ferruginea Tudwig, 18926,
Sigmodota ferruginea Ostergren, 1898b.

LeENcTH.—30 mm. or more, with a diameter of 5-10 mm.

CoLor.—Reddish brown, from the minunte pigment-cells with which the skin
1s thickly filled.

DistriButron.—Reported only from several stations sonth of Nantneket and
Marthas Vineyard, in 140-280 m. (Verrill).

Remargs.—Thanks to the kindness of Professor Verrill and Miss Rathbun,
1 have had the opportmnity of examining specimens of this interesting species. T
find that the calearcons deposits are very much like the C-shaped particles
of some species of Chiridota. But there is no indication that wheels are, or ever
have been, present, and the speecies therefore cannot be placed in that genns.

ACHIRIDOTA, gen. nov.
(@ privative + chiridota; i. e., not chiridota.)

Tentacles peltato-digitate, 12. Digits small and rather numerons (6-8 pairs).

Deposits entirely wanting. Polian vessel single, large. Calearcouns ring well-
developed.

This genus seems to be required for the following unique species, whieh
hears the same relation to Chiridota that Anapta does to Leptosynapta and that
Daetylapta does to Protankyra.

ACHIRIDOTA INERMIS,

Anapta inermis Fisher, 1907, p. 780; pl. nxxnr, fig. 2, and pl. Txxx1r, fig. 1.

LeNxera.—Abont 100 mm.; greatest diameter, 14-20 mm.

Coror.—Bleached grayish, profusely covered with small reddish-brown or
vellowish-brown spots, most abundant anteriorly.

Distrisution.—Hawaiian Islands, 466-772 m. (Fisher).

Remarks.—This singular species, of whieh Fisher had eleven specimens
from seven stations, is very mmeh like Chiridota in general appearance, but
the single polian vessel and the entire absence of deposits separate it distinetly
from that genus.
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MYRIOTROCHIN A% Ostergren, 1898p.

Tentacles digitate, mmeh as in Chiridota, but weaker, with 2-8 digits on
each side.” Cartilaginons ring, light-detecting and gunstatory organs, and true
ciliated fnnnels wanting. Polian vessel and stone-canal single. Caleareons de-
posits in the form of wheels, always with more than six spokes and never col-
lected in wheel-papillze. Other calcareous deposits very rare. Sexes separate.
Size small. Distribution, aretic and subaretie, rarely north temperate.

This well-charaeterized little group has been made known to science almost
exclusively throngh the efforts of the Seandinavian zodlogists—Danielssen,
Koren, M. Sars, Théel, and Ostergren—and to the last two in particular are we
greatly indebted for careful and accurate work. All of the Myriotrochinz are
so small that they would be easily overlooked by careless workers, and as they
occur in mmnd and sand, often at considerable depths, it is not strange that,
with the exception of the largest and ecommonest species, very few specimens
have been found. The group has for many years been supposed to consist of
three monotypie genera, but the admirable work of Ostergren has shown ns that
one of these genera contains at least four species. None of the terms used in
the keys or descriptions require any explanation.

KeY 10 THE GENERA OF MYRIOTROCHIN E.

A.—Wheels of only one kind, with 10-25 spokes.
Rim of the wheels with numerous large teeth projecting horizontally inward (plate

Wy, s 1 16, 185 220 0 00 000aca00d0 006000 anlojo 0000000000000« MYRIOTROCIIUS
Rim of the wheel with scattered, somewhat pointed knobs, not projecting horizontally
inward (plate viar, fig. 13) . ... ... o ool TROCHODERM A

AA.—Wheels of two-kinds, with 8-11 spokes (plate viir, figs. 4 and 5)...... ACANTHOTROCHUS

MYRIOTROCHUS Steenstrup, 1851.
Oligotrochus M. Sars, 1866.

Tentacles 10 or 12. Caleareous deposits consist of wheels with 10-25
spokes, and with numerous large, flat, sharp teeth projecting horizontally in-
ward from the rim; these wheels vary greatly in size and in abundance, but
all have the same general appearance. No other ecaleareous deposits in the
skin and rarely iu the tentaeles.

Our knowledge of this genus has been revolutionized by Ostergren’s re-
cent papers (:03, :05a, and :05b). Althoungl two of the speeies have 10 tenta-
eles and two have 12, it does not seem to be possible to divide the genns into
two mnatural groups, either by that or any other charaecter.

Kry 10 TIIE SPECIES OF MYRIOTROCIIUS.

A.—Tentacles 12. Size moderate, 30 mm. or more.

Wheels numerous all over the dorsal surface, infrequent or wanting venirally, 140-
330 u in diameter, with 12-25 (average about 17) spokes and 16-35 (average abont
26) teeth (plate vir, fig. @R) ... ..o ottt RINKII

'Figures 16 and 21, plate vir, give very erroneous representations of the tentacles of Myriotrochus.
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Wheels few, usually less than 30, confined to anterior and posterior parts of dorsal
surface, 55-95 p in diameter, with 11-16 spokes and 17-26 teeth (plate vir, fig. 17).
VITREUS
AA.—Tentacles 10. Size very sinall, less than 20 mm.
Calcareous rods present in tentacles; wheels of two sizes, with few intermediates,

55-80 n and 100-150 p, with 13-16 spokes and 18-26 teeth............. MINUTUS
No caleareous rods in tentacles; wheels 130-225 p, with 12-15 spokes and 24-30 teeth.
THEELI

MYRIOTROCHUS RINKII.
Prate VIII, Fias. 21-22.

Myriotrochus rinkit Stcenstrup, 1851, p. 55; pl. 111, figs. 7-10.
Chiridota brevis Huxley, 1852, p. coxI.
Myrviotrochus rinkii Théel, 1877, p. 2; pl. 1.
Leneta.—40-65 mm., the diameter one-fonrth or one-fifth as much.
Covor.—In life, ‘‘half-transparent” and ‘‘red’’ like ‘‘Synapta inherens”
(Ostergren); aleoholic material is whitish, yellowish, or greenish.
DistriBurioN.—Reported from numerons stations between Bering Sea on
the west to about 71° E. long., north to at least 82° N. lat., and sounth (on the
cast coast of North America) to at least 45° N. lat,, but on the Scaudinavian
coast not south of 70° N. lat.; also reported by Théel (’86a) from the north-
ern coast of Asia, so that there is good reason to believe the species is really
circnmpolar. The bathymetric range is from 2 to 666 meters.
Remarxs.—Althongh this species has such an extensive range, it exhibits
comparatively little variation. Ostergren (:03), in his interesting account of
this species, points out that in the most northerly specimens the number of
spokes is 70-80 per cent of the teeth, while in southern examples it is only
54-60 per cent. (See autea, p. 30.) In high arctic regions this species is
sometimes found in water only 2 or 3 m. deep; usually, however, from 5-100
m., and in the southern part of its range it oceurs chiefly at depths of fromn 60
to more than 300 m. Nothing is recorded of its habits except Ostergren’s state-
ment that it shows ‘‘only a little tendency to antotomy.”’

MYRIOTROCHUS VITREUS.

Prare VIII, Figs. 15-20.

Oligotrochus vitreus M. Sars, 1866, p. 200.
Myriotrochus vinkii Auct., 1877-1898, partim.
Myriotrochus vitreus Ostergren, 1898b, 1903.
LEeveri—Up to 60 mm.
Covor.—Perfectly transparent in life, with sometimes a greenish or (near
ends of body) reddish tinge; alcoholic specimens are less transparent.
Disrrisurton.—Reported only from coast of Norway, from Skiiger Rack to
Skraawem, in depths of 100-700 m. (Ostergren).



THE APODOUS HOLOTHURIANS 129

Remarks.—Ostergren (:03) appears to have clearly established the right of
this species to recognition. In addition to the differences between it and the
preceding speeies already mentioned, Ostergren emphasizes the form of the
longitudinal museles, which are broad, flat, and thin.in vitreus, even anteriorly,
instead of narrow and much compressed anteriorly, as in rinkii; and the
tendency of vitreus to autotomy.

MYRIOTROCHUS MINUTUS.

Myriotrochus minutus Ostergren, 1905b, p. cxcrv, fig. T A.

LexerH.—6-10 mm.

Coror.—Practically wanting; body-wall thin and nearly transparent.

DistriBurion.—Reported only from the coast of Korea, at a depth of 60-65
m. (Ostergren).

Remarks.—This little synaptid is of special interest because of its having
numerous supporting rods in the tentacles, in which it is unique in the sub-
family; and its having the alimentary canal connected with the body-wall in
a manner somewhat different from that of any other holothurian. Its geograph-
ical position is also unique, no other member of the subfamily occurring any-
where nearly so far south.

/
MYRIOTROCHUS THEELL.

Myriotrochus théeli Ostergren, 1905a, p. CLIX.

LeveTH.—12-15 mm.

Cor.or.—Whité, half transparent.

Ihsrrisurion.—Reported only from northwest of Jan Mayen, 72° 42" N. and
14° 49 W., at a depth of about 2,000 m. (Ostergren).

Remarks.—This interesting species is notable for the great depth at which
it is found, showing that, like Acanthotrochus, it is a true deep-sea form. Only
five specimens have been taken.

TROCHODERMA Theel, 1877.

Tentacles 10. Calcareous deposits consist exclusively of wheels with 10-16
spokes; the rim with seattered somewhat pointed knobs, but without teeth pro-
jecting horizontally inward. These wheels lie in the skin in so many layers as
to make the body-wall quite firm.

This monotypic genus is easily recognized by the form of the wheels, which
are quite different from those of any other synaptid.
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TROCHODERMA ELEGANS.
Prate VITI, Fies. 7-14.
Trochoderma elegans Théel, 1877, p. 11; pl. 1L
LexaTH.—10-15 mm.
Coror.—Silvery white. )
Distrisurion.—Reported from Nova Zembla and Sea of Kara (Théel et al.).
Remarks.—The geographical distribution of this species is somewhat doubt-
ful, owing to the unfortunate error of Stuxberg (see Ostergren :03, p. 16, foot-
note) in confnsing Myriotrochus rinkii with it. It lives in comparatively shal-
low water, 9-220 m.

ACANTHOTHOCHUS Danielssen and Koren, 1879.

Tentacles 12. Calcareous deposits consist exclusively of wheels, but these
are of two perfectly distinet kinds; of these the smaller usnally have 11 spokes
and 22 or more large inwardly directed teeth, as in Myriotrochus, while the
larger usnally have 8-10 spokes, and alternating with them 8 outwardly pro-
jecting spines.

This remarkable monotypic genus is still known only from the original
specimens of its deseribers.

ACANTHOTROCHUS MIRABILIS,
Prare VIII, Figs. 1-6.
Acanthotrochus mirabilis Danielssen and Koren, 1879, p. 115; also 1882, p. 35, pl. v1.
LexeTH.—10-12 mm.
CorLor.—Wanting; skin nearly transparent, ‘‘with glittering points.”’
Distrisution.—Reported only from between Spitzbergen and Norway, in
1,203-2,030 m. (Panielssen and Koren).
Remarks.—Nothing further is known of this interesting speeies beyond the
descriptions and figures of Danielssen and Koren.

CONCLUDING REMARKS ON THE SYNAPTIDA.

INTERRELATIONSHIPS.

Having thus characterized the 21 genera and 88 species of Synaptidae kuown
to science at the present day, it may be of interest to attempt to show in graphic
form the relationship which they seem to have to each other. There is every
reason to believe that the anecestor of the gronp was a small 10-tentaeled
apodous holothurian, and there is some reason for believing that the earliest
well-formed ealeareous particles were wheel-shaped, for such particles are the
first to appear in the auricularia of Labidoplax (see Semon, ’88). In the face
of such knowledge of eehinoderm embryology as we have, we can hardly believe
that such a eondition as occurs in Rhabdomolgus, the entire absence of calca-
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reous particles, is to be regarded as ancestral. Whether the tentacles of the
earliest synaptids were digitate or pinnate cannot be positively determined;
the earliest tentacles of the Synaptide with pinnate tentacles (see Clark, *98a)
are simple and then pinnate, and of the Chiridotine (see Ludwig, '98b) are
digitate almost from the start; in Labidoplax, however (see Semon, ’'88), the
tentacles are simple before becoming digitate. On the whole, it seems probable
that=the ecarliest synaptids had 10 simple tentacles and a few more or less
wheel-shaped deposits. From this form have diverged two quite distinet
branches, one losing the wheels and developing anchors, the other developing
various forms of wheels. The interrelationships of the genera might then be
represented as follows:
Polyplectane
Synapta

Euapta

Synaptula Protankyra

Polycheira
Chiridota
Toxodora

Achiridota

Lebidoplax

Leptoaynapta

Taeniogyrus
Trochodota,
Dactylapta ’

Scoliodota

Anapta

Myriotrochus

Troohoderma

Rhabdomolgus

10-tentacled
Ancestral Form

It will appear then that Rhabdomolgus is the nearest living representative
of the ancestral stock, though not necessarily close to it, while Polyplectana,
Protankyra, Polycheira, and Acanthotrochus are the most highly. specialized
forms of their respective branches.

(GEOGRAPHICAL DISTRIBUTION.

In considering the distribution of the foregoing genera and species we may
well consider simply the littoral regions proposed by Ortmann (Grundziige der
Marinen Thiergeographie, 1869), so few of the Synaptide are truly abyssal
forms and these almost exclusively of the genus Protankyra. We are at once
struck by the fact that the Indo-Pacific region is easily the most important
geographical area for synaptids, no less than fifteen genera having representa-
tives there, and ten of these (six monotypie, however) may be considered
as distinctly Indo-Pacific genera. The Atlantic Boreal subregion has repre-
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sentatives of seven gemera, of which four (two monotypic) are really charac-
teristic. The Arectic region is characterized by the three genera (two mono-
typic) of Myriotrochin®, and three other genera are represented there. The
Antaretic region has two characteristic genera, while four other genera occur
there. No synaptids are known from the West American region or the Guinea
subregion, and there are no characteristic genera in the East American region
nor in either the Mediterranean or Pacific Boreal smbregions. One gennus,
Chiridota, cannot be considered characteristic of any single region; of all synap-
tid genera it is the most truly cosmopolitan. As regards the abyssal region (over
1,000 m.), Protankyra, Chiridota, Myriotrochus, and Acanthotrochus are repre-
sented there, but the two latter are characteristically Arctic forms and only ex-
tend a little way into the Boreal subregions, so that we are justified in saying
that the only truly abyssal Synaptids known are a few species of Protankyra and
Chiridota. The following table will show these facts of distribution in a conven-
ient way. The * indicates that the genus is characteristic of the region, ** that it
is not found elsewhere, and the figures in parentheses indicate the number of
species occurring in that region.

Indo-Pacific Littoral Region: Atlantic Boreal Subregion (continued) :
Euapta (1). *#* Toxodora (1).

** Opheodesoma (4). Protankyra (1).

** Polyplectana (1). Chiridota (1).

** Synapta (1). Myriotrochus (2).

* Synaptula (7). Arctic Curcumpolar Subregion:

* Protankyra (17). * Myriotrochus ().

* Anapta (2). ** Trochoderma (1).
,* Dactylapta (1). ** Acanthotrochus (1).

** Polycheira (1). Leptosynapta (1).

** Achiridota (1). Labidoplax (1).

** Scoliodota (1). Chiridota (R).
Chiridota (6). Pacific Boreal Subregion:
Leptosynapta (1). Leptosynapta (1).
Labidoplax (1). Chiridota (1).
Teniogyrus (1). Myriotrochus (1).

Antarctic Littoral Region: East American Littoral Region:
* Teniogyrus (2). Euapta (1).
* Trochodota (2). Synaptula (1).
Leptosynapta (1). Leptosynapta (3).
Anapta (1). Chiridota (1).
Chiridota (3). Mediterranean Subregion:
Scoliodota (1). Leptosynapta (2).
Atlantic Boreal Subregion: Labidoplax (2).
* Leptosynapta (7). Trochodota (1).
* Labidoplax (4). Abyssal Region:
** Rhabdomolgus (1). Protankyra (7).

Chiridota (2).


















PART IV.

THE MOLPADIID Z&.
Order ACTINOPODA Ludwig.

External appendages of the water-vascular system arise only from the well-
devoloped radial canals.

Family MOLPADIIDA, J. Miiller.

More or less elongated, rather stout holothurians, with an anterior, flat,
circular oral dise and generally tapering posteriorly into a more or less evi-
dent caudal portion; with well developed respiratory trees, but with water-vas-
cular system greatly reduced; 15 (in only one species, 10) circumoral tentacles,
simple or digitate, usually with conspicuous ampulle, are present; radial water
vessels are present, but, except for a few very rudimentary papille at their
posterior termination, they are rarely associated with any outgrowths of the
body-surface; circular muscles are interrnpted at each radins, and each radial
longitudinal muscle nsually consists of two parallel bands; no special sense-
organs are present, nor are there ciliated funnels on the mesenteries or wall of
the body cavity; calecareous deposits, commonly in the form of tables, fusiform
rods, or perforated plates, usually present; anchors sometimes ocenr, but wheels
and sigmoid bodies do not; phosphatic deposits (see page 143) often present.

MorpHOLOGY.?

Form anDp size.—The body is generally of considerable diameter in propor-
tion to its length, the ratio ranging from nearly equal in some young speci-
mens to about 1:10 in some old and fully extended individuals; excluding the
caudal appendage, the length is not often more than three or four times the
diameter, although of course much depends on the amount of contraction. The
caudal appendage is commonly quite evident (see Plates IX, X, XI, XIII), but
is entirely wanting in Acaudina and is more or less indistinet in several species
of other genera. It is commonly from one-twelfth to one-third of the total
length, but may be more than one-half in Caudina and rarely so in Molpadia.
The largest member of the family is apparently Aphelodactyla molpadioides
(Plate 1IT), which is sometimes 210 mm. long and correspondingly stout; Cau-
dina arenata undoubtedly reaches a greater length, perhaps 250 mm. when fully

'In the preparation of this section I am particularly indebted to Gerould’s admirable report on

Caudina arenala (1896), which has never been surpassed as a study of holothurian morphology.
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extended, but is much more slender. The smallest species (Eupyrgus pacificus)
is only 6 or 7 mm. long, but the diameter is one-half as munch. The great ma-
jority of the species, however, approach the maximum rather than the mini-
mum extreme, and few Molpadids, when fully mature and normally extended,
are less than 50 mm. long.

CorLor—The musual ground color in this family is pale gray, which may
be unmarked and even untinted, but is usually shaded with brown, dull red or
rosy, and is often spotted or blotched with red, brown, or purple of some
shade. The ultimate color effect depends in most cases on the degree of de-
velopment of the deposits in the skin, for the oceurrence of real pigment is un-
nsual. In Acaudina, however, the color is very dark, although there are no
colored deposits, and in some species of Molpadia a purple, or less commonly
an orange or a brown, pigment is present, which more or less considerably
modifies the color. The excessive development of calecareous deposits in a thin
skin may give rise to an almost pure white surface, while a similar excessive
development of the phosphatic deposits (see p. 143) may make the surface ap-
pear deep red, purple, brown, or nearly black; in these latter cases the oral
disc and tail are almost always white by contrast. All intergradations oceur,
even in a single species, between very light color and very dark; in such cases
there is reason to believe the older the individual the darker it becomes. Xx-
cept Acaudina, species lacking phosphatic deposits are seldom dark or notice-
ably colored, but occasionally a species is met with which has a distinet color.
Such, for example, is Aphelodactyla molpadioides (Plate TII), which Semper
figures of a uniform purplish red, and its near relative 4. punctata, which is
bloteched with orange. The color is seldom different dorsally from what it is
ventrally, but occasionally the upper side is darker. It is not unnsual for the an-
terior end to be more heavily blotched and shaded than is the posterior por-
tion of the animal. The colors seem to be little affected by aleohol or other
preserving fluids, except that rosy shades are commonly lost, and the reds,
browns, and purples are deepened. The body-wall may be quite thin and
translucent, and then the longitudinal muscles show as five deeper bands; but
aleohol makes it opaque, and the longitudinal muscles may then be concealed,
though their position is usunally indicated by the furrows in the body-surface,
caused by the contraction of the transverse muscles.

Bopy-surrace.—The surface of the body in the Molpadiide is often quite
rough, on account of the caleareous deposits in the skin, but where these are
inconspicuous or lacking, the surface is commonly smooth and may be even
slimy. Verruce, such as occur in the Synaptide, and pedicels and papille
are practically nnknown. Very rarely, long, slender papille occur in the mid-
dorsal interambulacrum and hardly more common is it for rudimentary pedicels
to oceur near the ends of the body. Gland cells occur in the skin, most com-
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mouly on the anterior part of the body, and especially on the tentacles, but in
only a few cases are they abundant enongh to make the surface very slimy. The
mneus is, however, frequently abundant enongh to cause sand and mud to ad-
here, and if such individuals are placed in aleohol the muecus is hardened and
the mad and sand then persist. In a few cases the calcareous deposits are
abundant enough to make the body-wall very firln and even brittle, while in
other cases the abundance of phosphatic deposits gives considerable rigidity.
In the latter case, however, the surface is quite smooth. As a rule, the skin is
muel thinner and roungher in the young than in adults, and in some species the
voung may have a thin and very rough skin, while the fully mature specimen
is perfectly smooth and has quite a thick skin.

TextacLEs.—The number of tentacles in the Molpadiide is almost invaria-
bly 15 (Plate X, fig. 2), except in the singular genus Ceraplectana, in which
there arc ouly 10 (Plate XIII, fig. 6). Of course individnals are occasionally
met with which have 14, and much more rarely one sees a specimen with 16.
In Ceraplectana there are two tentacles in each interradius, while in all other
cases, so far as known, there are not three in each interradins, as might be sup-
posed, bnt four in the mid-dorsal interradius, three in each of the latero-dorsal
interradii, three in one of the ventral interradii, and two in the other. Whether
it is the right or left ventral interradius which has three tentacles seems to de-
pend on the individual. The tentacles are always relatively short and rather
stont. They are simple and undivided in some species (Plate XTI, fig. 22), and
are then usually soft and flexible, but may be firm and horny. Most commonly
there 1s a single short digit on each side, near the tip, so that there are ap-
parently three digits with the terminal one largest; oceasionally there are two
or cven, in very large specimens, three digits on each side, those nearest the
base being the smallest. In other cases the tentacles bear two pairs of digits
of approximately equal size, so arranged that one pair is at the tip, closely fol-
lowed by the other; there is then no terminal unpaired digit (Plate X, fig. 2).
In some cases the terminal pair is distinetly larger than the second, but more
commonly if one pair is larger it is the latter. The tentacles are of equal size,
though of course they need not always be equally extended in a living, or equally
contracted in a preserved specimen. They are hollow, containing as they do the
tentacular canals of the water-vascular system. These canals pass directly
into the digits, extending to their tips. The wall of the tentacle is made up of
a thin cutis overlying a layer of columnar epithelinm, beneath which is a thin
connective tissue layer, which does not normally contain calcareous deposits.
The cavity of the tentacle is lined with an epithelium, and between. it and the
connective tissue is a layer of longitudinal muscle fibers. Circular muscles are
probably not present, although they are said to occur in Molpadia. FExterior
to the muscles, on the inner side of the tentacle, is a layer of nervous tissue.
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The external epithelium is thickest on the digits, where it may be more than
twice as thick as it is on the body; it contains both nerve and gland cells. Ten-
tacle ampulle are commonly, but not always, present.

Sexnse-organs.—The only strnetures in the Molpadiide which can be called
sense-organs are the tentacles, which are undoubtedly important organs of
touch, except possibly in Ceraplectana. The immediate seat of tactile sensa-
tions is in sensory nerve cells, which are scattered all through the covering
epithelium of the body. They are considerably elongated, and the inner end
is probably directly continuous with a nerve fiber; the outer end, however, is -
not ciliated or peculiar in any way. They are most abundant in the digits, where
they are collected into groups forming very simple and primitive ‘‘sense-
buds’’ or touch-papille.

Nzrrvous systeM.—The nervous system of a Molpadid is not essentially dif-
ferent from that of any other holothurian. Tt consists of the customary ecir-
cnmoral ring, flattened antero-posteriorly so as to be from two to five times as
wide as deep, five radial longitudinal nerve trunks, 15 tentacle nerves, and 10
bucco-pharyngeal nerves. The circumoral ring is about one-fourth of a mm. in
width and one-twentieth to one-tenth in thickness, and lies beneath a connective
tissue layer immediately internal to the base of the tentacles. On its inner face
there is a deep, narrow furrow. It consists of delicate fibers interspersed with
numerous ganglion cells, which are munch more abundant than in the radial
nerves; the ring is covered on its anterior and inner sides by an evident epithe-
lial layer, the nuclei of which are small and deep-staining and apparently are
associated with a non-nervons supporting tissue, fibers of which run among the
nerve fibers but across the nerves. The radial nerves consist of two parts, a
thick outer band, crescentic in eross-section, and a thin, inner band, closely ap-
pressed to the outer, separated only by a thin layer of connective tissue. This
inner band shows a median longitudinal furrow throughout most of its length,
and anteriorly divides into two branches, which subdivide and innervate the
neighboring museles, both longitudinal and transverse, and thus disappears; pos-
teriorly it terminates in a slight enlargement. The outer band runs backward
to the termination of the radius beside the cloacal opening. The muscles, both
transverse and longitudinal, are apparenfly innervated by branches from the inner
band, while the outer band chiefly supplies the integument. Both bands send
nerves to the rudimentary pedicels at the ends of the ambulacra. The histolog-
ical structure of the bands is similar to that of the circumoral ring. The ten-
tacle nerves arise from the posterior outer portion of the cirenmoral ring and
run upward on the inner face of the tentacles, forming a wide sheet, thickest
mesially, near its base, and diminishing in width and thickness as it passes up-
ward. Its histological structure is similar to that of the radial nerves. It gives
off solid branches of fibers running directly to the touch-papille and isolated
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fibers running to single neuro-cpithelial cells. The buneco-pharyngeal nerves run
radially inward from the nerve ring to the buceal sphincter muscle and then
turn backward along the pharynx; they consist simply of nerve-fibers, among
which are interspersed ganglion cells; they innervate the oral disec and the
pharynx, both muscles and epithelia. The arrangement of the bucco-pharyngeal
nerves in the interradii corresponds remarkably to the number of tentacles;
there is in any given interradius onec less bucco-pharyngeal nerve than the num-
ber of tentacles; thus the mid-dorsal interradius has three bucco-pharyngeal
nerves, while one of the ventral interradii has only one. Each radial nerve is
accompanied on its inner side by a tube-like cavity closed at both ends, called
the hyponeural canal. A similar space exists on the outer side of the radial,
on the upper and inner sides of the circumoral, and on the inner side of the ten-
tacle nerves, and these arc known as the epineural canals. These canals are
lined, at least on the sides away from the nerves, by a very thin epithelium, and
are believed by Gerould (’96) (and Greeff, ’72, and Herouard, ’89) to be normal
structnres, though other investigators believe them to be artefacts.

Bopy-waLL.—The body-wall of the Molpadids is very variable in thickness,
according to the amount of connective tissue it contains. While frequently very
thin and translucent, it is in some species remarkably thick, and in old speci-
mens may measure several millimeters in a cross-section. It consists of five
parts, as in the Synaptide: a cutis and a layer of epithelial cells which with the
cntis make up the epidermis; a layer of connective tissue in which lie the cal-
careous bodies, pigment, etc.; a layer of transverse muscles; in the radii the
longitndinal muscles; and an inner epithelium, which lines the body-cavity.

1. Epidermis—The cutis is a thin, transparent structureless layer secreted
by the epithelial cells and exhibiting no special pecnliarities. The epithelial
cells are of the same three sorts which occur in synaptids, ordinary support-
ing cells, sensory cells, and gland cells. The former are the most abundant and
really make up the epidermis; they are vertically elongated, polygonal cells,
which taper into a point at the inner end, so that they extend into the connect-
ive tissue layer, and thus no sharp line of division between the latter and the
cpidermis appears. On the digits of the tentacles these epidermal cells are as
much as 50 p in vertical length, but on the anterior part of the body they
are only 20p, and posteriorly still less. The sensory and gland cells are
scattered irregularly in the epidermis, but are much more abundant anteriorly
and especially on the tentacles. The former are usually isolated and the inner
end tapers into a fiber connected with a ganglion cell lying in the connective-
tissue layer; the outer end may taper to a point or not. In the tentacles these
sensory cells are associated in gronps, forming the touch-papille to which refer-
ence has already been made. The gland cells are of the kind known as tubnlar
and always occur singly.
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9. The connective-tissue layer makes up the greater part of the wall, al-
though, as already stated, its thickness varies greatly. Apparently it inereases
with age. It is thinnest anteriorly, just behind the tentacles, but becomes
rapidly thicker, reaching its maximum near the middle of the body and becom-
ing thinner again posteriorly. As in the Synaptide, it is made up of fibrons
prolongations of bipolar or stellate cells, lying embedded in a homogeneons
matrix. As fibers are very abundant, however, while the cells are rather infre-
quent, it is possible that many of the fibers have no cellular connections. Super-
ficially the fibers are more or less entwined among the ealeareous bodies, and so
rnn in all directions; but in the deeper parts of the layer they run more or less
paralle] to the body surface. The wandering-cells, which stain readily with
eosin (in Molpadia), but do not take earmine, are scattered in some numbers in
the connective-tissue layer and among the epidermal cells. They consist of a
mass of highly refractive spherunles imbedded with a nueleus in a small quantity
of hyaline protoplasm. The shape, as is nsual with amaboid cells, is very varia-
ble. There ave also pigment-cells in the conective-tissue layer of some Mol-
padids, although they are more commonly wanting. They are more or less irreg-
ular cells, with numerous fine branches, and contain a coloring matter, most
commouly purple or brown, but sometimes reddish, orange, or yellowish. They
are often aggregated in certain areas, thns giving rise to spots and blotehes of
color. In most cases the pigment is not affected by pure aleohol.

The calcareous deposits of the body-wall oceur in the connective tissue and
are only wholly wanting in a few cases. They are most abundant posteriorly,
and are often present near the eloacal opening when they are not to be found
elsewhere. They are formed by special mesenchyme eells, consist of almost
pure carbonate of lime, and first appear as simple rods or X-shaped particles,
which by econtinnal growth and more or less regular dichotomous branching give
rise to the various kinds of deposits characteristic of the different genera and
species. They exhibit a very great variety of form and are accorvdingly diffi-
cult to elassify, but we may for convenienee group them under five heads:
tables, shallow closed cups, perforated plates, fusiform bodies, and anchors.
Commonly only one or two of these kinds oceur in a single individual or species,
but some speeimens of Molpadia exhibit all but the second. The tables (Plates
XI, figs. 9-11; XTI, figs. 23-25, 28, 29; XIII, figs. 15-16) exhibit the greatest
possible variety of form and are often so irregular and grotesque as to be quite
unworthy of their name. In their simplest condition they consist of a ring
(forming the dise) from which three or four vertical rods arise, more or less
connected with each other by cross-bars (forming the spire), but in some cases
the ring is itself incomplete and distorted, and there may be only a rudi-
mentary spire. More commonly the dise is a somewhat cirenlar plate with 4-12
perforations, usnally symmetrically arranged and bearing a spire made up of
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three or fonr vertieal rods move or less closely united by eross-bars. The
tables are usunally rather small, the diameter of the dise ranging from 60 to
300 p; the spire 'is usnally about equal to the diameter of the dise, but may
be muech more. In the dises of some of the largest and most perfect tables
there may be as many as 70 perforations. The shallow, closed-cups (Plate IX,
figs. 4, 5, 11, 12, 13) are the least common form of deposits, oecurring only in
certain species of Candina. They consist of a strongly coneave plate through
which are four large, symmetrically placed, equal and similar perforations. A
conspicuous cross-shaped piece is so placed in the mouth of this shallow cup
that each arm of the eross is immediately over the middle portion of each per-
foration. The margin of the cup is usually more or less octagonal, and there
are often rounded knobs present at the end of each arm of the eross and half
way between. When fully and normally developed, these bodies are the most
symmetrical and ornamental deposits occurring among the Molpadiide, but they
are often only partially developed, or they may be hypertrophied, especially in
the caudal region. The relative thickness of the eross-arms and the margin of
the cup, as compared with the diameter of the perforations, is very variable.
The perforated plates (Plates IX, figs. 3, 8; X, fig. 4; XII, figs. 2, 5-12,
14) exhibit the greatest diversity in form and appearance; they may be
nearly eircular, or more or less triangular or square, or they may have one or
more conspicuous projections (‘‘arms’’ or ‘‘handles’’), which may be perforated
like the plate itself, or not. When a single handle is present, we have what are
called “‘racquet-shaped rods,”’” and these are generally arranged in groups,
called ‘“rosettes,’’ with the large, perforated ends more or less overlying one an-
other at the center. The surface of perforated plates may be provided with stout
thorns or irregular projections, usunally sharp, but it is commonly quite smooth.
The perforations may be few and very small or more numerous and larger;
commonly there are from 10-50, but there may be 60 or 70. The size of the plates
is quite variable, but their greatest diameter is commonly from 100-400 g,
not inclnding any handle. The fusiform bodics or rods (Plate XI, figs. 6-8, 13)
in their typical form are elongated, ronnded particles, with more or less at-
tennated but blunt ends, slightly flattened and enlarged at the middle and with
three or four small perforations in the ecenter of the flattened part. They lie
at right angles to the long axis of the body and are often so abundant as to form
a more or less distinet layer; they are most likely to be present in the extreme
posterior part of the body. On the one hand they pass into the tables by the
development of a spire, the enlargement of the flattened area, and the disap-
pearance of the attenuate ends (Plate XTI, fig. 12), and intermediate partieles
in all stages of development are often found. On the other hand they may
become flattened and perforated at the ends, and thus pass by gradnal tran-
sitions into the perforated plates; such intermediate forms are very common.



142 THE APODOUS HOLOTHURIANS

The anchors (Plates X, fig. 8; XII, fig. 5) ocenr only in the genus Molpadia, in
sonie species of which they occur throughout life, while in others they are pres-
ent only in youth, and in still others they are apparently never present. They
were formerly supposed to be characteristic of a genus ‘“ Ankyroderma.”” They
differ essentially from the anchors of the Synaptide, and their presence has
no bearing whatever on the question of the relationship of that family with the
Molpadiide. Although in a few species anchors are present in connection with
a single perforated plate, in most species where they occur at all they are asso-
ciated with a rosette of racquet-shaped, perforated plates, the number of which
varies from three to eight in each rosette. The anchors lie at nearly right
angles to the plates, though they are of course capable of movement, and ordi-
narily they stand out evidently from the body-surface. The attached end is
never flattened and branched or serrate, as in the Synaptide, but is enlarged
and cirenlar in outline and perforated with several holes, the number and ar-
rangement of which is quite variable. The free end of the anchor is provided
with two (rarely three or four) arms, which are coarsely serrate with from two
to six teeth. Commonly the anchors are broken off by the rough treatment the
animal receives in a dredge or trawl, and the basal parts are then likely to be
mistaken for peculiar enps or tables.

Besides the various sorts of calcareons bodies just described, the con-
nective tissne of Molpadids often contains peculiar spheroidal, ovoidal, or
ellipsoidal bodies, 10-100pz, more or less, in diameter, of a character-
istic yellow, brown, or red color (Plate XI, fig. 14). The color varies
greatly in different individuals, but is apparently lightest in vouth and
darkest in old age. It first appears as a pale brownish-yellow shade, be-
comes more and more abundant. For many years the chemical nature of these
deposits was unknown and they have commonly been called the ‘‘colored
bodies,”” “‘red bodies,”” ‘‘wine-red bodies,’” or ‘‘colored calcareous bodies;’’ but
as there was reason to think they were not calcareous, the latter name has heen
little used. These bodies first appear as mere spherical granules, but increase
in size by the continued deposit of similar material in concentric layers, and
this concentric structnre is usually obvious. Oftentimes two, or even three, of
these granules become enclosed ultimately in a common layer, so that the
colored body seems to have been formed around two (or three) centers simul-
taneously. One of the remarkable things about these deposits is that they may
be formed through the change of calcareous particles. (See Plate XII, figs.
10-12.) Various writers (Théel, '86a; Ludwig, ’94; Koehler and Vaney, :05,
et al.) have noted the gradual coloring of a calcareous deposit and its ultimate
disappearance into small groups of ‘‘colored bodies.”” There is no doubt that
the number of ‘‘colored bodies’’ increases with the age of the individual, and
there is good reason to believe that in many cases at least such increase is ac-
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companied by a constant deerease in the caleareous bodies. (See antea, p. 19.)
In young specimens the colored bodies, even if not wholly wanting, are often so
small and few that they eannot be seen without magnification; but as the animal
grows they become more numerous, are eollected together in groups and
patches, and appear to the unaided eye as spots or blotehes of varions shades.
In still older specimens these blotches tend to merge together, and gradually
the entire hody-surface may become a uniform deep purplish red, red brown, or
even almost black. If caleareous deposits still persist, they will be found
normally outside the deeper-lying ‘‘eolored bodies.”” In 1901 Mr. W. L. Sperry,
then of Olivet College, kindly undertook for me a chemieal examination of these
colored bodies, making use of speeimens of M. odlitica, intermedia, and
musculus. Just after he had gone far cnough to prove that the chemiecal ele-
ments involved were chiefly phosphorie acid and iron, Morner’s (:02) paper
appeared with an account of his similar investigations. Mr. Sperry continned
his work far enough to confirm Morner’s analyses; so that the eomposition of
these remarkable ‘‘colored bodies’” may be eonsidered as settled. Morner gives
the resnlt of his analysis as FePO,+4 H.,0=66.2, Fe(OH),=20.2 and CaCO,=
6.4. Mr. Sperry’s analysis differed from this only in a few details, the most
interesting of which was the probable presenece of Mg. There is also reason
to believe that the amount of CaCO; is subjeet to mueh variation; probably
when caleareous particles are first transformed into the eolored bodies, CaCO,
is the most important snbstance present, and as the eolor decpens, it decreases
rapidly in amount. Apparently the caleinm as well as the CO, is exereted as
these changes take place. In view of their remarkable composition, we are justi-
fied in referring to the ‘‘colored bodies’ as ‘‘PHospHATIC DEPOsITS,”’ in distine-
tion from the ‘‘calearcons deposits’’ so characteristic of holothurians. The
presence of phosphatie deposits is limited among Echinoderms, so far as is
now known, to about 20 species of Molpadids, all but two of which belong to
the genus Molpadia. The ‘‘round’’ spieules with a ‘‘radiate’ appearance, de-
seribed and figured by Danielssen and Koren (’82) in eonneection with their ac-
ecount of Trochostoma thomsonit, have not been met with by other investigators,
and Théel (’86a) is doubtless correet in considering them as artifacts.

3. The transverse muscles lie just beneath or within the conneetive-tissue
layer, and, nnlike the arrangement in the Synaptidwe, are confined for the most
part to the interradial areas. The fibers are inserted in the connective tissue a
little to the side of each radiuns, and may be so few that when the animal is ex-
tended they do not form a continnous layer. Just behind the tentacles they are
more numerous, and are continuous aeross the radii, thus forming a circular
musele whieh serves as a sort of anterior sphineter when the tentaeles and oral
dise are retracted. In Candina and Aphelodactyla, and probably in all Mol-
padids where the connective-tissue layer is sufficiently thick, there run out into
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that layer, from the transverse muscles, irregnlarly scattered tnbules made np of
mmuscle fibers arranged in the form of a hollow cylinder. While it is not impos-
sible that these are the last vestiges of the ambulacral vessels, such a view
seems very donbtful, as the tubules are never connected with the radial water-
vessels, but always with the transverse muscle. Gerould (’96) thinks that they
serve to snpport the transverse muscles and to nnite more firmly the varions
parts of the integument. Semper (’68) mistook them for rudimentary ambula-
cral vessels, and Danielssen and Koren (’82) and Sluiter (’80) have apparently
fallen into a similar error; yet it should be added that Gerould failed to find
similar tnbules in the skin of either Molpadia antarctica or Ankyroderma jef-
freysit (M. oolitica juv. ?); both of these species, however, have a very thin
skin.

4. The radial longitudinal muscles are arranged in pairs in most of the
Molpadiide, but in Eupyrgns and Himasthlephora they form a single band, as .
in the Synaptide. (See Plates X11I, fig. 27, and X111, fig. 4.) They lie on each
side of the radial water-vessel, but anteriorly the interradial edges of each pair
of muscles enrve inward until they meet, while the adradial edges also merge
together just beneath or inside the radial vessel, and thus the two muscles form
a singie hollow tube, which loses its lumen where it is attached to the radial
plate of the calcareons ring. This single muscle band may be of considerable
length and more or less laterally compressed ; the connection between the edge at-
tached to the body-wall and the edge extending into the body-cavity may be re-
duced to a mere sheet of connective tissue (see Perrier,:04a and :05) or may even
be severed entirely. As the inner portion is connected with the calcareous ring,
we shonld have in the latter case what have been called retractor museles. But
the formation of such retractors appears to be a very uncommon, if not an al-
together exceptional, event, possibly only occurring in certain individuals, per-
haps very old ones, and the presence or absence of such retractors cannot be
considered as having any value in taxonomy. Moreover, when strongly con-
tracted the ordinary longitudinal muscles may appear as though they were
special retractors, and in such cases the presence or absence of ‘‘retractor
muscles’” becomes a matter of personal opinion of the investigator. Posteri-
orly the muscles of each radial pair become semicylindrical trunks which may
simply lie side by side or actually coalesce. They finally terminate in the con-
nective tigssne about the cloacal opening.

5. The inner epithelium is the innermost layer of the body-wall, and con-
sists of flat, polygonal cells, which are everywhere provided with cilia.

Boby-cavitry.—The body-cavity of the Molpadiide is very capacions and
shows no particular peculiarities. In those forms which have a caudal append-
age the body-cavity within that appendage is generally reduced, and is nearly
filled up by the strands of muscular and connective tissue connecting the ali-
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mentary canal and the body-wall. So far as known, the body-cavity is never in
normal communication with the outside, but it is counnected through the madre-
pore body and stone-canal with the water-vascular system, and the fluid with
which it is filled is probably not essentially different from that in the water-
vessels.

Cavrcareous rRiNg.—The caleareous ring in the Molpadiide is as a rule very
well developed and in the great majority of cases is remarkably wide, the radial
pieces (except in Eupyrgus (Plate XTI, fig. 19), Himasthlephora (Plate XIII,
fig. 2) and Gephyrothuria) being provided with conspicuous bifurcate pos-
terior prolongations (Plate XTI, fig. 3). So far as known, there are always five
radial and five interradial pieces which make up the ring, the latter being much
the smaller. The supposed execeptions in ‘‘Embolus pauper’’ and ‘‘Liosoma
arenicola’’ are obviously based on mutilated or imperfect specimens, or else on
hasty or careless examination. There is usually no appreciable asymmetry in
the ring, though occasionally the ventral half is somewhat better developed than
the dorsal. The interradial pieces are much smaller than the radial, are sym-
metrieal, slightly concave hehind, and have a single median point in front; on
each side of this point the plate is a little flattened o1 hollowed for the reception
of a tentacle ampulla or the attachment of the basal part of the fentacle canal.
The radial pieces are perfectly symmetrical only in Ceraplectana (Plate XTII,
figz. 7), where each has a single anterior median point to which the longitudinal
musele is attached; no tentacles are associated with the radial pieces in this
genus. In all the other genera the radial pieces are much broader than the
interradial and are provided with two anterior projections, which, however, are
not just alike. Onme is broader than the other and serves for the attachment of
the longitudinal muscle (Plate IX, fig.2); it is sometimes perforated for the
passage of the radial nerve (?). The lateral radial pieces of both sides are so
placed that the attachment of the muscle is on the lower or ventral projection,
while a fentacle ampulla or the base of a tentacle canal lies just dorsal to it.
The ventral radial piece has the muscle attached sometimes to the right, some-
times to the left projection, but the tentacle canal is always between the pro-
jections. No cartilaginous ring, posterior to the caleareous one, ever oceurs in
the Molpadiidz.

WarEr-vascurar systEM.—The circular eanal lies just posterior to the cal-
careous ring, with which it is often more or less united by strands of connect-
ive tissne. Its lumen is a millimeter, more or less, in diameter, while its wall is
exceedingly thin. The wall consists of an epithelial layer of ciliated cells, con-
tinuous with that elsewhere in the hody-cavity; a layer of connective tissue con-
sisting chiefly of fibers running parallel to the direction of the canal and con-
taining numerous wandering cells; a thin, structureless membrane; a layer of

muscle fibers which run around the canal (at right angles to its direction) and
10
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are thus truly ‘‘circular’ muscles, and an internal epithelium of flat, ciliated
cells. From the circular canal arise five radial and two interradial tubes; the
former become the ‘‘radial canals’’ of the body-wall and give rise to the ten-
tacle canals, while the latter are the stone-canal and polian vessel. The stone-
canal is always single and unbranched in the Molpadiida; it leaves the circular
canal in the median dorsal interradins and lies between the two layers of the
dorsal mesentery; it is an irregular, twisted tube, proportionately small, running
forward and upward, to terminate within the body-cavity in a whitish madre-
pore plate or body. This madreporite is flattened on one side and more or less
convex on the other; it contains a central cavity which is directly continuous with
the lumen of the stone-canal and opens into the body-cavity through numerous
pore-canals, which may be more or less branched. According to Danielssen
and Koren (’82), in Molpadia the madreporite is not at the end of the stone-
canal, but the latter terminates in the body-wall beyond it. The stone-canal
and madreporite consist of connective tissue covered externally with the flat, eil-
iated epithelium of the body-cavity and lined intermally with a layer of still
more conspicuously ciliated cells. In the stone-canal these latter cells are low
and cubical on the side next the mesentery, but become much higher on the op-
posite side; the cilia which they carry are about equal to the height of the cell.
According to Danielssen and Koren, the stone-canal of Molpadia contains abun-
dant caleareous deposits, but in Caudina arenata these are wholly wanting.
The madreporite, however, always consists chiefly of closely interlocked, irreg-
~ularly branching, caleareous bodies. The polian vessel, like the stone-canal, is
always single and unbranched in the Molpadiidwe; it leaves the circular canal in
the left ventral interradius. It varies considerably in size, but is always rela-
tively small. The histological structure is similar to that of the circular canal,
only the layer of cirenlar musecle fibers is much thicker. The radial canals are
largest where they leave the circular canal, and become rapidly smaller by giv-
ing off three branches, from which the tentacle canals are formed. Each radial
canal runs forward on the inner or axial side of a radial piece of the calcareous
ring, just auterior to which it gives off the tentacle canals, either one on cach
side at the same level, and then the third one further up, or all three at different
levels; then it bends backward along the inner or axial side of the hyponeural
canal and runs to the extreme posterior tip of the body, where it terminates
in ome, three, or more rudimentary ambulacral appendages. In its histological
structure the radial canal differs from the circular canal chiefly in the absence
of any circular mnscles; the external covering of a ciliated epithelinm is also
lacking after it turns backward in the body-wall, save as it is indirectly cov-
ered on its inner side by the lining of the body-cavity. On the side of the radial
vessel next to the hyponeural canal there are present some longitudinal musele
fibers between the connective tissue and the epithelium lining the radial canal,
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and a few of these may accompany the vessel nearly to the cireular canal, in
which region they would of course lie on the inner or axial side. The tentacle
canals are not pecnliar histologically (see p. 137), but are provided with valves
consisting of connective tissue and radial muscle fibers covered with epithelial
cells on both sides. These valves are sitnated with the concave side toward the
tentaele, and thus prevent the passage of fluid from the tentacle eanals. Gerould
(796, p. 47) says the valve is in the ‘‘radial canal near its junection with a ten-
tacular vessel,”’ which might mean that there is one valve or that there are
three valves in eaeh radial eanal; but in his explanation of Plate VI, fig. 77, he
says the section is through ‘‘a tentacular eanal * * * showing the valve of
the tentacle,”’” which indicates that there are 15 of these valves, as we would ex-
peet, placed one in each tentaele eanal. In most Molpadids each tentacle canal
not only runs forward with the tentacle, but extends backward on to the outside
of the ealeareous ring to which it is closely attached (see Plates X, fig. 1; XI,
fig. 3). Commonly this backward extension is prolonged considerably past the
posterior margin of the ring and hangs free in the body-cavity as a ‘“tentaele-
ampulla.”” These ampulle are not histologieally peculiar, save that the longi-
tudinal museles of the tentacles extend backward only into the outer anterior
wall. The oceurrence of well-marked ambulacral appendages is confined to the
genera Himasthlephora (Plate XTII, fig. 1) and Gephyrothuria, where each of the
two dorsal radial vessels gives rise to a very few (2-5) ambulacral canals, whieh
are provided with ampulle (Plate XIII, figs. 3, 4) and eonneet with the remark-
able lash-like papille eharacteristic of those two genera. In Gephyrothuria and
all other Molpadids the radial ecanals run backward to the eloaeal opening,
where they terminate in ‘‘anal papillee.”” These papille are often very insignifi-
eant, but may be very distinet; their walls generally contain an unusual num-
ber of ealeareous bodies, but may be wholly free from them. Their presence or
apparent absence in preserved speeimens is dependent not only on the amount
of contraction, but on individual diversity and possibly to some extent on age.
Although eommonly single, the anal papille may be aecompanied by two, or
even more, somewhat smaller lateral ambulaeral vessels, so that there is a
small group of papille at the end of each radius, and even when the anal papillae
are very small and apparently single, a pair of lateral vessels may be present be-
neath the skin, as Gerounld has shown to be the ecase in Caudina arenata. In his-
tologiecal struecture these vessels and the anal papille are similar to the pedieels
of other holothurians; the wall consists of a thin, conneetive-tissue membrane,
a layer of longitudinal muscles and a lining epithelium; the anal papille have
an outside layer of connective tissue containing blood sinuses and often ecal-
ecareous bodies and ave covered with the ordinary pody-wall epithelium. In
Himasthlephora the group of pedieel-like outgrowths are at the base of the
caudal appendage, and rudimentary pedieel-like bodies also oceur at the an-
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terior end of the body, but apparently none of these are now in connection with
the radial canals. The fluid contained in the water-vascular system is prob-
ably not essentially different from that in the body-cavity, since there is con-
stant commnnieation possible through the madreporite, but there are a much
larger number of corpuscles and wandering cells in the contents of the water-
vascular system. The corpuseles are yellowish when seen singly, but in mass
appear to be red. The lumen of the polian vessel is sometimes nearly filled
with dark-brown, apparently dead, wandering cells.

AvimenTary canan (Plate X, fig. 1).—The mouth is a circular opening in the
center of the oral dise at the anterior end of the body and is connected with the
stomach by a straight, rather short tube, which is commonly called the pharynz,
althoﬁgh it corresponds to the cesophagus of the Synaptide and is not specially
modified in any way. The stomach is simply a slight enlargement of the ali-
mentary canal and is relatively short (say one-tenth of the total length). It
opens posteriorly into the small intestine, which extends backward only a short
distance and then bends abruptly forward for a greater or less distance, finally
turning backward, ventral to the other viscera, as a large intestine, which rmns
to the posterior tip of the body. The hinder part of the large intestine is rather
abruptly enlarged where it receives the respiratory trees and forms the cloaca,
the length of which is closely associated with the development of the caudal ap-
pendage. The various sections of the canal as here given are not, as a rule,
sharply set off from each other, although, according to Gerounld, they can be
easily distinguished in living or freshly killed specimc'ns of Caudina. They all
have a very similar histological strueture, consisting of an outer epithelium
continuous with that of the body-cavity, a thin layer of connective tissue, a
muscular layer, a thick layer of connective tissue, and a lining epithelium. The
relative development of these layers differs in the different parts of the canal.
The pharynx when relaxed is somewhat larger at the mouth than where it joins
the stomach, but may be wholly closed anteriorly by the well-developed sphincter
muscle, composed of circular muscle fibers which gradnally thin out on the oral
dise. Posteriorly, the muscle layer of the pharynx contains longitudinal fibers
within the cirenlar series; the epithelial lining of the pharynx contains many
gland cells, is covered by a delicate enticle, and is thrown into longitndinal folds.
The pharynx is held in position by 10 longitudinal series of connective-tissue
strands containing muscle fibers; these unite it with the inner surface of the
caleareous ring, and are called suspensors by Gerould. TIn the wall of the
stomach the longitudinal muscle layer is very well developed, as is the circnlar
series, while the lining epithelium, consisting of high columnar and gland cells,
is covered with a delicate cnticle. '

In the small intestine the longitudinal musecle layer is practieally wanting,
while the lining epithelium is remarkable for the absence of gland cells and
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cuticle. In the large intestine the epithelial lining is much the same, as it is
also in the cloaca, but in the latter the longitudinal musele layer is functionally
replaced by about 20 isolated, irregularly arranged, small longitudinal muscles
lying outside the circular layer. The numerous strands connecting the cloaca
with the body-wall are similar in structure to the suspensors of the pharynx
already referred to. In Eupyrgus the walls of the cloaca are strengthened by
five large calcareous plates lying in the interradii (Plate XTI, figs. 18, 26), while
in Aphelodactyla the cloacal wall contains irregularly branched calcareous par-
ticles (Plate X, fig. 6). Throughout the alimentary canal, wandering cells
in various forms (perhaps stages of development) are abundant, particularly
in the internal epithelial layer. The mesentery which supports the alimentary
canal consists of a very thin sheet of connective tissue containing isolated
muscle fibers running in various directions and covered on both sides by the
epithelium of the bhody-cavity. That part which supports the pharynx, stomach,
and first part of the small intestine is attached to the body-wall on the right side
of the dorsal interradius ; the part which supports the forward-running section
of the small intestine passes over into the left dorsal interradius, close beside
the left dorsal radial muscle; when the large intestine bends backward, the
mesentery bends sharply to the left and ecrosses into the right ventral inter-
radius, where sooner or later it terminates. In Caudina arenata it only gives
attachment to the large intestine for a short distance, but the latter is supported
by ‘‘two sheets of separate muscular strands,”’ arising in the posterior part of
the right and left dorsal interradii, close to the right and left ventral radial
muscles. )

RespiraTory TrREES (Plates X, fig. 1; XTI, fig. 26).—The respiratory trees
consist of two branches, the right and left, which either arise separately from the
enlarged part of the cloaca or have a common opening into that organ; in the
latter case there may be quite a distinet common trunk of greater or less length.
The right branch consists of a single main tube, with more or less numerous
and conspicuous lateral out-growths, and may run forward clear to the caleareous
ring. The left branch, when fully developed, consists of two main tubes, one of
which is associated with the large intestine, and may be called ventral, while
the other lies in close connection with the blood plexus of the small intestine, and
may be ealled dorsal. Although the right branch is commonly larger than either
the left dorsal or left ventral alone, the left branch as a whole has a much
greater capacity than the right. In Eupyrgus (Plate XIT, fig. 26), however, the
left branch is undivided and only equals the right in size, hoth being quite rudi-
mentary, and a similar condition exists in Gephyrothuria and Himasthlephora.
The histological structure of the respiratory trees is strikingly like that of the
intestine. The outermost layer is a thin epithelinin of very flat, irregularly
polygonal, ciliated cells, followed by a thin layer of connective tissne. Then
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comes a muscle layer, the fibers of which run in all directions parallel to the
surface, but the innermost are circular and are more numerous than the ounter
obligne and longitudinal fibers; then follows a thick connective tissue layer, and
lastly an inner epithelium. Presumably the less developed the trees are, the
less well developed will the muscle layer be. There are no openings by which
the trees can communicate with the body-cavity, but all the branches end
blindly.

Cuvier’s orcans (Plate X, fig. 10).—The occurrence of these organs in the
Molpadiide is still open to considerable doubt. They have only been reported
in a few specimens of Candina from Chile, and no acconnt of their finer strue-
ture has yet appeared. They are said to consist of a small tuft of spherical
bodies of a brown color, somewhat like a bunch of grapes in form, attached to
the cloaca near the base of the respiratory trees. That these organs are homol-
ogous with the trne Cuvier’s organs of other holothurians is by no means sure.

Broop systeM.—The arrangement of the hxmal lacunwe is very similar to
what it is in the Synaptide, but has been stndied carefully only in Caudina
arenata. TIn this species Gerould (’96) recognizes four parts to the system:
circular lacun:, intestinal lacune, lacun® of the reproductive organs, and tentaec-
ular and radial lacunz. ‘‘The eircular lacunw, which form the center of the
system, occupy the connective tissue of the wall of the stomach immediately be-
hind the circunlar eanal of the water-vascular system.’’ They oceur in the numer-
ons out-growths of the outer layer of connective tissue of the stomach. The
ring is therefore diffuse and ill-defined. The intestinal vessels oceur, one on the
dorsal, the other on the ventral side of the alimentary canal. Gerould does not
say whether they are connected with the cireular lacun® or not, but as he says
they contain numerons blood-corpuscles, while other parts of the system do not,
it would appear that there is no direct connection. No statement is made either
as to connection between dorsal and ventral vessels, but presumably they are
connected by lacuna in the intestinal wall. The ventral vessel on the stomach
and first part of small intestine is connected by several eross-branches with
that of the second section of the intestine, while at the anterior bend of the in-
testine the two parts of the ventral vessel are connected by a delicate sheet of
anastomosing vessels. ‘‘The two parts of the dorsal intestinal vessel are like-
wise connected by anastomosing cross-vessels.’”” The lacun® of the reproduc-
tive organs run ]ongitudinélly in the connective tissue of the wall; no statement
is made as to their connections. The radial and tentacular vessels arise from
the circular lacunz on the inner or axial side of the tentacle canals and run out-
ward into the tentacles; the main vessel bends backward with the radial canal
and runs clear to the cloacal opening, lying between the radial water-vascular
and hyponeural canals; at the extreme posterior end of the body a circular
lacuna surrounds the cloacal opening and unites the radial vessels. None of the
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lacunx or vessels has any epithelial lining or any other indication of definite
walls, save that the intestinal vesscls have the superficial appearance of true
vessels; the interior, however, is ‘‘filled with loose strands and cells of con-
nective tissue.”” The fluid within the system is a colorless plasma with ocea-
sionally wandering cells, and in the intestinal vessels numerous blood-corpuseles
which give the vessels in the living animal a pinkish color.

RepropvcTIVE sysTEM.—The reproductive organs of the Molpadiide consist
of the same parts which oceur in other holothurians—i. e., a genital duet and
tufts of genital tubules. The duet opens to the exterior in the mid-dorsal inter-
radius just back (1-5 mm.) of the tentacles, and the ontlet is often indicated by
a more or less prominent genital papilla, of a somewhat coniecal shape and some-
times as much as 2-3 mm. in length. The duct runs downward from the tip
of this papilla into the dorsal mesentery, and then backward for some little dis-
tance (5-25 min.) to the point where it divides, and terminates in tnfts of geni-
tal tubules hanging free in the body-cavity, one on each side of the mesentery
(Plate XTI, fig. 3). The wall of the duct consists chiefly of conneetive tissue,
lying in which are the longitudinal musecle fibers and wandering cells; outside
is the usual flattened peritoneal epithelium, while the interior of the tube is
lined with a strongly eiliated, eolumnar epithelium. In Caudina arenata (ac-
cording to Gerould, ’96) this inner epithelium is eomposed of elongated,
spindle-shaped collar-cells, the flagella of whieh are eonspicuously long. At the
outer end of the duct is a small sphineter muscle of a few eireular fibers, while
at the opposite end, where the duct divides, a cireular muscle layer outside the
conneetive-tissue layer is present in each branch. The genital duet of the male
is nsually much smaller near the outer end than posteriorly, where there is
sometimes a spindle-shaped enlargement. The genital tubnles make up a tuft
of 6-8 or more on each side of the mesentery, the number of tubnles probably
inereasing with age. The tuft of the left side is sometimes the larger. The
tubules may be very short (5-10 mm.) or long, at times reaching eclear to the
posterior end of the body-cavity ; they may be simple and undivided or dichoto-
mously branched. Their wall is made up of the usual peritoneal epithelium, a
thin layer of eireular musele fibers, a layer of connective tissue, in which are
conspicuous blood lacun®, and an inner germinal epithelinm, which is not uni-
form and continuons throughont, but scattered in more or less irregular masses.
As the sexes are always separate in the Molpadiide, the produet of this epithe-
linm will be either eggs or spermatozoa, as the ecase may be. In Caudina
arenata the sexes can be distinguished by the eolor of the tubnles, which, how-
ever, is due to their contents and not to any pigment. In the mature male the
tubules are light yellow, while in the female they are pale brown.
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EmsBrYOLOGY.

Nothing whatever is known of the embryology of the Molpadiidew, save that
Gerould (’96) has studied the odgenesis (and to some extent the spermato-
genesis) of Caudina arenata. The mature ovum is about 200 in diameter,
and has a conspicuons and peeuliar mieropyle. The mature spermatozoan is
about 60 long, with the head about 3.6 » in diameter.

Puysioroagy.

" Almost nothing is yet known of the vital aetivities of the Molpadiide, for
few zoologists have ever had the opportunity of earrying on extended observa-
tions on living specimens. Sluiter (’88) has kept speeimens of Aphelodactyla
punctata alive in aquaria, and Gerould (’96) has had similar sueeess with Cau-
dina arenata, but neither has published any extensive aecount of the physiology
or habits of these species.

Motron.—The movements of the Molpadiide are accomplished by museular
eontraetion, aided by the fluids in the tentacles and body-eavity. Tt is possible
that in some ecases (sueh as in young Molpadix) the ealcareous partieles may
assist; but eertainly, in many cases, the deposits of the body-wall play no part.
Movement forward is possible only when the animal is buried in the sand or
mud. If placed on the surface, the first movements are downward, and continue
until the apimal is buried. The movement, either downward or forward, is
accomplished partly by swallowing the sand or mud immediately in front of
the oral dise, but ehiefly by backward and forward radial movements of the
tentaeles; these movements are effected by the alternate eontraction of the
longitudinal muscles of their outer and inner sides. The contractions of the
museles of the body-wall do not appear to play any important part in progressive
movements, but are aetively coneerned in respiration (q.».). The rate of pro-
gressive movement is exeeedingly slow, perhaps averaging about 1 mm. per
minute.

Dicestion axDp aBsorPTION.—The food passing into the stomach doubtless
undergoes the first stages of digestion there; but, if we may infer anything
from the distribution of the blood-vessels, the chief aetivity of the alimentary
eanal is in the small intestine. In that region and the first part of the large
intestine probably all the absorption oecurs, but nothing is really known as to
the physiology of the digestive system.

CircuraTiON AND NUTRITION.—Here again we have to infer from structure,
for we know nothing definitely. The extensive h@mal system would seem to
indieate that the absorbed food material is transported by it to all parts of the
body, but there is obviously no true eirculation of the fluid, the plasma simply
moving outward into the tissues, bearing the essential food. The indigestible
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material finally passes into the cloaca and is thence washed out by the currents
of water from the respiratory trees.

Respirarron.—According to the observations of Gerould (’96), the tenta-
cles seem to play an important part in obtaining the all-essential oxygen for the
use of the body. The fluid contained in the water-vascular system eontains
numerous colored corpuscles which appear to react toward oxygen like true
blood-corpuseles, and there is a continuous circulation of the fluid, at least in
the tentacles. The flow is forward on the inner side to the tip of the terminal
pair of digits, and then back and outward to the tip of the other pair; then
backward into the ampulla. ‘“When aération becomes poor, the tentacles and
bueeal region become distended with the water-vascular fluids and the posterior
part of the body becomes pale and contracted.”” FElsewhere (page 10) Ger-
ould says: ‘““The color, which depends upon the state of aération of the blood,
varies from pink fo a purplish hue.”” Apparently the word ¢‘blood”’ is nsed
here to include all the fluids of the body which contain blood-corpuscles (water-
vascular, body-cavity, and heemal). But respiration is also greatly facilitated
by the so-called respiratory trees, and it is probably chiefly from these that the
body-cavity  and hemal fluids get their oxygen. Indeed, when we consider the
habit of most Molpadids of lying buried in mud and sand, with only the tip of
the tail above the surface, it scems probable that the tentacles play an impor-
tant part in respiration only under unusunal conditions. Both Sluiter (’88) and
Gerould (’96) are agreed that water is forced out of the respiratory trees and
drawn into them through the cloacal opening ‘‘by the alternate contraction and
rclaxation of these organs and of the wall of the body. The latter, by reason of
its natural rigidity, resumes its normal shape when its circular museles are re-
laxed, and so increases the capacity of the body-cavity, thus bringing about an
influx of water. These movements are accompanied by the correlated opening
and closing of the cloacal opening through the alternating contractions of the
radial and sphincter museles.”” Sluiter says that in Aphelodactyla there were
two or three respiratory movements per minute, and Gerould found that in Cau-
dina the same is true; he says further that the cloacal opening was ‘‘generally
kept open 18-20 seconds, and then closed for 13-17 seconds,”’ and that while
there is some irregularity in the length of the periods, that ¢‘of dilation always
slightly exceeds that of closure.”” Aside from the fact that such regular
respiratory movements would not be likely to occur if the function of the
““trees’” was purely exeretory, the intimate relation between that organ and
the intestinal hemal vessels, which contain numerous blood-corpuscles, would
lead us to believe that the bringing in of oxygen was one of its important fune-
tions. Very possibly oxygen may also he obtained through the skin by cor-
puscles in the radial water-vascular eanals and particularly near their posterior
termination.
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Excrerion.—That the respiratory trees function to some extent as excretory
organs seems very probable, not only because they are the most obvious organs
to which such a function could be assigned, but because the same organs in
pedate holothurians are known to play that part. Excreta is probably gathered
not only from the fluid of the body-cavity, but from the haxmal system also.
The presence of wandering cells in large numbers throughout the body is evi-
dence that excretion by means of those peculiar cells is continually going on.
Whether the change of calcareons deposits into phosphatic bodies is associated
with exeretion is still to be demonstrated.

Sensarion.—Aside from the sense of touch, Molpadids are not known to
possess any capacity for sensation. No observations have been recorded that
show reaction to any other than mechanical stimuli, except Shuter’s (’88) state-
ment that Aphelodactyla shows its oral end above the mud only at night. Tf
this is really the case, it might indicate a reaction to light, which wonld be very
interesting, as no light-detecting organs are known to oceur in the family. It
is probable that the tentacles and the cloacal papille are the most important
seats of the tactile sense.

ReceneratioN.—No observations have been recorded as to the possibility of
regeneration among the Molpadiidze.

ReprobucrioNn.—The method of reproduction is exclusively sexual and the
sexes are always separate. No viviparous species are known nor any. which
care for the young in any way. Nothing whatever is known as to the extrusion,
fertilization, or segmentation of the eggs, nor as to the time, place, and condi-
tions of breeding. In Caudina arenata, Gerould (’96) found that the spermato-
zoa were mature and extrnded in February, March, and April, but he failed to
secure matnre ova.

FEcorogy.

The Molpadiide are all marine animals and have a bathymetrical range
from a little below low-water mark to at least 3,900 m. The great majority,
however, occur only at depths of more than 100 m. and consequently
little is known of their habits. Although occurring in all parts of the
world, they seem to be most abundant in the Indo-Pacific region, while com-
paratively few are known from the tropical and subtropical Atlantic. They
are common in both the Arctic and Antarctic oceans, though the number of
species in those regions is not large. So far as is known, the Molpadids show
great similarity of habitat and habits and are found only on soft sandy or, more
comnionly, muddy bottoms. Here they lead an almost exclusively subterranean
life, only disturbed by the rare appearance of a dredge or trawl, or the occa-
sional intrusion of some fish in search of a meal. Those which live in shallow
water near shore are occasionally disturbed by heavy gales, which ultimately
succeed in digging them out and washing them up on shore; probably four-
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fifths of the specimens of Caudina arenata which have been collected have been
the vietims of such gales. The food of the Molpadids seems to be exclusively
the organic matter which they digest out of the sand and mud which passes into
the mouth with every forward movement. Whether this mud is sucked in or
pushed in by the tentaeles is not knowun. Apparently the Molpadids are the
least active of all holothurians, and it would seem to be the case that they
often lie unmoved for hours, if not days, at a time. Sluiter (’88) says that his
specimens of Aphelodactyla in eaptivity were more active at night than during
the day, as they then showed the oral disc and tentacles above the mud; it is
probable, however, that this change of position was due to the condition of the
water (amount of oxygen, cte.) rather than to absence of light. The shallow-
water species of Caudina and Aphelodactyla seem to thrive well in aquaria, with
proper care, and it is to be hoped that we may soon have more information in
regard to their habits and physiology. The Molpadids are often eaten by bot-
tom-feeding fishes, but are not known to have other enemies. No parasites
have yet been deseribed of which they are hosts. The Molpadiide are of no
value whatever to man in any direet way, though as an article of food for fishes
they may play a slight part in benefliting him. Nothing whatever is known of
their geologieal history.
Taxoroay.

The classification of the Molpadiida® herein adopted and the reasons there-
for are fully disenssed on pages 17-21, and the principles which have governed
the acceptance or the rejection of species are essentially the same as those
which were used in connection with the Synaptide. (See antea, pp. 68-70.) IHere
as there, the form and distribution of the calcareous particles is the most im-
portant character for distinguishing species, but in the Molpadiide the phos-
phatic deposits are also to be taken into account. Color, size, and body-form
are usable characters in some cases, and the texture of the body-wall is also of
importance at times. Of characters for distinguishing genera the number and
form of the tentacles and digits, the presence or absence of ampullee and pos-
terior projections on the radial pieces of the calcareous ring, and the presence
or absence of a caudal appendage are the best; but size and the development
of phosphatic deposits are sometimes to be considered. Most of the genera
here recognized are quite distinet groups, but it mnst be acknowledged that -
Caudina and Molpadia intergrade, while it is extremely likely that Himasthle-
phora 1s a synonym of Gephyrothuria. The situation among the species is mueh
worse, for bhoth Molpadia and Caudina contain badly confused species and
groups of species and Aphelodactyla is little better off. It is sincerely hoped,
however, that the attempt here made to bring some kind of order out of this
chaos may prove a useful fonndation for the future work, which shall satis-
factorily solve all of the perplexing riddles which the taxology of this family
presents.
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KEY T0 THE GENERA OF MOLPADIIDZE.

A.—Body surface with no appendages whatever; skin usually with either calcareous or phos-
phatic deposits, or both; calcareons ring usually with posterior prolongations ; tentacles
usually with ampulla.

B.—Tentacles 15, soft.
(.—l'entacles with 3-7 digits.
D.—Posterior end of body tapering, usually with a more or less conspicuous
caudal appendage; calcareous particles various.
Tentacles with 3-7 short, blunt digits, counting the distinct terminal
portion (plate x1, fig. 1); caudal appendage (plate x1r1, fig. 14)
-usually less (sometimes more) than one-third of total length, some-
times not distinctly set off from body, which generally has colored
phosphatic deposits inskin .......... ... ool Mowrrapia
Tentacles with 2 pairs of rather long, pointed digits (plate x, fig. 2) ;
terminal digit practically wanting; caudal appendage (plate 1x, figs.
1, 6, and 9) one-third or more of total length, usually abruptly dis-
tinet from body, which very rarely has colored phosphatic deposits
Imskin ..o CAUDINA
DD.—Posterior end of body blunt and rounded, without a trace of a caudal ap-
pendage ; calcareous particles, thick plates with a few sharp projections
and small perforations.......... ... ... . coiiiiia.. AcAUDINA
0C.—Tentacles simple, without digits (plate x11, fig. 22).
Tentacles without ampulle ; radial pieces of calcareous ring, without posterior

prolongations ; size very small, under 25 mm................. Euryraus

Tentacles with ampulle ; radial pieces of calcareous ring with posterior pro-

longations ; size large, 40-200 mm. .................. APHELODACTYLA
BB.—Tentacles 10, horny and undivided (plate x111, fig. 6)............. CERAPLECTANA

AA.—Body surface with a few whiplash-like appendages in mid-dorsal interambulacrum; no
calcareous or phosphatic deposits; calcareous ring with no posterior prolongations ; ten-
tacles without ampulla.

Caudal appendage lung and slender; tentacles with 4 digits.. . ... HIMASTHLEPHORA
No caudal appendage (or perhaps a rudimentary one) ; tentacles with only 2 digits.
GEPTYROTTIURTA

MOLPADIA Cuvier, 1817.

Haplodactyla Grube, 1840 (non Semper).
Liosoma Stimpson, 1857 (non Brandt).
Embolus Selenka, 1867.

Trochostoma Danielssen and Koren, 1877,
Ankyroderma Danielssen and Koren, 1879,

Tentacles 15, with one, sometimes two, rarely three, pairs of digits and a
terminal digit which is commonly the largest of all. Body rather stout,
usually with a distinet but short candal portion, which is generally much less
than one-third of the total length. Radial pieces of calecareous ring with con-
spicuous bifurcate posterior prolongations. Calcarcous deposits in the form of
tables, often very imperfect; perforated plates, and more or less fusiform rods.
In many cases anchors are also present in connection with either a single irreg-
ular plate or a group of 2-8 plates, which are often racquet-shaped and form



T1IE APODOUS MHOLOTIIURIANS 157

a rosette from which the anchor rises. Phosphatic deposits of a yellow, brown,
or deep-red color are very commonly present.

This large and widespread genus is most unsatisfactorily known and we
are only just beginning to realize the difficulty of distinguishing real speeifie
limits within it. Of the 27 species here listed only seven are known from any
considerable number of specimens, while of the remaining 20, six are known
from only a single specimen each, and eight others fromn fewer than five speci-
mens. Some will probably prove to be forms (perhaps different ages) of a
single species, while in other cases, such as musculus, there are probably several
distinet species ineluded under one name. There is room for wide difference
of opinion as to the validity of many species here admitted, and of many of the
eombinations of speeies, previously held to be distinet, here made. There ean
be little question, however, that, in some of the species at least, the presence of
anchors is associated with immaturity and that with inereasing age there is a
gradual transformation of the calcareous deposits, beginning with the anchors
and rosettes, into the peculiar, colored, phosphatic bodies. Of the significance
of this ehange we know nothing. (For a full diseussion of the evidence, see
antea, p. 18). The speeies of Molpadia oceur only in deep water and on munddy
or fine sand bottoms. The bathymetrical range is from 35 to 3,900 m., but
they rarely occur in less than 200 and not commonly in more than 2,000 m. Ap-
parently cold water and a soft bottom are essential to them. It would be well
if we eonld leave out of account in the following key all reference to the an-
chors and their plates, but in the present state of our knowledge that cannot be
done. They have, however, been ignored as far as possible. I have been un-
able to find any deseriptions in any of Verrill’s publications of three species
attributed to him, namely, Trochostoma abyssicola, Trochostoma ayresii, and
Ankyroderma limicola. They seem to be ‘‘nomina nuda’’ and are consequently
ignored. I am unable to identify Cuvier’s type speecies (holothurioides) with
any of the species known today, but I have very little doubt that the specimen
was an example of musculus. As there is room for doubt, however, it seems to
me unwise to attempt to replace the universally used name by the earlier one.
On the other hand, I cannot include Cuvier’s speecies in my key or other-
wise, for from a modern point of view it has no distinetive characters. I have
therefore placed it doubtfully as a synonym of musculus. In using the follow-
ing key it should be borne in mind that young individuals of any species may lack
phosphatie deposits, while very old specimens may lack caleareous deposits. In
at least one spectes (musculus as here defined), and possibly in others, phosphatie
deposits appear to be absent at times in otherwise normal adults. More than
ordinary eare should therefore be exercised.
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Kry 1o THE SPECIES OF MOLPADIA.

A.—Anchors wanting, or, if present, with only 2 arms and associated with a rosette of 3-8
perforated plates (plate x11, fig. 5).
B.—Phosphatic deposits present, often in abundance.
(C.—No true supporting rods, fusiforin bodies or elongated perforated plates pres-
ent, though the discs of the tables may be narrowed and drawn out into
a rod at each end.
D.—Tables of body often very irregnlar and distorted ; sometimes wholly want-
ing, the dise seldom with more than 8 holes (those in the tail may have
20-30 holes).
[/ —Tables with a more or less distinet disc, having 2-8 or more (usually
3-6) holes, often with irregular outline and marginal projections
(plate x, fig. 14).
F.—Tables of moderate size, the disc 90-350 u in diameter, usually
with only one spire.

G.—Tables often wanting in skin of body, present in tail; dise
guite asymmetrical; spire of moderate height and
often with teeth or branches at top.

Dises of tables in tail narrowed and elongated, the
“ends drawn out into rods; spire usually of a single

rod (plate x, fig. 14) ... .. ..ol 00L1TICA
Discs of lables not specially narrowed nor clongated;
spire very irregunlar ................... CONCOLOR

G'G.—Tables present in skin of body; dise rather symmetrical,
with 3-6 or more holes; spire high (plate x, fig. 15; plate
x11, fig. 15).

Discs of tables in tail not specially narrowed nor with
numerous holes ..................... INTERMEDIA
Discs of tables in tail somewhat narrowed and drawn
out at the ends, with numerous (10-30) holes (plate
5%, 1 D)) 0000060000000000000000 ¢ ANDAMANENSIS
I'F.—Tables very small, the disc less than 70 p in diameter, often

with 3 or 4 small, incomplete spires (plate x. fig. 16).
SIMILIS
EE.—Tables of body less regular, often without distinet disec or spire, or
with the rods composing the dise not united at their outer ends.
F.—Tables of the body-wall over 150 u across, with a disec composed
of 6 or more slender diverging rods usually not united at their
@ISR @YY 60600000006 0004d0000004b 0000000000000 AFFINIS

FF.—Tables much smaller, not provided with such a dise.
Body tables more or less circular, about 60-70 p in diameter;
caudal tables well formed, with conspienous spire. . RORETZII
Body tables very irregnlar, 90-100 p across; candal fables not
specially different (plate x111, figs. 15 and 16)....AMORPHA
DD.—Tables more regular, with very high spire, and the disc more or less cir-
cular, with 12-40 holes........ ... iiiiiiinaii e, TURGIDA
CC.—Supporting rods, fusiform bodies, or elongated perforated plates present, at least
in the tail (plate x1, figs. 6, 7, 8, and 13).

D.—Fusiform hodies rod-like, usually with narrow, rounded, unperforated, and
undivided ends, occurring all over the body, sometimes flattened and
widened in the tail......... ... oo il MUSCULUS
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DD.—Fusiform bodies with flat, widened ends, or replaced by more or less elon:
gated perforated plates.

I.—Fusiform bodies largely replaced by big perforated plates (plate x,

fig. 18).
Some of the tables with discs having 40-60 holes (plate x, fig.
e MAROCCANA
No such tables..... ... ... ... ...l LORICATA

EE.—Fusiform bodies transformed into very flat rods or narrow plates,
with an expanded middle portion. '
Ends of the flat rods expanded and perforated (plate x, fig. 19).
PERFORATA
Ends of the narrow plates not expanded and perforated.
PAUPERA
BB.—No colored phosphatic deposits present in the skin.
C.—Skin thin, often translucent, and usually more or less rough ; tail usually abrupt
and slender.
D.—No supporting rods or elongaled fusiforin bodies present in candal region.
L.—Tables very small, regular, with disec about 100 p in diameter, nsually
with 3, but often with more, holes; spire 150 g high, or even more.
BLAKEI
fily.—'I'ables much larger and spires proportionally much lower.
I’ —Skin very thin and delicate, gray, with more or less yellowish-
brown coloring anteriorly and dorsally; deposits in body-wall,
except in caudal region, usually wanting in specimens over 40
min. long; in caudal region (and in body-wall of young speci-
mens), tables with more or less circular dises, perforated by
6 or more large holes, are generally present..... ANTARCTICA
I'F.—S8kin not so thin and delicate; not so colored; tables abundant
in body-wall.
Tables with rounded, regular discs, with 3-6 (rarely more)

circular holes .......... oo, PARVA
Tables with more or less irregular dise; holes usually oval,
with outer end somewhat pointed...............ARCTICA

DD.—Conspicnouns supporting rods present in caudal region.
I —T.arge, smooth, irregular plates, with 60-70 holes present..AGASSIZII

EE.—No such plates. -
F.—Spires of tables and of caudal supporting rods also, with a greatly
expanded and spiny top .......... ...l ELONGATA

FF.—Spires not commonly with an expanded and spiny top.

Supporting rods of caudal region with wide ends and a
prominent spire (plate x, fig. 20) ; tables with a tapering

spire, commonly of a single piece (plate x, fig. 21).
’ GRANULATA
Supporting rods with tapering ends and a low central pro-

jection. -

Tables with a spire of 3 or 4 rods united by 4 or 5 cross-
bars (plate x, fig. 2)..... ... ot DISPAR
Tables not provided with such a spire....... MUSCULUS
CC.—S8kin thick, smooth, and leathery; posterior end of body tapering, but a distinct
caudal appendage is wanting................ ... ... < .. ARENICOLA
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AA.—Anehors present, but if associated with more than a single plate, some of them have
3 or 4 arms.
B.—Anchoss with only 2 arms and associated with a single plate.
(.—Anchor-plates large, about 400 u long (plate x, fig. 23).
Many tables with trifid base, the ends of each of the 3 arns expanded and

perforated (plate X, fig. R4) ....... .. ...l BREVICAUDATA

None of the tables with trifid base ........... ... ... ... MARENZELLERI
CC.—Anchor-plates small, about 130 x long (plate x, fig. 9).

Tables with more or less irregular, often trifid base.......... CONCOLOR juv.

No tables at all present. ...... ..o it TRIDENS

BB.—Anchors commonly with 3 or 4 arms (plate x, fig. 25) .............. POLYMORPILA

MovrLPADIA OOLITICA.
Prare X, Fia. 14.

Chirodota oilitica Pourtales, 1851, p. 13.

Molpadia borealis Sars, 1859, p. 174.

Molpadia oélitica Selenka, 1867.

E'mbolus pauper Selenka, 1867, p. 359.

Trochostome thomsonii Danielssen and Koren, 1878, pp. 229-256; pls. 1-111.

Trochostoma (Molpadia) boreale Danielssen and Koren, 1879, pp. 124-126, 137; pls.
v and vi1, figs. 1-5.

? Ankyroderma jeffreysii Danielssen and Koren, 1879, pp. 128-133, 135-137; pls. v
and vi, figs. 11-19.

Trochestoma thomsonii maculatum Danielssen and Koren, 1882, p. 94; pl. x11, figs.
5-6.

Trochostoma boreole Hoffman, 1882,

Trochostoma (Molpadia)oéliticum Danielssen and Koren, 1882.

Trochostoma oélithicum Lampert, 1885.

Trochostoma odliticum Théel, 1886a.

Lexerr.—100-135 mm., the diameter of the body about one-fourth as mnch;
the candal appendage short and not often abruptly distinet.

Coror.—In life grayish green and violet are the prevailing colors, while
in preserved speeimens dull gray and reddish or dark brown predominate; the
oral dise and caudal appendage are notieeably light-eolored in contrast. The
exact coloration depends on the development of the phosphatie bodies; where
these are few, the general color is gray, with little brown, but when these are
abundant the color beeomes more and more brown; in some speeimens these
deposits beeome so numerous that the body is almost blaek.

DisrriBution.—Reported from numerous stations in the North Atlantie and
Arectie oceans, from Florida Reef (Pourtales) and West Indies (Théel) to Spitz-
bergen and north thercof (Ludwig); also eastward through Barents and Kara
seas to Cape Chelyuskin, Siberia (Stuxberg); in the eastern Atlantic it is not
known south of 62° N., while in the western Atlantie and Aretie oceans it is not
known north of Labrador or west of the Faroes. Its real home seems to be the
Arctie Ocean, north of Furope and western Siberia, with a long southwestward
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extension to Newfoundland, Florida, and the West Indies. The reported oc-
eurrence at Point Barrow, Alaska (Murdock), would seem to indicate a cir-
cumpolar range.

Remarxs.—This is not only the longest-known but perhaps also the best-
known specics, thanks to the careful investigations of Danielssen and Koren
(sce their report, 1882, pp. 42-65 and 67-76, and Plates VII-XIII). It seems
probable that, in spite of their care, differences were emphasized and inter-
grading features neglected, so that no less than three species were made by
them out of a few specimens of this single form. Of course it is by no means
certain that Ankyroderma jeffreysii is identieal with the Trochostomas, but there
is little reason to doubt it. The specimens of Ankyroderma reported have been
mostly under 50 mm. and 75 mm. is‘ the maximum given. On the other hand,
Danielssen and Koren refer to specimens of Trochostoma 10 and 20 mm. long;
they do not say, however, whether the calcareous deposits of these specimens
were examined. There can be no question that borealis and odlitica are iden-
tical, for the latter is simply based on individnals in which thé phosphatic de-
posits are excessively developed. The calcareous particles of all ages are fully
figzured by Danielssen and Koren. .

MoOLPADIA CONCOLOR.

Trochostoma concolor Koehler and Vaney, 1905, p. 91; pl. v, fig. 1x. Calcareous
particles, pl. xi11, figs. 16-18.

Trochostoma concolor caudatum Koehler and Vaney, 1905, p. 92. Calcareous particles,
pl. x111, figs. 19-22.

Ankyroderma contortum Koehler and Vaney, 1905, p. 100. Calcareous particles, pl.
x1v, figs. 8-13.

Ankyroderma intermedium Koehler and Vaney, 1905, p. 102. Calcareous particles,
pl. xv, figs. 19-25. .

LeNxeTHE.—125-150 mm., with a diameter of 45-60; in the adult, the candal
appendage is not sharply distinet, but in young specimens it may be one-fourth
of the total length.

CovLor.—Grayish, more or less tinged and marbled with chestnut-brown,
orange-red, or bluish violet; in adults the latter tint is very marked; oral disc
and eaudal appendage whitish.

DistriBurron.—Reported from the coast of Kistna and Gulf of Bengal,
three stations of the ‘‘Investigator’’ (Koehler and Vaney).

Remarks.—This species, though representing odlitica in the Indian Ocean,
appears to be quite distinet from the northern form. The specimens collected
by the ‘‘Investigator,’’ althongh few in number, seem to show the transition
from young to adult form very well. It should be stated, however, that one of
the specimens deseribed as 4. intermedium was 115 mm. long and is therefore

of maximum size for an Ankyroderma. The variety of color shown by these
11
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specimens is noteworthy, but we know very little yet about the constancy of
color in the Molpadiide, and what little we do know makes us skeptical of its
value for specific distinctions. The calcarcous particles of all ages are fully
figured by Koehler and Vaney.

MoLPADIA INTERMEDIA,
Prate X111, Fias. 5-15.

Trochostoma intermedium Tudwig, 1894, p. 161. Calcareous deposits, pl. XvI, figs.
7-21.

LexeT.—110-140 mm., the caudal appendage about 20-25 per cent of the
total length.

CoLor.—QGray or yellowish gray, more or less spotted, blotched and con-
cealed by the reddish-brown or reddish-violet color caused by the phosphatic de-
posits.

DistrizutioN.—Reported from Gulf of Panama and Gulf of California
(Ludwig) and numerous stations along the Pacific coast of North America
(Clark, antea).

Remarks.—This is undoubtedly the common Molpadia of the North Pacific,
and while it is nearly related to odlitica, it is very readily distinguishable. It is
one of the species in which the young are provided with anchors and rosettes
(antea, pp. 18 and 33), and even large specimens often show the presence of
a few.

Mo1.PADIA ANDAMANENSIS.
Prare X, Fie. 15.

Trochostoma antarcticum Lampert, 1889 (non Théel, 1886a).

Trochostoma andamanense Walsh, 1891, p. 203.

Trochostoma scabrum Sluiter, 1901, p. 119. Calcareous particles, pl. x, fig. 9.

Trochostoma scabrum spinosa Sluiter, 1901, p. 119. Calcareous particles, pl. x, fig.
10.

Trochostoma andamanense Koehler and Vaney, 1905, p. 90. Calcareous particles,
pl. x1, figs. 11-15.

LervetH.—90-150 mm., of which the caudal appendage is about 8-12 per
cent.

Coror.—*‘Dirty flesh-color with closely placed deep chocolate spots, the
crown (tentacles) being a sort of raw-meat color’’ (Giles, in Walsh, loc. cit.).
“In spirit, the ground color has become greenish gray and the spots are more
or less blood-red. The tentacles are yellow and between each two there is,
near the base, a blue-black triangular mark’’ (Walsh, loc. cit.). Curiously
enough, Koehler and Vaney do not refer to the color, so that we do not know
whether the remarkable coloration of the tentacles and oral disc given by Walsh
is a constant feature or not. Sluiter describes the color very much as it occurs



THE APODOUS HOLOTHURIANS 163

in other members of the genus—more or less yellowish brown, brownish red, or
dark violet, according to the individual; the eolor of the body varies evidently
with the development of the phosphatic deposits; the eaudal appendage is
always white or whitish.

Drstrisurion.—Reported from New Guninea (Lampert); Andaman Sea
(Walsh) ; four of the ‘“Siboga’’ stations in the East Indies (Sluiter), and six
of the ‘“Investigator’’ stations in the Gulf of Bengal and near Ceylon (Koehler
and Vaney). :

Remarks.—Although Walsh eonsidered this speeies near to antarctica, and
Sluiter, and Koehler and Vaney regard it as nearly related to granulata, it ap-
pears to be quite distinet from either, and well ‘characterized by the presence
of the phosphatic deposits and the peculiar but well-formed tables of the
eandal region. Considering the meagerness of Walsh’s description and the ab-
sence of any figures, it is not strange that Sluiter failed to recognize andaman-
ensts in his East Indian specimens. There can be little question, however, of
the identity of the two forms; nor ean there be mueh doubt that the little
“Trochostoma’ from New Guinea brought home by the ‘‘Gazelle’’ and con-
sidered by Lampert (’89) to be antarctica, really is andamanensis.

MoLpaADIA SIMILIS.
Prate X, Fia. 16.

Ankyroderma simile Théel, 1886a, p. 40; pl. x1, fig. 2. Calcareous particles, pl. 11,
fig. 5.

LeneTH.—100-110 mm.

CoLor.—Dirty gray and yellowish brown.

DisrriBurion.—Reported only from Yokohama, Japan, 621 m. (Théel).

Remarks.—This is one of the species known from only a single specimen, but
it appears to be quite unique, unless indeed it should prove to be the adult of
roretzii; the small size of the tables is a striking point of resemblanee between
the two.

MovLPADIA AFFINIS,

Ankyroderma affine Danielssen and Koren, 1879, pp. 133-137; pls. v and vi, figs.
22-28.

LexeTH.—50-75 mm.

Coror.—Gray or grayish green; the oral dise and eaudal appendage whitish.

DistripuTion.—Reported from north of Norway (Danielssen and Koren);
Kara Sea (Clark, antea); and Caribbean Sea (Théel). The range possibly eoin-
eides with that of odlitica.

Remarks.—I was at first inelined to consider this species as simply a form
of odlitica or possibly arctica, but the ealcareous tables =eem to be quite
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unique, and the species is certainly as valid as many others in this perplexing
genus. As Ludwig (:00a) does not distinguish it from jeffreysii, we cannot tell
exactly what the northern distribution of affinis 1s.

MoLPADIA RORETZII.

Haplodactyla roretzit v. Marenzeller, 1877, p. 29; pl. 1v, fig. 1.
Ankyroderma roretzii v. Marenzeller, 1881, p. 124. Calcareous particles, pl. 1v,
fig. 4.
Lexera.—55 mm., of which the caudal appendage is 12; diameter about 30
mm. _
Coror.—Dark violet-brown, with the candal appendage white.
DistriBution.—Reported only from Japan (v. Marenzeller).
Remarks.—This is another species known from only a single specimen, and
while it appears to be distinet from simailis, it will not be at all surpris-
ing if they prox;e to be identical. Théel (’86«) is undoubtedly right in consider-
ing the tables with a single, and always broken, spire figured by von Marenzeller
as the basal portions of the anchors, which von Marenzeller seems not to have
found.

MoLPADIA AMORPHA.
Prate XTIII, Fias. 14-22.
Molpadia amorpha Clark (antea, p. 31).

LenetH.—100-115 mm., of which the tail is only one-tenth; diameter 30-40
mm.

CorLor.—Gray, more or less spotted or blotched with dark purplish,
especially anteriorly, where the color may be nearly uniformly dark.

DistriButioN.—Reported only from off the southern coast of Chile in 200~
350 m. (Clark).

Remarks—This species seems to be quite constant in its characters, so far
as adults are concerned. As no young specimens are available, it is not known
whether anchors and plates ever occur.

MoLPADIA TURGIDA.

Molpadia turgide Verrill, 1879a, p. 473.
Trochostoma turgida Verrill, 1885b.
Trochostoma turgidum Théel, 1886a.

LengTa.—90-125 mm.

Covror.—Reddish or purplish brown; skin thin, semi-translucent.

DistriBurion.—Reported from Massachusetts Bay, 72-180 m., Gulf of
Maine, Casco Bay, Bay of Fundy, off Nova Scotia, and Gulf of Saint Law-
rence (Verrill). )
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Remarks.—No one seems to have seen this species except the describer and
lic unfortunately has given us no figures. The tables, however, seem to be quite
characteristic and it is probable that the species is entirely distinet from odlitica.

MoLPADIA MUSCULUS.
Prare XI.

? Molpadia holothurioides Cuvier, 1817, vol. 1v, p. 24.

Molpadia musculus Risso, 1826, p. R93.

Haplodactyla mediterranea Grube, 1840, p. 42.

Haplodactyla musculus Semper, 1868.

Molpadia violacea Studer, 1876, p. 454. Calcareous particles, Théel, 1886a, pl. 11,
fig. 4.

Ankyroderma musculus Petit, 1883.

Ankyroderma perrieri Petit, 1883, p. 162.

Ankyroderma hispanicum Petit, 1883, p. 163.

Trochostoma violaceum 'Théel, 1886a.

Ankyroderma daniclsseni Théel, 1886a, p. 39. Calcareous particles, pl. 11, fig. 6.

Ankyroderma musculus Ludwig, 1891a, p. 569. Calcarcous particles, pl. xxIX.

Ankyroderma danielsseni Ludwig, 1894, p. 164. Calcareous particles, pl. xvi1, figs.
1-9.

Ankyroderma spinosum Ludwig, 1894, p. 171; pl. xv1y, fig. 10. Calcareous particles,
pl. xvim, figs. 1-12.

Ankyroderma musculus Perrier, 1903, p. 529.

Ankyroderma musculus Koehler and Vaney, 1905, p. 95.

Ankyroderma musculus acutum Koehler and Vaney, 1905, p. 97. Caleareous par-
ticles, pl. x1v, figs. 4-7.

LexerE.—100-160 mm., of which the tail is 10-25 per cent; the diameter is
about one-fifth of the total length.

Coror.—Very variable; gray and red-brown, with more or less of a violet
tinge; in old specimens the color may be very dark, the gray being entirely con-
cealed, while in young specimens the color may be uniformly gray, with or with-
.out a yellow-brown cast.

Distrisurion.—Reported from the Mediterranean and North Atlantic (Lud-
wig, Koehler, Perrier); Kerguelen Islands (Studer); southern Chile (Théel);
Gulf of Panama, Galera Point, Cocos Island, Acapuleo, and Gulf of California
(Ludwig) ; off Chile, the Galapagos Islands, and southern California; and in
Monterey Bay, California, 36-54 m. (Clark); seven ‘‘Siboga’’ stations in D.
E. I. (Sluiter); Andamans, Kistna, Ceylon, and Gulf of Bengal (Koehler and
Vaney). Apparently cosmopolitan, excepting only the Arctic and North Pacific
oceans.

Remarks.—Lundwig is authority for the identity of Risso’s, Grube’s, and
Petit’s species, while the collections of the United States National Museum leave
no doubt of the identity of violaceum and danielsseni. Perrier asserts the iden-
tity of musculus and danielsseni, and Koehler and Vaney not only maintain the
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correctness of his position, but add Ludwig’s spinosum to the list of synonyms.
For my part, I believe that at least three species are confused nnder the above
synonymy; but as Perrier, and Koehler and Vaney have had far more material of
musculus for study than is accessible to me, 1 defer to their judgment. It seems
to me very likely that musculus is a small species, confined to the Mediterranean
Sea and eastern Atlantic Ocean, which never outgrows its Ankyroderma stage,
while violaceum is a quite different and much larger species. As for spinosum,
I believe it, too, will prove to have constant specific characters. Some of the
specimens of danielsseni in the National Museum collection are remarkable for
the apparent absence of phosphatic deposits, and I think it quite possible that
these are really a fourth species. But these questions can only be settled when
a large amount of material of all ages fromn the Mediterranean Sea, Atlantie,
South Pacifie, tropical Pacific, Indian and south Indian oceans can be brought
together and carefully compared.

MoLPADIA MAROCCANA.
Prate X, Fies. 17, 18.

Ankyroderma maroccanum R. Perrier, 1898, p. 1666 ; 1903, p. 533. Calcarcous par-
ticles, pl. xxu1, figs. 9-15.

Lenera.—Not given; presumably 20-35 mm.

Coror.—Not given; presumably grayish, more or less mottled with red-
brown or violet.

DistrmuTion.—Reported only from off Cape Ghir, Morocco, 2,210 m. (R.
Perrier).

Remarks.—Although four specimens of this form were taken, it is by no
means certain that the differences between it and the preceding species are con-
stant; but, as Perrier says, in the present state of our knowledge the two are
well separated from each other.

MoLPADIA LORICATA.

Ankyroderma loricatum R. Perrier, 1898, p. 1666; 1903, p. 535. Calcareous par-
ticles, pl. xx11, figs. 23-28.

Lexaera.—55 mm., of which the tail is 7; diameter, 10~15 mm.

CorLor.—Very deep red-brown; tail grayish.

DistrBuTion.—Reported only from off Senegal, 1090-2324 m. (R. Perrier).

Remarks.—Of this form three specimens were taken by the ‘“Talisman’’ in
1883. It is very close to the preceding species, with which it may be identiecal,
and its separateness from musculus is therefore open to question. The latter
was taken by the ‘‘Talisman’’ at a neighboring station off Senegal, but in much
shallower water.
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MOLPADIA PERFORATA.

Prate X, Fie. 19.

Ankyroderma perforata Sluiter, 1901, p. 121. Calcareous particles, pl. x, fig. 8.

LexerHE.—Up to 140 mm., of which the tail is about one-seventh; diameter,
30 mm.

Coror.—Grayish; in mature specimens, with red-brown spots.

Distrisurion.—Reported only from four ¢Siboga’ stations in D. E. L
(Sluiter).

Remarks.—This appears to be one of the species in which anchors are pres-
ent even in adults. The rosettes are made up of 3-5 racquet-shaped rods, which
are widened at the free end and are perforated throughout. The colored phos-
phatic deposits are said by Sluiter to be absent in the specimens 40 mm. or less
in length. The form of the tables and supporting rods seems to be very char-
acteristic.

MoOLPADIA PAUPERA.

Trochostoma pauperum Koehler and Vaney, 1905, p. 93. Calcareous particles, pl.
xI1m, fig. 23.

Trochostoma ecalcareum Koehler and Vaney, 1905, p. 94. Calcareous particles, pl.
xi1, fig. 24.

? Ankyroderma musculus undulatum Koehler and Vaney, 1905, p. 99. Calcareous
particles, pl. xv, fig. 13.

LeNeTH.—68-75 mm., of which the very short tail is less than one-twelfth;
diameter, about 30 mm.

Coror.—Clear gray or grayish, with the tail reddish or violaceous; the skin,
on its inner surface, is said to be dark violaceous.

DistriBurion.—Reported only from ‘‘Investigator’’ stations 279 (540 m.)
and 280 (803 m.), Gulf of Bengal; perhaps also station 250 (800 m.) (Koehler
and Vaney).

Remarks.—This is apparently a species much like odlitica in the rapid loss
of calcareous deposits and excessive development of the phosphatic bodies. The
supporting rods of the tail are very characteristic and it seems quite possible
that the small Ankyroderma reported by Koekler and Vaney from station 250
as a variety (undulatum) of musculus is really the young of the present species.
There appears to be no good reason for separating ecalcareum from paupera-
tum, as only one specimen was taken, and the absence of deposits may have been
accidental.
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MowLPADIA BLAKEL
Trochostoma blakei Théel, 1886b, p. 16. Calcareous table, fig. 8.

Lenera.—60-75 mm., of which about one-tenth is tail.

Coror.—Whitish, grayish, or very pale brownish.

DistriButioNn.—Reported from near Grenada, 1,720 m. (Théel); coast of
Senegal, 3,665 m. (R. Perrier), and Gulf of Mexico, 2,126 m. (Clark).

Remarxs.—This is a remarkably well-characterized species, but as Théel
neglects to give any dimensions for the curious little tables, it has been easy to
mistake some specimens of parva for blakei. Several specimens of parva were
labeled blakei by me, and I then decided the two were synonymous, and it was
only when I found a specimen of the true blake: that I realized my mistake.
Perrier’s (:03) specimen was very small, but the tables are characteristic, at
least as far as the dimensions go. The differences he points out between his
specimen and Théel’s are interesting and may possibly prove to be specific.

MoOLPADIA ANTARCTICA.

Trochostoma antarcticum Théel, 1886a, p. 44. Caleareous particles, pl. 11, fig. 7.

Lexerr.—Up to 92 mm., the tail only 3-5, and the diameter 2025,

Coror.—Gray, colored or blotched with yellowish brown, especially ante-
riorly and dorsally.

DistriuTion.—Reported from southern coast of Chile (Théel, Clark) ; Gulf
of Mexico (Thécl), and off Alexander Land, Antarctic Ocean (Herouard).

Remarks.—Théel has expressed some doubt as to the validity of this
species, but it is clear from the material in the United States National Museum
that the southern form is quite distinet from either arctica or borealis. As for
the three specimens from the Gulf of Mexico, which Théel (’86b) assigns to ant-
arctica, I am strongly inclined to believe they represent quite a distinet, and
probably undesecribed, species. The species arctica and antarctica are nearly
allied and young specimens might casily be confused, but specimens over 50
mm. are readily distinguished. The skin in antarctica is very thin and delicate,
and even specimens 14 mm. long have no anchors or rosettes, so the species ap-
parently has no ankyroderma stage. The single specimen which Herouard
(:01) had, seems to have been of this species, although he implies that the ab-
sence of calcareous deposits was due to decalcification. Regarding Lampert’s
(’89) record of this species from New Guinca, see under andamanensis.

MOLPADIA PARVA.

Trochostoma arcticum Marenzeller, var. parva Théel, 1886b, p. 17.
Trochostoma arcticum Marenzeller, var. ceruleum Théel, 1886b, p. 17.

Lexera.—60-80 mm., of which about one-tenth is tail.
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Coror.—Yellowish gray, often with a violet tinge, especially anteriorly; in
some specimens the violet color is very marked.

Distrisurion.—Reported from off Grenada, 749-996 m. (Théel); south of
Nantucket, 2,695 m., and Caribbean Sea, 1,613 m. (Clark).

Remarks.—The difference between the caleareous deposits of this species
and arctica is so obvious and apparently so constant that it does not seem likely
the two species can be identical. In some specimens of parva the tables are re-
markably uniform in having only 3 holes in the dise. Such tables resemble in
form those of blakei, but are very much larger and the spire is much lower in
proportion.

MoLpPaDIA ARCTICA.

Haplodactyla arctica v. Marenzeller, 1877b, p. 29; pl. 1v, fig. 1.
Trochostoma arcticum Danielssen and Koren, 1879, p. 126.
Trockostoma boreale Ludwig, 1900a, partim.

Lexerr.—Up to 190 mm. when fully extended, of which the tail is scarcely
one-tenth ; diameter about 30 mm.

Coror.—Whitish, grayish or brownish gray, more or less strongly tinged
with violet.

Distrisurion.—Reported from north of Nova Zembla (v. Marenzeller);
Kara Sea (Théel); Finmark ¢Danielssen and Koren). Apparently an Arctic
species, confined to the cold waters north of Europe.

Remarks.—Ludwig’s opinion that this species is identical with boreale
Danielssen and Koren does not seem to me justified by the material at hand.
The skin in arcticum is thin and rough and always lacks phosphatic deposits,
so that the general appearance is quite different from the other Aretic species.
So far as recorded, no specimens have been taken which are evident connecting
links between the two forms, and for the present at least it seems to me they
ought to be kept separate. So far as known, this species never has anchors or
rosettes.

MoLPADIA AGASSIZIL
Ankyroderma agassizii Théel, 18865, p. 19.

Levara.—80 mm., of which the tail is one-fourth.

Coror.—Light grayish, inclining to violet.

DistrisutioN.—Reported only from Bequia, 2,712 m., and from an unknown
West Indian station, 1,904 m. (Théel).

Remarks.—This notable species is well characterized by its thin, rough,
brittle body-wall, filled with perforated plates. There are also tables, some-
what like those of arctica, present, and anchors and rosettes. The rods mak-
ing up the rosettes have the large end perforated with 25 or more holes. A
thick layer of fusiform supporting rods with the middle enlarged and per-
forated is found in the tail.
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MoOLPADIA ELONGATA.

Trochostoma elongatum Xoehler and Vaney, 1905, p. 92; pl. 1, fig. 5. Calcareous
particles, pl. x1v, figs. 1-3.

Lexere.—49 mm., of which the tail is more than half; the diameter of the
body is only 8 mm.

Covror.—Grayish.

DistriBuTion.—Reported only from the Gulf of Bengal, 1,660 m. (Koehler
and Vaney). .

Remarks.—In the remarkable development of the tail, this species ap-
proaches Caudina, but the calcareous deposits are quite like Molpadia. Only
one specimen is kunown; it is said to show only 10 tentacles, but apparently no
dissection was made to determine the actual number present. Of course, if
there are only 10, the species does not belong in Molpadia, and it becomes an
interesting question whether it is nearly allied to Ceraplectana.

MoOLPADIA GRANULATA.
Prate X, Fies. 20-21.

Trochostoma granulatum Ludwig, 1894, p. 158. Calcareous particles, pl. xv, figs. 7-9,
and pl. xvi, figs. 1-6.

LENeTH.—75-110 mm., of which the tail is about one-seventh.

Covror.—Dusky yellowish or yellowish gray to brownish yellow; sometimes
very dark at the ends; skin thin, translucent, and rough.

Distrisurion.—Reported from three ¢ Albatross’’ stations off coast of Cen-
tral America, 2,848-4,017 m. (Ludwig) ; near Amboina, 798 m. (Sluiter), and
near Ceylon, 3,443-3,585 m. (Koehler and Vaney). Apparently distributed
in the deep parts of the tropical Indian and Pacific oceans.

Remarks.—Although only a few specimens of this species are known, they
come from such widely separated localities and show such diversity in size
(26-110 mm.) that it is probably safe to say that granulata does not have
anchors and rosettes at any age. Koehler and Vaney consider this species very
near andamanensis Walsh, but the differences appear to be more striking than
the resemblances.

Morpapia DISPAR.
Prate X, Fia. 22.
Ankyroderma dispar Sluiter, 1901, p. 122, Calcareous particles, pl. x, fig. 6.

LexneTE.—30 mm., of which the tail is nearly one-third.
CorLor.—Not given; skin thin and rough.
DistriBuTion.—Reported only from near Celebes, 462 m. (Sluiter).
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Remarks.—This is another of the species known from only a single indi-
vidual, and as that one is obviously immature, it is possible that it will prove
to be the young of some previously known species.

Mo1.PADIA ARENICOLA.
Prare XII, Fies. 1, 2.
Liosoma arenicole Stimpson, 1857, p. 525.

Trochostoma arenicola Théel, 1886a.

LexarH.—110-135 mm., with the diameter one-third or one-fourth as much.

Coror.—Dirty whitish, bloteched with tawny reddish.

Distrisurion.—Reported only from the vicinity of San Pedro, California
(Stimpson, Théel, Clark), where it appears to be quite common.

Rumarks.—This species, remarkable for its limited distribution, is well
characterized by the color, the absence of a distinet caudal appendage, the
thick, smooth skin, and the absence of calcareous deposits in the body-wall. In
most individuals numerous branched rods and perforated plates are to be found
in the skin of the posterior tip of the body, but in old specimens even these may
be wanting. Phosphatic deposits are apparently never present. Stimpson’s
error in saying the calcareous ring consists of five pieces is so obvious, it seems
strange Lampert (’85) should have copied it without comment.

MoLPADIA BREVICAUDATA.
Prare X, Fic. 24.

Ankyroderma brevicaudatum Koehler and Vaney, 1905, p. 99. Calcareous particles,
pl. xv, figs. 1-10.

Lenare.—18-25 mm., with the diameter about 15 inm.; the tail is 3-6 mm.
long.

Coror.—Grayish, somewhat spotted with red.

DistriBurion.—Reported only from one ‘‘Investigator’’ station in the Gulf
of Bengal, 330 m. (Koehler and Vaney).

Remarks.—Although four specimens of this species were taken, they are ap-
parently young, and we probably do not yet know the adults; but the calcareous
deposits are quite unique and make the species easily recognizable.

Mo1pADIA MARENZELLERI.
Prate X, Fia. 23.
Ankyroderma marenzelleri Théel, 1886a, p. 41. Calcareous particles, pl. 111, fig. 1.

LeNeTH.—26 mm.
Coror.—Reddish violet, dappled.

DisrriBurion.—Reported only from near New Zealand, 1,260 m. (Théel).
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Remarks.—This unique species is based on a single incomplete individual,
which is so well characterized by its calcareous deposits that it could not be as-
signed to any other species. Besides the tables and the remarkable anchor-
plates, which usually have three rather long arms, numerous phosphatic de-
posits are present. The caudal portion of the type specimen was lost or de-
stroyed when it was taken.

MoLPADIA TRIDENS
Prate X, Fias. 8, 9.
Ankyroderma tridens Sluiter, 1901, p. 122. Calcareous particles, pl. x, fig. 7.

Lexeta.—Up to 80 mm., of which the tail is about one-fourth.

CoLor.—Gray, with numerous small red-brown spots.

DistriBurton.—Reported only from the Dutech East Indies, 330462 m.
(Sluiter).

Remarks.—This is a most interesting species, remarkable for the abscnce
of all calcareous deposits save anchors and plates and the presence of numer-
ous phosphatic deposits, thus reversing the usual condition, where numerous
phosphatic deposits are associated with the disappearance of anchors and
plates. Sluiter’s account of the appearance of the deposits is further evidence
to show that calcareous particles in Molpadia become transformed into the col-
ored phosphatic bodies.

MoLPADIA POLYMORPHA.

PraTtE X, Fia. 25.

Ankyroderma polymorphum Koehler and Vaney, 1905, p. 103. Calcareous particles,
pl. x1v, figs. 14-19.

LexeT11.—50 mm., of which the tail is 15; the diameter of the body is only
10 mm.

CoLor.—White, tinged with reddish.

Distrisurion.—Reported from the Gulf of Bengal, 1,242-1,656 m. (Koehler
and Vaney).

Remarks.—As only a single specimen of this form was taken, one cannot
avoid the suspicion that it may be only a young and aberrant concolor. It is
impossible to tell from the description given whether the anchors are associated
with a single plate or with a rosette of such plates.

CAUDINA Stimpson, 1853.
Molpadia Miiller, 1850; Semper, 1868; non Cuvier, 1817.

Tentacles 15, with 2 pairs of digits, the distal pair longer than the proximal;
no terminal unpaired digit. Body rather stout, more or less tapering posteri-



THE APODOUS HOLOTHURIANS 173

orly and usually with a distinet caudal portion, which is generally one-third of.
the total length or even more. Radial pieces of calcarcous ring with conspicu-
ous, bifurcate, posterior prolongations. Calcareous deposits of very various
kinds, with no particular kind characteristic of the genus. Phosphatic deposits
are usually entirely wanting and are known to occur in only one species.

The holothurians composing this genus may usually be recognized by the
form of the body, but there is no doubt that the differences between Caudina
and Molpadia are very slight and of little significance. The geographical dis-
tribution of the genus is interesting; three species are confined to the eastern
coast of the United States, two occur on the North American Pacific coast, and
the three others occur on the coast of Chile, one of these ranging to New Zea-
land, Aunstralia, the East Indies, and Japan. Little is known of their habits,
save that they live buried in sand or mud with the tip of the caudal region ex-
posed; they burrow by means of the tentacles, aided by movements of the body,
and feed on the organic matter in the sand or mud, which they take into the
mouth. Besides the following eight species, ‘‘Trochostoma albicans glabra’’
(Théel, 1886a, p. 46), which appears to be closely related to C. albicans, should
probably be recognized as a ninth species.

KEY TO THE SPECIES OF CAUDINA.

4.—No colored phosphatic deposits in skin.
B.—Calcarcous deposits in the form of tables with perforated discs and conspicuous
spires (plate x, figs. 11, 12).
Discs of tables 90-140 n in diameter; spire rather low and irregular, usually

of 4 somewhat converging rods ........... ... il ARENATA
Discs of tables 150-270 p in diameter; spire rather high and pointed, of 3 con-
R 4 0T o ALBICANS

BB.—Calcareous deposits not tables.

C.—Calcareous deposits more or less well formed, shallow cups perforated by 4
holes and closed by a cross, the bars of which are just over the holes, the
relative proportions of solid parts and holes varying very greatly (plate 1x,
figs. 4, 5, 11, 12, 13).

D.—Nearly all the cups complete and symmetrical, with rounded knobs on
margin (fig. 4).

Caudal appendage very distinet ............. ... ... CHILENSIS

Caudal appendage not apparent, the body simply tapering to a blunt

[OIU50 6 006000 ok o 0o 0.0ld.a006 00000 adosoass 8 o000 boaa OBESACAUDA

DD.—Nearly all the cups incomplete and more or less asymmetrical, without

knobs (figs. 11-13) .. ..o iiiiiiiiiii i CONTRACTACAUDA

CC.—Calcareous deposits more or less flat, perforated plates of no particular form.

Plates with sharp projections on the surface (plate x, fig. 13)..caLIForRN1CA

Plates almost perfectly smooth (plate 1%, fig. 8)........... PLANAPERTURA

A4 A.—Colored phosphatic deposits present in skin .............. .. ... PIGMENTOSA
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CAUDINA ARENATA.
Prate X, Fies. 1, 2, 11.

Chirodota arenata Gould, 1841, p. 345.

Chirodota arenata Ayres, 1852a, p. 143.

Caudina arenate Stimpson, 1853, p. 17.

Cauding arenata Gerould, 1896, pp. 17-74; pls. II1-X.

Lenera.—100-175 mm., rarely up to 250 mm.; caudal appendage usually
about 35-40 per cent of total length.

Coror.—In life, pink to purplish; in preserved specimens, milky white to
pale brown, usually grayish.

DistriBution.—Reported from Newport, Cuttyhunk and Vineyard Sound,
Chelsea Beach, Revere Beach, and Massachusetts Bay (Gould, Pourtales, Ver-
rill, Kingsley, Gerould, et al.); Grand Manan (Ludwig); Milne Bank, North-
umberland Strait and Pointe du Chéne, New Brunswick (Whiteaves).

Remarxs.—Although this species has been taken in large numbers at Revere
Beach, Mass., and in smaller numbers at Newport, R. I, and Chelsea Beach,
Mass., nearly all these specimens have been picked up on the shore after severe
storms. Few specimens have ever been dredged. Gerould’s (’96) explanation
of this is undoubtedly correct; the animals live buried in rather firm sand, only
the tip of the tail being at the surface, so that an ordinary trawl or dredge does
not reach them; but, as they live in comparatively shallow water (1-35 meters),
a heavy sea gradually washes them out of the sand and casts them upon the
shore. Gerould’s admirable paper is a complete account of all that we know
about this species.

CAUDINA ALBICANS.

Prate X, Fia. 12.

Trochostoma albicans Théel, 1886a, p. 44; pl. x1, fig. 3. Calcareous particles, pl.
1, fig. 2.
Trochostoma albicans var. glabra Théel, 1886a, p. 46.
Candina arenata var. armata Théel, 18865, p. 17.
Caudina arenata var. armata Gerould, 1896, p. 19. Calcareous particles, pl. 111, figs.
34-37.
LeNeTH.—T75-115 mm., of which 20-35 are caudal appendage.
Coror.—In preserved specimens, grayish or whitish.
DistriButioNn.—Reported from off the east coast of the United States be-
tween Cape Cod and Cape Hatteras, in 1,600-2,235 m. (Théel, Clark); near
New Zealand, 1,260 m. (Théel) ; off coast of Senegal, 3,200 m. (R. Perrier), and
Gulf of Bengal, 486-738 m. (Koehler and Vaney).
Remarks.—It is only with the greatest hesitation that I venture to unite two
species, placed by so eareful a worker as Théel in separate genera; but I am
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entirely at a loss to find any satisfactory ground upon which they can be sep-
arated. Of course if the difference in tentacles were constant, it would separate
them casily; but I feel sure that this supposed difference is due entirely to dif-
ference in the amount of contraction, and the similarity of the calcareous de-
posits is so striking, I cannot doubt that armate is a synonym of albicans. Al-
thongh resembling the preceding species, this deep-water form is easily recog-
nized by the characteristic tables. As no connecting specimens are known, there
is 110 reason why it should not be given full specific rank. I feel quite sure that
the specimens from New Zealand are specifically distinet, and that those from
the Indian Ocean are either like the New Zealand form or are a third species.

CAUDINA CHILENSIS.

Molpadia chilensis J. Miiller, 1850, p. 139. Calcareous particles, 1854, pl. vi, fig.
14, and pl. 1x, fig. 1.

Molpadia australis Semper, 1868, p. 233. Caleareous particles, pl. xxx1X, fig. 14.

Molpadia coriacea Hutton, 1872, p. 17.

Microdactyla caudata Sluiter, 1880, p. 348; pl. vi, fig. 1.

Caudina ransonnetic v. Marenzeller, 1881, p. 126. Calcarceous particles, pl. 1v, fig. 5.

Caudina meridionalis Bell, 1883, p. 58. (Calcarcous particle, pl. xv, fig. 1.

Caudina caudata Tudwig, 1883, p. 158.

Caudina coriacea Théel, 1886a, p. 47. Calcareous particles, pl. 111, fig. 4.

Caudina rugose R. Perrier, 1904, p. 16.  Calcareous partieles, 1905, pl. 1v, figs. 10-12.

Caudina pulchella R. Perrier, 1905, p. 117. Calcarcous particles, pl. v, figs. 14-17.

Caudina coriacea brevicauda R. Perrier, 1905, p. 121; fig. N in text.

LeNti.—60-150 mm., of which the caudal appendage may be more than
half.

Covror.—Milk white to yellowish brown.

Distrisurion.—Reported from Chile (J. Miiller) ; Picton Island, Chile (R.
Perrier) ; New Zealand (Hutton, Théel, et al.); Australia (Semper, Lampert) ;
East Indies (Sluiter); China (v. Marenzeller), and Japan (Ludwig). Appar-
ently the most widely ranging member of the genus, occurring throughout the
southern and western portions of the Pacific Ocean.

Remarks.—The form of the body in this species is apparently quite varia-
ble, the caudal appendage in some specimens exceeding half the total length,
while in other cases it is apparently much less and correspondingly inconspicu-
ous; thus Miiller (’50), Semper (’68), and Lampert (’85) make no reference to
a caudal appendage, though the last two say the body has the usual ¢‘Haplodac-
tyvla’’ form. Aeccording to Semper’s figure (’68, Plate IX), this would indicate a
caudal appendage only about one-fourth of the length. A comparison of the
descriptions and of the figures of the calcareous deposits given by Miiller, v.
Marenzeller, and Théel leaves little doubt that they were dealing with individuals
of a single species, while Lampert’s comments on australis and coriacea show
that Semper’s species is the same. Ludwig has given cogent reasons for declin-
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ing to accept Sluiter’s genus Microdactyla at its face value, and we are safe in
considering that remarkable holothurian as a strongly contracted chilensis.
Perrier’s descriptions and figures (:05) throw a great deal of light on the pro-
portions and anatomy of this interesting species. Although M. Perrier had
only seven specimens at hand, he regards them as representing five distinet
forms, one being the type specimen of ransonnetit, one the type of rugosa, one
the type of pigmentosa, two type and topotype of pulchella, and two type and
topotype of coriaceca brevicauda. Unfortunately, however, he fails to make
clear any characters, upon which reliance can be placed, for separating these
so-called species; for size, color, proportions, and texture and surface of the
body-wall are all characters which vary greatly with the individual and with
the method of killing and preserving. Moreover, too close similarity in de-
posits must not be expected in such a variable group as the Molpadiide, and
while we may for the present recognize pigmentosa (q. v.), all of M. Perrier’s
other names appear to fall into the above given list of synonyms. Any other
course would necessitate a new name for every speeimen which showed any in-
dividual variation—a factor in the case for which M. Perrier apparently fails
to allow. Miiller (’50) describes and figures (’54) some remarkable organs in
his type of chilensis which he calls Cuvier’s organs, but that they are homol-
ogous with the Cuvier’s organs of the Holothuriide is exceedingly doubtful.
(See antea, p. 150.) It is very interesting to note that Perrier’s specimen of
pigmentosa shows the same curious structures. It is somewhat exasperating
that the name chilensis must be retained for a species which is most common
apparently in New Zealand and occurs in the East Indies and Japan.

CAUDINA OBESACAUDA.

Prare XI, Fias. 1-5.
Caudina obesacauda Clark (antea, p. 38).

Lexera.—115 mm., of which the tail may be estimated at about one-third.

Coror.—Pale brown.

DistriBuTion.—Reported only from Marco, Florida, and Galveston, Texas.
(See antea, p. 38.)

Remarks.—This species is very near the preceding, and were it from New
Zealand or Australia instead of Florida, it would be difficult to show any real
difference between it and chilensis, for it is very doubtful whether the differ-
ence in the form of the body is of any significance. Until we have further light
on the shape of the body in chilensis, obesacauda may retain a dubious inde-
pendence.
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CAUDINA CONTRACTACATUDA.

Prate IX, Figs. 9-13.
Caudina contractacauda Clark (antea, p. 38).

LExera.—70 mm., of which more than one-third is caudal appendage.

Coror.—Very pale brown.

DistrisuTion.—Reported only from necar the Aleutian Islands (Clark).

Remarks.— Although undoubtedly near the two preceding species, this form
may be readily recognized by the very different calcareous deposits. It may
be considered the North Pacific representative of chilensis.

CAUDINA CALIFORNICA.

Prate X, Fie. 13. _
Cauding californica Ludwig, 1894, p. 155. Calcareous deposits, pl. xv, figs. 1-6.

Lexera.—98 mm., of which 42 are caudal appendage.

CorLor.—Yellowish gray.

DistriBuTioN.—Reported only from the vicinity of Lower California, 2,850
m. (Ludwig); 85 m. (Clark, antea).

Remarks.—This is a well-marked and perfectly distinet species, of which
only the few specimens in the National Museum are known. The small speci-
men, collected in only 85 m. of water, may belong to a different and hitherto-un-
described species, but in view of the very scanty material, it seems wiser to
consider it a young californica. The plates in this small specimen are mostly
less than half as large as in the type and have only 2-8 holes, which are very
large in proportion to the size of the plate. The knobs on the surface of the
plate are rounded or blunt, instead of being sharp. The plates are not at all
crowded, but lie rather evenly distributed through the skin.

CAUDINA PLANAPERTURA.

Prate IX, Fies. 6-8.
Cauwding plenapertura Clark (antea, p. 37).

LexeTn.—67 mm., of which 27 are caudal appendage.

Coror.—Gray with minute light-brown blotches, which are so numerous
dorsally as to give a brownish tinge there.

Disrrisurion.—Reported only from Wellington Island, Chile, 350 m.

‘Remarxs.—This species is remarkably distinet from any other member of
the genus, owing to the smooth, perforated plates, but superficially it closely
resembles arenata.

12
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CAUDINA PIGMENTOSA.

Caudina pigmentosa R. Ferrier, 1904a, p. 16.

Lexera.—125 mm., of which 55 are caudal appendage.

Coror.—(Qrayish red.

DistrisuTion.—Reported only from Tierra del Fuego (Perrier).

Remarks.—This is indeed, as Perrier says, a most remarkable and interest-
ing speeies, a puzzling eonnecting link between Caudina and Molpadia. The
tentacles and caudal appendage, as well as the basis of the enrious de-
posits, ally it with Caudina, while the red phosphatic layers of the deposits are
very much like Molpadia. The longitudinal muscles show a tendency to form
retractors where they join the caleareous ring, and most remarkable of all is the
presence of a bunech of Cuvier’s organs similar to those whieh Miiller deseribes
for chilensis. Tt is not impossible that this is simply an old and abnormal (per-
haps diseased) speeimen of chilensis, but we are not justified at present in as-
suming that such is the ease. Were it not for the red deposits, however, it is
not probable that any one would question the reference of this individual to
chilensis.

ACAUDINA, gen. nov.

(e, privative, 4 caudina; in reference to the marked difference from Caudina.)

Tentacles 15, with only two small digits. Body ecylindrieal, stout, not hav-
ing a eaudal portion and not even tapering posteriorly. Radial pieces of cal-
careous ring with very eonspienous, bifurcated, posterior prolongations. Cal-
careous deposits in the form of thick plates, with few, small perforations and
a number of conspienous, sharp projections. Phosphatie deposits wanting.

This genus is established for the following remarkable species, which is very
different in eolor, form, and ealeareous deposits from any other member of the
family. Its relationships are very doubtful, though the ealeareous partieles seem
to ally it more elosely with Caudina than with any other genns.

ACAUDINA DEMISSA.
Prate XI1, Fics. 3, 4.

Molpadia demissa Sluiter, 1901, p. 110; pl. 11, fig. 4. Calcareous particles, pl. x,
fig. 11.
LeNeTH.—160 mm., the diameter about 45.
Coror—Dark brown-violet, with irregularly seattered, oval clear spots,
caused by aggregations of the caleareous plates.

DisrriBution.—Reported only from Madura Strait, northeast Java, 330 m.
(Sluiter).
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Remarks.—Although Sluiter had only a single specimen, he made such good
nse of that one that we have a very satisfactory knowledge of the morphology of
this noteworthy holothurian.

EUPYRGUS Lutken, 1857.

Fchinosoma Semper, 1868.

Tentacles 15, simple and without digits or ampulle. Body tapering poste-
riorly into a short but distinet eandal appendage. Radial pieces of calcareous
ring with no posterior prolongations, or with very slight ones on those of the
ventral side. Longitudinal muscles sinple and unpaired. Calcareous deposits
in the form of tables with perforated dise and high spire. Phosphatic deposits
wanting.

This interesting genus of very small holothurians was long monotypie, but
Ostergren (:05h) has recently added a second species. Although the tentacles
lack digits, Fupyrgns has little in eommon with Aphelodactyla and its relation-
ships are quite obscure. It is even a debatable question whether it has not
sprung from a different ancestry than that of the other Molpadiidie. The type
speeies is a distinetly Aretic animal, but the recently discovered one is found
farther to the south. Verrill’'s (’85b) Echinosoma abyssicola, recorded from
off the New England coast in 3,718 1n., is a simple nomen nudum, and is very
possibly an Echinocueumis or perhaps a Sphmrothuria.

Key 1o TnE Srictis or EUPYRGUS.

Some or all of the calcarcous tables stout, with dise 190-300 1 in diameter, perforated with

R0-30 (often fewer, rarcly more) holes...........ooeieteriiiiin i, SCABER
Tables more slender, with base 125-250 p, perforated with 40-60 (rarely fewer, often more)
BoleS o et e PACIFICUS

FuPYRGUS SCABER.
Prare XTI, Fias. 16-27.
Lupyrgus scaber Liitken, 1857, p. 22.

Echinosoa hispidum Semper, 1868, p. 44.

LeNGT.—9-12 mm., with a diameter of abont 5.

Coror.—(Grayish.

Distrisution.—Reported from between Port Hood, Cape Breton and eastern
point of Prince Edward Island, and off Bonaventure Island (Whiteaves); Sal-
mon Bay, Cariboun Island and Long Island, Catcan Bay (Packard); southern
Labrador (Verrill); Greenland (Liitken, et al.) ; Spitzbergen (Ljungman, Théel,
et al.); Barents Sea (D’Urban et al.); Kara Sea (Stuxberg); Finmnark (Nor-
man) ; and eoast of Alaska (Clark, antea); in depths of 7-480 m.; also from
Indian Oecan (Walsh).

Remarks.—Althongh long known, this species has been little studied and no
good figures of the animal or its deposits were published until recently (Norman
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:03). Semper (’68) gives some good anatomical details, including a figure of the
cloaca, which shows the presence of five large calcareous plates, forming ¢‘anal
teeth’’ such as occur in Thyone briareus and some other holothurians. The re-
ported occurrence of this species in the Indian Ocean in comparatively shallow
water, by Walsh (’91), is open to serious doubt, although Aleock (:02) seems to
consider the record correct. Koehler and Vaney (:05) make no reference to either
the species or the record, which is rather remarkable. In view of the fact, for
which they vouch, that Walsh mistook a Protankyra for an Ankyroderma, we
may be pardoned for doubting his identification of an Indian holothurian as
Eupyrgus. In the Standard Natural History (Lockington ’85), Fupyrgus
scaber is classed as an Apneumonous Apoda, and is said to be ‘‘the simplest of
all holothurians,”’ although Semper’s figures were published nearly 20 years
before. It is unfortunate that such a blunder should occur in what is really a
‘‘standard’’ natural history.

Eupyreus pacIFICUS.
Prate XII, Fies. 28-29.
Eupyrqus pacificus Ostergren, 1905b, p. oxcvi. Caleareous particles, fig. 15.

Lenera.—3-7 mm., with a diameter of 2-3.

Coror.—Not given, but presumably grayish.

DistriBuTion.—Reported only from coast of Korea, 60-65 m. (Ostergren).

Remarks.—As Ostergren has compared his specimens, of which there were
three, with specimens of scaber of the same size, there is little reason to ques-
tion the validity of this species. Tt is possible, however, that a more complete
knowledge of individual diversity in scaber and of its geographical range may
show that pacificus is identical with it, particularly since scaber is now known to
ocenr along the Alaskan coast.

APHELODACTYLA, nom. nov.

(deros, not rough, simple, + 8dxrvda (poetie plural) fingers; in reference to the undivided
tentacles.)

Haplodactyla Semper, 1868; non Grube, 1840,

Tentacles 15, simple and without digits, but with ampulle. Body more or
less tapering posteriorly, but there is no distinctly set-off caudal appendage.
Calcareous ring very broad, the radial pieces with evident, but short, posterior
prolongations. Calcareous deposits often wanting (usually present at extreme
posterior end), and when present relatively insignificant, in the form of small
oval or dumbbell-shaped bodies or perforated plates. Phosphatic deposits
wanting.

Semper’s (’68) great monograph, with its wealth of anatomieal detail, first
introduced this interesting genus to zodlogists, but he unfortnnately made use
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of Grube’s name, which was really a synonym of Cuvier’s genus Molpadia. As
Semper’s mistake has not hitherto been corrected, it is now necessary to give
the genus a new name. Geographically, Aphelodactyla is interesting hecause of
its very limited distribution. Although nine species or varieties have been
named, they ave all from the East Indian region, extending only to Ceylon on
the west and to Waigiou Island, near New Guinea, on the southeast; curiously
enough, the same speecies occurs at these two extremes. All are shallow-water
forms, occeurring from about low-water mark to only about 60 m. The species
are all imperfeetly known and it would not be surprising if future study of
sufficient material should show that there ave only two, or perhaps three, distinet
speeies in the genus.

KEY TO THE SPECIES OF APHELODACTYLA.

A.—Skin more or less opaque and pigmented.

B.—Caleareous particles sometimes wanting, sometimes present only near cloacal open-
ing, sometimes frequent, especially posteriorly, in the form of small oval bodies,

and more or less jrregular, perforated plates (plate x, figs. 4, 5).
Color uniform reddish violet or purplish; plates when present rather regular,
thick, with few small perforations ....................... MOLPADIOIDES
Color clear violet, marked with orange; plates when present very irregular,
sometimmes with numerous perforations ................... ..., PUNCTATA

BB.—Calecareous particles small, oval, or thick C-shaped, or dumbbell-shaped, bodies.

AUSTRALIS

AA.—Skin more or less glassy and transparent, sometimes without pigment.
Calcareous particles wholly wanting............oiiiiiiiiii i, PELLUCIDA
Clalcareous rods with projecting knobs present near cloacal opening...... HYALOEIDES

APHELODACTYLA MOLPADIOIDES.
Prates IIT axp X, Figs. 3-7.

Haplodactyla molpadioides Semper, 1868, p. 41; pls. 1X; X, figs. Ra, 4, 5, 9; pl. X111,
1-3.
Iaplodactyla molpadioides sinensis Semper, 1868, p. 43. Caleareous particles, pl. X,
fig. 2; pl. x1m1, fig. 4.
Haplodactyla ecalcarea Sluiter, 1901, p. 118.
Lexcra.—Up to 210 mm., with a diameter about one-fourth as much.
CorLor.—Uniform reddish violet or purplish.
Disrrisurion.—Reported from Bohol and Cebu, Philippines (Semper);
China (Semper); Sumbawa, D. E. I. (Sluiter), and Ceylon (Bell).
Remarks.—Although so beautifully figured and well deseribed by Semper,
this species is still very unsatisfactorily known. Few specimens are in collec-
tions and its relationships to other members of the genus are still much in doubt.
The single small specimen (35 mm.) taken by the ¢‘Siboga,’’ and whieh Sluaiter
named ecalcarea, seems to be most probably a young individual of this species.
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APHELODACTYLA PUNCTATA,
Haplodactyla punctata Sluiter, 1888, p. 209. Calcareous particles, pl. 11, figs. 31-35.

Lexera.—Up to 160 mm.

Coror.—Clear violet with orange blotches and spots; tentaecles colorless,
speckled with orange.

Distrisurion.—Reported only from Batavia Bay and Samana Bay, D. E. T.
(Sluiter).

Remarks.—Thanks to Sluiter’s (’88) investigations, we really know some-
thing about this species, which appears to be distinet from molpadioides,
though a sufficient series of specimens may show that the two are identical. Tt
is common in the mud of Batavia Bay, where it lives with only the cloacal
opening above the surface. 1t lives well in an aquarium, but remains buried
in the mud, showing the anterior end only at night. Respiration is slow, the
contractions and expansions of the cloaca only oceurring two or three times per
minute. The caleareous deposits show a great deal of diversity in form.

APHELODACTYLA AUSTRALIS.

Haplodactyla holothurioides Selenka (non Cuvier), 1868, p. 115. Calcarcons par-
ticles, pl. vuir, figs. 13, 14.
Haplodactyla australis Semper, 1868, p. 233.
Haplodactyla andamanensis Bell, 1887a, p. 139.
LeENGTH.—T75-105 mm.
Covror.—Coffee-brown, dusky browu, or reddish gray.
DistmisuTion.—Reported from Waigiou, northwest of New Guinea
(Selenka) ; Timor and Padang (Ludwig); Andaman Islands (Bell), and Cey-
lon (Thurston, Imdwig). Apparently the most widely distributed of the genus.
Remarks.—Very little is known of this speeies, beyond the existence of a
few specimens in European museums. I follow Ludwig in considering anda-
manensis synonymous with australis, as he has examined several specimens and
his long experience makes him a safe guide; but the differences between
australis and molpadioides are not much greater than those which were sup-
posed to separate australis and andamanensis, so I am by no means sure that
the present species is tenable beyond question.

APHELODACTYLA PELLUCIDA.

Haplodactyla moZpédioides pellucida Semper, '1868, p. 42.  Anatomical details, pl. x,
figs. 1, 3, 6.
Haplodactyla pellucida Sluiter, 1901, p. 117.
LeneTH.—40-75 mm.
Coror.—Not given; ‘“glassy, translucent’’ (Shiiter); Semper fignures (Plate
X, fig. 3) a bright brownish-yellow pigment cell from the skin.
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Disrrisurion.—Reported from Bohol and Cebu, Philippines (Semper);
Saleyer, D. E. I. (Sluiter).

Remarks.—There seems very little reason for separating this species from
molpadioides, but Sluiter, who has probably studied more specimens of this
genus than any other zoologist, considers it recognizable, and we may well de-
fer to his judgment until further evidence is in. The reproductive glands are
said to be unbranched and the calcareous ring much narrower than in mol-
padioides.

APHELODACTYLA HYALOEIDES.
Haplodactyla hualoeides Sluiter, 1880, p. 345; pl. v.
Haplodactyla hualoeides Sluiter, 1880, p. 345; pl. v.

Lexera.—35 mm.

Coror.—Colorless and glassy, like Salpa.

DistriBurion.—Reported from Batavia (Sluiter); Amoy (Ludwig), and
Samana Bay, D. E. I. (Sluiter).

Remarks.—Although only four specimens of this remarkable species are
known, it would appear to be very distinet from any other member of the
family. The reproductive organs are well developed, so there is no good reason
for considering it immature. Besides the deposits near the cloacal opening,
Ludwig found branched rods in the walls of the genital tubes.

CERAPLECTANA Clark (antea, p. 39).

Tentacles 10, simple, unbranched, horny and pointed, provided with normal
ampulle. Body nearly cylindrical, but tapering posteriorly into a well-de-
veloped caundal appendage. Radial pieces of calcareous ring with marked, but
not deeply forked, posterior prolongations. Calcareous deposits in the form of
irregular branched plates or straight rods, perforated near the middle, and
usually with a single, sharp, outwardly directed spine. Phosphatic deposits
present.

The relationships of this curious genus are evidently with Molpadia, as
shown by the shape of the body, the calcareous ring, and the deposits in the
skin, but the tentacles are very distinctive. Koehler and Vaney (:05) report
a Molpadia from the Gulf of Bengal (elongata) in which only 10 tentacles
showed, but they say nothing of the form or structure of those; the use of
the word ‘“dix’’ looks very much like a slip of the pen, as no comment is made
on the unusual number. :

CERAPLECTANA TRACHYDERMA.
Prare XIII, Fias. 5-13.
Ceraplectana trachyderma Clark (antea, p. 39).

Lenera.—Up to 80 mm., of which about one-fourth is tail; diameter, 10~
20 mm.
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Coror.—Gray mottled with numerous small patches of red-brown.

DistriBurion.—Reported only from ‘‘Albatross’’ Station 3603, near the
Aleutian Islands, 3,188 m. (Clark).

Remarks.—This is one of the ‘“Albatross’ ’” most interesting discoveries in
the way of holothnrians and adds another to the long list of remarkable ani-
mals acquaintance with which science owes to that vessel. The three specimens
taken oecurred on a bottom of ‘‘blue ooze.”’

HIMASTHLEPHORA Clark (antea, p. 40).

Tentacles 15, with four digits of which the terminal pair are the largest;
without ampulle. Body nearly cylindrical, rather stout, terminating abruptly
in a long, slender caudal portion. Mid-dorsal interambulacrum with 4-6 whip-
lash-like papille. Rudimentary pediccl-like outgrowths near both the anterior
and posterior ends of the body. Genital papilla prominent, 2 mm. or more in
length. Respiratory trees small and delicate. ILongitudinal muscles simple,
flattened and unpaired. Calcareous ring of 10 picces, rather stout and synapta-
like with no posterior prolongations. No calcareous or phosphatic deposits in
skin. Careful examination of two specimens failed to show a stone-canal.

The specimens on which this genus is based were collected in 1886 and ex-
amined by me in 1900. In 1905 appeared the description of the following
genus, and it occurred to me at once that the ‘‘Investigator’s’’ novelty is very
closely allied to this one discovered by the ¢‘Albatross,”” if not actually con-
generic with it. The most obvious difference between the two is in the shape
of the body—that is, the presence or absence of a caudal appendage. I con-
sidered it present very plainly in the four ‘‘Albatross’’ specimens, while
Koehler and Vaney consider it wanting in the two ‘‘Investigator’’ specimeus.
I am now unable from the available material to satisfy myself beyond doubt on
this point. An apparent caudal appendage was present in all four speeimens,
but the condition of the material was such that even the stained sections pre-
pared would not permit me to determine whether the appendage was a normal
outgrowth covered with skin or an evagination of part of the alimentary canal,
which is unfortunately ruptured and macerated beyond satisfactory examina-
tion. The position of the clusters of pedicel-like outgrowths at the basc of the
appendage is suspicious, and a study of the description and figures given by
Koehler and Vaney increases the suspicion that the apparent tail is not a
normal outgrowth. On the other hand, its presence in all four specimens and
its general appearance argue in favor of its being a caudal appendage, es-
pecially since the respiratory trees were in their normal position in the body-
cavity. If the appendage were an evagination, it seems as thongh the respi-
ratory trees must have been injured or disturbed. Aside from this doubtful
appendage, Himasthlephora differs from Gephyrothuria in the number of digits
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on the tentacles, the presence of a prominent genital papilla, the smaller
number of dorsal papille, and the presence of rudimentary pedicel-like out-
growths. - None of these differences, however, will stand very critical examina-
tion, and if the two species are shown, by the colleetion and study of further
material, to be alike in the presence or absence of a caudal appendage, it seems
to me very probable that they are congenerie, and Himasthlephora must be-
come simply a synonym of Gephyrothuria. As regards the relationship of these
interesting holothurians to other genera, it seems to me elear that they are
closely related to Caudina, althongh in the unpaired longitudinal muscles, the
absenee of tentacle’ampulle, of posterior prolongations on the radial pieces of
the caleareous ring, and of phosphatie deposits they resemble Kupyrgus. They
certainly belong to the Molpadiidee. The number and form of the tentacles and
the general appearance is very characteristie, and the presence of rudimentary
ambulacral appendages is not of nearly sufficient importance to warrant the
formation of a new family. Gerould (’96) long since demonstrated their pres-
ence in Caudina arenata. It might be possible to form a subfamily of Himas-
thlephora and Gephyrothuria, but in the present imperfect state of our knowl-
edge of these forms, such a step seems to me inadvisable and undesirable.

HIMASTHLEPHORA GLAUCA.

PraTe XI1I, Figs. 1-4.
IIimasthlephora glauca Clark (antea, p. 40).

LeneTH.—28 mm., of which 9 is tail; diameter about 8 mm.

Coror.—Uniform pale gray; tentaeles and genital papilla brownish.

DistriBuTion.—Reported only from ‘¢ Albatross’’ Station 2678, off the coast
of Georgia, 1,316 m. (Clark).

Remarks.—Nothing remains to be added to the remarks on page 41, save
that this speeies appears to be mueh smaller and more dully eolored than the
following, although the speeimens were apparently sexually mature. They oc-
curred on a bottom of ‘‘light gray ooze,”” with which they must have eorre-
sponded in color almost exactly.

GEPHYROTHURIA Koehler and Vaney, 1905.

Tentacles 15, with only two (1) digits, without ampulle. Body nearly
eylindrical, rather stout, with no caudal portion (?). Mid-dorsal interambula-
crum with 7-9 whiplash-like papillze. Pedicel-like ontgrowths and genital papilla
wanting. Calcareous ring without posterior prolongations. Caleareous and
phosphatic deposits wanting.

The peculiarities of this genus have been fully discussed in connection with
the preceding, to which it is at least most elosely related.
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GEPHYROTHURIA ALCOCKI.

Gephyrothuria alcocki Koehler and Vaney, 1905, p. 79; pl. v, figs. 6-8.

Lexera—Up to 50 mm., with a diameter of 17.

Coror.—Rosy.

Drsrrisurion.—Reported only from ¢‘Investigator’’ Station 278, near Cey-
lon, 3,442 m. (Koehler and Vaney).

Remarks.—The larger size and brighter color distingnish this from the
similar species of the American coast, aside from the generic differences
already discussed. The tentacles were so much contracted that it could not be
decided satisfactorily what the number of digits is.

CONCLUDING REMARKS ON THE MOLPADIIDA.

INTERRELATIONSHIPS.

Having thuns characterized the 8 genera and 46 species of Molpadiide
known to science at the present day, it may be worth while to attempt to show
in graphic form the relationship which they have to each other. There is good
reason for believing that the ancestor of the group was a 15-tentacled pedate
holothurian, probably one of the Cucumariide, or at any rate most nearly re-
lated to that family. Beyond this point our arrangement of the genera is
largely a matter of personal opinion; but there will probably be general agree-
ment that Himasthlephora is nearest fo such an ancestral form, becaunse of its
still possessing rudiments of pedicels, as well as dorsal papille, and its lack of
tentacle ampullee; Gephyrothuria is of course very little further removed. But
the absence of calcareous deposits in the skin and of posterior prolongations to
the radial pieces of the calcareous ring in these genera are probably not ances-
tral, but are more recent modifications. We may rank Acaudina next becanse
of the shape of the body, and follow with Caudina, the species with long and
distinet tails being farthest from the original form. It is natural to consider
Aphelodactyla as a modified Caudina, but it is probably just as near to Acau-
dina. The connection between Caudina and Molpadia is obvious and the divid-
ing line is hard to draw, while Ceraplectana is apparently a striking modifica-
tion of the latter. As for Eupyrgus, there is room for wide difference of opin-
ion, but it is apparently a much modified genus, which may have had a differ-
ent origin from the rest of the family, or may have been derived from a form
near Gephyrothuria. Assuming that the latter has been the more probable
course of development, the relationships of the gemera might then be repre-
sented as follows:
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Molpadia
Ceraplectana

Caudina

Aphelodactyla
Acaudina

Gephyrothuria

Himasthlephora

15-tentacled Cucumarian

Ancestor
(IEOGRAPHICAL [)ISTRIBUTION.

In considering the distribution of the foregoing genera we will use the
same system that served us in the discussion of the Synaptide, even though a
large proportion of the Molpadiide are abyssal forms. We are at once struck
by the fact that there is no one particular region characterized by an exceptional
number of genera, althongh three occur in the Pacific Boreal subregion and
four in the Indo-Pacific region; of the latter, two are characteristie, but of the
former there are none, although we might ignore the depth at which Cera-
plectana ocenrs and consider it a fourth and characteristic genus. Besides
Ceraplectana, two genera are exclusively Abyssal and two others occur in that
region. The most widely distributed genus, Molpadia, occurs in practically all
parts of the world where collections at depths of 200 m. or more have been
made, and Caudina also has a wide range, though it is properly a littoral genus
with only two abyssal species, and a distribution mueh like Chiridota (see p.
133); but Molpadia is strietly littoral only in the case of a very few species, and
chiefly in the Aretic or Antarctic regions. The following table will show these
facts of distribution in a convenient way; an * indicates that the genus is char-
acteristic of the region, ** that it is not foun{l elsewhere; the figures in paren-
theses indicate the number of species oceurring in that region or subregion:

Abyssal Region: Atlantic Boreal Subregion:
* Molpadia (16). Eupyrgus (1).
** Ceraplectana (1). Molpadia (4).
** (Gephyrothuria (1). Caudina (1).
** Himasthlephora (1). Aretic Circumpolar Subregion:
Caudina (?). Eupyrgus (1).
Indo-Pacific Littoral Region: Molpadia (2).
** Aphelodactyla (5). Pactfic Boreal Subregion:
** Acaudina (1). Eupyrgus (2).
Caudina (1). Caudina (1).

Molpadia (12). Molpadia (3).
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SYNAPTINAE









PraTe V.

SYNAPTINZ.

Figures 1-13 and 22. Leptosynapta acanthia (Clark). Except Fig. 22, from Clark, 1899a.

Fignre 1
2

3
4
5
6
v
8

<

10
11
12
13

22

. Large anchor. X 90.

. Large anchor-plate. X 90.

. Small anchor. X 90.

. Small anchor-plate. X 90.

. Abnormal anchor. X 90.

. Double plate with twin anchors. X 90.

. Miliary granules from anterior part of body. X 450.

. Miliary granules from posterior part of hody. X 450.

. Supporting rods from tentacles. X 450.

. Interradial and radial pieces of calcareons ring. X 10.

. Small ciliated funnel from body-cavity. X 90.

. Large ciliated funnel from body-cavity. X 90.

. Part of body laid open to show stomach and line of ciliated funnels. Natural
size.

. Gustatory organs on tentacles. a. Group of 5, seen from above. b. One, seen
from side. X 70.

Figures 14, 18, 19, and 20. Lepfosynapta inherens (0. F. Miiller). (From Clark, 1899b.)

Figure 14
18
19
20

. Radial and interradial pieces of calcareous ring. X 45.
. Supporting rods from tentacles. < 450.

. Miliary granunles from longitudinal inuseles. X 450.

. Large ciliated funnel from body-cavity. X 1R5.

Figures 15, 16, 17, and 21. Leptosynapta roseola Verrill. (From Clark, 18995.)

Figure 15. Supporting rods from tentacles. X 450.

16.
17.
21.

Figure 23.

24.
25.
26.
7.
28.

29.
30.

31.
32.
33.
34.

35.

36.
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Radial and interradial pieces of calcareous ring. X 45.
Miliary granules from longitudinal muscles. X450.
Large ciliated funnel from body-cavity. X 337.

Anehor-plate of Labidoplaxr buskii (McIntosh). (From Brady and Robertson,
1871.)

Anchor-plate of FKuapta glabra (Semper). X 95. (From Semper, 1868.)

Anchor-plate of Labidoplaxr dubia (Semper). X 95. (From Semper, 1868.)

Anchor-plate of Protankyra challengert (Théel). X 170 ? (Freamn Théel, 1886a.)

Anchor-plate of Labidoplax sluitert Fisher. X 100 ? (From Sluiter, 1901.)

Anchor-plate of Labidoplar dubia (Semper). X 200 ? (From Théel, 1886a;
tncerta.)

Anchor of Protankyra verrilli (Théel). X 110 ?  (From Théel, 1886a.)

Miliary granules of Protankyra bidentata (W. and B.). (a. From Théel, 1886a;
distincta. > 400 ? b. From Semper, 1868; molesta. X 95. c¢. From Lud-
wig, 1875 ; distincta. X 70.)

Anchor of Protankyra autopista (v. Mar.). X 150. (From v. Marenzeller, 1881.)

Anchor of Protankyra insolens (Théel). X 50?7 (From Théel, 1886a.)

Anchor-plate of Protankyra rodea (Sluiter). X 25. (From Sluiter, 1890.)

Accessory perforated plate of Protankyra ludwigii (Sluiter). X 300. (From
Sluiter, 1890.)

Accessory perforated plate of Protankyra asymmetrica (Ludwig). X 180. (From
Ludwig, 1875.)

Anchor of Protankyra asymmetrica (Ludwig). X 70. (From Ludwig, 1875.)
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SYNAPTINA
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SYNAPTULA HYDRIFORMIS (Lesueur)










Prare VII.
CHIRIDOTIN &.
Figures 1-4. Trochodota venusta (Semon). (From Semon, 1887.)

Figure 1. Adult animal. X 30.
2. Piece of calcareous ring. X 120.
3. Sigmoid body. X 500.
4. Supporting rod from tentacle. X 500.

Figure 5. Sigmoid bodies of Scoliodota japonica (v. Marenzeller). X 200 (?). (From Théel,
1886a.)

Figures 6 and 7. Trochodota purpurea (Liesson). X 230. (From Ludwig, 1898b.)

Figure 6. Sigmoid bodies.
7. Supporting rod from tentacle.

Fignres 8-13. Teniogyrus contortus (Ludwig). (Fig. 8 from Théel, 1886a;
others from Ludwig, 18983.)

Figure 8. Wheel. X 250 (?).
9. Sigmoid body, with ends curved in plancs at right angles fo each other. X 230.
10. Sigmoid body, with ends curved in same planc. X 230.
11. Sigmoid body, same as Fig. 9, seen from side. X 230.
12. Supporting rod from tentacle. X 230.
13. Oral disc of larva at 7-tentacled stage, showing origin of sixth and seventh tenta-
cles simultaneously in the lateral interradia. < 48.

Figures 14-18. Polycheira rufescens (Brandt). (From Semper, 1868.)

Figure 14. Tree-like cluster of ciliated funnels from body-cavity (Chirodota variabilis Sem-
per). X 95.
15. Wheel (Chirodota variabilis Semper). X 260.
16. Curved rods from skin (Chirodota variabilis Semper). X 260.
17. Part of calcareous ring (Chirodota variabilis Semper). X 5 (?)
18. Tentacle. a==half expanded; b=contracted (Chirodota panensis Semper).

X5 (?)
Figures 19-23. Anapta gracilis Semper. (From Semper, 1868.)

Figure 19. Calcareous deposits from skin. X 260.
20. Radial and interradial pieces of calcarcous ring. X 5 (?)
21. Tentacle, showing digits and gustatory organs. X 10 (?)
22. One gustatory organ from side. X 230 (?)
23. Ciliated funnel from body-cavity. X 95.

Figures 24 and 25. Chiridota marenzelleri R. Perrier. (From R. Perrier, 1905.)

Figure 24. Wheel-papilla. X 10.
25. Stellate miliary granules. X 330.

Figures 26-29. Chiridota rigida Semper. (From Semper, 1868.)

Figure 26. Wheel. X 260.
2%7. Curved rods from skin. X 260.
28. Ciliated funnel from body-cavity. X 260.
29. Calcarcous ring, cesophagus and water-vascular ring, with its appendages.
X 10 (?)
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MYRIOTROCHINA
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MOLPADIIDA
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MOLPADIA MUSCULUS
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abyssicola (Chirodota), 119.
ags (Echinosoma), 179.
¢ (Protankyra), 22, 25, 99, 105.
8 (Synapta), 105.
(Trochostoma), 157.
acanthia (Leptosynapta), 87, 92.
‘a (Synapta), 82,
Acanthotrochus, 12, 13, 17, 22, 46, 52, 127, 129, 130,
131, 133.
Acaudina, 20, 22, 135, 136, 156, 178, 186, 187.
Achiridota, 17, 22, 112, 126, 131, 133.
Actinopoda, 13, 135,
Aectinopodida, 13.
aculeata (Protankyra), 99, 104, 105.
gl (Synapta), 104.
acutum (Ankyroderma museulus), 165.
affine (Ankyroderma), 163. '
afiinis (Molpadia), 31, 158, 163, 164.
agassizil (Ankyroderma), 169.
50 (Molpadia), 159, 169.
S (Synapta), 78.
albatrossi (Protankyra), 100,
albicans (Caundina), 37, 173, 174, 175,
i (Synapta), 88.
@ (Trochostoma), 37, 174.
albopunctata (Chondroelwea), 84.
alcoeki (Gephyrothuria), 22, 186.
amboinensis (Chiridota), 117, 118.
49 (Chirodota), 117.
amorpha (Molpadia), 31, 158, 164.
Anaetinopoda, 13.
Anactipoda, 13.
Anapta, 12 13, 16, 17, 22, 71, 109, 111, 131, 133.
andamanense (Trochostoma), 162.
andamanensis (Haplodactyla), 182.
“w (Molpadia), 158, 162, 163, 168, 170.
Ankyroderma, 12, 13, 18, 19, 142, 156.
antaretica (Molpadia), 32, 36, 144, 159, 163, 168.
antareticum (Trochostoma), 162, 168.
Aphelodactyla, 20, 22, 143, 149, 153, 154, 155, 156,
180, 186, 187, 188.
Apneumona, 11, 12,
Apneumones, 11.
Apoda, 12, 13.
Apodes, 11, 13, 14,
Apodia, 11.
aretica (Haplodactyla), 169.
¢ (Molpadia), 31. 32, 36, 159, 163, 168, 169.
arcticum (Trochostoma), 169.
arcnata (Caudina), 22, 36, 37, 38, 41. 135, 146, 147,
149, 150, 151, 152, 154, 155, 173, 174, 177, 185,
ad (Chirodota), 20, 174.

arcnicola (Liosoma), 145, 171,
‘ (Molpadia), 33, 159, 171.
o (Trochostoma), 171.
armata (Caudina aremata), 37, 174, 175.
aspera (Chondrocleea), 85.
Aspidochir, 113.
Aspidochirotae, 21.
astrolabi (Synapta), 78.
asymmetrica (Protankyra), 100, 107,

‘o (Synapta), 107.
australiana (Chiridota), 17.
o (Chirodota), 122, 124,

australianns (Te@eniogyrus), 22, 29, 121, 122, 125,
australis (Aphelodaetyla), 181, 182.

¢ (Haplodactyla), 182.

“ (Molpadia), 20, 175.
autopista (Protankyra), 99, 103.

“ (Synapta), 103.
ayresi (Synapta), 88.

¢¢  (Trochostoma), 157.

bachei (Synapta), 87.
bankensis (Protankyra), 100, 108.
o (Synapta), 108.
Denedeni (Protankyra), 100, 106.
‘ (Synapta), 106.
bergensis (Synapta), 91, 92.
beselii (Chondrocleea), 78.
¢ (Synapta), 15, 78, 79.
bicornis (Protankyra), 26, 98, 101.
bidentata (Protankyra), 99, 102.
o (Synapta), 102.
bifaria (Synapta), SS.
blakei (Molpadia), 33, 159, 168, 169,
‘¢ (Trochostoma), 168,
boreale (Trochostoma), 32, 160, 169.
borealis (Molpadia), 31, 36, 160, 168.
brevicanda (Caudina coriacea), 175, 176,
brevicandata (Molpadia), 160, 171.
brevieandatum (Ankyroderma), 171,
brevis (Chiridota), 128.
briareus (Thyone), 180.
bryehia (Protankyra), 25, 99, 103, 104.
& (Synapta), 103.
buskii (Labidoplax), 22, 44, 57, 94,
¢ (Synapta), 94.

caernlea (Molpadia parva), 36.
californica (Caundina), 37, 173, 177.
caudata (Caudina), 175.

L (Microdactyla), 175.
candatum (Trochostoma concolor), 161,
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Caudina, 12, 13, 18, 20, 22, 41, 70, 135, 141, 143, 148, ecalearea (Tlaplodaetyla), 181.
4 t b

150, 153, 155, 156, 172, 185, 186, 187, 188, 189. eealeareum (Troehostoma), 167.
(‘.erapyloetnyna o1, 22, 39, 137, 138, 145, 156, 183, 186, Echinoencumis, 179.

Cire o Eehinosoma, 12, 18.
('hﬂlo’ngeri (Protankyra), 98, 100. elegans (Trooho(le.rmn), 22, 130. '
. (Synapta), 100. elongata (Molpadia), 159, 170, 183.
chiaii (Chiridgta) 95’ elongatum (Trochostoma), 170.

, 95.

chilensis (Caudina), 173, 175, 177, 178. Embolus, 12, 18, 156.

e (Molpadia), 20, 175, 176. errata (Protankyra), 99, 104. 4
Chiridota, 12, 13, 16, 17, 18, 22, 23, 44, 46, 48, 86, Euapta, 18, 14, 16, 23, 43, 55, 71, 72, 131, 133.

b4 ’ : Y

87, 112, 113, 123, 126, 131, 133, 187. Eupodia, 11,
Chiridot, 11 Eupyrgidee, 12. ) o £
‘ = - Eupyrgus, 12, 13, 18, 20, 22, 41, 144, 145 56,
Diridotinw. 13, 1%, 15, 16, 17, 22, 45, 70, 112, 131, pyvgus, 12, 13, 18, 20, , 144, 145, 149,
2;::;‘:(]](1;11111,11 , 14, 19, 10, 14, co, 29, 1%, ALk g L
p .mdot‘i(’h 13 eximia (Chiridota), 114, 116.

1i x, 13. !
Chondroclea, 13, 15, 16, 78, 80. ¢¢ (Chirodota), 116.
coerulenm (Troelhostoma arcticum), 168, Fallax (Anapta), 26, 109, 110.
y lor (Molpadia), 158, 160 161, 172. y ) e e
Ry ¥ ’ ’ ) faseiata (Synapta), 78.

‘f‘ ¢ (flr,oe}tmsfma;’ 3,21'104 fernandensis (Chiridota), 114, 115.
conferta (Protaukyra), 99, ! Farrngine. ( DoaaBitEE

- - " ; N
AT 1 (Ontmaaom, 126
a), :

i (Sigmodota), 126.
eontortum (Ankyroderma), 161.

i (Toxodora), 22,7109, 126.
contortus (Teeniogyrus), 29, 30, 59, 60, 66, 121, 122, Fistularia, 72, 82. j

123. flava (1lolothuria), S8.
('on‘trﬂctaCﬂuda.(Cﬂ“di““%)(; 318"_173’ g - forsteri (Oneino]al;os)y 78.
(‘01"1-:10(’3 (Clal]ld“(‘;}')’ 3;;;—, U fusea (Fistularia), 72.

3 Eg 0 path)l),ll;‘ fuseeseens (Oneinolabes), 78.

Synapta), 113.

Cueumariide, 186. palliennii (Leptosynapta), 87, 91, 92.

ot (Synapta), 91,
Dactylapta, 16, 22, 71, 111, 131, 133. Gephyrothuria, 14, 21, 22, 41, 145, 147, 149, 156, 184,
Daetylota, 113. 185, 186, 187.
danielsseni (Ankyvroderma), 18, 19, 35, 165, 166. Gephyrothuridae, 21.
decaria (Leptosynapta), 87, 93. girardii (Leptosynapta), 88S.
€€ (Synapta), 24, 93. ‘¢ (Synapta), 88.
demissa (Aeaudina), 22, 178, glabra (Euapta), 74.

« (Molpadia), 20, 178. T (Opheodesoma), 74, 75.

denticulata (Protankyra), 100, 107. ¢ (Synapta), T4.

digitata (Labidoplax), 24, 45, 46, 53, 59, 94, 95, 106, @ (Trochostoma albicans), 173, 174.
108.

glanca (Himasthlephora), 22, 40, 185.
ghitinosa (1lolothuria), 80.
godeffroyi (Euapta), 22, 72, 75, 76.

‘e (Synapta), 95, 97.
discolor (Chiridota), 22, 23, 26, 28, 52, 114, 117, 120.

dispar (Ankyroderma), 170. ¢ (Synapta), 72.
‘¢ (Molpadia), 159, 170. gracilis (Anapta), 22, 109, 110.
distincta (Protankyra), 102. “«

(Synapta), 88.
granulata (Molpadia), 33, 159, 163, 170.
granulatum (Troehostoma), 170.

& (Synapta) 102.
dolabrifera (Leptosynapta), 23, S7, 89, 122,

‘ (Synapta), 89. grisea (Buapta), 75.
doreyana (Tistularia), 7S. ¢ (Ophcodesoma), 74, 75, 76, 79, 8L.
dubia (Chiridota), 120, 121. ¢ (Synapta), 75.
‘¢ (Chirodota), 120.
‘¢ (Labidoplax), 24, 94, 96. Haplodaetyla, 11, 12, 13, 18, 20, 156, 180.
‘¢ (Synapta), 96. hawaiiensis (Chiridota), 117, 118.
dubiosa (Anapta), 111. henslowana (Synapta), SS.
“ Daetylapta), 22, 111. Heterosynapta, 80.
dunedinensis (Chiridota), 124. Himasthlephora, 14, 21, 22, 40, 144, 145, 147, 149, 156,
40 (Chirodota), 124. 184, 185, 186, 187.
a (Sigmodota), 124. hispanienm (Ankyroderma), 165,
gL (Trochodota), 29, 122, 124, hispida (Synapta), 92, 97.

duodactyla (Protankyra), 26, 98, 101. hispidum (Echinosoma), 179.
dnvern:va (Svnapta), 88. Holothurae, 11.
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Holothuria, 80, 82, 88, 124. Leptosynapta, 16, 22, 43, 44, 46, 48, 71, 86, 109, 110,
Holothuriocidea, 11. 111, 131, 133.
holothurioides (Haplodaetyla), 182. liberata (Chiridota), 117, 118.
U (Molpadia), 22, 157, 165. e (Chirodota), 117.
hualoeides (ITaplodaetyla), 183. limicola (Ankyroderma), 157.
hyaloeides (Aphelodaetyla), 181, 183. Lioderma, 11, 18, 113.
o (ITaplodaetyla), 183. Liodermatidze, 11.
hydriformis (Holothuria), 15, 80, 82, 8. Liosoma, 12, 18, 113, 156.
U0 (Leptosynapta), 82. Liosomatidwe, 11, 12,
6d (Synaptula), 22, 28, 43, 46, 48, 53, 55, lorieata (Molpadia), 159, 166.
58, 59, 60, 61, 63, 66, 67, 68, 81, 82, 8G, 115. lorieatnm (Ankyroderma), 166.
ludwigii (Protankyra), 100, 107.
incerta (Labidoplax), 96. a6 (Synapta), 107.
¢¢  (Synapta), 96. ' Tunibricoides (Chiridota), 80.
incongrva (Chiridota), 120, 121. lumbricus (Synapta), 80.
a8 (Chirodota), 120.
incurvata (Chondrocleea striata), 84. macrankyra (Leptosynapta), 87, 91, 92.
indivisa (Chondroelcea), 83. ‘e (Synapta), 92.
G (Synapta), 83. maculata (1lolothuria), 15, 78.
X (Synaptula), 81, 83. ‘o (Synapta), 22, 23, 42, 52, 78, 79.
inequalis (Synapta), 98. 56 (Synapta retienlata), S6.
inermis (Aehiridota), 17, 22, 126. maculatum (Trochostoma thomsonii), 160.
44 (Anapta), 17, 126. mamillosa (Synapta), 15, 78, 79.
inflexa (Protankyra), 104. marenzelleri (Ankyroderma), 104, 171.
inhterens (Holothnria), 88, 95. 46 (Chiridota), 114, 116.
46 (Leptosynapta), 22, 23, 26, 57, 67, 86, 87, ag (Molpadia), 160, 171.
88, 90, 91, 93, 95, 134. maroceana (Molpadia), 159, 166.
48 (Synapta), 88, 128. maroecanuin (Ankyroderma), 166.
innominata (Protankyra), 108. media (Labidoplax), 94, 95.
3 (Synapta), 108. mediterranea (Haplodaetyla), 165,
insolens (Protankyra, 99, 106. meridionalis (Caudina), 175.
a0 (Synapta), 106. mertensi (Aspidoehir), 113.
intermedia (Chiridota), 114, 118. Mierodaetyla, 18.
o (Molpadia), 23, 32, 83, 35, 143, 158, 162. minuta (Leptosynapta), 42, 57, 63, 66, 87, 93.
intermedium (Ankyroderma), 161. €€ (Synapta), 93.
a6 (Trochostoma), 18, 19, 162. minutus (Myriotroehus), 57, 128, 129.
intestinalis (Synapta), 72. mirabilis (Aeanthotrochus), 22, 130.
molesta (Protankyra), 102.
japonica (Anapta), 125, ] (Synapta), 102.
¢ (Chirodota), 17, 125. mollis (Oncinolabes), 72.
‘¢ (Scoliodota), 22, 30, 42, 109, 125. Molpadia, 11, 12, 13, 18, 20, 22, 70, 135, 136, 137, 140,
¢ (Sigmodota), 125. ’ 142, 146, 155, 156, 172, 181, 186, 187, 189.
jeffreysii (Ankyroderma), 3G, 144, 160, 164. Molpadiida, 14.
johnstonii (Synapta), 97. Molpadiidee, 11, 12, 13, 14, 17, 21, 22, 23, 135, 186,

187, 188, 189.

kallipeplos (Chondrocleea), 77" molpadioides (1faplodactyla), 72, 181.

¢ r 4
kefersteinii((Sé::féigé]?ai)j (G s (Aphelodactyla), 22, 135, 136, 181, 182,
r (Polyplectana), 22, 77. e D
5o Shdipte), 76 ’,.7 ¢ musecunlus (Ankyroderma), 165.
R, 16, T 3 (Haplodaetyla), 165.
Labidoplax, 13, 16, 22, 44, 46, 71, 94, 130, 131, 133. ‘¢ (Molpadia), 20, 23, 34, 143, 157, 158, 159,
laetea (Chondroeleea), 85. 16_5' 166-_
¢ (Synapta), 85. Myrfotroeh}n:r‘, 13, 15, 17, 22, 70, 127, 133.
¢ (Synaptula), 81, 85. Myr}otrochldm, 13.
laeve (Chirodota), 119. Myriothochus, 11, 12, 13, 17, 22, 44, 46, 48, 127, 131,
laevis (Chiridota), 23, 28, 113, 114, 119, 134, 132, 133.
¢ (Chirodota), 119.
¢ (Holothuria), 119. . nigra (Chondrocleea), 81,
¢ (Leptosynapta ooplax), 24, 90. ¢¢  (Synapta), 81,
lappa (Euapta), 28, 43, 52, 72, 73. ¢¢  (Synaptula), 80, 81.

¢ (Synapta), 73. nigropurpurea (Synapta reticulata), S6.
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obesacauda (Caudina), 38, 39, 173, 176.
oceanica (Holothuria), 78, 79,
49 (Synapta), 78.
Oligotroehus, 127.
Oncinolabes, 12.
Oneinolabidwe, 12.
oOlithicum (Trochostoma), 160.
oblitiea (Chirodota), 160.
g (Molpadia), 32, 36, 143, 144, 158, 160, 161,
162, 163, 165, 167.
odlitiecum (Trochostoma), 160.
ooplax (Leptosynapta), 24, 86, 87, 90.
‘¢ (Synapta), 90.
Opheodesoma, 14, 16, 22, 55, 71, 73, 133.
orsinii (Chondroelea), S81.
‘¢ (Synapta), 8I1.

pacifica (Protankyra), 25, 99, 105.
‘“ (Synapta abyssicola), 105.
pacificus (Eupyrgus), 136, 179, 180.
pallidus (Trochiuus), 119.
pangensis (Chiridota), 120, 121.

‘f (Chirodota), 120.
Paractinopoda, 13, 42.
Paractinopodida, 13, 14.
parva (Molpadia), 36, 159, 168, 169.

¢ (Trochostoma areticum), 168,
paunper (Embolus), 145, 160.
paupera (Molpadia), 159, 167.
pauperum (Trochostoma), 167.
Pedata, 11.

Pelagothuriidae, 14.
pellucida (Aphelodactyla), 181, 182.

! (Haplodactyla), 12, 182.

4 (Holothuria), 119.

‘ (Synapta), 88, 119.
perforata (Ankyroderma), 167.

‘o (Molpadia), 159, 167.
perrieri (Ankyroderma), 165.
petersi (Protankyra), 100, 108.

Bt (Synapta), 108.
pieta (Synapta), 82.
pigmentosa (Caudina), 173, 176, 178.
pinnata (Chiridota), 88.
pisanii (Chiridota), 29, 113, 114, 118, 119.

‘¢ (Chirodota), 118.
planapertura (Caudina), 37, 173, 177.
Pneumonophora, 11, 12.
Pneumonophora, 11.
polii (Euapta), 73.

‘¢  (Synapta), 73.

Polycheira, 17, 22, 112, 120, 131, 133.
polymorpha (Molpadia), 160, 172.
polymorphuni (Ankyroderma), 172.
Polyplectana, 16, 22, 54, 71, 76, 131, 133.
pourtalesii (Leptosynapta), 82.

L (Synapta), 82.
Protankyra, 13, 16, 22, 14, 46, 71, 94, 97, 111, 131,

133.
psara (Chondrocleea), 84.

‘¢ (Synapta), 84.

‘¢ (Synaptula), 81, 84.

INDEX

pseudo-digitata (Protankyra), 100, 108, 109.
€% (Synapta), 108.
pulchella (Caudina), 175, 176.
puuctata (Aphelodactyla), 136, 152, 181, 182.
oq (Haplodaectyla), 1S2.
punctulata (Fistularia), 72.
purpurea (Chiridota), 124.
1 (Chirodota), 17, 118, 122, 124,
“ (Holothuria), 124.
e (Sigmodota), 122, 124.
¢ (Trochodota), 22, 124.
pygmiva (Chirodota), 113.

radiosa (Holothuria), 78.
ransonnetii (Caudina), 175, 176.
raynaldi (Synapta), 72.
reciprocans (IFistularia), S0, 82.
reciproguans (Synapta), S1.
vecta (Cliondrocleea), 84.
‘¢ (Synapta), 84.
‘¢ (Synaptula), 81, 84.
refuscens (Chirodota), 120,
regalis (Chiridota), 28, 114, 117.
reticulata (Chondroclea), S6.
o4 (Syuapta), S6.
46 (Synaptula), 81, 85, 86.
Rhabdowmolgus, 12, 16, 22, 44, 45, 70, 71, 111, 130,
131, 133.
Rlhopalodina, 11.
rigida (Chiridota), 113, 114, 117, 118,
‘¢ (Chirodota), 117.
rinkii (Myriotrochus), 22, 30, 127, 128, 129, 130.
rodea (Protankyra), 42, 100, 106, 107.
‘¢ (Synapta), 106.
roretzii (Ankyroderma), 164.
o (Haplodactyla), 164.
et (Molpadia), 158, 163, 164.
roseola (Leptosynapta), 53, 87, 90, 93.
‘¢ (Synapta), 93.
rotifera (Chiridota), 29, 52, 53, 59, 66, 113, 114, 115,
- 126.
‘“ (Chirodota), 115.
€ (Synapta), 115.
rubeola (Chiridota), 113.
ruber (Rhabdomolgus), 22, 57, 112.

* rufescens (Chiridota), 17, 120.

5 (Chirodota), 120.
i (Polycheira), 22, 120.
rugosa (Caudina), 175, 176.

sarniensis (Synapta), 91.
saruiensis (Synapta), 91.
scaber (Eupyrgus), 22, 39, 179, 180.
scabrum (Trochostoma), 162.
Scoliodota, 17, 22, 112, 125, 131, 133.
serpentina (Euapta), 76.
&9 (Opheodesoma), 74, 75, 76, 84,
e (Synapta), 76.
sibogee (Protankyra), 101.
¢¢  (Protankyra challengeri), 100.
Sigmodota, 13, 16, 17.
simile (Ankyroderma), 163.



similis (Molpadia), 158, 163, 164.

‘¢ (Protankyra), 100, 109.
(Synapta), 109.
sinensis (Haplodactyla molpadioides), 12, 181.
sitcheense (Liosoma), 120.
slniteri (Protankyra), 98, 101.
spectabilis (Opheodesoma), 22, 74, 75,
Spheerothuria, 179.
spinosa (Trochostoma scabrum), 162,
spinosum (Ankyroderma), 34, 35, 165, 166.
striata (Chondroelea), 84.

‘¢ (Synapta), 84.
stuhlmanni (Chiridota), 114, 115.
» (Chirodota), 115.

studeri (Chirodota), 124.
¢ (Sigmodota), 124.
(Trochodota), 124.
studerii (Chirodota), 122.
subtilis (Anapta), 109, 110.
suspecta (Protankyra), 99, 103.
Synapta, 11, 12, 13, 15, 16, 22, 23,
71, 78, 86, 131, 133,
Synaptie, 11,
Synaptida, 14.

(X3

(¥4

43, 44,

5

4,

INDEX

5!

5

’

Synaptidee, 11, 12, 13, 14, 15, 21, 22, 41, 42, 130, 131,

139, 140, 142, 143, 144, 148, 150, 155, 187.
Synaptina, 11, 13, 15, 16, 22, 70.

Synaptula, 11, 12, 16, 22, 43, 44, 46, 54, 71, 80, 131,

132, 133.

Twniogyrus, 17, 22, 43, 44, 112, 118, 121, 131, 133,

tenera (Labidoplax), 94.

‘¢ (Synapta), 94.
tentaculata (Holothuria), 78.
tenuis (Fistularia), 76.

¢¢  (Leptosynapta), 88.
(Synapta), 88.
théeli (Myriotrochus), 128, 129.
thomsonii (Labidoplax), 25, 94, 97.

54 (Synapta), 97.

(Trochostoma), 143, 160.
Tiedemannia, 80, 81.
tigillnm (Chirodota), 119.

timida (Protankyra), 100.

(X3

143

Toxodora, 16, 17, 22, 112, 125, 131, 133.
trachyderma (Ceraplectana), 22, 39, 183.
tridens (Ankyroderma), 172.

ye (Molpadia), 160, 172.
tristis (Protankyra), 99, 105.
T'rochkinus.

Trochoderma, 12, 13, 17, 22, 44, 127, 129, 131,
2, 44, 112, 123, 131, 132,

Trochodota, 13, 16, 17,
Trochostoma, 12, 13, 18, 19, 21, 156,
turgida (Molpadia), 158, 164.

& (I'rochostoma), 164,
turgidum (Trochostoma), 164.
typica (Chirodota), 119.

nuncinata (Synapta), 98.
undulatum (Ankyroderma museunlus), 167.
uniserialis (Chiridota), 114, 117.
variabilis (Chirodota), 120.

o (Labidoplax incerta), 24, 96.
vennsta (Chirodota), 125.

4a (Sigmodota), 125.
(Trochodota), 124, 125.
verrilli (Protankyra), 99, 102.

o (Synapta), 102.
verrucosa (Chiridota), 80.
violacea (Chiridota), 114, 116.

fal (Chirodotu), 116.
(Molpadia), 35, 165.
violaccum (Trochostoma), 18, 165, 166.
virgata (Chondroclwea), 85.

ag (Synaptula), 81, 85.
viridis (Holothuria), 82, 83.

¢ (Synapta), S$2, 83.
vitiensis (Chiridota), 120, 121.

o (Chirodota), 120.
vitreus (Myriotochus), 128, 129,

‘¢ (Oligotrochus), 128.
vittata (Fistularia), 72, 80, 81.
vivipara (Chondrocleea), 15, 82.

¢ (Synapta), 80, 81, 82.
(Synaptula), 82, 83,

(X1

X3

(X3

zebrina (Synapta), 72.
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