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INTRODUCTION

IN THIS WORK I have attempted to give
within the limits of a single volume a general
survey of the ascidians of the North and South
American regions and to provide a manual
that will be of help to those who have speci-
mens of ascidians that they wish to identify.
But the latter purpose, especially, is a most
difficult one to fulfill, owing to the character
of these soft-bodied animals, which lack the
definitely shaped, hard skeletal structures
that assist in distinguishing species in many
other groups. There is no quick and easy road
to a knowledge of the ascidians, and except
in the case of a few species that have unusu-
ally conspicuous distinguishing characters,
some perseverance in the study of the subject
and practice in handling the material may be
needed before successful results in identifying
even quite well-preserved specimens will be
found easy to attain. Those doing such work
may find help by keeping in mind the state-
ments and suggestions on identification of
specimens made on pages 16 to 19.

GEOGRAPHICAL AREA COVERED

This requires more definite statement. The
work deals with the ascidians (class Ascidia-
cea of the subphylum Tunicata) of the
coastal waters, continental shelf areas, and
neighboring islands of North and South
America. It thus includes Greenland, Ber-
muda, the West Indies, the Falkland Islands,
South Georgia, the Juan Fernandez Islands
(about the Galipagos Island ascidians vir-
tually nothing is known), the Aleutian Chain,
and Bering Sea. For convenience the Ant-
arctic regions lying directly south of South
America are also included, as well as such
deep-sea species as have been dredged at sta-
tions not too far removed from the American
coasts. '

It includes all the Tunicata of these regions
except the free-swimming forms (classes
Thaliacea and Larvacea), the best known of
which are the families Salpidae and Pyro-
somatidae. These are widely distributed in
the oceans of the world and do not belong ex-
clusively to the region this work covers.!

1 For identifying the American members of these
families, which include all the larger and most commonly

It has been necessary to keep this work
within the limits of a handbook or manual
that I could hope to complete, rather than to
undertake an extensive monograph which I
would surely never finish; and the large num-
ber of species to be dealt with has made it
imperative to limit greatly the introductory
part and omit, or touch only briefly on, some
subjects that would otherwise be deserving
of more consideration.

THE AMERICAN ASCIDIAN FAUNA

Taking the word “American’ in the broad

sense above stated, the present work recog-
nizes the list of American ascidians as includ-
ing 309 species and 10 additional forms which
are ranked only as subspecies but which are
well-marked ones and in many works have
been or would probably be treated as full
species.
"~ Poorly marked and dubious subspecies,
‘““varieties,” and ‘“forms' are not taken ac-
count of in this total, and a few very insuf-
ficiently described forms whose genus and, in
many cases, family cannot be made out are
also entirely disregarded. Of course these 319
forms that are given recognition are not all
equally well known, and among them are a
few whose validity is not as yet too well
established; on the other hand, there are some
which are probably being taken in too com-
prehensive a sense and which future investi-
gation may prove to be divisible into more
than one distinct species. The great range of
individual, age, and seasonal variation as af-
fecting not only the external shape and ap-
pearance but.many of the internal characters
of ascidians, to which must be added the
varied effects of preservation under different
conditions, was far from being realized until
within a very few years and is not always
appreciated even today.

In this work I have been more critical, and
species described on the basis of a few, often
poorly preserved, museum specimens (some-
times on a single one, or a single colony of a
compound form) and which differ only in

observed pelagic tunicates, see Metcalf, 1918, and Met-
calf and Hopkins, 1919 (in bibliography).
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minor characters within the probable range
of individual variation of better known spe-
cies found in the same geographical area have
usually been relegated to the status of syno-
nyms or probable synonyms, in many cases
without discussion.

No doubt I have sometimes been too arbi-
trary in thisrespect ; if so, future collecting and
study will prove me wrong, but I suspect that
often I have not been ruthless enough. I have
endeavored to make the list of species recog-
nized in this work a fair but rather conserva-
tive one, as far as the present available in-
formation permits. What the future will bring
forth I cannot venture to predict. At present
we are not able to divide the genera of
groups such as the ascidians, in which there
are no hard, permanently and definitely
shaped shells or other skeletal structures, but
in which every organ is subject to change
of shape by muscular contractions and where
colors are not permanent in preservation,
into a multitude of evidently distinct species,
as we do in such groups as crustaceans, in-
sects, mollusks, etc. Unless we can discover
dn additional entirely new and revolution-
izing method of distinguishing species of as-
cidians, I incline to the belief that future
additions to the American list will be gradual
and not very extensive in comparison to the
number already known.

The most promising outlook for the better
distinction of closely allied species is in the
study of the development of the eggs (which
appear in many cases to be rather distinctive
in size and characters) and the larvae. Such
investigations must usually be carried on at
marine laboratories where a supply of running
sea water is available, and is often difficult
and very time consuming. Work of this kind
by Berrill, Grave, Plough and Jones, and
Lucas in recent years is worthy of special
mention. '

A critical study of the species of regions
where the ascidian fauna has been well inves-
tigated, such as the Arctic and the West
Indies, shows that the number of species has
often been over-estimated by the earlier
writers, and we are justified in believing that
the same is true of a number of other regions
less well known, such as the Magellanic and
East Indian, from which many ascidians have
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been described, the majority of which are
based on very limited material. A number of
supposed species differ chiefly in having been
collected by different scientific expeditions
or found on coasts under the control of dif-
ferent nationalities.

On the other hand, I have taken a con-
servative course and usually maintained as
distinct species those that are separated by
distant habitats and important geographical
barriers, especially if these involve strongly
marked differences in the water temperatures.

While a few subspecies and varieties have
seemed worthy of recognition, most genera
and species of ascidians have not as yet been
so thoroughly studied that attempts to di-
vide them into subspecies are worth while
at the present time. The practice of naming
new ‘‘subspecies,” ‘‘varieties,”” and ‘forms”
simply because the specimen or specimens
that come to hand differ in small details from
the published descriptions of the species they
are referred to is not to be commended.

NEW SPECIES DESCRIBED

Sixteen species and two subspecies are
described as new to science and are listed
below with their type localities. The types
are in the American Museum of Natural His-
tory. No new genera or families are proposed.

SPECIES

Amgroucium propinquum, Pacific Grove, Califor-
nia

Amaroucsum arenatum, Pacific Grove, California

Polyclinum laxum, Espiritu Santo Island, Gulf of
California

Didemnum santa-elenae, Salinas, Ecuador

Trididemnum thetidis, Tarpon Springs, Florida

Eudistoma tarponense, Tarpon Springs, Florida

E1;fiistoma carolinense, off Charleston, South Caro-
ina

Eudistoma packecae, Panama Bay

Eudistoma platense, ‘‘Albatross’” Station 2766,
near La Plata River

Eudistoma mexicanum, ‘‘Albatross” Station 3033,
Gulf of California

Eudistoma ritteri, Pacific Grove, California

Clavelina fasciculata, La Paz, Gulf of California

Styela schmitti, “‘Albatross’ Station 2764, near La
Plata River ) .
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Molgula provisionalis, Bar Harbor, Maine

Molgula habanensis, off Havana, Cuba, 189 fath-
oms

Molgula platana, “Albatross’” Station 2764, near
La Plata River
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SuBSPECIES
Ascidia sydnetensis protecta, Concepcion . Bay,
Gulf of California
Eugyra arenosa californica, Corona Del Mar, Cali-
fornia

CLASSIFICATION AND NOMENCLATURE

Innovations in the classification of the as-
cidians have not been introduced as the clas-
sification has been fairly well stabilized for
a long period, and the introduction of any ex-
cept minor changes would, I think, be vastly
more productive of inconvenience and harm
than of any possible good that I can foresee.

More than 90 per cent of the known ascid-
ians fit perfectly into a comparatively small
number of genera and families that are self-
evidently natural groups which all classifica-
tions must accept. There are a few genera
which fail to do so; a genus may leave us the
choice of making a separate family for it or
stretching the definition of one of the other
families (sometimes at the cost of sacrificing
some particularly convenient diagnostic char-
acter), but such genera are not numerous
enough to make it a matter of great impor-
tance which of these two evils we adopt in
dealing with them. Personally, I still believe,
as I always have done, that simplicity and
convenience are promoted. by keeping genera
and families reasonably few and compre-
hensive. The ideal, which has been ap-
proached in some groups of animals, of a
genus for almost every species and a sep-
arate family for a large proportion of the
genera is not, in my opinion, one to strive for
but rather one to be opposed. The recognition
of subgenera where needed seems to me far
better than breaking up genera with the re-
sulting changes in names.

As in virtually all recent works on - ascid-
ians, the classification used in the present
one follows in most respects that of Hart-
meyer in the volume on the ascidians in
Bronn’s “Klassen und Ordnungen des Tier-
reichs’”’ (Hartmeyer, 1909-1911), though with
the modification almost always adopted in
recent works, including the later ones of
Hartmeyer himself, of restoring as nomina
conservanda a number of familiar generic and

family names, which Hartmeyer had rejected
and replaced by others in his work mentioned
above on grounds of priority. (See Hart-
meyer, 1908b, 1915a.)

This classification is based primarily on the
characters of the branchial sac and seconda-
rily on those of the gonads, but other avail-
able characters are taken into account. The
groups of ascidians living today are more or
less separated and isolated survivors of a
much larger assemblage of forms developed in
past geological periods. No fossil ascidians
are known, nor considering their soft-bodied
character are many ever likely to be found,
and in many cases we have no means of
knowing just how and in what succession the
present. groups branched :off from their com-
mon ancestors. Attempts to classify ascidians
on the basis of any single character or organ,
as, for instance, that on the basis of the epi-
cardium, are less satisfactory, as they either
group together very unlike forms or break up
evidently natural assemblages recognized .in
the generally adopted classifications.

. The acceptance of many mnomina con-
servanda in the nomenclature of the ascidians
is unavoidable, for any satisfactory applica-
tion of the law of priority is in many cases im-
possible. Often we cannot be sure to what
species the brief and vague descriptions (usu-
ally dealing with external characters only)
given by the early writers were intended to
apply. The validity and priority ‘of many
names now in general use may be questioned.
As we become better acquainted with the
species inhabiting certain regions and locali-
ties, we are sometimes able to make a better
guess or even to feel pretty sure what species
some old name, long misused or rejected as
undeterminable, must have been intended to
designate. Must we then substitute it for a
familiar name in wide usage, upsetting the
names of many species, if the genus is a large
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one, and sometimes the family name also?
I believe not. Established names should be re-
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tained in such instances, if not on the merits
of the case, then as nomina conservanda.

BRIEF HISTORICAL REVIEW OF THE LITERATURE

Lack of space prevents dealing with this
subject except very briefly and compels me to
pass over much good work without the men-
tion it deserves. Most of the literature can be
best considered in groups dealing with par-
ticular regions of the American coasts.

During the last century and the first dec-
ade of the present one, the published work
on the ascidians by American. zoologists
dealt, with a few exceptions noted below,
with the species of northeastern America, es-

pecially the New England and eastern Cana-

dian -coasts. The earlier accounts are generally
comprised in articles on the Mollusca of the
region, in which branch of the animal king-
dom the ascidians were included in old classi-
fications. :

As my previously published articles on the
New England ascidians (Van Name, 1910,
1912; see bibliography at end of this work)
give a detailed review of the early American
work, I will refer here only to Lesueur (1823),
Couthouy (1838), and Gould (1841) as initi-
ating it, and L. Agassiz (1850), Stimpson
(1851, 1852, 1854), Packard (1863, 1867), and
Binney (1870) as chief among these who con-
tinued it during the early period. In 1871
Verrill began and continued for a number of
years the publication of an important series
of papers in which most of the species of the
New England region were described in detail
and in many cases figured. Verrill's work was
followed by an inactive period lasting into
the early years of the.present century, but the
study of the ascidians of northern Europe
and the Arctic regions, including Greenland,
was being constantly carried on by Old
World investigators.

Preéminent among the European writers
was Hartmeyer, who in 1903 published the
volume on the ascidians of the “Fauna Arc-
tica,”” which, as many of the species are com-
mon to both hemispheres, was most impor-
tant as a contribution to our knowledge of
the northern American forms also. It was fol-
lowed by the 1910 and 1912 articles of the
present writer, by one of Huntsman (1912),

and various later publications by Hart-
meyer, especially his article on the ascidians
of western Greenland (1921a) and the mag-
nificent work completed just before his un-
timely death in 1923 (the last volume was
posthumous) on the ascidians of the Ingolf
Arctic expedition, which he expanded into an
admirably thorough treatise on all the Arctic
and northern ascidians. More recent works by
Arnbick (1922 and later) and Huus have also
contributed much to bringing the knowledge
of the ascidians of the northern regions of
both the Old and New Worlds to its present
well-advanced state.

. Passing to the ascidians of the warm re-
gions of the eastern American coasts, we find
that except for brief descriptions by Lesueur
(1823) and Stimpson (1852) the important

_ work was, until the end of the last century,

carried on by foreign authors exclusively, es-
pecially Heller (1878), Traustedt’s excellent
articles of 1882 and 1883 on the West Indian
species, Herdman’s ‘Challenger” reports
(1880-1886), and Sluiter’s (1898) report on
the collections of the steamer ‘“Chazalie.”

The Bermuda ascidians have been dealt
with by Herdman (1886) and Verrill (1900)
and the present writer (1902); more recently
also by Berrill (1932). Other articles by my-
self dealing with the West Indian areas ap-
peared in 1921, 1924, and 1930 (see bibliogra-
phy), as well as briefer contributions by vari-
ous other authors, so that the ascidian fauna
of eastern tropical America is now fairly well
known.

Information on the ascidians of the east
coast of South America is very scanty until
we reach the Magellanic region, which in-
cludes also a long extent on both the east and
west coasts of southern South America. The
literature on it is extensive, but none of it by
American authors. Most of it is contained in
the reports of various scientific expeditions,
the chief authors being Lesson (1830), Cun-
ningham (1871), Herdman (1880-1886),
Michaelsen (1900, 1907) and Arnbick (1938).
The reports by Sluiter (1905, 1906, 1906a,
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and 1912, 1914) on the two Charcot expedi-
tions (French Antarctic expeditions) and
Arnbick’s (1938) article just mentioned de-
scribe many species from the Antarctic region
lying south of South America, some of them
common to the Magellanic region also.

In such a review of the literature on ascid-
ians as we are now making we may pass
over entirely the whole west coast of South
and Central America. It is not that we do not
have considerable disconnected information
and descriptions of a number of the species
available, but what we do have is mostly
scattered in articles and publications dealing
with other groups and other subjects, and
very little in the way of any systematic study
of the ascidian fauna of those coasts has been
carried out or published.
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From the Mexico-United States boundary
northward, including Alaska, however, the
west coast ascidians have been the subject of
much study and much literature. Though a
few species were described by earlier writers,
as Stimpson, 1864, and Dall, 1872, it is
chiefly through the numerous articles by
Ritter, beginning in 1893 and continuing
until 1917 (the last one with Forsyth as joint
author), covering all parts of the western
United States coast and northward to, and
including, Bering Sea, and those of Herd-
man, 1898, and Huntsman, 1912, 1912a, deal-
ing especially with those of the Puget Sound
and British Columbia regions, that our
knowledge of the ascidian fauna of this region
has reached its present state.

EXTRA-AMERICAN DISTRIBUTION OF THE AMERICAN ASCIDIANS

A large percentage of the known ascidians
appear to be animals of wide geographical
range. Reference to the list given below of
the American species and subspecies, which
gives also a brief indication of the distribution
of each, shows that very nearly one-third of
them have been reported, probably correctly
in a majority of cases, from Old World re-
gions or localities also. (See list beginning on
p. 21.) A large proportion of these are Arctic
and northern species having a more or less
continuous range by way of Norway, Iceland,
and Greenland. In some cases they are com-
pletely circumpolar. But even in the tropical
regions, there are a number of species that
are inseparable or closely similar in the two
hemispheres.

A conclusion that similar species from
widely separated regions are actually identi-
cal should not be hastily made; they may be
merely near allies, as it is difficult to identify
ascidians positively from descriptions and il-
lustrations (even good ones). Specimens for
comparison are often necessary, perhaps also
some familiarity with the species in a living
condition. In the present work I have
avoided taking much space for discussion of
the possible identity of allied Old and New
World species, as in many cases any conclu-
sion made with the present insufficient in-
formation would be little more than guess-
work.

The following 58 ascidians of northern and
Arctic regions are known from both Ameri-
can and Old World regions or localities:
Amaroucium spitsbergense, A. mutabile, A.
glabrum, A. pallidum, Synoicum pulmonaria,
S. cymosum, Didemnum albidum, D. albidum
polare, Leptoclinides faeriensis, Trididemnum
tenerum, Lissockinum aureum, Polycitor vii-
reus, Distaplia clavata, Ciona intestinalis,
Ciona 1. longissima, Ciona 1. gelatinosa, Asci-
dia prunum, A. dijmphniana, A. callosa, A.
obliqua, Chelyosoma macleayanum, Ch. in-
aequale, Corella borealis, Corellopsis peduncu-
lata, Botrylloides aureum, Kiikenthalia bore-
alis, Polycarpa fibrosa, Cnemidocarpa mollis,
C. rhizopus, C. finmarkiensis, C. mortensens,
Dendrodoa aggregata, D. pulchella, D. lineata,
D. grossularia, Styela gelatinosa, S. coriacea,
S. rustica, S. rustica macrenteron, S. atlantica,
S. clavata, Pelonia corrugata, Pyura mirabilis,
Microcosmos glacialis, Halocynthia pyriformss,
H. aurantium, H. igaboja, Boltenia echinata,
Molgula griffithsii, M. siphonalis, M. citrina,
M. complanata, M. retortiformis, M. im-
munda, Rhizomulgula globularis, Eugyra glu-
tinans, E. pedunculata, Hexacrobylus arcticus.

“Some other ascidians described from north-
eastern Asiatic waters, Japan, etc., especially
by Redikorzev (1927, 1937) and in various
articles by Oka, seem to be allied to those of
the northwestern American coasts but can-
not be identified with them with the infor-
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mation now available. In case their identity
should be proved, I believe that priority
would in most cases protect the validity of
the names used in this work.

In the case of the Antarctic and Subant-
arctic (Magellanic) species it is probable that
a very large proportion of the species will
eventually be found to be completely circum-
polar, but owing to an apparently smaller
ascidian fauna and to our incomplete knowl-
edge of it, we can at present list only 22 as
common to both the Western and Eastern
Hemispheres: Amaroucium fuegiense, A. cae-
ruleum, Symoicum adareanum, Didemnum
studeri, D. biglans, Polycitor magalhaensis,
Holozoa _cylindrica, Sycozoa sigillinoides, As-
cidia challengeri, A. translucida, Corella eu-
myota, Polyzoa reticulate, Cnemidocarpa
drygalskii, C. verrucosa, Pyura setosa, P. squa-
mata, P. discoveryi, Bathypera splendens,
Molgula pulchra, M. pedunculata, M. bacca,
Ascopera giganiea. ‘

In spite of the fact that in the case of
species (except a few abyssal ones) of warm
temperate and tropical latitudes, continuous
geographical ranges comprising American and
Old World localities are not possible on ac-
count of the great extent of deep oceanic
waters that intervene, no fewer than 22 cases
of identity of such species in the two hemi-
spheres are either well established or quite
reliably reported. The following list is a con-
servative one, some rather doubtful  cases
being omitted: Aplidium lobatum, Polychi-
num constellatum, Didemnum candidum, Tri-
didemnum savignii, Diplosoma macdonaldi,
Cystodytes dellechiajei, Distaplia stylifera,
Ciona intestinalis, Ascidia nigra, A. sydnei-
ensis, Rhodosoma turcicum, Botryllus schlos-
sers, B. primigenus, Botrylloides nigrum, Poly-
androcarpa maxima, Polycarpa circumarata,
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Styela partita, S. plicata, Pyura vitiata, Herd-
mania momus, Microcosmus exasperatus, M.
helleri.

These species are mostly common to the
West Indian region and parts of the Indo-
Malayan region but notreally circumtropical.
(See Michaelsen, 1919b, p. 4; 1934, p. 137.)
Almost all of them are unknown from the
American Pacific coast, conspicuous excep-
tions being Cystodytes dellechiajei and Ciona
intestinalis which are common on the Califor-
nia coast, and but few (seven or eight) are
found in the Mediterranean and on the
warmer parts of the West African coast,
though there are a few other allied forms in
those regions that may eventually prove to be
identical. (See Huus, 1927, for a discussion of
this subject.)

In some cases it is very difficult to see by
what means such an extended distribution
can have been acquired. There are species
known only from restricted areas in one
hemisphere that have turned up unexpectedly
in some place in the other hemisphere, the
authors reporting that no distinguishing char-
acters could be found. Examples of this are
Styela atlantica, Polyandrocarpa maxima,
Distaplia stylifera, Botryllus primigenus, and
Heterostigma singulare.

Transportation of species on drifting logs
doubtless accounts for some cases; in a few,
human agency may have had a part by car-
riage of specimens on the bottoms of ships,
which was probably more frequent in the
days of wooden sailing vessels than now. Spe-
cies whose wide distribution is probably in
part due to the last-mentioned cause include
Styela plicata, S. partita, Ciona intestinalis,
Microcosmus exasperatus, Herdmania momus,
and Botryllus schlosseri.

FAUNAL REGIONS IN THE DISTRIBUTION OF THE
AMERICAN ASCIDIANS

This is a subject on which the available in-
formation is still insufficient. Hartmeyer’s
(1909-1911) outstanding work on the dis-
tribution of the ascidians of the world, in the
volume on ascidians in Bronn’s ‘“Tier-reich”
(vol. 3, suppl.), was handicapped by the fact
that at that time the study of the American
species had been much neglected for many

years; his information regarding their dis-
tribution was deficient, and his list of species
on which he based conclusions contained
many synonyms. :

Even today there are extensive regions,
particularly on the South American and Cen-
tral American west coasts, where very little
collecting of ascidians has been done. We
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know some species from those regions, but
not enough about their geographical range to
determine the limits of zoogeographical re-
gions or the character of the transitions be-
tween them. On the other hand, we have in-
formation on which to deal fairly well with
many of the other regions, especially those
of the United States coasts.

THE ARCTIC AND EASTERN CANADIAN
REGIONS

The Arctic faunal region is circumpolar,
the majority of the species being the same in
both the Eastern and Western Hemispheres.
This region extends very much farther south
along the American Atlantic coast than any-
where else. In the shallow waters along the
shores, the ascidian fauna is composed almost
exclusively of Arctic region species as far
south as the mouth of the Bay of Fundy and
the eastern part of the Maine coast; a number
of its species range farther southward to, or
sometimes slightly beyond, the latitude of
Cape Cod, Massachusetts, on the fishing
banks and in moderately deep water off shore.
As it seems rather far-fetched to call the
fauna of this part of the coast “Arctic,” the
term “Eastern Canadian” may be a better
one for this southern extension of the Arctic
fauna.

Common shallow-water ascidians that the
ordinary collector is likely to obtain in it
are Amarouctum glabrum, A. pallidum, Di-
demnum albidum, Molgula complanata, M.
citrina, M. provisionalis, M. retortiformis, Bol-
tenia ovifera, B. echinata, Halocynthia pyri-
formis, Dendrodoa carnea, and Ascidia callosa.

From Cape Cod northward the water is
cold, and rocky coasts and beaches strewn
with large boulders prevail, but from the
southern side of that Cape down to southern
Florida, sandy ocean beaches with extensive
regions of shallow water and sandy bottoms,
and shallow bays, sounds, and estuaries are
found in most places. Moreover, the proxim-
ity of the Gulf Stream makes the water much
warmer. We may term this region

THE EASTERN UNITED STATES REGION

The ascidian fauna of this region is not
strictly limited by Cape Cod. A few of its
species occur in the warmer and shallower
bays and harbors north of the Cape, es-

pecially Cape Cod Bay and Boston Harbor,
or even in the vicinity of Portland, Maine,
and a few of the Eastern Canadian forms
occur in deeper water around and south of
Cape Cod, but generally speaking the Cape
forms a pretty definite limit between the two
faunas.

The Eastern States fauna extends south-
ward along the coast to northern Florida, and
some traces of it reappear in the northern part
of the Gulf of Mexico, but in the region of
Beaufort, North Carolina (about 34° N.),
an admixture of southern (West Indian) spe-
cies begins, so that from there southward the
fauna becomes transitional; as we proceed
southward the tropical species become more
and more predominant, especially where
there are coral reefs.

The ascidians of the Eastern States region
are not numerous in species but often abun-
dant in individuals.

Among those common in shallow situations
and on piles of wharves, etc., we may mention
Perophora viridis, Didemnum candidum lu-
larium, Amaroucium constellatum, A. pelluci-
dum, A. stellatum, Botryllus schlosseri, Styela
partita, Dendrodoa carnea, Molgula manhat-
tensis, M. arenata, and Bostrichobranchus
pilularis; from North Carolina southward the
large Styela plicata becomes locally abundant
and conspicuous.

THE WEST INDIAN OR EASTERN AMERICAN
TRoPICAL REGION

This is a region of great extent and is
numerous in species. As already stated, it
begins on the North Carolina coast by an ad-
mixture of some of its species with the East-
ern States fauna; on the coasts of southern
Florida that fauna is virtually replaced by
purely West Indian forms. The West Indian
fauna has another northern outpost in the
Bermuda Islands, whose ascidians are almost
exclusively tropical species, doubtless colo-
nized there by specimens drifted north by the
Gulf Stream (see Berrill, 1932).

The West Indian region comprises also the
Gulf of Mexico, the Caribbean, all the West
Indies, and extends down the east coast of
South America as far as tropical conditions
prevail-—at least as far as Santos, State of
Sio Paulo, Brazil.

Common shallow-water West Indian ascid-



8 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY

ians include: Polyclinum constellatum, Ama-
roucium bermudae, Trididemnum savignit,
Didemnum candidum, Diplosoma macdonalds,
Lissoclinum fragile, Eudistoma olivaceum, E.
capsulatum, Clavelina oblonga, C. picta, Dis-
taplia bermudensis, Perophora wiridis, Ec-
tetnascidia turbinata, Ascidia nigra, A. inter-
rupta, A. curvata, Botryllus planus, Botryl-
loides nigrum, Symplegma viride, Polyandro-
carpa tincta, Polycarpa obtecta, Styela partita,
S. plicata, Pyura vittata, Microcosmus exasper-
_atus, Molgula occidentalis.

Unfortunately so little collecting of ascid-
ians has been done along the extreme south-
ern Brazilian and Uruguayan coasts that we
are not yet in a position to attempt a discus-
sion of their fauna or of the character of the
transition by which the tropical fauna is re-
placed by the cold-water species of the next
following region.

THE SUBANTARCTIC OR MAGELLANIC
REGION

~ The American part of this region, which is
actually a -circumpolar one, is commonly
known as the ‘“Magellanic.” Its central area
is the Strait of Magellan; in the broad sense
in which it is taken in this work it comprises
Tierra del Fuego and adjacent islands, also
the Falkland Islands and South Georgia. The
cold currents that flow northward along both
coasts of South America take this fauna with
them for very long distances; on the east
throughout most of the Argentine coast to
about 35° or 36° south latitude, and on the
Chilean coast very much farther, to about
20° S., according to Hartmeyer (1909-1911),
though no doubt with increasing admixture
of northern species on the northern part of
the coast.

A great many species of ascidians have been
described from the Magellanic region, which
was generally believed to have the most re-
markable ascidian fauna in the world.

Unquestionably ascidians grow there in
great abundance and luxuriance; they form
large groups or clusters which are often
broken loose in storms and washed up on the
beaches. There are also certain species there
that attain relatively gigantic size (for ascid-
ians), but after a study of the literature and
examination of considerable material I do not
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believe that the total number of valid Magel-
lanic species is very great, or that those
whose individuals attain very large size or
which, if compound species, produce very
bulky colonies, are actually numerous; many
of the supposed species described differ in
little else than that they were collected by ex-
peditions sent out by different nationalities.

Characteristic and conspicuous species of
the Magellanic region include Amaroucium
Sfuegiense, Holozoa cylindrica, Sycozoa gai-
mardi, S. sigillinoides, Didemnum studeri,
Ascidia meridionalis, Corella eumyota, Poly-
soa opuntia, Alloeocarpa incrustans, Cnemido-
carpa verrucosa, Styela magalhaensis, Pyura
legumen, Paramolgula gregaria.

THE ANTARCTIC REGION

Though a considerable number of species
have been described from this region which,
like the Subantarcti¢, is a circumpolar one,
and some of the Subantarctic or Magellanic
species have also been reported from it, its
ascidian fauna is still rather unsatisfactorily
known. Our information is based éntirely on
the collections made by a very few expedi-
tions, and most of the species were described
from material very limited in amount and
often unsatisfactory in preservation.

The species that have been reported from
that part of the Antarctic with which this
work is concerned are briefly dealt with in its
systematic part. Of the works dealing with the
Antarctic ascidians, those of Sluiter (1906,
1914), Hartmeyer (1911b), and Arnbick
(1938) may be especially mentioned. ’

THE WEST COAST OF SOUTH AND
CENTRAL AMERICA

This very extensive stretch of coastline is
known to comprise two very distinct as-
cidian faunas: the part of the cold Magellanic
region which extends north along most of the
Chilean coast, though with some admixture
of warmer-water forms in its northern' por-
tion, and a subtropical and in part completely
tropical region which extends from southern
Ecuador to northern Mexico inclusive. How
abrupt the change is at the northern limit
of the Magellanic region (which Hartmeyer
places at 20° south latitude) and to what ex-
tent there can be recognized a distinct tem-
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perate region with a fauna more or less its
own between the Magellanic and the tropical
one north of it, will require future investiga-
tion to determine. Up to the present too little
collecting has been done to justify speculating
upon it. The Juan Fernandez Islands in the
latitude of Valparaiso (about 34° S.) appar-
ently have a transitional ascidian fauna (see
Hartmeyer, 1920a); the ascidians of the Ga-
ldpagos Islands are as yet unknown. The as-
cidian fauna of the Gulf of California is de-
cidedly tropical (see Ricketts and Calvin,
1939).

TuE Pacrric Coast or THE UNITED
STATES AND CANADA

Through the work of many authors, es-
pecially Ritter and Huntsman, we are pretty
well informed regarding the species of the
western United States and Canadian coasts.
We also have some information about the
species of the deeper waters off shore from
dredgings made by the ‘“Albatross,’’ but it is,
nevertheless, much more difficult to divide
this coast into satisfactorily differentiated
faunal regions than in the case of the Amer-
ican Atlantic coast. This is due to the fact
that cold water prevails along the entire
Pacific coast from the southern boundary of
California northward, and ascidians charac-
-teristic of the latitude of British Columbia
can find temperature conditions favorable to
them at very moderate depths and close
along the shore even as far south as the most
southern part of California. Many of the spe-
cies show in their geographical range great
disregard of parallels of latitude and of the
boundaries of faunal regions that we may
attempt to define, ranging along vast
stretches of the coast from north to south.

However, Point Conception on the south-
ern California coast, in latitude about 34°
22’ N., divides off a southern California as-
cidian fauna from a northern California one,
much as Cape Cod divides those of the New
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England coast, though not so effectively.
The southern California ascidian fauna is
very fully described by Ritter and Forsyth,
1917. The northern California fauna extends
along the rest of the California coast and
probably (though with some modification)
to Cape Flattery, Washington. (See Ritter,
1907, p. 2; 1913, pp. 429-433.)

Amarouctum  californicum,  Polyclinum
planum, Eudistoma psammion, Distaplia oc-
cidentalis, Clavelina huntsmani, Euherdmania
claviformis, Perophora annectens, Ciona intes-
tinalis, Ascidia ceratodes, Metandrocarpa dura,
Styela gibbsii, Styela montereyensis, Pyura
haustor, and Boltenia villosa are some of the
widely distributed and conspicuous species
on our west coast.

Botrylloides diegense and Styela barnharti
are locally abundant on the southern part of
the California coast.

The region of Vancouver Island, Puget
Sound, and the rest of the British Columbia
coast appears to constitute another faunal
region though the distinctness of the separa-
tion is weakened by a number of overlapping
species from the California coast. It seems
doubtful whether any definite demarcation
between the British Columbian fauna and the
one which extends to, and includes, the south-
ern coast of the Alaskan Peninsula can be
demonstrated, though some species probably
fail to extend the entire distance.

THE BERING SEA FAUNA

In Bering Sea, including the Pribilof and
Aleutian Islands (we know very little about
the ascidians of the Asiatic shores) the
fauna must be regarded as an extension of
the Arctic, though some species not known
elsewhere (unless they range into Asiatic
waters) have been described from it. The ex-
treme northern part of Bering Sea, Bering
Strait, and the coasts north of it both on the
American and Siberian sides are purely Arc-
tic in their fauna.

GENERAL INFORMATION ON ASCIDIANS AND ON CHARACTERS
USED IN THEIR CLASSIFICATION

The ascidians are a group of exclusively
marine animals which constitute a class (As-
cidiacea) of the subphylum Tunicata, or Uro-

chordata, of the phylum Chordata to which

the vertebrates also belong. The reason for
classifying them with the highest group of
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animals is not exhibited in their adult charac-
ters but in their development, as they pass
through a larval stage bearing striking points
of resemblance to the tadpoles of the frogs
and salamanders in too many fundamental
characters to be mere coincidence or to be
explained in any other way than by true
genetic relationship (see pp. 12, 13). The ascid-
ians are a group which has evidently under-
gone retrograde instead of progressive evolu-
tion.

Many ascidians differ from their allies, the
vertebrates, in possessing an additional meth-
od of reproduction besides the usual sexual
one by means of eggs fertilized by spermato-
zoa; they reproduce also asexually by bud-
ding or gemmation; the new individuals thus
produced usually remain united or attached
together in a common mass known as a
colony. Ascidians that bud are called com-
pound or colonial ascidians; the individuals
constituting a colony are called zo00ids; these
individuals are commonly small, usually only
a few millimeters to two or three centimeters
in length, though the colonies may become
large and massive.!

THE SIMPLE ASCIDIANS

Ascidians that do not bud are called simple
or solitary ascidians; the individuals become
much larger and are the more generally famil-
iar members of the class. They live buried in
the mud or sand of the sea bottom or at-
tached permanently to rocks, corals, shells,
the piles of wharves, and other objects under
water, and depend for food upon the minute
organisms that the tides and currents carry
to them. The typical simple ascidians are sac-
like objects of oval or irregular form, usually
from half an inch to two or three inches in
diameter, rarely much more, and are covered
with a more or less tough, though somewhat
flexible, outer tunic called the test, which pro-
tects the delicate internal parts after the
manner of a mollusk’s shell. By the older
naturalists the ascidians were, in fact, classed
as soft-shelled mollusks. The test not only
serves to protect the body from injuries, but
also to fix it in place, for it becomes firmly at-
tached to solid objects or, if the animal lies
buried in the sand or mud of the sea bottom,

! For characters of compound ascidians, see page 13.
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it often develops hair-like or root-like exten-
sions to anchor the body. The test of ascidians
is peculiar in that it contains a substance
closely resembling the cellulose which forms
the fibrous and woody structures of plants.
It entirely encloses the body except for two
small openings, which are commonly situated
at the tips of conical protuberances or short
projecting tubes.

One of these is the mouth, also called the
branchial (or incurrent) siphon or aperture.
Through it enters a current of sea water bear-
ing the minute organisms on which the crea-
ture feeds, as well as the oxygen utilized in
respiration. The other, called the atrial (or
excurrent) siphon or aperture, allows this
water, as well as the waste products of the
body, to pass out, and usually also serves for
the exit of the eggs or young. The ascidians
have very poorly developed organs of sense
but, when the animal is touched or otherwise
alarmed by any sudden movement of the
water, its muscles contract, and the water
contained in the body is forced out through
these apertures in small jets, hence the name
‘‘sea squirts.”

If an ascidian is cut open, we find inside
the tough, thick test a much thinner sac-like
membrane (in this article termed the mantle),
composed of an external epithelium and con-
nective tissue, muscles, and blood vessels,
which encloses all the internal parts so that
the body can be removed entire from the test.
The mantle represents the real external body
wall of the animal; the test is primarily a
secretion of it, though cellular structures and
blood vessels may grow out into it and multi-
ply there so that it assumes the appearance
of a true cellular tissue.

The body (enclosed by the mantle) is
largely hollow and during life is usually dis-
tended with sea water, the internal organs oc-
cupying but a small part of the space en-
closed. In most species the two tubes or
siphons already mentioned above arise from
the body rather near together. The end at or
near which the mouth or branchial siphon is
situated is, of course, the anterior end of the
body; the excurrent or atrial siphon is on
the dorsal aspect or back. If we carefully open
the mantle, preferably by a longitudinal slit,
it will be found that the interior is largely
occupied by a third very delicate sac adher-
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ent to the interior of the mantle at certain
points only (especially along the mid-ventral
line and about the base of the incurrent
siphon in such a way that the mouth opens
into the interior of the sac), but otherwise
hanging loosely in the general cavity of the
body. Examined with a lens, this innermost
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in the gill sac which opens at its rear end into
the oesophagus and thus into the stomach
and intestine. These latter organs form a loop
lying either beside the branchial sac or some-
what behind it.

In reality the branchial sac constitutes a
greatly expanded and modified part of the

sac, the branchial sac or gill sac, will be seen  alimentary canal, corresponding to the
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pharyngeal region of the vertebrates, that is,
the part between the mouth and the oesopha-
gus, and we may point out here the resem-
blance in the method of respiration to that
which occurs in aquatic vertebrates, as fishes.

The fish also takes in the water through its
mouth; the water passes into the cavity of
the throat, or pharynx (corresponding to the
gill sac of the ascidian), and from there it
passes through the gill clefts in the sides of
the pharynx (corresponding to the stigmata
in the ascidian). In fishes the walls of these
clefts bear the true gills or structures con-
taining the blood vessels by which the oxygen
in the water is absorbed, just as it is by the
blood vessels in the walls of the gill sac of the
ascidian. Even in their feeding, many fishes,
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for example the herrings, which live on
minute swimming organisms, use a method
similar to that of the ascidian, the gill ap-
paratus straining the food from the water as
it passes out through the gill clefts.

The possession of these characters by the
ascidians might not be significant if we found
them in other invertebrates, but among all
the invertebrate animals of the land and
sea, the above correspondence to the verte-
brate type occurs only in the ascidians and a
very few forms evidently closely related to
them, so that its importance becomes ob-
vious.

If we study only the adult ascidian, we
shall note little else to suggest relationship to
the vertebrates, and many things that seem
to argue against it. One of these may be .men-

tioned because of its strangeness. This is that

the heart of the ascidians, which is tubular in
form and situated in the posterior part of
the body, after beating for a number of sec-
onds in one direction, stops and reverses its
action, so that the vessels which at one mo-
ment function as veins leading blood to the
heart the next moment function as arteries
carrying blood from the heart. Yet this re-
markable process, which can be watched eas-
ily through the microscope in the case of
some small and transparent species of as-
cidians, perhaps most easily in the genus
Perophora, does not argue for relationship to
the other invertebrates either, for it is almost
unique.

As soon, however, as we study the life
history of the ascidians, we come upon very
strong evidence, first, that the ascidians are
degenerate animals which have had ancestors
more highly organized than themselves, and
second, that these ancestors had the general
type of structure that is possessed by the
vertebrates, and by the vertebrates and other
members of the phylum Chordata only. Each
additional point of similarity makes it less
probable that we are dealing with mere coin-
cidences and confirms more strongly the con-
clusion that a real relationship exists, due to
descent from common ancestors.

THE LARVAE OF ASCIDIANS

As in nearly all the other attached marine
animals, the early larval stages of both sim-
ple and compound ascidians are almost al-
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ways free swimming, for in order to make
possible the continued existence of a species,
not only its reproduction but its dispersal
must be provided for.

In the ascidians the larvae have a form and
appearance very similar to the larval stage or
tadpole of the frog, though they are of com-
paratively minute size, the largest being only
a few millimeters long. The larva of the as-
cidians possesses, just as does the tadpole of
the frog, a cylindrical rod-like stiffening or
supporting structure extending nearly the
length of the body. This structure, called the
notochord, represents in position and in func-
tion the backbone of the vertebrates. It is
found in the early stages of development of
all vertebrates, including man, and in the
higher vertebrates the bony segments or ver-
tebrae forming the backbone or spinal column
develop around it. In many of the lower ver-
tebrates it persists throughout life, running
through the center or body of each vertebra.
Here again we have a character not found
among invertebrates, but common to the
vertebrates and ascidians. Moreover, if we
study the process of its development in the
early stages of the embryo, we are forced to
the conclusion that it is the same in these
two groups.

Another important character common to
the vertebrates and the ascidian larva is the
possession of a central nervous system of
elongate tubular form lying dorsal to the
notochord. In the vertebrates this is called
the spinal cord, and both in the ascidians and
in the vertebrates it develops in the embryo
in the same way, by a pair of folds growing
up on each side of the middle line of the back
to form a trough-like area. The edges of this
trough soon arch inward and join together,
thus forming a tubular passage which be-
comes the central canal of the spinal cord.
Here again we find this character is not pos-
sessed by other invertebrates. In them the
usual type of central nervous system is a pair
of parallel nerve cords which are solid, not
tubular, and which usually lie in the ventral
part of the body, and not along the back or
dorsal region as in the vertebrates.

The mode of respiration by means of gill
clefts in the wall of the pharynx, the noto-
chord that represents the first step toward
the development of a backbone, the dorsally
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situated and tubular central nervous system
or spinal cord—all separate the ascidian larva
from invertebrates and indicate unmistakable
relationship to the chordates.

These resemblances and a few other -less
striking and conclusive ones are for the most
part recognizable only in the larva of the
ascidian, being lost or obscured in the adult
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Tae CoMPOUND ASCIDIANS!

The division of ascidians into simple and
compound forms does not, for the reasons
stated below (p. 14), provide a basis for a
phylogenetic classification but is often a mat-
ter of convenience, for most compound ascid-
jans possess many characters in common
that distinguish them from simple ascidians.
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F16. 2. Comparative diagrams of the tadpoles or larval stages of an
ascidian (upper figure), and of a frog (lower figure), to show their cor-
respondence in many points of structure, especially in having gill clefts in
the walls of the pharnyx or throat, and a rod-like notochord corresponding
to the backbone in the higher animals, above which is the main part of the

nervous system, corresponding to the brain and spinal cord.

by degenerative changes that begin to take
place after the larva permanently attaches
itself. This it does after swimming about for
a very short time, at most a few hours or a
day or two. It fixes itself to some solid ob-
ject by means of adhesive organs developed
for that purpose on the front end.of the body,
and the tail is soon drawn in and absorbed.
The notochord and most of the nervous sys-
tem degenerate (the latter forming a small,
dorsally situated ganglion), as do also the
single eye and an organ supposed to serve
either for hearing or for balancing the body.
The animal grows in size and relapses into the
almost mechaniéal and vegetative existence
of the adult ascidian.

Some brief suggestions regarding obtaining
ascidian larvae for examination or study will
be found on pages 19, 20.

There are exceptions to this; some com-
pound forms resemble groups of small, sim-
ple ascidians, the individuals (zooids) being
separate and connected only by wvascular
stolons, but the majority of compound forms
have the zooids, which, as stated above, are
usually very small, completely embedded in
a common mass of test substance instead of
each having its separate covering of test. The
colony thus formed varies greatly in shape; it
may be massive or divided into a few or into
many lobes, or of flat incrusting form; it may
comprise only a few or a great many hun-
dreds of zooids. :

The branchial apertures of the zooids all
open separately on the surface of the colony;
the atrial apertures may do so likewise, but

1 For characters of simple ascidians, see page 10.
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in the majority of species the latter apertures
discharge into common cloacal cavities or
canals in the test, and finally open on its sur-
face by one or more larger apertures, the
common cloacal apertures. The zooids dis-
charging into the same cavity or the canals
connected with it constitute a system.

In the compound ascidians the individuals
are usually of more or less elongate form, and
the body is (except in those of the order
Stolidobranchia) marked off by constrictions
into two or three segments. The arterior seg-
ment, called the thorax, bears the apertures
and contains the branchial sac; the second,
called the abdomen, contains the digestive and
reproductive organs and the heart, or, in one
large family (the Synoicidae), the digestive
organs only, the reproductive organs and
heart being in a third segment of the body
known as the post-abdomen.

As would be expected from their much
smaller size, the zooids, though conforming in
type of structure to the larger solitary forms,
show less complication in the details of their
organs; the branchial sac has comparatively
few stigmata and usually a very simple sys-
tem of vessels; the gonads are of simpler
form; the tentacles are fewer and never
branched etc. For illustrations of zooids, see
for examples figures 10, 42, 64.

There is much diversity in the methods of
budding in the different groups of compound
ascidians, but this is a subject which cannot
be discussed in the present work, though it is
briefly alluded to in the systematic part. For
a recent extensive work on the subject see
Berrill, 1929-1936, part 4 (1935). Older au-
thors held that the compound ascidians have
been derived from simple ascidians by a de-
crease in the size and complexity of structure
of the individuals and by the acquirement of
the power of budding. All recent authors
have, however, recognized the fact that some
compound ascidians were more closely re-
lated to certain simple ones than to each
other, and, to explain this, the assumption
usually has been made that the power of
budding has been independently acquired in
two or more different groups of ascidians.

I freely admit that the diversity shown in
the methods of budding in different families
mentioned above lends support to such a
view, but that theory involves what appear to
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be more insuperable difficulties. It is hard to
imagine how an animal of apparently unques-
tionable relationship to the highest forms of
animal life should suddenly acquire this ex-
traordinary power, otherwise found only in
the lower phyla. The advocates of such a
theory must assume that the function has
developed very rapidly if not suddenly. We
have examples of closely allied ascidians dis-
tinguished by characters of no more than
generic or even specific importance; one mem-
ber of these pairs of allied forms, however,
produces buds and forms colonies, the other
does not. Such instances are afforded by the
genera Polycarpa and Polyandrocarpa in the
Styelidae, by Rhopalaea and Rhopalopsis in
the Diazonidae, and by the close relationships
between the Ascidiidae and Periphoridae.
Such pairs of closely related simple and com-
pound genera would indicate, according to
the usually accepted theory, that the budding
power has been very recently acquired, since
no other important morphological differentia-
tion has since taken place. Moreover, were
the process gradual, one would expect it to
begin with the development of incomplete
non-functional buds, and it is difficult to see
how any utility could insure the continued
production of such buds (with progress to-
ward perfection) until a complete functional
individual could be produced. As a matter of
fact, we know of no ascidians habitually pro-
ducing such rudimentary or imperfect buds.

For these reasons I prefer the opposite view
—that all ascidians originally had the power
of budding inherited from very remote and
primitive ancestors, and that the larger, sim-
ple ascidians have lost it. In conformity with
this view I begin the treatment of the ascid-
ians in the systematic part of this book not
with the simple but with the compound
forms.

ADbiTIONAL NoTES ON ANATOMICAL
DEeTAILS

Certain anatomical parts of ascidians
should be more particularly mentioned, as
they are of importance in the classification of
the animals or in distinguishing the species
or higher groups, and are, therefore, very fre-
quently referred to in the descriptions or
shown in the illustrations:

TENTACLES OR ORAL TENTACLES: Flexible
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processes extending into the interior of the
branchial tube or siphon close to its base.
They are usually of several sizes and may be
(and in compound ascidians always are) sim-
ple slender processes, or the larger ones may
be branched, sometimes in a very complex
manner. (Some ascidians also have small, sim-
ple atrial tentacles in the excurrent siphon but,
if not otherwise specified, the word tentacle
refers to one of the oral tentacles.)

DorsaL TUBERCLE: A small, usually
rounded prominence on the mid-dorsal line
at the anterior end of the branchial sac on its
inner surface, close to, but inside (posterior
to), the circle of oral tentacles. It bears the
aperture of a gland situated close to the
nerve ganglion. This aperture may be a small
rounded opening or an elongated but vari-
ously curved slit. One of the commonest
forms of this slit is C-shaped, with one or
both of the horns of the C strongly incurved
or even spirally inrolled. The form of the slit
is often regarded as a character of importance
in distinguishing species, but its reliability
has been much overrated, as in many species
great individual variation in the form of the
aperture is common. In compound ascidians
it is almost always a simple pit-like opening.

BrancHIAL SAc: This organ (which is in
reality the enormously enlarged pharyngeal
part of the alimentary canal) and its func-
tions in respiration and collecting food have
already been briefly described. The details
of its structure furnish some of the best char-
acters for the classification and identification
of ascidians. In most of them the sac is built
up of transverse and longitudinal bars bear-
ing (we might almost say composed of) blood
vessels of different sizes, crossing one an-
other at right angles; the smallest longitu-
dinal vessels separate the stigmata, which
usually have the form of short longitudinal
(anteroposterior) clefts. In a few groups a
well-developed spiral arrangement of the
stigmata occurs.

In one order (Stolidobranchia) the surface
of the branchial sac is generally increased by
a small number of pleat-like longitudinal
folds of its wall. Such folds are usually defi-
nite and nearly constant in number in a given
species.. Whether such folds are present or
not, many simple and a few compound ascid-
ians have, in addition to the longitudinal
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blood vessels that take part in forming the
wall of the branchial sac, a second system of
longitudinal vessels, the internal longitudinal
vessels lying upon, but usually slightly raised
up from, the inner surface of the sac, with
the transverse vessels of which they com-
municate by short connecting ducts. These
vessels are much more numerous on the folds
(if the latter are present) than on the flat
parts of the sac between the folds. The mid-
ventral line of the branchial sacis occupied by
a conspicuous structure termed the endostyle,
consisting of two inwardly projecting parallel
longitudinal ridges forming between them a
broad and well-marked channel or furrow, the
ciliated and mucus-secreting cells of which
have an important function in collecting and
dealing with the food material which has been
strained out of the water by the branchial
sac.

Opposite the endostyle on the mid-dorsal
vessel of the branchial sac there is in many
cases an inwardly projecting membrane, the
dorsal lamina, which may have a serrate or
toothed edge, or it may be replaced by a se-
ries of entirely separated, tongue-like processes
(the dorsal languets), one arising at the origin
of each pair of transverse vessels of the sac.
(In many compound ascidians these languets,
though present, are more or less displaced to
the left of the median line.)

The ALIMENTARY TRACT proper begins at or
near the posterior end of the branchial sac
(though more strictly speaking the branchial
sac should be included as the anterior seg-
ment of it) with a narrow oesophagus which
opens into a stomach. The stomach may be
short and rounded or elongate, and its walls
may be smooth or plicated or pitted;in a few
groups the external wall bears a glandular
mass of tubules, the hepatic gland or liver,
which discharges its secretion into the stom-
ach. In many forms that have no liver a
blindly ending curved pouch or caecum com-
municates with the cavity of the stomach.
The intestine usually loops around so as to
pass near or beside the stomach and then
continues as a comparatively straight and
more or less elongate rectum, which ends in-
side the body, but near the base of the atrial
or excurrent siphon; through the latter un-
digested material is passed out of the body.
There is also a peculiar “intestinal gland”
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consisting of some delicate tubules that em-
brace a section of the intestine some distance
beyond the stomach. They join to form a
common duct that runs to, and opens into,
the alimentary canal at or near the pylorus
or point where the intestine leaves the stom-
ach. Its function is so little understood that
no agreement has been reached even as to a
satisfactory name for the organ. The heart
is situated in the posterior part of the body
(in many compound ascidians at the extreme
posterior end). It is tubular, and is sur-
rounded by a pericardium; the main blood
vessels, which run to the branchial sac and
other organs, and which, due to the peculiar
alternating pulsations of the heart already
mentioned (p. 12), function alternately as ar-
teries and veins, extend from each end of the
heart.

NEervous SysTEM: The nervous system is
poorly developed in adult ascidians, though
in the larva an elongated dorsal nerve cord
corresponding to the spinal cord in verte-
brates is present. In the adult this degenerates
into a -small oval mass, the cerebral ganglion,
which lies in the dorsal body wall between the
bases of the siphons. The gland opening on
the dorsal tubercle (see p. 15) lies in close
contact with it, usually ventral to it, but
dorsal to it in the order Stolidobranchia.

KipNEY: In one large family (Molgulidae)
there is on the right side of the body a large,
closed, kidney-shaped sac in which waste
matter is gradually deposited in the form of
a hard concretion. This so-called kidney has
no outlet, and the solid matter deposited in
it must remain during the lifetime of the ani-
mal. In some members of the family Ascidi-
idae, there is, instead of one such “kidney,”
a multitude -of minute vesicles containing
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concretions, but in most ascidians this waste
material must in some way be eliminated, for
no such concretions are to be found.

REPRODUCTIVE ORGANs: All ascidians re-
produce sexually whether or not they do so by
budding also. In many there is a seasonal
alternation in the two methods. The repro-
ductive organs, often called gonads, are varied
in their structure and position and furnish
some of the principal characters used in the
classification of the ascidians. Their arrange-
ment in the different species and higher
groups is shown in the illustrations given and
need not be described in detail here. Gen-
erally ascidians are hermaphroditic and,
though sometimes the testes and ovaries are
not both functional at the same time, in
other cases fertilization of the eggs by sper-
matozoa from the same individual would
seem to be the normal, if not the only possi-
ble, course of events.

In many ascidians the male and female
glands, comprising several or many small
testes and an ovary, are grouped together to
form one or more hermaphroditic gonads or
reproductive bodies, which are in such cases
usually attached to the inner surface of the
mantle on one or both sides of the body. The
eggs are usually discharged into the peri-

‘branchial cavity (the space surrounding the

branchial sac), and in some species, including
most compound ones, they develop there into
tadpole larvae before they make their way
out by the atrial siphon. In the genus Dis-
taplia and a few others, a large ¢ncubatory
pouch or sac, in which the larvae undergo
development, may be produced by an out-
growth or dilation of the body wall of the
parent.

IDENTIFICATION OF SPECIMENS

In a work of this kind the first thing that
is looked for is usually a system of keys by
which a person with no knowledge of the
group of animals under consideration may,
by a mere process of elimination and without
much expenditure of mental exertion, suc-
cessfully determine the species of the speci-
men he has in hand.

There are some groups of animals for

which keys can be made that really work in
a considerable number of instances, but the
ascidians are not among them. It would have
been quite possible to have padded this work
out with an imposing looking set of keys
which would favorably impress and perhaps
evoke commendation from reviewers who
might casually inspect the work, provided
they did not try to use any of the keys.
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Owing to the soft contractile character of
the parts and organs of ascidians and the con-
sequent variation in their shape and appear-
ance, it is hardly possible to make any state-
ment about them that does not need qualifi-
cations and allowances for exceptions, which
either introduce vagueness or make impossi-
ble the brevity and conciseness of language
which is necessary in a key if we are to avoid
uncertainty and confusion in the minds of
those who try to use it. If exceptions are ig-
nored in the key, it may throw the user en-
tirely off the track.

I have, therefore, omitted formal keys from

this work, but as a compromise have given
brief synoptic tables of the chief characters
of the genera in the larger families in hopes
that, short and incomplete as these state-
ments are, they may aid in directing the users
of the book to the most probable genus of the
specimens under consideration, suggesting
the best place to look first, but not the only

one to consider. To determine species within

the genera, it is usually necessary in such ani-
mals as ascidians to consider the detailed de-
scriptions and the illustrations, not forgetting
that generic and family characters, even if
not repeated under the species, nevertheless
apply unless exceptions are indicated. For
these reasons I do not attempt to give synop-
tic tables of the species within the genera, but
the reader should not be appalled at the
considerable number of species in some of
the genera, for the majority of them can at
once be eliminated as inhabiting other re-
gions. In the general list of American species
given below their distribution is indicated.
Within each genus, Atlantic coast species are
listed first, beginning at the north, then
Magellanic and Antarctic, and lastly Pacific
species.

The determination of specimens of as-
cidians is often a matter of considerable diffi-
culty, and it may be well to call the attention
of those who use this and other works on the
subject to the great allowance which must
frequently be made for individual peculiari-
ties, different degrees of contraction incident
to preservation, and the variations in the de-
gree of transparency, color, and consistency
of the tissues which depend on the physio-
logical condition of the animal at the time of
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preservation, the strength and nature of the
preserving fluids employed, and the presence
of other material which may give off sub-
stances that discolor, shrink, or otherwise
alter the tissues. In the simple ascidians, the
number of certain internal parts as internal
longitudinal vessels of the branchial sac, the
component glands of the male reproductive
organs, the number and complexity of
branching of the tentacles, etc., vary, usually
increasing with the age and size (or both) of
the individual. But in this connection it must
be remembered that size is influenced not
only by age but also by environment and
food supply, and that of two specimens the
smaller one will often be the older and show
more fully adult characteristics.

The shape of the body or colony and the
character of its external surface are very li-
able to be affected by the environment, es-
pecially in those species which attach them-
selves in exposed situations, as on piles, rocks,
etc. Other species, particularly those that
bury themselves in the sand or mud, are more
uniform in these respects, though the mate-
rial in which they conceal themselves often
affects the character and color of the test by
adhering to it and becoming embedded in it.

With a series of specimens at hand it is
usually possible to recognize the characters
of the species and to distinguish them from
the variations due to the above-mentioned
extrinsic factors; with but a single specimen
this may be very difficult. Among the com-
pound ascidians especially, many examples,
because of unsatisfactory preservation, im-
maturity, poor development, or the seasonal
periods of degeneration and regression of the
organs that many compound species under-
go, or from being in a quiescent stage of
growth, present scarcely any diagnostic char-
acters, and their positive determination may
be difficult or impossible unless they happen
to be found with better specimens evidently
of the same kind.

To word a description so as to cover all the
numerous variations to which these soft-
bodied animals are subject, both from inter-
nal and extrinsic factors, is manifestly im-
possible. Only the usual, well-developed, and
normal can be described and illustrated, as
otherwise the descriptions become too long



18 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY

and too indefinite, and the mention of acci-
dental or occasional individual peculiarities
obscures those of general occurrence and real
importance.

In the simple ascidians the type of struc-
ture of the reproductive organs and branchial
sac, with due allowance for possible imma-
turity or incomplete development and for in-
dividual variations in the number of vessels
and component parts of those organs, will
usually be found to give the safest indications
in identifying specimens.

In the compound forms the general habit
of growth and the characters of the colony
as a whole must be considered as well as the
zooids, and also the stage in the life history
of the colony, for in some species the colonies
pass through periods of degeneration in which
many of the distinctive characters are lost or
obscured. The practice of basing specific dis-
tinctions on the number of oral tentacles
seems to be usually unwarranted; it is one
of the characters most subject to variation
with age and with the individual. Distinc-
tions based on the form or stoutness of soft
parts, such as the lobes of the branchial,
atrial, and anal apertures, the dorsal and
atrial languets, etc., which change shape with
the degree of contraction of the tissues, ap-
pear to be practically worthless. In simple
ascidians the dorsal tubercle is subject to
much more individual variation than has
commonly been assumed and is very unrelia-
ble as a specific character. No general rule
can, however, be given; a certain character
may be very constant and of diagnostic im-
portance in.one genus or family, yet in an-
other it may be entirely unreliable. While it is
hoped that the descriptions and figures here
given will enable those with a little zoological
knowledge to identify most of their specimens
they must not expect to be able to do so with-
out dissection and often also microscopical
examination of some of their material, and
(especially in the compound species) without
some study of the subject.

EXAMINATION OF SIMPLE ASCIDIANS

Unless the specimen is small and its test
exceptionally transparent, it is necessary to
remove the internal body (the mantle and its
contained structures) from the test which en-
closes it. This is best done by opening the
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test by a longitudinal cut along the entire
median ventral line with a pair of sharp
pointed scissors. Continue the incision to near
the base of each siphon but leave intact the
dorsal part of the median line between and
including the siphons. The two halves of the
test may then be opened apart enough to take
out the internal body which, especially in
alcoholic specimens, is usually adherent to
the inside of the test only on the two siphons,
and can usually be detached without much
trouble or injury to the structures in it.

Its examination is best carried out in alco-
hol in a shallow glass dish permitting study
by either reflected or transmitted light. The
mantle with the contained branchial sac
should be cut open along the mid-ventral re-
gion, close alongside the endostyle (if the
original cut through the test did not already
do this) and the two sides of the body spread
apart for study. Some specimens persistently
refuse to stay spread open. Such perversity is
best dealt with by cutting alongside the mid-
dorsal line also, dividing the specimen into
two entirely separate halves, but in doing
this try to avoid damaging the tentacles, dor-
sal tubercle, and dorsal lamina by keeping the
cut a little way to one side, leaving those
structures in one of the halves of the body.

ExXAMINATION OF COMPOUND ASCIDIANS

For compound ascidians with numerous
small, sometimes quite minute, individuals or
zooids embedded in a mass of test, different
methods are needed. Their identification is
often a matter of some difficulty, and removal
and microscopic examination of some of the
zooids will usually be necessary. This is best
carried out by clearing the zooids in concen-
trated glycerin and examining them in a few
drops of that same fluid.

The best method of procedure is to tear up
pieces of the colonies with a pair of sharp but
stout needles in alcohol or diluted glycerin
until many zooids have been released. In
some species they easily come out entire; in
others it takes time and trouble to get them
out, and the thorax and abdomen are gen-
erally broken apart, if indeed they do not
come out in a still more fragmentary condi-
tion. Then the only way is to dissect out and
study plenty of them until one can get an
idea of their structure and can piece together
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an entire zooid in one’s mind or in a sketch or
drawing. The difficulty of studying com-
pound ascidians, unless the colony is in a
condition of developnmient and preservation
to show the important structural details of
the zooids, has already been alluded to.
Another method of study of these animals
is by embedding pieces of the colonies and
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cutting serial sections, but this is laborious
and time consuming, and cannot be done if
the colonies contain siliceous sand grains. I
have not found it so successful as the first-
described method for determining the gross
structure, but it is, of course, often necessary
for histological, cytological, and embryologi-
cal studies.

NOTES ON THE COLLECTION AND PRESERVATION OF ASCIDIANS

Tidal currents are favorable for ascidians,
as these animals are dependent for food on
what the waters bring them. Some species
grow in abundance on the piles of wharves;
others inhabit only deeper situations and
must be dredged for. Turning over stones
lying on the shore at or near low-water mark
is one of the best ways to collect ascidians and
other attached organisms, for, provided the
stone is not too closely bedded on the bottom,
examples of the smaller compound ascidians
may be found adhering to its underside where
fishes, crabs, and other enemies cannot get at
them.

Many of the ascidians are very handsomely
colored during life; though there is often so
much variation in color in different individ-
uals of the same species that in some genera
little reliance can be placed on color as a di-
agnostic character. Specimens preserved in
alcohol usually lose their color entirely. (For
methods of preserving ascidians expanded,
see Bull. 39, U. S. Natl. Mus., 1899, pt. M,
pp- 39-40.)

A weak solution of formalin, not over 2 or
2% per cent (one part of the commercial 40
per cent solution in 18 or 20 of water) will be
found satisfactory for preserving ascidians
and will in many cases preserve the colors for
a time. Do not be misled by the common mis-
take of supposing that because weak formalin
is good, strong formalin is better. Sea water
may be used in making the solution.

Specimens that are to be kept for more
than a couple of years should be transferred
to alcohol. Seventy per cent is strong enough
to preserve them permanently, and consider-
ably less strength will suffice to keep speci-
mens that have once been thoroughly satu-
rated with alcohol or formalin of the above-
mentioned strength. In the case of large

massive specimens, several slits should be
made in them to facilitate penetration of the
preserving fluid; the latter should be used at
first in some quantity and changed once or
twice at intervals of a day or two to insure
thorough saturation.

Fresh examples and formalin specimens
will usually be more easily studied if hard-
ened a little by previously transferring them
to strong alcohol for a few days. Owing to
their great variation in shape, color, and ex-
ternal appearance, it is generally necessary
to examine the internal structure to make
identification certain, although a few species
are so characteristic in appearance that they
are recognizable from their external features.

LARVAE OF ASCIDIANS

Detailed consideration of the larval ascid-
ian and its development does not come within
the scope of this work, but some hints as to
how ascidian larvae may be found by those
who desire to see or study them may be useful.

In most simple or solitary ascidians larvae
are rather difficult to obtain, because the
species are usually strictly oviparous. The
eggs are discharged into the water through
the atrial tube or siphon while in a very early
stage and undergo most of their development
outside the parent’s body. _

There are, however, a number of vivipar-
ous simple ascidians that retain the develop-
ing eggs and larvae until they reach an ad-
vanced stage in the peribranchial cavity (that
is, in the space between the mantle and gill
sac, see above). In those species during the
breeding season (usually during the warmer
part of the year) eggs and larvae in various
stages may often be found in large numbers
and in a living condition in the body of adult
specimens.
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The following are some viviparous simple
ascidians of the United States coasts in which
‘larvae may often be found: Corella willmeri-
ana, Dendrodoa carnea, D. grossularia, Poly-
carpa fibrosa, Pyura haustor, Halocynthia py-
riformis, Boltenia echinata, Molgula citrina,
M. complanata, M. cooperi, M. verrucifera.

The majority of, if not all, compound or
colonial ascidians are viviparous; the larvae
are retained in the peribranchial cavity, usu-
ally in the dorsal part of it near the atrial
tube or opening, which part is called the
atrial cavity, or in cavities in the common
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test; some have a special incubating pouch or
sac for the larvae to develop in. It is, there-
fore, usually easy to obtain the larvae from
colonies collected during the breeding season,
which in many species is a prolonged one. If
freshly collected colonies are torn up with
needles in sea water, many larvae, some fully
developed and able to swim around, will be
released. In some species the larvae can, with
proper methods and equipment, be kept alive
and enabled to undergo further development.
(See Grave, 1937; Berrill, 1937.)
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'LIST OF AMERICAN SPECIES =

Abbreviations indicating their distribu-
tion: Ant., Antarctic; Arct., Arctic; B. C,,
British . Columbia; Ber., Bermuda; Can.,
Canada; Carib., Caribbean; circ., circum-
polar; d. w., deep water; e., eastern; E. H.,
Eastern Hemisphere; Fla., Florida; Magell.,
Magellanic region (including the Falkland
Islands and South Georgia); Mass., Massa-
chusetts; n., northern; N. A., North America;
N. C,, North Carolina; N. E., New England;
0. W,, Old World or Eastern Hemisphere;
Pac., Pacific; s., south or southern; S. A.,
South America;S. C., South Carolina; trop.,
tropical; w. d., widely distributed; W. 1.,
West Indian region.

A few species which appear to be based on
too little material or for other reasons seem to
be not too well established are designated
with a dagger sign (}), though I have not felt
justified in excluding them from the list.

OrDER APLOUSOBRANCHIA LAHILLE
FaMiLy SYNOICIDAE HARTMEYER, 1908

Genus Aplidium Savigny, 1816
A. lobatum Savigny, 1816, Fla., W. 1., 0. W.
tA. effrenatum (Herdman), 1886, off La Plata R.,
d w.

Genus Amaroucium Milne Edwards, 1841
A. spitsbergense (Hartmeyer), 1903, Arct. s. to
n. N.E, O. W.
A. mutabile Sars, 1851, Arct., Greenland, O. W.
A. glabrum Verrill, 1871, Arct.s. toN. E.,, 0. W.
A. pallidum Verrill, 1871, Arct. s. to w. France
and N. E.
A. stellatum Verrill, 1871, Mass. to Fla.
A. pellucidum (Leidy), 1855, Mass. to Fla.
A. constellatum Verrill, 1871,  New Hamp. to
Fla,
A. bermudae Van Name, 1902, N. C. to W. I,
A. exile Van Name, 1902, Ber., Fla., W. L.
tA. funginum (Sluiter), 1898, Tortuga Id., W. 1.

Genus Amaroucium (cont.)
A. fuégiense (Cunningham), 1871, Magell., Ant.
circ.
tA. longicaudatum Sluiter, 1912, W. Ant.
. caeruleum Sluiter, 1906, w. Ant., E. H.
. radiatum (Sluiter), 1906, w. Ant.
. ordinatum (Sluiter), 1906, w. Ant.
. californicum Ritter and Forsyth, 1917, Pac.
coast of N. A.
. solidum Ritter and Forsyth, 1917, Calif.
. propinguum, new species, Calif.
. arenatum, new species, Calif.
. spauldingi (Ritter), 1907, Calif.
. coei Ritter, 1901, Alaska '
. translucidum Ritter, 1901, Alaska
tA. dubsum Ritter, 1899, Bering Sea
Genus Synoicum Phipps, 1774
S. pulmonaria (Ellis and Solander), 1786, Arct.
s. ton. N. E,, O. W.
S. molle (Herdman), 1886, off La Plata R.
S. adareanum (Herdman), 1902, w. Ant., South
Georgia, E. H.
tS. triplex (Sluiter), 1906, w. Ant.
tS. pererratum (Sluiter), 1912, w. Ant.
S. par-fustis (Ritter and Forsyth), 1917, Calif.
S. pellucidum (Ritter and Forsyth), 1917, s.
Calif.
_S. irregulare Ritter, 1899, Bering Sea
S. jordant (Ritter), 1899, Bering Sea
1S. kincaidi (Ritter), 1899, Bering Sea
S. cymosum Redikorzev, 1927, Bering Sea,n.Asia
Genus Aplidiopsis Lahille, 1890
tA. pannosum (Ritter), 1899, Alaska
Genus Polyclinum Savigny, 1816
P, constellatum Savigny, 1816, Fla., trop., w. d.
P. laxum, new species, trop. Pac. coast
P. planum (Ritter and Forsyth), 1917, Calif.
Genus Sigillinaria Oka, 1933
S. pulchra (Ritter), 1901, Calif. to Alaska
S. aequali-siphonis (Ritter and Forsyth), 1917,
Calif.
Genus Pharyngodictyon Herdman, 1886
Ph. reductum Sluiter, 1906, w. Ant.
Genus Euherdmania Ritter, 1904
E. claviformis (Ritter), 1903, Calif.

N N N N N N N N N
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FamiLy DIDEMNIDAE VERRILL, 1871
Genus Didemnum Savigny, 1816
D. albidum (Verrill), 1871, Arct. circ. s. to Mass.
D. albidum polare (Hartmeyer), 1903, Arct.
D. candidum Savigny, 1816, w. d. in warm re-
gions
. candidum lutarium Van Name, 1910, e. U. S.
tD. candidum fusiferum Van Name, 1921, w. Fla.
. vanderhorsti Van Name, 1924, trop. America
. studeri Hartmeyer, 1911, Magell., circ.
. tenue (Herdman), 1886, Magell. d. w.
. biglans (Sluiter), 1906, Ant. circ.
. chilense Arnbick, 1929, Chile
. santa-elenae, new species, Ecuador
. carnulentum Ritter and Forsyth, 1917, Calif.
to Panama
D. (Polysyncraton) amethysteum (Van Name),
1902, Ber., Fla., W. L.
Genus Leptoclinides Bjerkan, 1905
L. faerdensis Bjerkan, 1905, Arct. and n. Atlan-
tic, 0. W., abyssal
tL. brasiliensis Michaelsen, 1923, off Brazil
Genus Trididemnum Della Valle, 1881
T. tenerum (Verrill), 1871, Arct. circ. s. to Mass.
T. savignit (Herdman), 1886, Ber., S. C. to
W.I,0. W.
tT. solidum (Van Name), 1902, Ber., W. I.
T. orbiculatum (Van Name), 1902, Ber., W, L.
T. thetidis, new species, Fla.
T. propinguum (Herdman), 1886, Magell.
T. auriculatum Michaelsen, 1919, Magell.
T. opacum (Ritter), 1907, Pac. coast
T. strangulatum (Ritter), 1901, S. Alaska
Genus Coelocormus Herdman, 1886 _
C. huxleyi Herdman, 1886, off La Plata R., d. w.
Genus Diplosoma Macdonald, 1859
D. macdonaldi Herdman, 1886, Ber., S. C. to
Brazil, O. W.
D. longinguum (Sluiter), 1912, w. Ant.
D. pizoni Ritter and Forsyth, 1917, s. Calif.
Genus Lissoclinum Verrill, 1871
L. aureum Verrill, 1871, Arct. s. to Mass., 0. W.
L. wandeli (Hartmeyer), 1924, Davis Strait,d. w.
L. fragile (Van Name), 1902, Ber., Fla., W. L.
L. caulleryi (Ritter and Forsyth), 1917, s. Calif.,
Juan Fernandez
Genus Echinoclinum Van Name, 1902 -
E. verrilli Van Name, 1902, Ber., Fla.

>

DOLOLLLU

FamiLy POLYCITORIDAE MICHAELSEN, 1904

Genus Eudistoma Caullery, 1909

E. capsulatum (Van Name), 1902, Ber., Virginia
to W. L.

E. hepaticum (Van Name), 1921, Fla.,

E. olivaceum (Van Name), 1902,
W. L

E. obscuratum (Van Name), 1902, Ber.,
W. L

Ww. L.
Ber., Fla.,

Fla.,
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Genus Eudistoma (cont.)

. larponense, new species, w. Fla.
. clarum (Van Name), 1902, Ber. (Azores?)
. carolinense, new species, S. C. to Fla.
. platense, new species, near La Plata R. .
" pachecae, new species, Panama Bay
. mexicanum, new species, Gulf of Calif.
. dtaphanes Ritter and Forsyth, 1917 ‘Calif,
. rittert, new species, Calif.
. psammion Ritter and Forsyth, 1917, Calif.
. molle (Ritter), 1900, Calif.
Genus Archidistoma Garstang, 1891
A. aggregatum Garstang, 1891, N. C,, 0. W,
Genus Polycitor Renier, 1804
P. vitreus (Sars), 1851, Arct. s. to Newfound-
land, O. W.
P. magalhaensis (Michaelsen), 1907, Magell
P. glareosus (Sluiter), 1906, Ant.
Genus Cystodytes von Drasche, 1884
C. dellechiajei (Della Valle), 1877, Ber., Fla. to
Brazil, Pac.,, O. W.
C. antarcticus Sluiter, 1914, w. Ant.
C. lobatus (Ritter), 1900, Calif. to B. C.
Genus Claveline Savigny, 1816
C. (?) concrescens Hartmeyer, 1924, Davis Strait,
d. w. .
C. oblonga Herdman, 1880, Ber., Fla. to Brazil,
(0. W.?) _
- C. picta (Verrill), 1900, Ber., S. C. to Brazil
C. gigantea Van Name, 1921, w. Fla.
tC. fasciculata, new species, Gulf of Calif.
C. huntsmani Van Name, 1931, Calif. to B. C.
Genus Holozoa Lesson, 1830
H. cylindrica Lesson, 1830, Magell.
Genus Distaplia Della Valle, 1881
D. clavata (Sars), 1851, Arct. s. to Mass., 0. W.
D. bermudensis Van Name, 1902, Ber., N. C. to
Fla., W. L.
D. stylifera (Kowalevsky),.
O.W.

Slolcicioloiolololo)

, Ant. circ,

1874, S.C. to W. I,

D. colligans Sluiter, 1932, South Georgia
D. occidentalis Bancroft, 1899, w. d. on Pac.
coast
Genus Sycozoa Lesson, 1830
S. gaimardi (Herdman), 1886, Magell.
S. stgillinoides Lesson, 1830, Magell., Ant. circ.
S. umbellata (Michaelsen), 1898, Magell.
tS. georgiana (Michaelsen), 1907, South Georgia

OrpEr PHLEBOBRANCHIA LAHILLE
FamiLy DIAZONIDAE GARsTANG, 1891
Genus Digsona Savigny, 1816 -
tD. geayi Caullery, 1914, French Gulana
D. gigantea (Sluiter), 1919, W. L.
Genus Rhopalaea Philippi, 1843
Rh. abdominalis (Sluiter), 1898, Fla.,
Genus Tylobranchion Herdman, 1886
T. antarcticum Herdman, 1902, Ant.

W. L
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FaMiLy CIONIDAE LamILLE, 1887

Genus Ciona Fleming, 1822
C. intesiinalis- (Linnaeus),
American coasts, O. W.
C. intestinalis longissima Hartmeyer,
Arct., 0. W.
C. intesitnalis gelatinosa Bonnevie, 1896, Arct.,
0. W. ’
tC. mollis Ritter, 1907, Calif., abyssal

1767, w. d. both

1899,

FaMiLy PEROPHORIDAE Giarp, 1872

Genus Perophora Wiegmann, 1872
P. viridis Verrill, 1871, Mass. to Fla., Ber.,
W. L (0. W.D)
P. bermudensis Berrill, 1932, Ber., Fla., W. L
(0. W.2)
P. annectens Ritter, 1893, B. C. to s. Calif.
Genus Ecteinascidia Herdman, 1880
E. turbinata Herdman, 1880, Ber., Fla.,, W. L
(0. W.2)
E. conkling Berrill, 1932, Ber., Fla., W. L.
E. conklini minuta Berrill, 1932, Fla., W. L.
E. tortugensis Plough and Jones, 1939, Fla.

FaMiLy ASCIDIIDAE HErRDMAN, 1880

Genus Ascidia Linnaeus, 1767 :
A. prunum O. F. Mueller, 1776, Arct. circ. s. to
Mass. and B. C.
4. dijmphniana (Traustedt), 1886, Arct., O. W.,
Baffin Bay
A. callosa Stimpson, 1852, Arct. circ. s. to Mass.
and Puget Sd.
A. obligua Alder, 1863, Arct. circ. s. to Mass.
A. interrupta Heller, 1878, N. C. to Brazil
A. nigra (Savigny), 1816, Ber., Fla. to Brazil,
0. W, w.d.
A. curvata (Traustedt), 1882, Ber., Fla.,, W. L.
A corelloides (Van Name), 1924, W. L.
A. sydnetensis Stimpson, 1855, W. 1., O. W.,
w. d. .
A. sydnesensis protecta, new subspecies, Gulf of
Calif. .
A. meridionalss Herdman, 1880, Magell., ?E. H.
A. challengeri Herdman, 1882, w. Ant., E. H.
tA. dispar Arnbick, 1938, South Georgia
A. translucida Herdman, 1880, South Georgia,
E. H.
A. vermiformis (Ritter), 1913, s. Calif.
A. ceratodes (Huntsman), 1912, w. d. Pac.
coast
A. clementea Ritter, 1907, Calif., abyssal
A. paratropa (Huntsman), 1912, Puget Sd. to
Alaska
tA. unalaskensis (Ritter), 1913, Bering Sea

VAN NAME: NORTH AND. SOUTH AMERICAN ASCIDIANS 23

FamiLy AGNESIIDAE HuNTsMAN, 1912

Genus Agnesia Michaelsen, 1898
A. glaciata Michaelsen, 1898, Magell.
A. septentrionalis Huntsman, 1912, Bering Sea
to s. Calif. . :
Genus Caenagnesia Arnbick, 1938
C. bocki Arnbick, 1938, w. Ant.

FaMiLy RHODOSOMATIDAE HARTMEYER,
1908

Genus Rhodosoma Ehrenberg, 1855
Rk. turcicum (Savigny), 1816, W. L., Calif,,
w.d.in E. H.
Genus Chelyosoma Broderip and Sowerby, 1830
Ch. macleayanum Broderip and Sowerby, 1830,
Arct. circ. s. to Mass.
Ch. productum Stimpson, 1864, B. C. to s. Calif.
Ch. columbianum Huntsman, 1912, B. C,, n.
Washington
Ch. inaequale Redikorzev, 1913, Sea of Okhotsk,
n. Alaska (d. w. off Pac. coast)
Genus Corella Alder and Hancock, 1870
C. borealis Traustedt, 1886, Arct., off Mass.
coast, 0. W.
C. minuta Traustedt, 1882, Fla., W. 1.
C. eumyota Traustedt, 1882, Magell., Ant. circ.
C. willmeriana Herdman, 1898, B.C. to Puget Sd.
Genus Corelloides Oka, 1926 ’
C. molle Oka, 1926, Bering Sea
Genus Corellopsis Hartmeyer, 1903
C. pedunculata Hartmeyer, 1903, Arct., 0. W,,
Bering Sea
Genus Corynascidie Herdman, 1882
C. suhms Herdman, 1882, abyssal, w. d.
C. herdmani Ritter, 1913, Bering Sea
Genus Benthascidta Ritter, 1907
B. michaelsens Ritter, 1907, abyssal, off Calif.

FamiLy HYPOBYTHIIDAE SLUITER, 1895

Genus Hypobythius Moseley, 1879
H. moseleys Herdman, 1882, off La Plata R.

OrRDER STOLIDOBRANCHIA LAHILLE
FaMILY BOTRYLLIDAE VERrILL, 1871

Genus Botryllus Gaertner, in Pallas, 1774
B. schlossers (Pallas), 1766, e. U. S., O. W.
B. planus (Van Name), 1902, Ber., Fla., W. L.
B. primigenus Oka, 1928, Florida, Japan
B. tuberatus Ritter and Forsyth, 1917, s. Calif.
Genus Botrylloides Milne Edwards, 1841
B. aureum Sars, 1851, Arct.,s. ton. N. E., O. W.
B. ntgrum Herdman, 1886, Ber., Fla., W. L,
w.d. 0. W.
B. diegense Ritter and Forsyth, 1917, s. Calif.
tB. magnum (Ritter), 1901, Alaska
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FaMiLy STYELIDAE SLUITER, 1895

Genus Symplegma Herdman, 1886

S. virtde Herdman, 1886, Ber., N. C. to Fla.,

W. I, (0. W.?)

S. viride stolonica Berrill, 1932, Ber., Fla.
Genus Kiikenthalia Hartmeyer, 1903

K. borealis (Gottschaldt), 1894, Arct., O. W.
Genus Gynandrocarpa Michaelsen, 1900

G. placenta (Herdman), 1886, O. W., Magell.
Genus Polyzoa Lesson, 1830

P. opuntia Lesson, 1830, Magell.

P, reticulatia (Herdman), 1886, Magell., E. H.

P. translucida Ritter and Forsyth, 1917, s.

Calif.

Genus Alloeocarpa Michaelsen, 1900

A. incrustans (Herdman), 1886, Magell.

A. bndgest Michaelsen, 1900, Magell.

A. bacca Arnbick, 1929, s. Chile
Genus Metandrocarpa Michaelsen, 1904

M. dura (Ritter), 1896, Calif. to B. C.

M. taylori Huntsman, 1912, B. C.

M. michaelseni Ritter and Forsyth, 1917, Calif.
Genus Polyandrocarpa Michaelsen, 1904

P. maxima (Sluiter), 1904, Fla., Brazil, O. W.

P. gorritensis (Van Name), 1931, Peru

P. sabanillee Van Name, 1921, W. 1.

tP. pilella Herdman, 1881, Brazil

P. (Eusynstyela) tincta (Van Name), 1902, Ber.,

Fla., W. L. (0. W.?)

P. (E.) gravei Van Name, 1931, Fla.

P. (E.) floridana Van Name, 1921, Fla.
Genus Polycarpa Heller, 1877

P. ﬁbrosa (Stimpson), 1852, Arct. s. to Mass.,

0. W.

P. albatrossi (Van Name), 1912, off e. U. S,,
abyssal

P, obtecta Traustedt, 1883, Ber., N. C. to Brazil

P. spongiabilis Traustedt, 1883, Fla., W. L.,
Brazil

P. circumarata (Sluiter), 1904, Fla., W. I.

Philippines
P. aspera Herdman, 1886, d. w. off La Plata R.
Genus Cnemidocarpa Huntsman, 1913
C. mollis (Stimpson), 1852, Hudson Bay to
N. Y., 0. W.
C. r}nzopus (Redikorzev), 1907, Arct. circ.
C. finmarkiensis (Kiaer), 1893, Arct. s. to Puget
Sd., 0. W.
C. mortenseni (Hartmeyer), 1912, Arct. d. w. s.
to Mass., 0. W,
tC. annectens (Hartmeyer), 1921, Greenland
C. ohlini (Michaelsen), 1898, Magell. Strait
C. drygalskii (Hartmeyer), 1911, Ant. circ.,
Pac.?
C. robinsoni Hartmeyer, 1916, Juan Fernandez
C. verrucosa (Lesson), 1830, Magell., Ant., E. H.
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Genus Dendrodoa McLeay, 1824
D, aggregata (Rathke), 1806, Arct. circ., Bering
Sea
D. pulckella (Verrill), 1871, Arct. circ. s. to e.
Maine and n. Bering Sea
D. lineata (Traustedt), 1880, Greenland, Arct.,
0. wW.
D. (Styelopsis) grossularia (Van Beneden), 1846,
Arct. s. to n. Maine, O. W.
D. (S.) carnea (Agassiz), 1850, N. E.
Genus Styela Fleming, 1822
S. gelatinosa Traustedt,
0. W.
S. coriacea (Alder and Hancock), 1848, Arct.
circ. s. to Mass., and B. C.
S. coriacea hemtcaespztosa Ritter, 1913 Pac
coast
S. rustica (Linnaeus), 1767, Arct. circ. s. to
Newfoundland
. rustica macrenteron Ritter, 1913, Bering Sea,
Asiatic coast _
. partita (Stimpson), 1852, Mass. to Fla., Ber.,
W.I,0. W.
. atlantica (Van Name), 1912, d. w. offe. U. S,,
off Norway
. plicata (Lesueur), 1823, N. C. to Uruguay,
O. W

1886, Arct., chiefly

. schmitti, new species, near'La Plata R.
. oblonga Herdman, 1881, d. w. off La Plata R.
glans Herdman, 1881, d. w. off La Plata R.
magalhaensis Michaelsen, 1898, Magell.
. paessleri Michaelsen, 1898, Magell.
. nordenskjéldi Michaelsen, 1898, Magell.
. insinuosa (Sluiter), 1912, w. Ant.
grahams Sluiter, 1905, w. Ant.
serpenting (Sluiter), 1912, w. Ant.
. tholiformis (Sluiter), 1912, d. w., w. Ant.
. wandelt (Sluiter), 1911, w. Ant.
. quidni (Sluiter), 1912, w. Ant.
millers Ritter, 1907, Pac., abyssal '
. barnharii Ritter and Forsyth, 1917, s. Calif.
. montereyensis (Dall), 1872, B. C. to s. Calif.
. gibbsit (Stimpson), 1864, B. C. to s. Calif.
. truncata Ritter, 1901, s. Alaska to s. Calif.
. clavata (Pallas), 1774, Bering Sea region
. yakutatensis Ritter, 1901, s. Alaska, B. C.
Genus Pelonaia Goodsir and Forbes, 1841
P. corrugata Goodsir and Forbes, 1841, Arct.
circ. s. to e. Can. (Mass.)

FaMiLy PYURIDAE HARTMEYER, 1908

Genus Pyura Molina, 1782 '
P. vittata (Stimpson), 1852, Ber., N. C. to W. L.,
0. W.
P. antillarum Van Name, 1921, d. w. W. L.
P. legumen (Lesson), 1830, Magell.
P. georgiana (Michaelsen), 1898, South Georgia
(Argentine coast)

Nt o v Y
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Genus Pyura (cont.)
P, paessleri (Michaelsen), 1900, Falkland Ids.
P. stubenrauchi (Michaelsen), 1900, Magell.
. turqueti (Sluiter), 1905, w. Ant.
. setosa (Sluiter), 1905, Ant. circ.
. squamate Hartmeyer, 1911, Ant., E. H.
. discoveryi (Herdman), 1910, Ant. circ.
. obesa Sluiter, 1912, South Shetland Ids.
. chilensis Molina, 1782, s. Peru, Chile
. bradley: Van Name, 1931, Ecuador, Peru
. lignosa Michaelsen, 1908, w. Cent. Amer.,
Mexico
P, haustor (Stimpson), 1864, B. C. (s. Alaska)
to s. Calif.
P. mirabilis (von Drasche), 1884, N. A. Pac.
coast (Japan)
Genus Herdmania Lahille, 1887
H. momus (Savigny), 1816, W. 1. to Brazil,
0. W.
Genus Microcosmus Heller, 1878
M. glacialis (Sars), 1859, Arct. s. to Newfound-
land, O. W.
M. exasperatus Heller, 1878, Ber., S. C. to Bra-
zil, Hawaii, E. H.
M. helleri Herdman, 1881, W. 1., 0. W,
Genus Boltenia Savigny, 1816
B, ovifera (Linnaeus), 1767, w. Arct. s. to Mass.
and Bering Sea
B. echinata (Linnaeus), 1767, Arct. circ. s. to
N. E. and B. C.
B. villose (Stimpson), 1864, s. Calif. to B. C.
Genus Hartmeyeria Ritter, 1913
H. triangularis Ritter, 1913, Aleutian Ids.
Genus Halocynthia Verrill, 1879
H. pyriformis (Rathke), 1806, Arct. s. to Mass.,
0. W

B Ta-Ba-Ba-Be-Ba- R

H. aurantium (Pallas), 1787, Bering Sea to-

Puget Sd., and Japan
H. igaboja Oka, 1906, Calif. to B. C. (Japan)
Genus Culeolus Herdman, 1881
C. suhmi Herdman, 1881, N. Atlant., abyssal
C. pyramsidalis Ritter, 1907, off Calif., abyssal
C. sluiteri Ritter, 1913, off Aleutian Ids., d. w.
Genus Fungulus Herdman, 1882
F. antarcticus Herdman, 1912, Ant., abyssal
Genus Bathypera Michaelsen, 1904
B. splendens Michaelsen, 1904, Ant., E. H.
B. ovoida (Ritter), 1907, off s. Calif., abyssal
Genus Heterostigma Arnbick, 1924
H. singulare (Van Name), 1912, s. N. E. lit-
toral; (off Azores, abyssal?)

FamiLy MOLGULIDAE LaAcazg-DUTHIERS,
1877
Genus Molgula Forbes and Hanley, 1848

M. griffithsii (MacLeay), 1825, Arct. circ. s. to
e. Can. (Mass.)

Genus Molgula (cont.)

M. siphonalis Sars, 1859, Arct. s. to n. N. E,,
0. W.
M. citrina Alder and Hancock, 1848, e. Can. s.
tos. N. E, 0. W.
M. complanata Alder and Hancock, 1870, Arct.
. 8. to Mass,, 0. W, _
M. manhatiensis (DeKay), 1843, w. Maine to
Louisiana, (0. W.?)
M. provisionalis, new species, New Brunswick,
e. Maine, (0. W.7)
M. robusta (Van Name), 1912, s. Mass.
M. arenata Stimpson, 1852, s. Mass. to N. J.
M. verrilli (Van Name), 1912, off Mass., abyssal
M. lutulenta (Van Name), 1912, d. w, off e.
U. S. and Cuba
M. occidentalis Traustedt, 1883, N. C. to W. 1.,
Lower Calif.
M. habanensis, new species, off Havana, Cuba
M. contorta Sluiter, 1898, Goajira, Colombia
M. eugyroides Traustedt, 1883, Bahia, Brazil
M. platana, new species, near La Plata R.
M. pyriformis Herdman, 1881, d. w. off Buenos
Aires
M. malvinensis Arnbick, 1938, Falkland Ids.
M. kophameli Michaelsen, 1900, Magell.
t M. setigera Arnbick, 1938, Falkland Ids.
M. pulchra Michaelsen, 1900, Magell., Ant.,
E. H.
M. pedunculata Herdman, 1881, Ant. circ.
M. bacca Herdman, 1910, w. Ant., E. H.
M. confluxa (Sluiter), 1912, w. Ant.
M. platei Hartmeyer, 1914, Chile
M. verrucifera Ritter and Forsyth, 1917, s.
Calif.
M. regularis Ritter, 1907, s. Calif.
M. cooperi (Huntsman), 1912, B. C., Oregon
M. pugetiensis Herdman, 1898, B. C. and Puget
Sd. (s. Calif.?, E. H.?)
M. pacifica (Huntsman), 1912, B. C.
M. oregonia Ritter, 1913, Oregon to Pribilof
Ids.
M. (Meristocarpus) retortiformis Verrill, 1871,
Arct. circ., s. to Mass. and s. Alaska
M. (Molguloides) immunda (Hartmeyer), 1909,
off Chile, abyssal, E. H.
Genus Ascopera Herdman, 1881
A. gigantea Herdman, 1881, Magell., Ant. circ.
Genus Rhizomolgula Ritter, 1901
Rk, globularis (Pallas), 1776, Arct. circ. s. to
Labrador, Bering Sea
Genus Anomopera Hartmeyer, 1923
A. ingolfiana Hartmeyer, 1923, Arct., abyssal
Genus Paramolgula Traustedt, 1885
P. gregaria (Lesson), 1830, Magell.
Genus Pgreugyrioides Hartmeyer, 1914
P, dalli (Ritter), 1913, Alaska
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Genus Eugyra Alder and Hancock, 1870 SuMMARY
E. glutinans (Moeller), 1842, Arct. circ. s. to

L Calif Total number of species 309
; . g . B nera represent
E.cl:)::'sgtudézfgiienlierdman, 1881, Argentine Families represented 14
E. arenosa californica, new subspecies, s. Calif. . ] .
Genus Bostrichobranchus Traustedt, 1883 A few additional supposed species too imper-
B. pilularis (Verrill), 1871, E. Can. to Fla. fectly described to be placed are not included in
Genus Heéxacrobylus Sluiter, 1905 the above figures (see pp. 443-446.

H. arcticus Hartmeyer, 1923, Arct., 0. W.



DESCRIPTIONS OF SPECIES

THE STATEMENTS made under the genera as
well as under the species should both be taken
into consideration, as limitations of space
have often prevented mentioning under each
species characters of general occurrence in
most or all the members of the group.

“Regularity” in the distribution of ten-
tacles or transverse branchial vessels of dif-
ferent sizes implies that they are arranged ac-
cording to size as follows: 1-3-2-3-1-3-etc.
(when of three sizes or orders) or 1-4-3-4-2-4-
3-4-1-4-3-4-etc. (when of four sizes or orders).
The degree of regularity is subject to much
individual variation and is not so important
as a taxonomic character, as some have sup-
posed.

In giving numerical schemes of the distri-
bution of the internal longitudinal vessels of
the branchial sac the numbers indicating ves-
sels borne on the folds are enclosed in paren-
theses, beginning with the most dorsal fold;
those borne on the flat parts of the sac are not
so enclosed.

EXPLANATION OF LETTERING ON
ILLUSTRATIONS

at, atrial orifice

br, branchial orifice

¢cl, common cloacal aperture
dl, dorsal lamina :
ecp, endocarp

em, embryo

en, endostyle

g, gonad

g¢, gastric caecum

ilv, internal longitudinal vessel
in, intestine

ing, intestinal gland

k, kidney

1, liver

lg, languet

Iy, larva

mdy, median dorsal vessel
mp, muscular process

ng, nerve ganglion

od, oviduct

oe, oesophagus

oy, ovum

r, rectum

sd, sperm duct

st, stomach

try, transverse vessel

vp, vascular process
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ORDER APLOUSOBRANCHIA LAHILLE
(=Krikobranchia Seeliger)

Compound ascidians having the body di-
vided into two or three parts or segments
(thorax, abdomen, and sometimes post-ab-
domen), the digestive tract, reproductive or-
gans, and heart being situated in the posterior
part or parts. Tentacles simple, branchial
sac without folds or internal longitudinal ves-
sels. Dorsal lamina represented by languets
arising usually a little to the left of the me-
dian dorsal vessel on the transverse vessels.

Though judging entirely by the adult zo-
oids, this seems to be a homogeneous group;
important differences in the budding in the
families composing it indicate that the resem-
blances are in part due to convergence.

FAMILIES OF APLOUSOBRANCHIA

A. Body of zooid elongate, in three divisions, gon-
ads and heart in posterior division (post-
abdomen). Budding by segmentation of
post-abdomen Synoicidae

B. Body of zooids in two divisions, alimentary
loop, gonads, and heart, all in posterior
division.

C:. Colony incrusting, minute stellate spic-
ules usually present in test, zooids
very small; never more than three or
four rows of stigmata; budding of
pyloric type (see p. 79). Didemnidae

C.. Colony lobed or massive, zooids when
large often more or less independent.
No stellate spicules (disk-like spi-
cules in one genus). Budding by seg-
mentation of body or from stolons .

Polycitoridae

........

' FamiLy SYNOICIDAE HARTMEYER, 1908

(=Polyclinidae auct. mult.)

Body of adult zooids consisting of three di-
visions or segments, the last (post-abdomen)
containing the reproductive organs and heart.
A post-abdomen occurs in a few other com-
pound ascidians, but only in this family does
it contain the heart. Budding by transverse
segmentation of the post-abdomen, the seg-
ments developing into new zooids.

In most members of this family the bran-
chial orifice has six lobes, and the atrial orifice
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commonly has a small languet. The branchial
sac is usually long and often has rather nu-
merous rows of stigmata.

GENERA OF SYNOICIDAE

Ai. Adult zooids elongate, post-abdomen in more
or less direct continuation of thorax and ab-
domen. Zooids probably always arranged in
systems.

B;. Stomach wall usually with well-marked
longitudinal plications sometimes ir-
regular or obsolete in part of the stom-
ach.

C;. Post-abdomen rather short, the testes
in irregular group. . . Aplidium

Cs:. Post-abdomen (in adults) elongate,
ually with serially arranged tes-
tes.

D,. Atrial aperture not produced,
usually well forward with a
small, sometimes three-cleft
languet . . . . Amaroucium

D,. Both apertures six-lobed on for-
wardly directed tubes . . .
......... Sigillinaria

B,. Stomach wall with rounded areolations
(not in longitudinal rows) which are
often obsolete so that the wall is
smooth. Atrial aperture usually slightly
produced, its anterior lip often three-
parted . . . ... ... Synoscum

As. Post-abdomen sac-like, connected with abdo-
men by a slender neck.

B;. Post-abdomen elongate; transverse ves-
sels of sac smooth . . . . Aplidiopsis

B;. Post-abdomen ovate, sac-like; branchial
sac large with minute papillae on its
transverse vessels (unique in this order).
Atrial languet large. . . . Polyclinium

As. Zooids cylindrical, independent, connected by

basal stolons . . . . . . . Euherdmania
A,. Imperfectly known abyssal genus (see p. 75)
........... Pharyngodictyon

GeNus APLIDIUM SaviGNY, 1816

As established by Savigny, 1816, this was a
comprehensive group, including, besides 4 -
lidium as ordinarily employed, also the large
number of species now included in Amarou-
cium Milne Edwards, 1841. These two genera
are not well distinguished.

As commonly used now, Aplidium is re-
stricted to species having the colony generally
sessile by a broad base; rather stout zooids
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with few rows of stigmata and a compara-
tively short post-abdomen; the stomach wall
with a few deep folds extending throughout
its length; and the atrial aperture placed well
back on the dorsal side of the body. This
aperture may or may not be provided with a
languet. In reality there are intermediate
forms that may be assigned to either genus,
as far as such characters are concerned.
Michaelsen (1919a, p. 90) has pointed out
another distinguishing character: that, as in
the species A. lobatum (see below), the testes
are grouped in a compact mass about the end
of the common sperm duct instead of being
distributed in one or two series along its sides
as in Amaroucium. This seems to be a well-
marked character, at least in that species.

Aplidium lobatum Savigny, 1816
Text figure 3

Aplidium africanum SLUITER, 1905a, p. 17, pl. 2,
fig. 9.

Aplidium lobatum SaviGNy, 1816, p. 182, pl. 3,
fig. 4, pl. 16, fig. 1; MICHAELSEN, 1920, p. 22, pl. 1,
figs. 11, 12; VAN NAME, 1921, p. 303, fig. 3; 1930,
p- 425, fig. 4; Huus, 1937, p. 666, fig. 571; PLOoUGH
AND JONEs, 1937, p. 100.

Aplidium tremulum SavieNy, 1816, p. 184, pl.
16, fig. 2; SLUITER, 1909, p. 99.

The following description was prepared
from West Indian specimens which I regard
as belonging to this species.

The colony is apparently normally of a
rather thick incrusting type with rounded
edges. The borders and surfaces show a tend-
ency to be raised into low rounded elevations
at many points or produced into more or less
distinct rounded lobes. Greatest diameter of
largest West Indian colony, about 75 mm.;
average thickness, where covering an even
surface, probably not much over 3 mm. Zo-
oids arranged in elongate groups and rows;
the limits of the systems are hard to deter-
mine, but in large colonies, at least, they ap-
pear to be quite extensive and more or less
branched. The branchial orifices may or may
not be slightly prominent on the surface; the
common cloacal apertures are ordinarily in-
conspicuous in the preserved material. The
test itself is rather transparent and nearly
colorless or somewhat yellowish, but the colo-
nies are rather opaque from the considerable
quantities of sand which are present all
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through the test, and assume more or less the
color of the sand.

Zooids small and short; in the contracted
condition found in preserved material not
usually over 2 to 3 mm. in total length, or
even less when the body is bent or distorted.
Thorax short, separated by a constriction
from the rest of the body, post-abdomen short
and wide even when the reproductive organs
are well developed; it is often curved or bent
ventrally.

Branchial aperture with six bifid lobes.
Atrial aperture on the dorsal side of the tho-
rax; less prominently lobed than the branchial
aperture. Close in front of it is a small languet
cleft into three pointed lobes.

Mantle musculature consisting mainly of
the sphincters of the apertures and a few nar-
row longitudinal bands on the thorax. Tenta-
cles well developed, apparently 16 in number
of three sizes regularly arranged. Dorsal lan-
guets on the transverse vessels of the left side
a little way from the median dorsal vessel.
About seven rows of stigmata (fairly long and
narrow when the sac is expanded) with about
13 to 15 in a row on each side. The number of
rows of stigmata is variable. Michaelsen,
1920, found usually nine (Savigny in his fig-
ure of the doubtless identical 4. tremulum in-
dicates 11). The atrial languet may have
from one to three or (perhaps abnormally)
even four lobes.

Stomach wall with five very deep furrows
and the same number of very thick prominent
longitudinal ridges.

Ovaries were not found in the zooids that
I have examined. The male glands are
rounded or pyriform, rather few (15 to 30) in
number and form a compact, more or less
rounded cluster which largely fills the wide,
short post-abdomen. The main sperm duct
has its origin in the midst of the cluster,
curves dorsally, and runs along the dorsal as-
pect of the post-abdomen and abdomen. The
small ducts from the testes mostly join it at
or near its end; a few of them, however, do so
at points farther along its length as in Ama-
roucium, at least in some zooids. These
branch ducts are in some cases formed by the
union of those from two or more testes.

My observations are limited to a few
colonies, but as far as they go they bear out
the opinion expressed by Michaelsen (1920,
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pp. 26, 27) that the zooids are either male or
female. All those in one colony are often of
one sex, but this is not always the case.
Di1sTRIBUTION: Aplidium lobatum was de-
scribed by Savigny from the Gulf of Suez
(first mentioned and, therefore, the type lo-

0000004
SN

o

F1G. 3. Aplidium lobatum Savigny. Zooid, X32.

cality) and the Mediterranean coast of Egypt.
It ranges through the Red Sea (Gulf of
Tadjourah, Sluiter, 1905) and, though with
some doubt, to the Malay Archipelago
(Sluiter, 1909).

In American waters it has been found at
St. Thomas, West Indies, and in the vicinity
of Guanica Harbor, Puerto Rico; also at
Tortugas, Florida (Plough and Jones). Colo-
nies collected at St. Thomas by the United
States steamer ‘‘Albatross” in January and
at Puerto Rico in June by an American Mu-
seum expedition have the male reproductive
organs well developed in most of their zooids.
The specimens were all obtained by dredging,
the depths when given are 5 fathoms and 160
feet (about 27 fathoms).

Aplidium effrenatum (Herdman), 1886

Aplidium effrenatum HARTMEYER, 1909-1911,
p. 1471,



30 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY

Psammaplidium effrenatum HErDMAN, 1886,
p- 241, pl. 32, figs. 6, 7.

Colony an uneven incrusting mass of large
size, 7.5 by 4 cm. and 8 mm. thick, attached
by an extended base. Color dark brown. Test
with much embedded sand; no bladder cells
present.

Zooids of small size, about 2.5 mm. in
length, visibly arranged in systems in some
places. Post-abdomen distinctly marked off
from anterior part of body.

Mantle fairly muscular, with longitudinal
bands, branchial aperture six-lobed, atrial
without lobes or languet, some distance re-
moved on the dorsal aspect of the thorax.
Stomach globular with wall slightly folded
longitudinally.

LocarLity: “Challenger’” Station 320, off
mouth of La Plata River, 37° 17’ S., 53° 52’
W., 600 fathoms. Two colonies collected.

GeNus AMAROUCIUM MiLNE Epwarps, 1841

This genus is universally adopted in all
works on ascidians, though it hardly merits
recognition as anything more than a rather
indefinitely distinguished subgenus or section
of Aplidium Savigny. It includes species
which have the colony usually of massive or
capitate form (or often composed of heads or
lobes joined at the base); rather large zooids
with an elongate branchial sac and many
(usually 10 to 18 at least) rows of stigmata;
the atrial orifice on, or close to, the anterior
end of the thorax, and the post-abdomen
(which is not borne on a stalk) very long
when fully developed, with the testes serially
arranged along the common sperm duct. The
wall of the stomach is commonly distinctly
longitudinally plicated; an atrial languet is
usually present. Some species are intermedi-
ate in character and might be placed either in
Aplidium or Amaroucium.

The species of Amaroucium are numerous
and occur in all regions but are so variable
with age, season, environment, physiological
condition, etc., both in respect to the charac-
ters of the colonies and of their zooids, that
they are in many cases difficult to define and
distinguish. Those of the northeastern United
States coasts and eastern Canadian prov-
inces, and the Arctic regions are now pretty
well known, but more facts are needed re-
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garding those of other parts of the coasts of
the Americas, as, for instance, those of the
southeastern United States. It seems un-
likely that we can attain a satisfactory knowl-
edge of the species of this group until their
larvae and life histories have been studied,
as was done by Grave, 1922, in the case of
two well-known and closely allied species of
the New England region, 4. pellucidum and
A. constellatum (see below). Meanwhile, the
treatment of many of the species must re-
main a provisional one subject to future re-
vision.

Amaroucium spitzbergense (Hartmeyer), 1903

Amaroucium sarsi BIERKAN, 1908a, pp. 91, 115,
figs. 6, 7.

Amaroucium spitzbergense HARTMEYER, 1924,
p- 208.

Aplidium spitzbergense HARTMEYER, 1903, p. 341,
pl. 6, fig. 14, pl. 13, fig. 17; HunTsMaN, 1912,
pp. 112, 137; HARTMEYER, 1912¢, p. 283; 1922a,
p- 28.

The colony is apparently always of rather
small size and is of rounded form, either ses-
sile or raised on a short thick stalk. Occa-
sional examples may be termed club shaped.
The largest colony on record, according to
Hartmeyer, 1924, measures 28 by 22 by 11
mm,

The test substance is more or less trans-
parent, though it may contain some sand
both on the surface and in the interior. The
color, said to be that of living specimens also,
is greenish, gray, or a grayish white, permit-
ting the yellowish zooids to be seen.

The zooids are small, according to Hart-
meyer not usually over 2.5 mm. to 5 mm.
long, though Bjerkan gives 8 mm. as the
maximum. They exhibit the usual characters
of the genus, having a short, conical, atrial
siphon with an atrial languet of simple form,
which is usually fairly long.

The easiest way to recognize this species
is by the presence of only four rows of stig-
mata (Bjerkan says five rows also occur).
Such a small number is, as far as I know,
unique in the family. The stomach has four
or five well-marked longitudinal ridges in the
wall.

The post-abdomen is comparatively short;
the testes, though not numerous, form a
longitudinal series along the sperm duct.
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DisTrIBUTION: This is a rare species of the
arctic and boreal waters of both hemispheres.
Hartmeyer (1924) reported it from off south-
west Greenland, 65° 34’ N., 54° 31’ W., 122
meters, and from Angmagsalik, southeast
Greenland, 18 to 45 meters; Huntsman
(1912) obtained it in the vicinity of Grand
Manan Island, Bay of Fundy, in 8 and 35
fathoms; most southern record, off Glouces-
ter, Massachusetts, 42° 33’ N., 70°25' W., 84
fathoms (A.M.N.H). The few existing Old
World records include Iceland, Spitzbergen
and Jan Mayen, west Finmark, and the west
coast of Norway, and range down to about
100 meters in depth. It is found attached to
stones, shells, etc.

Amaroucium mutabile Sars, 1851

Amaroucium mutabile SArs, 1851, p. 155; 1859,
p. 66; HuitFELD-Kaas, 1896, p. 17, pl. 2, figs.
17-19; HARTMEYER, 1903, p. 330, figs. 4345, pl. 6,
fig. 7, pl. 13, figs. 13—-15; ByERKAN, 1908a, pp. 89,
115, fig. 5; HARTMEYER, 1921a, p. 95;1922a, p. 27;
1924, p. 203,

For other references, see Hartmeyer, 1924.

This colony in this species may be rounded,
hemispherical, or more or less depressed and
attached by a wide base; in other cases it is
of somewhat capitate form. Under favorable
conditions the colonies attain quite a large
size, diameters of 40 to 55 mm. or even more
being reported from some localities.

The surface of the colony is smooth or
more or less incrusted with sand; the systems
are hard to distinguish in most preserved
specimens; both small round or oval systems
and elongate ones of irregular form may
sometimes be demonstrated. The color is
said to be yellowish gray or ocher yellow in
life; it often becomes reddish or reddish violet
in preserved material.

The zooids are slender and may be over
20 mm. long in large colonies, but a large part
of their length is due to the long narrow post-
abdomen. A three-lobed atrial languet is pres-
ent. The rows of stigmata are few, varying
from seven to 11 or rarely 12.

The stomach affords the easiest means for
recognizing the species. There are only four
(less often five) deep longitudinal furrows
and the same number of broad longitudinal
ridges, giving that organ, when four plica-
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tions are present, a cross-shaped transverse
section.

DistriBuTIiON: The Arctic and adjacent
regions from Franz Josef Land and Barents
Sea to Iceland are the chief range of this
species. It is reported by Hartmeyer from
various stations about Greenland and Davis
Strait, in depths from 79 to 315 meters (30
to nearly 500 meters in other regions). Two
small specimens were collected by R. A.
Bartlett in the Fox Basin, in 66° 43’ N.,
80° 07’ W., 32 to 37 fathoms and in 66° 30’ N.,
80° W., respectively (A.M.N.H).

Amaroucium glabrum Verrill, 1871

Plate 1, figure 5; text figure 4

Amaroecsum glabrum VERRILL, 1873-1874, vol.
7, pp- 39, 40, etc.; 1874, pp. 352, 355, etc.; 1874a,
pPp. 59, 60; STAFFORD, 1912, p. 64.

Amaroucium glabrum HERDMAN, 1891, p. 628;
KINGSLEY, 1901, p. 183; WHITEAVES, 1901, p. 266;
Van NauMEg, 1910, p. 410, fig. 24, pl. 35, fig. 2,
HunTtsMaN, 1912, pp. 112, 138; SUMNER, OSBURN,
AND COLE, 1913, pp. 159, 733; HARTMEYER, 1921a,
p. 96; 1924, p. 195; PrATT, 1935, p. 743.

Amaroucium translucidum (in part, not speci-
mens from Alaska) HARTMEYER, 1903, p. 326,
figs. 4042, pl. 6, figs. 8-9, pl. 13, fig. 10; REDI-
KORZEV, 1906, pp. 308-310; 1907, p. 149; 1908a,
p. 47; 1910, p. 165, fig. 48. Not Ritter, 1901;
not Van Name, 1910, p. 411.

Amoroecium glabrum VERRILL, 1879, p. 27.

Amouroecium glabrum WHITEAVES, 1873, p. 17;
1874, p. 12.

Amouroucium glabrum VERRILL, 1871, p. 288
(orig. descr.), figs. 20-22; 1872a, p. 212; WHIT-
EAVES, 1872, p. 348.

Aplidium flavum HUITFELD-Kaas, 1896, p. 16;
BJERKAN, 1908a, p. 96, fig. 8; HARTMEYER, 1903,
p. 344, pl. 14, figs. 7, 8; REDIKORZEV, 1906, pp.
308-310.

Circinalium pachydermatinum JACOBSOHN, 1892,
pp. 158, etc.

For complete references to 1923, see Hartmeyer,
1924.

“Ordinarily, colonies of Amaroucium gla-
brum form rounded or more or less flat-topped
heads, 10 to 20 mm. in height, usually with
rather abrupt sides which contract to a nar-
row base or short peduncle. A colony may
consist of but one or several such heads,
which when small generally consist of a single
system containing rather few irregularly
placed zooids surrounding a single cloacal
aperture. Larger and broader heads may con-
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tain several systems, though in preserved
specimens their number and limits are rarely
discernible. The amount of common test sub-
stance as compared with the bulk and num-
ber of the zooids is generally large, so that the
zooids are commonly well separated from
each other and from the margin of the colony.

Fi1c. 4. Amaroucium glabrum Verrill. Zooid
with larvae in atrial cavity, X27.

The tendency to irregularity and individual
variation in the shape of the colony is con-
siderable, but nearly all the shapes are readily
recognized as modifications of the capitate
form above described” (Van Name, 1910,
pp. 411-412).

Among many colonies dredged by Verrill
and the United States Fish Commission,
there are some of unusual size, consisting of
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one or more turbinate lobes similar to those
of A. constellatum, and several of these may
be aggregated or even completely fused into
a hemispherical or flattened mass, sometimes
80 mm. in diameter, attached by a more or
less narrowed base. Such colonies are formed
only under conditions unusually favorable
for their growth. In most localities only small
capitate or cushion-shaped colonies are to be
found.

The test is moderately firm in consistency,
and in specimens growing in clear water in
the New England region is usually of a pale
translucent bluish or grayish color, allowing
the zooids to be distinctly seen. In preserva-
tion it becomes less transparent, milky white,
or more or less yellowish or brownish; rarely
it is tinged with reddish. The upper part of
the surface of the colonies is usually smooth
and glossy; the basal part is generally in-
crusted with sand.

The zooids in the great majority of pre-
served specimens are found greatly con-
tracted and distorted due to the strong longi-
tudinal muscle bands of the mantle (espe-
cially on the thorax), making the study of
them difficult. In zooids thus contracted,
the usual length ranged from 4 or § mm. to
6 mm. according to the development of the
post-abdomen. In life the zooids are in part
yellowish with the stomach deep orange in
color.

In their structural details the zooids re-
semble those of 4. constellatum (see below)
so closely that it will be better to point out
the few points of difference to avoid repeti-
tion.

In this species, however, the atrial languet
has a pair of lateral lobes arising at its base
on each side. These may, in rare cases, be
nearly as long as the main or central lobe,
making a trident-like languet, or they may
be reduced to short blunt projections, or be
in some cases rudimentary or wanting en-
tirely. The atrial opening itself may be plain
or obscurely lobed.

The rows of stigmata appear to be 10 to 12
in number, but most specimens are too much
contracted to make accurate counts possible.
The number in a row appears to be about 16
to 18.

The folds in the stomach wall are generally
well defined and regular, extending the whole
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length of the stomach, and average fewer
than in 4. constellatum. In most colonies
they form from 12 to 15 ridges, in other colo-
nies the average may be higher, and in the
latter case occasional irregularities in the
folds may occur but usually involve only a
small part of the wall of the stomach.

DisTtrIBUTION: Partially circumpolar in
the Arctic and northern regions, though I do
not include Ritter’'s A. translucidum from
Alaska in this species. (See the remarks on
that species.) 4. glabrum is known from
Greenland, Iceland, Spitzbergen, the White
Sea, and the Siberian Arctic Ocean. On the
east coast of North America it extends farther
south than elsewhere and is the most common
representative of the family in the Bay of
Fundy, and on the banks off the northern
New England coast. South of Cape Cod it is
much less common and more local and is
found exclusively in the colder and deeper
waters. On and near Crab Ledge, off Chat-
ham, Massachusetts, at the southeastern
angle of Cape Cod, it may be found in con-
siderable abundance in 15 to 50 fathoms, but
south or west of that point it virtually disap-
pears, and the few colonies found are small
and poor, though it has been taken on the
Southwest Ledge, 11 miles southwest of
Martha’s Vineyard, and what appears to be
this species occurs at stations in the deeper
parts (12 to 26 fathoms) of Narragansett
Bay, Rhode Island.

This species grows on rocky bottoms or
where there are shells, stones, etc., for its
attachment. It is often found in company
with other ascidians, especially Didemnum
albidum Verrill and A4 scidia callosa Stimpson.
It ranges from low-water mark to about 200
fathoms, but most records are not deeper
than 50 fathoms.

Amaroucium pallidum Verrill, 1871
Text figure 5

Amaroecium pallidum VERRILL AND SMITH,
1873, pp. 496, 705; STAFFORD, 1912, p. 64.

Amaroucium pallidum KINGsLEY, 1901, p. 183.

Amoroecium pallidum VERRILL, 1879, p. 27,

Amouroecium pallidum WHITEAVES, 1873, p. 17.

Amouroucium pallidum VErRrILL, 1871, p. 289
(orig. descr.); 1871a, p. 362; 1872a, p. 212.

Aplidium despectum HERDMAN, 1886, p. 210,
pl. 28, figs. 11-13; WHITEAVES, 1901, p. 265,
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Aplidium lacteum HuITFELD-KaAAs, 1896, p. 15,
pl. 2, figs. 14-16; HARTMEYER, 1903, p. 338, figs.
46, 47, pl. 6, fig. 13, pl. 13, fig. 16.

Aplidium melleum ALDER AND HANCOCK, 1912,
vol. 3, p. 26, pl. 55, figs. 1, 2, pl. 56, fig. 6.

Aplidium pallidum VaN Name, 1910, p. 400,
fig. 22; HARTMEYER, 1912¢c, p. 281; HUNTSMAN,
1912, p. 113; SUMNER, OsBURN, AND CoOLE, 1913,
pp. 159, 732; HARTMEYER, 1922c, p. 28; 1924,
p. 188; HaranT, 1931, p. 267; HARANT AND
VERNIERES, 1933, p. 84.

Aplidium zostericola Giarp, 1872, p. 636, pl. 26,
fig. 5.

For full list of references to 1923, see Hart-
meyer, 1924,

Verrill and Smith, 1873, describe the ap-
pearance of fresh specimens as follows:

‘“*Masses sessile, hemispherical or subglobu-
lar, usually attached by a large base. Surface
generally evenly rounded, sometimes irregu-
lar in large specimens, smoothish, but thinly
covered with minute, firmly adherent parti-
cles of fine sand which are embedded in the
common tissue and scattered throughout its
substance. The cloacal openings are few in
number and irregularly placed, except in
small specimens, which usually have but one
large central opening. The animals often
form somewhat circular groups of six or eight
individuals around the cloacal openings. . . .
Color of the masses pale yellowish or grayish;
stomach dull orange color; ovaries yellowish
white. The larger specimens are 15 mm. to
25 mm. in diameter.”

Alcoholic specimens vary much in the
shade of color of the common test, which
ranges from a milky yellowish white to rather
dark brownish gray, but the small, closely
crowded, and usually much contorted zooids
are generally visible through the test, though
any arrangement of them in systems cannot
generally be recognized. The amount of sand
in and on the surface of the test is very vari-
able; in some specimens it is insignificant. In
form and size, the specimens mostly agree
well with Verrill’s description, and though
there are irregularly shaped colonies among
them, as would be expected in large series, it
is evident that anything approaching the
capitate form characteristic of 4. glabrum is
less frequently met with in this species, which
tends to form a low sessile colony with a
rounded or more or less flattened upper sur-
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face. Few of the colonies exceed 30 mm: in
greatest diameter.

The zooids in preserved specimens gener-
ally do not exceed 3.5 mm. long and usually
have a rather short post-abdomen. The
branchial aperture is six-lobed; the atrial

F16. 5. Amaroucium pallidum Verrill. Zooid,
X42.

orifice, which is placed at a varying but often
considerable distance back from the anterior
end, is plain, or nearly so, usually without a
languet and raised on a low conical projec-
tion. The oral tentacles, in one case where
they could be fairly well seen, appeared to
number about a dozen and to be of two sizes
alternating. The number of rows of stigmata
varies from five to seven, possibly in some
cases one or two more. The stomach has 10
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to 12 longitudinal ridges extending its full
length.

The testes are arranged serially along the
sperm duct, as usual in Amaroucium, not
grouped as in the type of A plidium, and I am,
therefore, restoring this species to Amarou-
cium in which Verrill originally placed it.

DISTRIBUTION: A species of the northern
waters of Europe and eastern North America
and the neighboring parts of the Arctic re-
gion. Not known from the Pacific. In Ameri-
can waters it ranges from Davis Strait, New-
foundland, the Gulf of St. Lawrence, and
southward along the coasts of Nova Scotia
and New England to southern Massachusetts
(vicinity of Martha’s Vineyard) and Rhode
Island, though in the more southern localities
only in water at least a few fathoms (8 to 20
or more) in depth. In the Old World it is
known from Iceland to Nova Zembla, and
southward to the English Channel and west
coast of France.

The recorded depths are from near low-
water mark to 126 fathoms off Nova Scotia,
and even 471 fathoms off Newfoundland,
though most of the specimens are from depths
much less than 100 fathoms. It will grow in a
variety of bottom conditions, provided ob-
jects for its attachment are present. It seems
to be a rather uncommon and local species
throughout its range, though its small size
and inconspicuous appearance doubtless
cause it to be often overlooked. (See Hart-
meyer, 1924; Van Name, 1910, for details.)

Brément, 1913, has described as a variety,
morlolaense, of this species, a form certainly
closely allied to it, from the Mediterranean
near Monaco, but the warmer locality indi-
cates a distinct species.

Amaroucium stellatum Verrill, 1871
Plate 7, plate 13, figure 1; text figure 6

Amaroecium stellotum VERRILL AND SMITH,
1873, pp. 704, 402, 411, etc.; COUES AND YARROW,
1878, p. 304; Howarp, 1883, p. 304.

Amaroucium stellatum METCALF, 1900, p. 526;
HARTMEYER, 1909-1911, p. 1467; Van NaME,
1910, p. 416, fig. 25, pl. 34, fig. 1; SUMNER, Os-
BURN, AND CoLE, 1913, pp. 159, 415, 753, chart
197; PraTtr, 1916, p. 670; HARTMEYER, 1924,
p. 203; PrATT, 1935, p. 742.

Amoroecium stellatum VERRILL AND RATHBUN,
1879, p. 231; McDonALD, 1889, p. 858.
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Amouroucium stellatum VERRILL, 1871, p. 291;
1871a, p. 359; 1872a, p. 212,

Aplidium (subg. Amaroucium) stellatum VAN
Nawmg, 1921, p. 308.

This species is usually distinguished by the
plate-like form of the colonies, the compara-
tive hardness, toughness, and smoothness of
the test and the small, more or less widely
separated circular groups or systems in which
the zooids are arranged. In alcoholic speci-
mens the areas occupied by these systems
usually become somewhat depressed below
the general surface of the colony, giving it a
pitted appearance, but in life the surface is
quite smooth. The test often becomes very
hard in alooholic specimens.

“It forms large, smooth, irregular plates,
or crest-like lobes and masses, which are at-
tached by one edge to the stones and gravel.
These plates are sometimes one to two feet
long, six inches high, and about an inch thick,
and, owing to their smooth surface and whit-
ish color, look something like great slices of
salt-pork, and in fact it is often called ‘sea
pork’ by the fishermen. Other specimens will
be four or five inches high, and only one or
two inches broad at the base, and perhaps
half an inch in thickness, and the summit
often divides into broad flat, blunt lobes:
various other shapes also occur, some of them
very irregular. The larger specimens of this
species are generally of a pale bluish or sea-
green color by reflected light when first taken
from the water, but pale salmon or flesh-
color by transmitted light. The zooids are
much elongated and arranged in more or less
regular circular groups over the whole sur-
face, with a small ¢loacal orifice in the center
of each circle. If kept in water, when they
grow sickly the zooids will be forced partially
or wholly out of their cavities by the contrac-
tion of the tissues around them—a peculiarity
seen also in other species of this genus. These
zooids have the branchial tube prominently
six-lobed, and of a bright orange color, this
color also extending over the upper or outer
end of the body, between the tubes, and more
or less over the branchial sac, which is pale
yellow or whitish below. The stomach is lon-
gitudinally sulcated, with bright orange-red
ribs or glands; intestine bright orange or
yellow.

“This species is devoured by sharks, skates,
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and the tautog, although it would seem diffi-
cult for them to digest it, or get much nutri-
ment from it. The supply is certainly suffi-
ciently abundant” (Verrill and Smith, 1873,
p. 402).

Except in being somewhat smaller, the

T

Fi16. 6. Amaroucium stellatum Verrill. Zooid,
%27.

zooids much resemble those of 4. glabrum,
but the atrial languet is always simple, with-
out lateral lobes, as far as I have observed,
and the atrial orifice is quite noticeably lobed.
They have about a dozen rows of stigmata
with a maximum of about 17 or 18 in a row.
In well-expanded examples it can be seen
that the stigmata near the endostyle progres-
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that several stigmata near endostyle progres-
sively decrease in length; near the median
dorsal line they do not do this. The stomach
usually has about a dozen well-developed
longitudinal ridges, quite regular in the ma-
jority of colonies.

DisTRIBUTION: Massachusetts to the Gulf
coast of Florida but apparently quite local.
Type locality, Woods Hole, Massachusetts.

Crab Ledge, off Chatham, Massachusetts,
is the most northern and eastern locality
from which it has been reported. It is abun-
dant in the eastern part of Vineyard Sound
and in the channel at Woods Hole in from
4} to 17 fathoms on stony, gravelly, or some-
times also sandy bottoms, where there are
strong tidal currents.

From North Carolina it was reported by
Coues and Yarrow, 1878, some of whose
specimens are in the Yale University Mu-
seum at New Haven, Connecticut, and appear
to be correctly identified as this species. Their
statement is as follows:

‘“Very abundant on rocks and stones near
Beaufort, and on the piles of the wharf at
Fort Macon. This species attains a large size
and the rapidity of its growth is surprising;
new clean piles used to repair a wharf were in
less than four months well covered with large
clusters of this ascidian.” But I have never
found it growing near low-water mark or in
very shallow water. At least on the Massa-
chusetts coast it does not appear ever to
grow on piles.

The American Museum of Natural History
has colonies that I would refer to this spec-
ies from Jekyl Island, Georgia, from the east
coast of Florida, and Indian Harbor, Port
St. Joe, Gulf coast of Florida.

Amaroucium pellucidum (Leidy), 1855

Plate 9, figures 1-3; text figure 7

Alcyonidium? pellucidum LEIDY, 1855, p. 142,
pl. 10, fig. 24.

Amaroecium pellucidum VERRILL AND SMITH,
1873, pp. 703, 401, 419, etc.; METCALF, 1900,
p. 526.

Amaroucium pellucidum (form pellucidum) VAN
Name, 1910, p. 404, pl: 35, fig. 3, pl. 37, fig. 6;
SuMNER, OsBURN, AND CoLE, 1913, pp. 159, 732,
chart 195; PraTT, 1916, p. 670; GRAVE, 1922, p.
27, fig. 1, pl. 1; HARTMEYER, 1924, p. 202; PrATT,
1935, p. 742, fig. 960; PLouGH AND JONES, 1937,
p. 100; RicEARDS, 1938, p. 254, pl. 28, fig. 1.

VOL. 84

Amoroecium pellucidum VERRILL AND RATH-
BUN, 1879, p. 231; McDoxaLD, 1889, p. 858.

Amouroucium pellucidum VERRILL, 1871, p. 290;
1871a, p. 359; 1872a, p. 212,

Aplidium (subg. Amaroucium) pellucidum VAN
NaME, 1921, p. 309, fig. 5; BERRILL, 1937, p. 566.

When growing under favorable conditions,
the appearance of this species is very charac-
teristic. Though the test substance is clear
and pellucid, the surface of the lobules com-
posing the colony is so densely incrusted with
sand that its character is entirely obscured;
the sand grains also permeate the interior of
the test, especially in the lower part of the
colony, making it more or less brittle.

“The large rounded masses in which this
form is often found exceed in bulk the colo-
nies of the other New England species of the
genus. They often reach 160 to 200 mm. in
diameter and 70 to 90 mm. in height, being
sometimes almost perfectly hemispherical.
These large masses are subdivided into or
built up of elongated lobules, which arise
from the common base of the colony as nar-
row stalks and increase gradually in diameter
as the upper part of the colony is approached,
their truncated upper extremities forming the
free convex surface of the colony. So closely
do these lobules fit together that the clefts
between them, although they extend nearly
to the base of the colony and are lined with
the coating of sand mentioned above, show
but slightly unless they are opened out and
the lobules separated by rough handling.
Each lobule generally contains a single circu-
lar or oval system of zooids with a cloacal
orifice in the center, and at the upper and
larger end is 5 mm. to 10 mm. or more in
diameter, the length depending on the height
of the colony. In regularly hemispherical
specimens the lobules are often very regular
in size and form. In general, those near the
edges of the colony are more completely
divided off, and tend to diverge from the cen-
tral mass and from each other, while the cen-
tral lobules, especially where the coating of
sand is more or less imperfect, tend to fuse.
The color of the colony depends chiefly on
that of the sand with which it is incrusted.
The zooids have the stomach of a bright
orange or red color, but the remainder of the
body is not conspicuously colored” (Van
Name, 1910, pp. 405-406).
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In conformity with the long narrow lobules
into which they are crowded, the zooids are
long and slender, often 25 mm. long when the
post-abdomen is well developed, but they
exhibit no characters unusual in this genus.
Except in their very slender form the zooids
are very similar to those of 4. constellatum
(see below).

The branchial aperture is six-lobed, the
atrial usually obscurely lobed with a languet
of simple tapering form. There are usually 12
to 18 rows of stigmata, and the stomach, as
in A. constellatum, has closely placed longi-
tudinal folds, but these are usually less nu-
merous than in that species.

This describes the species as it grows in
Vineyard Sound, Massachusetts. Under less
favorable conditions the colony as a whole is
irregular, and the lobules are unequal in size
and height and less closely fitted together.
In some cases the coating of sand is incom-
plete, and the division of the colony into
lobules is less complete and regular.

Among the lobules of colonies of this spe-
cies growing in Vineyard Sound there may
often be found here and there single lobules
devoid of sandy covering or one or more
much larger smooth lobes also nearly free
from sand. These, whether large or small,
show the characters and colors of 4. constella-
tum described below, but their surface con-
forms so completely to that of the adjacent
sand-covered lobules, preserving the uniform
curve of the surface of the colony, that it
looks as if they were parts of the same colony
as the latter. The additional fact that the adult
zooids of the two species are lacking in con-
stant distinguishing characters led me to
conclude that the two were merely different
growth forms of the same species, and that
A. constellatum should be called 4. pellucidum
form constellatum, as the name pellicudum has
priority.

That this view was incorrect, and that
such specimens are mixed groups of two spe-
cies which are really quite distinct was shown
by Grave, 1921, 1922, by a study of the lar-
vae and development of both forms, which
show well-marked differences.! If larvae are

1 According to Grave, the body length of the fully
developed larva of the present species is from 0.48 to
0.54 mm., total length including tail, 1.50 to 1.74 mm.,
while in constellatum the body length is from 0.74 to
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F16.7. Amaroucium pellucidum (Leidy). Zooid,
X 27.

present in a colony they may serve to deter-
mine doubtful specimens.

This demonstration that two distinct spe-
cies exist instead of one variable one raises
questions regarding the range and distribu-

0.78 mm. and the total length, 2.25 mm. The larvae of
pellucidum have eight large, conspicuously developed
epidermal tubes which are persistent in the primary
zooid; in constellatum none is present, and only about
42 muscle cells are present in the tail in pellucidum,
while there are about 160 in constellatum.
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tion of each, and unfortunately also a
troublesome uncertainty regarding the no-
menclature.

Verrill (1871, p. 290) was certainly correct
in deciding that Leidy’s Alcyonidium pellu-
cidum was an ascidian, but as Leidy does not
say anything about a coating of sand, why
did Verrill identify the present sand-covered
species with Leidy’s pellucidum when the
sand-free species found in the same region
seemingly would have fitted it better?

At that time Verrill had not begun the ex-
tensive collecting he did later in the Woods
Hole region, and in his description of pelluci-
dum in his paper of March, 1871, he refers to
only two specimens dredged at Woods Hole
by H. E. Webster. The description shows
that these were composed both of narrow
sand-covered lobes in the outer parts (these
Verrill called ‘‘young colonies”) and larger
lobes with “but little adhering sand” on their
upper parts, in the central portion. These
specimens may have been more or less poorly
characteristic specimens of the sandy species,
some of whose lobes were deficient in the
sandy covering and coalescent to an unusual
degree, perhaps as a result of that deficiency,
or they may have been mixed groups (see
above) composed of both species.

These considerations certainly introduce
an element of uncertainty in regard to the
correctness of the application and use of the
names pellucidum and constellatum, but as an
examination of Leidy’s types, which have
apparently long since disappeared, would be
necessary for an absolutely positive settle-
ment of the question, and as we have the
authority of so experienced and careful an
observer as Verrill for the present usage, I
believe that this usage should be continued.
Indeed the introduction of more confusion
into the nomenclature of this troublesome
genus would be such a nuisance that the
above names, as they have long been em-
ployed, should be retained as nomina con-
servanda, even if it cannot be done on the
merits of the case.

DisTriBuTION: This species is extremely
local and seems to require for favorable de-
velopment a sandy bottom (yet mixed with
stones, shells, or gravel to afford objects for
attachment) and swift tidal currents. The
eastern half of Vineyard Sound, Massachu-
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setts, where the water ranges from about 5
to 12 fathoms in depth, affords these condi-
tions and there it is very abundant and forms
the large colonies above described. Some-
times the dredge will come up filled almost
exclusively with them.

I know of no records from farther north or
east. I have seen examples from Buzzards
Bay, Massachusetts, where, however, it is not
common, and some poorly developed ones
which I would refer here from the United
States Fish Commission Station 775, Nar-
ragansett Bay (near DutchIsland, 12 fathoms,
sand and shells) and from Stonington, Con-
necticut. Leidy’s type of pellucidum was from
Point Judith, Rhode Island, where he re-
ported it abundant.

Verrill and Smith, 1873, reported it as
ranging south to North Carolina; the record
of Plough and Jones, 1937, and a specimen
in the United States National Museum,
pieces of which are in the American Museum
of Natural History, extend its range to the
Tortugas and Cedar Keys on the Gulf coast
of Florida, but the scarcity of records indi-
cates that it is not common in the southern
part of its range.

Amaroucium constellatum Verrill, 1871
Plate 8, figure 1; text figure 8

Amaroecium constellatum VERRILL AND SMITH,
1873, pp. 704, 388, 393, etc.; DAVENPORT, 1898,
p. 687; Prarsg, HumM, AND WHARTON, 1942,
p. 188.

Amaroucium constellatum HARTMEYER, 1909-
1911, p. 1466; PrATT, 1916, p. 670; GRAVE, 1922,
pp. 27-33, fig. 1, pl. 1; Prart, 1935, p. 742;
GRAVE, 1937 (Ammaroucium), p. 560; RICHARDS,
1938, p. 256, pl. 28, fig. 2.

Amaroucium pellucidum form constellatum VAN
Nawme, 1910, p. 406, fig. 23, pl. 36, figs. 4, 5, pl. 38,
fig. 9; SUMNER, OsBURN, AND CoLE, 1913, pp. 159,
733, chart 196; PrATT, 1916, p. 670; HARTMEYER,
1924, p. 202.

Amoroecium constellatum VERRILL AND RATEH-
BUN, 1879, p. 231; VERRILL, 1879, p. 27; Mc-
DoNaLp, 1889, p. 858.

Amouroucium constellatum VERRILL, 1871, p.
359 (orig. descr.); 1872a, p. 212.

Aplidium (Amaroucium) pellucidum form con-
stellatum VAN Naume, 1921, p. 310,

Ordinarily colonies of this species are ovate
or more or less turbinate in form, attached
by a narrow base. The upper surface may be
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convex and the edges rounded; in other cases,
especially when several such masses are
crowded together, the edges may be abrupt
and the surface more flattened. Such colonies
usually measure 10 to 25 mm. in height and
in width at the upper end. Occasionally colo-
nies are more depressed and of very thick in-
crusting form, attached by the whole or most
of the lower surface. Under very favorable
conditions large hemispherical or dome-
shaped masses up to 80 mm. in diameter and
30 to 50 mm. in height may be formed, but
more often such masses are more or less
divided by clefts into several parts.

“The surface of the colony is smooth and
its texture gelatinous and only moderately
firm. Preserved in formaldehyde it becomes
quite soft. The test is rather opaque, but the
deep color of the zooids renders them con-
spicuous in spite of this. In life, the color of
the test varies from a cream color through
various shades of yellow (or more frequently
flesh color) to a pale orange or reddish. The
branchial orifices often have six radiating
white lines.

‘ Anal orifices often surrounded by a pale or
whitish border; zooids generally orange-
yellow ; the orifices and tubes with upper part
of the mantle bright orange, or lemon-yellow;
branchial sac usually flesh-color or pale
yellow, sometimes bright orange; stomach
with bright orange-red longitudinal glandu-
lar ribs; intestine light orange; mantle with
minute opaque white specks. In some speci-
mens the cloacal chamber or ‘atrium’ con-
tained three or four bright purple tadpole-
shaped larvae” (Verrill and Smith, 1873, p.
704).

The zooids are generally arranged in rather
irregular and extensive systems, though small
circular or oval groups also occur. The limits
of the systems are often difficult to make out.
The zooids average larger and stouter than
in some of the related species, often measur-
ing 4 to 5 mm. exclusive of the post-abdomen
which, when well developed, may add at
least 10 to 12 mm. to this length,

The branchial orifice has normally six
lobes, each of which may be slightly cleft
into two. The atrial orifice has five slight
lobes and a rather long simple languet.

Tentacles about 12 in number and of two
sizes. Rows of stigmata rather few, commonly
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10 to 12 or 13, with 16 to 18 stigmata in a row
on each side. As the endostyle is approached
the three or four last stigmata become suc-
cessively smaller.

The dorsal languets arise from the trans-
verse vessels of the left side a little removed

F1G. 8. Amaroucium constellatum Verrill. Zooid
with larvae in atrial cavity, X27.

from the median dorsal vessel. This is true in
many compound ascidians of this family and
the Didemnidae, but it is more easily demon-
strated in species like this one that have
rather large zooids and comparatively weak
mantle muscles.

The longitudinal plications of the stomach
wall afford one of the easiest ways to recog-
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nize this species among the other forms of our
northeastern coasts, the ridges being more
numerous, often 22 to 25 or more, and being
narrower and closer together. They show oc-
casional irregularities, such as forking, joining
with an adjacent ridge, or by being inter-
rupted at one or several points. These inter-
ruptions may sometimes so break up the
ridges as to produce on limited parts of the
stomach wall an areolated, rather than a
longitudinally plicated, condition.

DisTtriBUTION: The range of this species is
wider than that of some of the related ones.
It extends from north of Cape Cod (Isles of
Shoals, New Hampshire, and Ten Pound Is-
land near Gloucester, Massachusetts), to the
Gulf coast of Florida and is a very common
species in many places. It is very abundant
on the southern coast of Massachusetts where
it grows in large quantities on the piles of the
wharves at Woods Hole, Vineyard Haven,
Edgartown, and other ports, as well as on the
bottom in depths of 1 to 15 fathoms. In the
latter situations it often forms curious mixed
colonies with the related species 4. pelluci-
dum, which have been described under the
latter species.

Other localities represented by specimens
in the American Museum of Natural History,
the United States National Museum, or in
both are Buzzards Bay, Noank, and off Ston-
ington, Connecticut; Peconic Bay, Jones
Beach, Far Rockaway, and Cold Spring
Harbor on the shores of Long Island, New
- York; off Indian River, Delaware, depth 130
feet; near Beaufort, North Carolina; “Alba-
tross’’ Station 2618, 33° 37’ 15’ N., 77° 35’
30” W. off the South Carolina coast, 17
fathoms; and Cedar Keys, and near the banks
in that vicinity off the Gulf coast of Florida.
The records range in depth from tide levels
to a little over 20 fathoms.

The proof by Grave, 1921, 1922, of the dis-
tinctness of this species from 4. pellucidum
has been mentioned under that species.

Amaroucium bermudae Van Name, 1902

Plate 11, figure 1, plate 19, figure 4; text figure 9

Amaroucium bermudae VAN NAME, 1902, p. 352,
pl. 50, fig. 20, pl. 58, figs. 96, 97; HARTMEYER,
1909-1911, pp. 1466, 1633.

Aplidium (Amaroucium) bermudae VAN NAME,
1921, p. 305, fig. 4; 1924, p. 25; 1930, p. 426, figs.
5, 6; BERRILL, 1932, p. 77.
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This is a species much resembling 4. gla-
brum, commonly forming colonies of more or
less capitate form, somewhat flattened above
and with rather abrupt sides contracting to a

" narrow base, as in that species. The test is of

somewhat cartilaginous consistency with the
upper surface usually smooth and glossy and
usually free from sand and sufficiently trans-
lucent to allow the zooids, which have the
stomach and parts of the thorax orange or
red in life but which fade to yellowish in pres-
ervation, to be seen through it.

The test in life is grayish, with a bluish or
sometimes a pinkish cast. In preservation it
often becomes more transparent and more
yellowish in color.

The zooids are usually quite irregularly
distributed and separated by considerable
test substance. Their arrangement in systems
is not always easy to make out.

At Bermuda, the type locality, the colonies
I found were all rather small, 20 mm. or less
in height and 20 to 30 mm. across the wide
part or in most cases smaller, but on the
coasts of the southeastern United States,
from North Carolina southward, very much
larger and more massive colonies of rounded
oroval form, attached usually by a small base,
are found, which seem to be of this species.
The largest of these that I have seen is from
the North Carolina coast and is a dome-
shaped mass 110 by 60 mm. across and about
70 mm. high. Another from southern Florida
is of depressed ovoid form about 90 by 50
mm, in diameter and over 40 mm. thick, at-
tached by a small area on one of the broad
sides.

The zooids average somewhat larger and
stouter than those of A. glabrum, partially
contracted individuals in preserved material,
commonly measuring 2.5 to 4 mm. long, ex-
clusive of the post-abdomen which may often
add § to 10 mm. to the length. They much
resemble those of 4. glabrum in structure,
though they usually have more rows of stig-
mata, often 16 to 17. The stomach normally
has, as in glabrum, a comparatively small
number (ranging generally from 10 to 15) of
longitudinal ridges or plications in its wall,
but these are generally narrow and sometimes
rather poorly defined, and the stomach wall
is quite thin, so that the contraction of the
body often crushes it in and throws it into
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irregular transverse or oblique folds which
may more or less obscure the natural longi-
tudinally plicated condition. The atrial lan-
guet may be simple or three-parted; it is
usually fairly long.

The larger number of rows of stigmata and
the thin-walled stomach seem to afford the
best means for recognizing the species. Its
entirely different geographical range prevents
its being confused with A. glabrum in spite of
its close relationship.

From A. stellatum, which is likewise found
on the coasts of the southeastern United
States, it is not always easily distinguishable
in the case of poorly preserved or small and
poorly developed colonies. Well-developed
specimens of stellatum can, however, usually
be recognized by the plate-like form of the
colony, the very hard test, the distinctly de-
marcated circular or oval systems and by the
zooids, which appear to have usually a
smaller number of rows of stigmata.

DistriBUTION: Type locality, Bermuda;
type in the American Museum of Natural
History, A.M.N.H. No. 1300. Berrill, 1932,
also reports it from Bermuda. It was found
there by Verrill and myself on corals, gorgon-
ians, etc., brought up from well below low-
water mark. Most of the specimens collected
in early spring were of small size.

In the West Indies it appears to be very
rare; small specimens from Water Island,
Virgin Islands, and Curagao being all that I
have seen that I would refer to it even doubt-
fully. Some specimens from Cubagua Island,
Venezuela, may belong to this species.

The localities of the large massive speci-
mens from the southeastern United States
range from near Beaufort, North Carolina, to
Key West and the Gulf coast of Florida
(Charlotte Harbor and St. Joseph, specimens
in the American Museum of Natural History).
In these regions examples are sometimes
washed up on the beaches after storms. It is
a shallow-water species; deepest record, 14
fathoms.

This is still one of the most unsatisfactorily
known species of our eastern coast; and, ow-
ing to the poor condition of preservation of
the material I have had an opportunity to
examine, I cannot as yet feel sure that I am
correct in regarding the large colonies from
the southeastern states as identical with the
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Bermuda types. Unfortunately, I was unable
to find any specimens at Beaufort, North
Carolina, in the collecting I did there in the
summer of 1940, though previously recorded
from that place.
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F1G. 9. Amaroucium bermudae Van Name.

Zooid, x25.

Amaroucium exile Van Name, 1902
Text figure 10

Amaroucium extle VAN NAME, 1902, p. 354, pl.
50, fig. 21; HARTMEYER, 1909-1911, pp. 1467,
1639.

Aplidium (Amaroucium) exile VAN NaumE, 1921,
p. 311, fig. 6; 1930, p. 427; BERRILL, 1932, p. 77.
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Besides A. bermudae described above, a
smaller, apparently distinct species was ob-
tained at Bermuda. In it the colony is
rounded or button shaped, adhering by the
greater part of its lower surface, and is
usually not over 10 to 15 mm. wide and 5 to 6
mm. in its thickest part. Its edges are rounded,

F16. 10. Amaroucium exile Van Name. Zooid,
X 30.

and the test is of rather soft consistency un-
less, as is often the case, it is quite thickly
filled with coarse sand grains and minute
shell fragments. In other cases it is entirely
free from such inclusions and is very trans-
parent, either colorless, or, during life, having
a bluish opalescence that disappears after
death, and the zooids, which are orange or
red (often bright scarlet), are plainly visible
through the test, making the colony a very
beautiful object. The zooids appear quite ir-
regularly distributed in the colony, often ly-
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ing very obliquely to the surface; but they
doubtless form one or more small systems
whose limits are commonly not distinguish-
able. (See below in statement on distribution,
regarding larger colonies perhaps assignable
to this species.)

Zooids rather small and slender; the post-
abdomen often shorter than the remainder of
the body which is often much contracted and
contorted in the preserved specimens, and
even when extended does not usually exceed
about 6 mm. in length.

Branchial aperture with six or seven lobes,
atrial aperture plain or slightly lobed, and
provided with a long languet of simple form
at its anterior edge. Tentacles of two sizes.
Dorsal languets borne on transverse vessels of
left side a little way from the median dorsal
vessel. There are about 12 to 14 rows of stig-
mata, with apparently from 16 to 18 in a row
on each side. The number of rows is subject
to a little variation in different individuals.

Intestinal loop of moderate length, usually
twisted, in the contracted specimens at
least. Stomach wall of firmer consistency
than in 4. bermudae, considerably resembling
that of 4. constellatum in its numerous, nar-
row, closely placed plications; the externally
prominent ridges may number 20 or even
more and are, as in the latter species, subject
to occasional division or other irregularities,
so that the number, if counted at or near the
opposite ends of the stomach, may not agree
(the number of stomach plications given in
the original description was too small).

Ovary in the anterior part of the post-
abdomen; testes in the posterior part. Many
of the zooids contain larvae in the atrial
cavity, these beginning the secretion of test
substance while still within the atrial cavity
of the parent.

DistriBUTION: Type locality, Bermuda,
where it is common on the under side of large
stones along the shore at or near low-water
mark and occurring also on corals, etc., in
deeper water. Cotype in American Museum
of Natural History, A.M.N.H. No. 1310.
Berrill, 1932, also reports it from Bermuda
under stones.

It apparently occurs in the West Indies
and on the Florida coasts also; I have exam-
ined specimens from Curacao; ‘“Albatross’’
Station 2362, off northern Yucatan, in 25
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fathoms (the last mentioned was referred to
A. bermudae in Van Name, 1921, p. 308), but
owing to their state of development or poor
preservation their identification with this
species is not certain.

Several Amaroucium colonies, obtained by
the American Museum near Tarpon Springs,
Florida, growing upon large colonies of Cla-
velina gigantea in shallow water, are evidently
related to A. extle and perhaps referable to it.
They are, however, of flat incrusting form—
not a common shape in the genus Ama-
roucium. They are about 3 mm. thick in most
parts and of straggling, irregular outline;
their diameter may reach about 5 or 6 cm. in
certain directions. The test is transparent,
the zooids irregularly distributed and lying
at various angles; in some places they evi-
dently form systems which are rather small
and irregular in outline. The zooids are pale
yellow in preservation, the thorax whiter;
they conform to the description of A. extle
in size and structure. The stomach wall has
numerous, often at least 20, closely placed
plications which sometimes fork or show ir-
regularities. At present I do not feel justified
in assuming that they represent a new species.

Plough and Jones (1937, p. 100) list an
“Amaroucium sp. nov.” from Tortugas,
Florida, but give no information about it.

Amaroucium funginum (Sluiter), 1898

Macroclinum funginum HARTMEYER,
1911, p. 1471,
Psammaplidium funginum SLUITER, 1898, p. 31.

1909-

This appears to have been described by
Sluiter from a single lot of specimens. It is
apparently an Amaroucium, but 1 cannot
identify with it either of those known from
the West Indies.

The colonies form small cylindrical masses,
the largest only 12 mm. long and 8 mm. wide.
The test is gelatinous and glassy in the upper
part and impregnated with sand grains be-
low.

The zooids are 7 to 8 mm. long and have
but six rows of stigmata with six in a row on
each side. The stomach is described as with-
out salient folds and not distinctly separated
from the oesophagus and intestine.

LocaLity: Tortuga Island, West Indies,
in a depth of 45 meters.
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See under Psammaplidium flavum (p. 445)
for statement regarding the genus Psam-
maplidium.

Amaroucium fuegiense (Cunningham), 1871

Amaroucium fuegiense MICHAELSEN, 1907, p.
28, pl. 3, figs. 25, 26; HARTMEYER, 1911b, p. 547,
pl. 56, figs. 9, 10; 1912b, p. 338; 1921, p. 275.

Amaroucium irregulare HERDMAN, 1886, p. 223,
pl. 30, figs. 1-7; MICHAELSEN, 1907, p. 28.

Amaroucium irregulare var. concinnum HERD-
MAN, 1886, p. 225, pl. 30, fig. 8; MICHAELSEN,
1907, p. 28.

Amaroucium laevigatum HERDMAN, 1886, p. 231,
pl. 30, figs. 12-15; MICHAELSEN, 1907, p. 28.

Amaroucium meridianum SLUITER, 1906, p. 15,
pl 1, fig. 12,

Amaroucsum pallidulum HERDMAN, 1886, p.
226, pl. 30, pp. 9-11; MicHAELSEN, 1907, p. 28;
HEerpMaN, 1912, p. 100.

? Amaroucium recumbens HERDMAN, 1886, p.
227, pl. 29, figs. 13-15; MICHAELSEN, 1907, p. 28.

? Amaroucium variabile HERDMAN, 1886 (see
remarks at end of description); ? CoIFMANN, 1933,
p. 2, figs. 1, 2.

Amaroucium vastum SLUITER, 1912, p. 458;
1914, p. 32, pl. 3, fig. 37, pl. 4, fig. 46.

Aplidium fuegiense CUNNINGHAM, 1871, p. 66;
1871a, p. 490, pl. 58, figs. la—1c.

Atopogaster elongate HErRDMAN, 1886, p. 173,
pl. 24, figs. 1-8 (not Herdman, 1902, p. 194); not
Atopogaster elongata var. pallide Herdman, 1886,
p. 175. (See Hartmeyer, 1921, pp., 275-278.)

Atopogaster gigantea HERDMAN, 1886, p. 164, pl.
23, figs. 1-6. (See Hartmeyer, 1921, p. 274.)

? Polyclinum incertum HERDMAN, 1886, p. 196,
pl. 26, fig. 10.

Psammaplidium annulatum SLUITER,
p. 27, pl. 2, figs. 25, 26.

? Psammaplidium paessleri MICHAELSEN, 1907,
p. 25, pl. 1, fig. 3, pl. 3, figs. 19, 20.

1906,

The test in well-preserved specimens is
usually of some shade of grayish, yellowish, or
brownish, translucent or semitransparent,
allowing the lighter-colored yellowish zooids
(probably orange or more or less red in life)
to show through to some extent. It may be
quite free from included sand, though con-
siderable sand may be present in other exam-
ples. The test has a rather tough outside
layer; internally it is softer.

An attempt to describe the colonies in
respect to form and size is impossible to ful-
fill. Every imaginable variation in size and
shape seems to occur, from small, simple,
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rounded, or irregular colonies a few milli-
meters in diameter, long narrow ones at-
tached by one end, or groups of lobes or
heads, to large masses of ovate or irregular
shape which may attain a bulk at least as
great as those of any other compound ascid-
ians. Herdman, in describing the type of
the form which he named Atopogaster gigan-
tea but which Hartmeyer (1921) found on
reéxamination to be not distinct from the
present species, gave its dimensions as 26 cm.
by 7.5 cm. in greatest width, with an average
thickness of 4 cm., and called it the largest
compound ascidian in the ‘‘Challenger” col-
lection.

Many of the small colonies are of capitate
form, and larger ones are often divided by
deep clefts into lobes, also often of capitate
form. If one of these lobes is sliced in a plane
extending through both the upper, wider part
and the narrower, basal part, the manner in
which the long, narrow post-abdomens of the
zooids extend in a crowded mass down into
the basal part, while the thoracic ends diverge
and occupy the wider upper portion, is often
very conspicuous.

In the larger colonies the zooids can often
be clearly seen to be arranged in systems.
Though these may be small in some parts of
the colony, they are more often extensive
and much branched, common cloacal aper-
tures being rather few. In a large proportion
of the preserved specimens, systems are diffi-
cult to demonstrate, though we are not
justified in assuming their absence in such
cases.

The colonies seem to be subject to seasonal
periods of retrogression, during which the
anterior parts of the zooids undergo degen-
eration, and the upper part of the colony
shrinks, the test becoming firmer and less
transparent.

The zooids are of rather small size and
when young are very slender; older zooids
with actively functional gonads, and often
with larvae in the atrial cavity, become much
stouter. A total length of 6 to 8 mm. is quite
usual, but zooids may reach or exceed double
this length if the post-abdomen is elongated.

Their structure presents no unusual char-
acters. The branchial aperture is six-lobed,
the atrial has a languet which in many cases
is quite deeply three-parted, in others only
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small lateral lobes may be present, or none at
all, the languet being simple. Usually about
12 tentacles alternating in size are present.
About 15 rows of stigmata appear to be the
prevailing number but is subject to variation
in both directions. The stomach is short and
wide. It has few, apparently usually six,
rather deep longitudinal plications, in young
zooids apparently only five or even four. But
in other cases the plications may number at
least eight or ten. They are mostly equally
spaced, but on the side of the stomach that
lies against the ascending branch of the in-
testine there is a wide, flattened interval be-
tween the folds.

The ovary is in the anterior part of the
post-abdomen; the testes, which when ac-
tively functional are of relatively large size,
extend through a considerable distance of the
post-abdomen behind the ovary. Posterior
to the gonads there may be a slender exten-
sion of the post-abdomen of varying, some-
times of very considerable, length. A bulbous
enlargement of the extreme end of the post-
abdomen is frequently present.

DisTrIBUTION: This species is apparently
of very wide range in the Antarctic and other
colder regions of both the Western and East-
ern Hemispheres, but the references to it in
literature appear under many different names.
In the Magellanic region and in the waters
around the southern end of South America,
including the Falkland Islands and the waters
of West Antarctica, this appears to be the
commonest and most generally distributed
compound ascidian. It follows the cold cur-
rent up the east coast of South America to
the mouth of the La Plata; definite data on
the Chilean coast and from South Georgia
seem to be still lacking. While the majority of
specimens have been obtained in water that
was rather shallow or only quite moderately
deep, it is probable that it also occurs in
fairly deep water. 4. recumbens Herdman
from the west end of Magellan Strait, which
seems very doubtfully distinct, was obtained
in 285 fathoms.

Its occurrence in the Old World regions of
the Subantarctic and Antarctic is likely, but
discussion of the probably or possibly synon-
ymous species from that part of the world
is outside the field that this work attempts
to cover.
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One of these very likely synonymous forms
should, however, be mentioned here:

Amaroucium variabile HERDMAN, 1886, p. 216,
fig. 9, pl. 29, figs. 7-12; HARTMEYER, 1911b, p. 541,
figs. 12, 13, pl. 47, figs. 1-5, pl. 56, figs. 4-8; 1912b,
p. 335, pl. 44, figs. 8, 9, originally described from
Kerguelen Island.

It seems to differ from A. fuegiense chiefly
in usually having several more plications in
the stomach wall. Coifmann’s (1933) figure 2
represents the plications much too numerous
for either fuegiense or variabile. Her speci-
men was from the Strait of Magellan. It may
possibly represent a different, as yet unnamed
species.

Amaroucium longicaudatum Sluiter, 1912

Amaroucium longicaudatum SLUITER, 1912, p.
459; 1914, p. 33, pl. 3, fig. 38.

Based on two massive ovoid colonies, the
largest 9 cm. long and 6 cm. thick; test gray-
ish in the alcoholic specimens, semi-trans-
parent, nearly free from sand, the zooids ir-
regularly distributed. Distinct systems not
discernible.

Zooids very elongate, reaching about 26
mm., four for the thorax, two for the abdo-
men, and the rest for the slender post-abdo-
men. Branchial aperture six-lobed, the atrial
with a long languet, spatulate but not cleft at
the end. Mantle musculature strong. Twelve
tentacles alternating in length. Twenty rows
of stigmata with up to 18 in a row on each
side. Stomach with four deep longitudinal
folds. Gonads in the anterior part of the post-
abdomen; the ovary is short and in the ante-
rior part, the testes farther back. The rear
part of the post-abdomen is a very slender
extension.

LocAvrity: Western Antarctic. Two speci-
mens obtained by the second Charcot expedi-
tion at the South Shetland Islands in 75
meters.

Though apparently closely related to 4.
Sfuegiense and based on too little material, it
does not seem justifiable at present to include
it among the synonyms of that species.

Amaroucium caeruleum Sluiter, 1906

Amaroucium caeruleum SLUITER, 1906, p. 16,
pl. 1, figs. 13-16, pl. 4, fig. 49 (name misprinted
coeruleum, p. 49); HARTMEVER, 1911b, p. 504,
fig. 3, pl. 54, figs. 1-9, text fig. 3.
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Though there is considerable variation in
shape, the typical form of the colony in this
species is club shaped, or inverted conical,
tapering to a narrower lower end by which it
is attached, and more or less flat topped, often
with a slightly raised margin. The usual
dimensions do not exceed 30 mm. in height
and 10 to 12 mm. in diameter at the upper
end.

The test is somewhat transparent with a
thin, firm, but not strong, outer layer, often
with adherent sand, but softer and gelatinous
in the interior of the colony. Some colonies are
colorless, or pale yellow throughout, but more
often the interior portion is pervaded with an
ultramarine blue color, sometimes pale, but
often very deep. This coloration when pres-
ent seems to be characteristic of the species;
it is not dissolved out by alcohol.

The zooids are quite large and very few in
number, not more than nine, even in the
largest colonies, according to Hartmeyer.
They are arranged in a single system around
a central, common cloacal aperture in the
middle of the upper end of the colony, and
reach a length of 18 mm. in the preserved
specimens; of this length 10 mm. is post-
abdomen. They have a six-lobed branchial
aperture and a plain atrial aperture with a
well-developed languet which is often three-
parted at the end. According to Sluiter, there
are 20 tentacles of two sizes placed alter-
nately, and 10 rows of stigmata of about 20
on each side.

The stomach, according to the same author,
has eight longitudinal plications in addition
to several others that extend only a short dis-
tance from the pyloric end. Hartmeyer, how-
ever, found no actual folds in the stomach
wall, though plication was simulated by an
interior longitudinal striping.

The long, tapering post-abdomen contains
the ovary in the anterior part and the numer-
ous testes arranged in several series in the
posterior part. Sluiter figured a specimen
having a rounded brood pouch full of develop-
ing embryos attached by a contracted neck to
the posterior part of the atrial cavity. Ac-
cording to Hartmeyer, who had much ma-
terial at his disposal, this must have been
abnormal, though there is often much disten-
sion of the atrial cavity by embryos and lar-
vae.
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DistriBuTiON: This well-characterized spe-
cies has been found only in two regions in the
high latitudes of the Antarctic. It was col-
lected by the first Charcot expedition in the
Schollaert Canal (type locality), and at many

Fi16. 11. Amaroucium radiatum (Sluiter). A.
Zooid. B. Colony as seen from above, slightly re-
duced. C. Amaroucium ordinatum (Sluiter). Zooid.
Adapted from figures of Sluiter.

stations in the Kaiser Wilhelm II Land
region, in depths of 350 to 385 meters, by the
Gauss expedition.

Amaroucium radiatum (Sluiter), 1906
Text figure 11A, 11B

Amaroucium radiatum HARTMEYER, 1909-1911,
p. 1471,
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Psammaplidium radiatum SLUITER, 1906, p. 25,
pl. 2, figs. 23-24, pl. 4, fig. 52,

The colony forms a more or less hemispher-
ical or ovoid mass, attached by a flattened
base. Two of the specimens are more cylindri-
cal and provided with a pedicel. Test fairly
firm, containing considerable included sand
in the superficial parts, giving the colony a
grayish color.

A single common cloacal aperture is sit-
uated at the summit of the colony; the zooids
are arranged in rather straight rows which
converge toward the central cloacal orifice.
Small elevations indicate the position of the
branchial orifices. Largest colony, 70 by 35
mm. across and 10 mm. thick.

The zooids are of the usual Amaroucium
type and reach 15 mm. in length. Branchial
orifice six-lobed; atrial orifice back a little on
the dorsal side of the thorax and provided
with a large, deeply three-cleft languet.
Branchial sac with 12 to 14 rows of stigmata,
14 to 16 in a row on each side.

Stomach wall with four deep longitudinal
folds.

The gonads appear to be peculiar in the
ovary and testes being located virtually side
by side in the post-abdomen, the ovary oc-
cupying most of the length of the latter in
the dorsal part, the numerous testes occupy-
ing the ventral part.

DisTrRIBUTION: Western Antarctic. This
species is based on a number of specimens col-
lected by the first Charcot expedition. Type
locality, Schollaert Canal at Antwerp Island,
64 meters; others from Booth Wandel Island
in 40 meters (some specimens also picked up
on the beach) and Port Charcot, 40 meters.

Amaroucium ordinatum (Sluiter), 1906
Text figure 11C

Aplidium ordinatum SLUITER, 1914, p. 35;
HARTMEYER, 1909-1911, p. 1471,

Psammaplidium ordinatum SLUITER, 1906, p.
22, pl. 2, figs. 19-20.

An insufficiently known species originally
based on two specimens, the larger of which
is said to have a cylindrical base, the upper
part “forming two dome-shaped protuber-
ances containing the zooids, arranged quite
regularly in lines.” Common cloacal orifices
not found. Color gray, the surface covered
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with sand. Dimensions of the colony not
given. .

The zooids that reach 10 mm. in length are
of the Amaroucium type in most respects;
the atrial orifice is a short distance back on
the dorsal side of the thorax. No atrial lan-
guet present, 12 branchial tentacles alternat-
ing in size. Fifteen rows of stigmata with
seven to nine in a row on each side. Stomach
with four wide, but not deep, longitudinal
folds.

LocariTiEs: Western Antarctic. Type lo-
cality, Schollaert Canal, two specimens col-
lected by the first Charcot expedition. A
third example was collected by the second
Charcot expedition in the South Shetland Is-
lands in 75 meters.

Amaroucium californicum Ritter and
Forsyth, 1917

Plate 28, figures 2, 3; text figure 12

Amaroucium californicum RITTER, 1900, p. 608
(nomen nudum); 1901, p. 254 (nomen nudum);
HARTMEYER, 1909-1911, p. 1466; RITTER AND
ForsytH, 1917, p. 483, pl. 46, fig. 72; Hart-
MEYER, 1924, p. 215.

Colonies of this species vary greatly in
shape, but the prevailing type is flat and
cake-like, attached by a large area of the
lower surface, though often having the edges
free and rounded off. They attain a large
size; according to Ritter and Forsyth they
often reach an expanse of 10 to 20 cm. and a
thickness from 0.5 to 2 or 3 cm., in some parts
of a large colony. Some colonies are so ir-
regular as to defy description; small ones are
often rounded or capitate. The surface is
usually fairly smooth, often glossy, and al-
most free from sand, though sand grains
may be more or less thickly scattered in the
interior of the test, especially in the deeper
portions. The test is gelatinous, usually
rather soft and often transparent, allowing
the zooids to be very clearly seen, but it is
more opaque where the water is muddy.

Their color is quite variable, “‘opalescent
white to reddish brown’ according to Ritter
and Forsyth. Most of those I collected in the
Monterey Bay region were dull yellowish or
somewhat brownish yellow when fresh, the
zooids with the thorax whitish, the other
parts of the body yellow or orange, or in some
cases quite bright red. An arrangement of the
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zooids in small oval or more or less elongate
systems is often discernible, at least in some
parts of a colony; in others it is not, but sys-
tems probably exist nevertheless.

e T
o
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F1c. 12. Amaroucium californicum Ritter and
Forsyth. Zooid. Adapted from Ritter and For-
syth.

The small size of the zooids of this species
in comparison with those of most members of
this family found on the California coast is
often quite striking, also the great number
and close placing of the zooids in many of the
colonies. According to Ritter and Forsyth the
zooids do not often exceed 6 mm. in length,
approaching 1 cm. only when the post-abdo-
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men is greatly developed, but in many pre-
served colonies contraction of the longitudinal
mantle muscles, which are rather well devel-
oped, reduces the usual lengths of the zooids
to about half these measurements.

The branchial aperture usually has six
well-developed simple lobes, the atrial aper-
ture an entirely smooth or nearly smooth
margin, and a fairly long languet, usually
entirely simple in form. The branchial ten-
tacles number about 10, the rows of stigmata
usually also about 10 (varying, however,
from eight to 12) with about a dozen stig-
mata in a row on each side. These figures,
given by Ritter and Forsyth, are in good
agreement with my own observations on a
number of specimens. The stomach is short,
oblong, or more or less rounded with a quite
variable number of longitudinal folds which
are usually pretty regular and deeply im-
pressed, and usually only moderately numer-
ous, though the number averages greater on
some colonies than in others. The folds of the
stomach wall were carefully counted and
tabulated by Ritter and Forsyth in a large
number of zooids from each of five different
colonies coming from several separated sta-
tions from San Diego to Santa Monica. The
extremes of variation that they found were
from 12 to 23 ridges, the maximum variation
in one colony (in which those in 29 zooids
were counted) was from 16 to 23, the average
in that colony being nearer the higher than
the lower number. In a number of colonies in
which I made counts the average was not
over about 15 or 16.

The ovary, located in the anterior part of
the post-abdomen, and the double row of
testes occupying a considerable length of the
abdomen in the posterior part are shown in
the figure.

DistriBurioN: This, according to Ritter
and Forsyth, is probably the commonest as-
cidian on the California coast. They say it
occurs on rocks, usually on the under sides at
all points where collecting has been done and
is found everywhere on piles, floats, break-
waters, etc., except in the upper portions of
bays where the density and temperature of
the water are distinctly different from normal
sea water. Dredgings do not indicate that it
flourishes in depths beyond a very few fath-
oms; a record of 46 fathoms appears to be un-
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usual. It occurs also in Puget Sound (Ritter,
1900). Type locality, San Diego, where it is
abundant in the Bay.

I can testify to its abundance on the inter-
tidal rocks of the region about Pacific Grove,
California, but I failed to find it at all in or
near Newport Bay in 1939. It occasionally
grows on the shells of large crabs or abalones.

It ranges beyond the boundaries of the
United States both northward, where it oc-
curs about Vancouver Island, and southward,
and may be the “Amaroucium sp. A" re-
ported by Huntsman, 1912 (pp. 114 and 115),
but Ritter’s (1901) record from shore rocks on
Popof Island, Shumagin Islands, was based
on very poor specimens and is uncertain.
(Huntsman, 1912, also reports dredging an
“Amaroucium sp. B” off the west coast of
Vancouver Island, but gives no information
about it.)

The American Museum of Natural History
has specimens received from E. F. Ricketts
from various points in the Gulf of California
which I assign to this species: Espiritu Santo
Island, Bahia de la Paz, Concepcion Bay,
Tiburon and Angel de la Guardia Islands,
the last localities well in the northern part of
the Gulf.

A couple of small colonies of irregular shape
obtained by the “Albatross’ at Station 2809,
Galdpagos Islands, 45 fathoms, also agree
with this species in all the characters I could
make out. The zooids have 14 to 16 or more
rows of stigmata; the stomach wall has 12 to
14 plications.

So wide is this apparent range that we may
question whether more than one species is
not being confused, but, if so, I would be at a
loss to name characters by which they might
be distinguished.

I quite agree with Ritter and Forsyth and
differ from Hartmeyer, 1924, in considering
this species distinct from 4. glabrum Verrill,
1871. The latter is especially an Arctic or
Subarctic species, though extending south
off the northern New England coast; it ranges
down to depths of 200 fathoms, and the pre-
vailing form of the colonies is capitate.

Amaroucium solidum Ritter and Forsyth, 1917
Plate 28, figure 4; text figure 13

Amaroucium solidum RITTER AND FORSYTH,
1917, p. 486, pl. 46, figs. 69, 70.
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The following description is quoted from
the above authors:

“Superficial Characteristics of the Col-
ony: Large, fleshy, potato-shaped lobes;
young colonies more globular; largest colony
studied, length 16 cm., width 7 cm., thickness
3.5 cm. Some living colonies opalescent
white, the zooids showing as opaque white
objects; others opalescent with a yellowish
blue tinge, the zooids distinctly yellow. Zo-
oids very numerous, standing at various angles
in colony. Systems seemingly never present.
Test gelatinous with many variously shaped
pigment grains; surface layer tougher than
underlying portion.

*Zooids: A little pressure on a living col-
ony forces zooids out upon surface; easily
removed from test in preserved specimens;
varying greatly in length, some very long, ex-
tending well back into central gelatinous core;
average length in large colony, thorax 3 mm.,
abdomen 2 mm., postabdomen 8 mm. Man-
tle delicate and transparent, containing about
twenty-four longitudinal muscle bands on a
side, these separated by considerable spaces
in the thorax but closer together in the abdo-
men and postabdomen; a few transverse
fibers in the siphonal region.

“Branchial System: Branchial siphon with
six blunt lobes grooved so as to appear twelve
when viewed from above; atrial siphon with
short, overhanging, triangular languet and
five small, pointed lobes. Branchial sac with
from 13 to 15 series of stigmata with about
15 stigmata on a side in middle of sac. Endo-
style wide and straight, with a narrow space
on each side free from stigmata. Branchial
tentacles about twenty, of varying sizes.

“Digestive System: Plane of intestinal
loop, transverse; esophagus almost as long as
stomach; stomach cylindrical, one and one
half times longer than wide, having about
eight folds, these sometimes discontinuous;
intestine divided into several parts; first, a
piece a little shorter than stomach with a
bulge about midway of its length: second, a
larger section which makes the loop; third, a
short, very narrow isthmus connecting the
large piece just described with rectal limb,
the beginning of which is provided with
prominent caeca; and finally, the rectal
piece running up left side of body to end as a
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constricted anus about one-third the distance
up branchial sac.

“Postabdomen and Reproductive System:
The postabdomen variable in length, often
three or four times as long as thorax; about
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Fi1G. 13. Amaroucium solidum Ritter and For-
syth. Zooid. Adapted from Ritter and Forsyth.

half the diameter of thorax, tapering toward
posterior end. The conspicuous cloison, or
partition, halves the cavity of post-abdo-
men from right to left; many round pig-
ment granules occurring in walls of this par-
tition. Numerous regular testis lobes occupy
posterior half of postabdomen. The ovary
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just anterior to the latter, quite remote from
intestinal loop.

“Breeding Season: Summer months at
least, the atrial chambers of zooids examined
at this time being filled with tadpoles.

““The great variability in the colonies of 4.
californicum makes the species seem to in-
clude solidum so far as external appearance is
concerned, and since the two overlap a good
deal in distribution, if indeed they are not
coincident, the collector is likely to confuse
them at times. In general, however, the much
greater massiveness of solidum will distin-
guish them even to cursory observation. But
examination of the zooids leaves no question
about the specific distinctness of the two.
Perhaps the most accessible point of distinc-
tion between the zooids of the two is in the
secondary lobing of the lobes of the branchial
siphon of A. solidum and the teeth around
the atrial orifice in the same species” (Ritter
and Forsyth, 1917, pp. 486, 487).

Unfortunately, in strongly contracted pre-
served specimens these characters of the
apertures may be hard to demonstrate. The
thinner-walled, less deeply plicated stomach
and the larger zooids of the present species
help in distinguishing it from californicum.
Small irregular systems are undoubtedly pres-
ent in many cases, and I am inclined to
doubt their absence even when not distin-
guishable.

DisTRIBUTION: Southern California coast
and northward; littoral. According to Ritter
and Forsyth the only localities from which
specimens have been certainly identified are
San Diego Bay (the type locality) and Santa
Monica, growing on piles in both places.
However, they expressed the opinion that it
“almost certainly” occurs at Monterey Bay
and other northerly points. This appears to
be correct, as some quite large colonies, pink-
ish or yellowish white with red or yellow zo-
oids, which I collected on the intertidal rocks
near the Hopkins Marine Station and at
Pescadero Point in the Monterey Bay region,
agree with the above description in most
characters both of the colonies and of the zo-
oids, though the number of stomach plications
is much larger, the number of ridges often
exceeding 20, and there may be at least 18
rows of stigmata. In view of the variability
of those characters in many species of Ama-
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roucium, these discrepancies do not seem to
justify assuming the existence of another
species or prevent referring these specimens
to the present one.

Amaroucium propinquum, new species
Text figure 14

Colonies of this species consist of rather
loose clusters of irregularly club-shaped heads
which closely resemble those of A. arenatum
(see below), though they become larger,
They narrow toward their bases where they
are united by a mass of branching stolons.
The two largest heads in the available speci-
mens measure about 45 mm. in height; these
are considerably flattened laterally, very nar-
row at the base and about 10 by 14 mm.
across the slightly rounded top, but most of
the others are much smaller. The upper sur-
face of the heads is uneven, showing a slight
tendency to split up into small elevations or
projections, each enclosing the anterior end
of a zooid. The whole colony is everywhere
incrusted with sand, though not very heavily.
No conspicuous coloration was noted in the
specimens when fresh.

In the preserved specimens the adult zooids
average 4.5 to 6 mm. long (or more when well
expanded) exclusive of the slender post-abdo-
men, which may itself occasionally reach 25
mm. in length. The branchial aperture is six-
lobed, the atrial is plain and has its anterior
margin produced into a languet, which may
be three-cleft, forming tips which may be
all small and more or less equal, or the middle
one may be much the longest. The atrial
aperture is sometimes a little produced but
not approaching to the tubular condition
characteristic of the genus Synoicum.

The mantle muscles are mainly longitu-
dinal, weak and rather diffuse; the tentacles
about 16 in number and of at least two sizes.
The dorsal languets are removed a little way
to the left of the median vessel.

Conspicuous characters of the present spe-
cies are the large number of rows of stigmata,
which often reaches 20 or 21 (but is consider-
ably less in young zooids) with at least 16 to
18 stigmata in a row on each side, and the
rather numerous longitudinal plications of
the stomach wall, forming narrow rounded
ridges (often 18 to 20 or more) separated by
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sharply defined furrows, as is typical in the
genus Amaroucium, though on a part of the
stomach they are sometimes very sinuous and
irregular and often anastomose with adjacent
plications.

The intestinal loop has a constricted seg-
ment just beyond the stomach and another
in the transverse posterior part of the loop.
Where this enters the larger ascending part
the latter has a pair of sac-like caeca.

I failed to find developing eggs or larvae in
the atrial cavities of the zooids studied, and
the gonads were likewise in an insufficiently
developed condition for study. Apparently
the very numerous testes extend a long dis-
tance in the post-abdomen, and the ovary,
likewise elongated, lies anterior to or beside
them in the anterior part.

The few specimens upon which this species
is based were found among other ascidians
collected on intertidal rocks near the Hopkins
Marine Station at Pacific Grove, California,
in the summer of 1939. Type in the American
Museum of Natural History (A.M.N.H. No.
1631).

Amaroucium arenatum, new species
Text figure 15

The individual lobes of which the colonies
are built up are capitate or very irregularly
clavate or club shaped, narrow, and enlarged
only at the upper end, sometimes consider-
ably, but in other cases only to a small extent.
They may be quite closely crowded so that
their adjacent upper ends form, though not
actually united, a fairly even surface, some-
times 2 or 3 cm. across, but oftener the lobes
are so crooked and irregular that they are in
close contact only at the lower ends where
they arise from a network of stolons.

The heads and basal stolons are every-
where thickly incrusted and impregnated
with sand grains; they sometimes range up to
about 25 mm. or a little more in height and
are generally less than § mm. in transverse
diameter at the upper end, though some ex-
ceed that width by a few millimeters. Owing
to the narrowness of some of the lobes, there
can hardly be room in them for more than
one or two zooids in a functional state of de-
velopment.. In the wider lobes the zooids ap-
parently form a small system.
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The zooids often reach 12 to 15 mm. in
length or occasionally more, and are very
slender, most of their length being in the
abdomen and (especially) the post-abdomen.

F1G. 14. Amaroucium propinguum, new species.
Zooid, X24.

The branchial aperture has six lobes which
may be slightly bifid. It is raised on a short,
wide tube. The atrial siphon also has the
form of a projecting tube, though the aper-
ture is not terminal but situated obliquely on
the dorsal or dorsoposterior aspect, the tube
extending beyond it to form a languet which
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is usually truncated, with the end irregularly
cleft into two or three small blunt lobes.

The mantle muscles are mainly longitu-
dinal but diffuse and not gathered into con-

Fi16. 15. Amaroucium arenaium, new species.
Zooid, X12. Also cross section of stomach.

spicuous bands. Sixteen branchial tentacles
representing three orders quite regularly ar-
ranged were all that I could count in several
unusually well-expanded zooids.

There are only five rows of rather long,
narrow stigmata with about 14 or 15 in a row
on each side. The dorsal languets are short
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and arise the width of several stigmata to the
left of the median vessel.

Owing to the length of the oesophagus, the
stomach is well removed from the thorax.
When seen from one side, it is quite elongate
and has five prominent longitudinal ridges
rounded at their ends (the anterior end es-
pecially), separated by deep furrows. The
side of the stomach which lies against the as-
cending limb of the intestine is smooth and
slightly concave, two of the ridges being far
apart on that side. Behind the stomach the
intestinal loop is quite long. A narrow seg-
ment of the intestine comes next to the stom-
ach, followed by a wide one, then an abruptly
narrow one at the rear end of the loop. Where
this enters the wider ascending limb of the
intestine the latter forms a pair of well-
marked, posteriorly extending, sac-like caeca.

The reproductive organs are poorly devel-
oped in the specimens at hand which were
collected in July, though some of the older
zooids contain two or three eggs in an ad-
vanced stage or tadpole larvae in the atrial
cavity, indicating that the breeding period
was drawing to a close. These larvae are pro-
portionately quite large (about 0.52 mm. in
body length). In most of the specimens, little
structure was recognizable in the contents of
the post-abdomen, but in a few the ovary ap-
peared to be represented by a small group of
eggs some distance posterior to the intestinal
loop. What appeared to be the testes in a
formative state of development extended be-
side the ovary and both anteriorly and pos-
teriorly to it for a long distance in the post-
abdomen. The heart is in the slightly en-
larged posterior end of the latter.

Locavrities: The specimens on which this
species is based were collected on the inter-
tidal rocks near the Hopkins Marine Station
at Pacific Grove, California, growing in situa-
tions somewhat sheltered from the full force
of the surf. The type specimen is No. 1634 in
the American Museum of Natural History
collection. I have also received specimens
from S. F. Light from Dillon Beach, Califor-
nia.

This is a species related to Amaroucium
spitzbergense in the structure of the zooids,
though their atrial siphon of tubular form,
with its anterior margin produced into a
three-cleft languet, is quite different from
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that of spitzbergense, as is also the character
of the colony. Their ranges are also widely
separated geographically.

Amaroucium spauldingi (Ritter), 1907

Amaroucium spauldingti HARTMEYER,
1911, p. 1471,

Psammaplidium spauldingi RITTER, 1907, p. 41,
pl. 3, fig. 39.

Ritter’s description, which was based on a
single specimen, is quoted in full:

. “General Characters of the Colony: Ex-
panded, loosely adherent by whole under
surface, top smooth but undulating, hard
from great quantity of sand, which is uni-
formly disseminated through the whole test.
Edge of the colony rolled up a little. The
small zooids numerous, evenly distributed,
no systems (?), each branchial orifice marked
on surface of colony by a small papilla. Color
uniform grey, due to the imbedded sand.

“The single colony taken, 6 cm. by 5 cm.
in its greatest dimensions and 1.8 cm. thick
in thickest part, though considerably thinner
in most places. '

“Zooids: Abundant, long, slender and
nearly straight, the thorax but little thicker
than the abdomen and long post-abdomen.
Thorax about 3 mm. long; abdomen, before
contraction, probably about 2 mm.; post-
abdomen variakle, but several times as long
as thorax and abdomen combined. Mantle
containing a few slender longitudinal muscle
bands which extend far down into the post-
abdomen.

“Thorax: Branchial orifice on prominent
siphon, six-lobed, atrial situated well back—a
distance from the end of the branchial siphon
about equal to the thickness of the thorax.
Atrial orifice beset with a moderately long
languet, this usually undivided, but occasion-
ally bifid at tip. The long cylindrical sac with
about eighteen series of short stigmata, mus-
cle bands in inter-stigmatic series well devel-
oped. Endostyle large and tortuous. Bran-
chial tentacles about ten, unequal in length,
some of them quite long.

“Digestive Apparatus: Loop narrow, e-
sophagus about equaling stomach in length,
and also about equal both in thickness and
length to the pyloric portion of the intestine.
Stomach with three or four large longitudinal
folds or lobes. A distinctly set-off enlarged

1909-
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section of the intestine following the pyloric
portion. Ascending rectal limb of the intes-
tine straight, uniform in diameter and paral-
lel with the descending limb.

“Gonads: Far behind the intestinal loop in
the post-abdomen, the testes further back
and disposed in a number of spherical lobes."”

Locarity: “Albatross’” Station 4420, 3.8
miles off the east point of San Nicolas Island,
California, in 33 fathoms, fine gray sand.

The genus Psammaplidium Herdman, 1886,
in which this species was originally placed, is
a mixed group in which various Synoicidae
that have the test densely permeated with
sand grains have been placed. But the larger
part of compound ascidians have more or less
sand embedded in the test, and that character
provides no adequate basis for generic dis-
tinction. The group in question has been re-
jected by recent authors. (See also p. 445.)

Amaroucium coei Ritter, 1901
Text figures 16, 17

Amaroucium coei RITTER, 1901, p. 251, pl. 29,
figs. 31, 32; HARTMEYER, 1924, p. 215,

Forms large pear-shaped masses, many of
them loosely joined together by their narrow
bases. They are, as a rule, very regular in
form, the expanded upper part domed and
oversetting the regularly narrowing peduncu-
lar part. Color in life light salmon, zooids
more highly colored than the test. In preser-
vation, color “ashen with a tinge of green,”

F1G. 16. Amaroucium coei Ritter. Colony, some- -
what reduced. Adapted from Ritter’s figure.
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the zooids showing through rather indis-
tinctly. Size of largest mass: height, 58 mm.,
diameter at widest part, 43 mm.; of a me-
dium-sized mass: height, 33 mm., width, 20
by 24 mm.

Numerous small systems, usually of six or

Fi1G. 17. Amaroucium coei Ritter. Zooid. Out-
line from Ritter’s figure.

seven zooids, distinct in life, obscured in pre-
served specimens.

Zooids extremely long and slender; total
length, including the very elongate post-ab-
domen, may reach about 25 mm.

Mantle musculature feeble. Both branchial
and atrial siphons much alike; branchial six-
lobed; atrial obscurely and irregularly lobed,
usually with its anterior side extended with
an “imperfect atrial languet, though fre-
quently showing no indication of that struc-
ture.” Branchial tentacles about 17, of sev-
eral sizes; 11 to 16 series of stigmata; stomach
usually somewhat longer than broad; folds
of the wall well defined, extending through-
out its length, usually regular but sometimes
broken and anastomosing.
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Post-abdomen very long and slender and
of uniform diameter for most of its length.
Ovary a short distance behind intestinal loop,
rather small; testis beginning immediately
behind the ovary and extending through al-
most the entire remaining portion of the post-
abdomen, masses regular in size and form,
nearly spherical, not crowded.

Locavriry: Kodiak Island, Alaska. “Taken
with the dredge near the wharf in St. Paul
harbor in a few fathoms, rocky bottom with
coarse pebbles and shells. Apparently very
abundant here as every haul brought up a’
number of specimens.”

Ritter also states that “in the form and
size of the colony it is strikingly like A.
figarium Ritter (MS.) from the coast of Cali-
fornia, but the surface of the test of the latter
species is firmly incrusted with sand.” As far
as I am aware no description of “A. figarium”
has been published.

I have not seen any specimens that I could
refer to A. coei, and the above description is
condensed from that of Ritter.

Judging from Ritter’s figure of the zooids,
A. coei approaches the genus Synoicum in the
form of the atrial siphon, in the broad com-
pact mass of small rounded testes, and the
feeble musculature of the mantle, not to men-
tion the massive colony with numerous small
systems composed of few zagids. It resembles
more especially S. kinkaidi which also has the
stomach wall plicated.

Amaroucium translucidum Ritter, 1901
Text figure 18

Amaroucium glabrum in part (Alaska speci-
mens only) HARTMEYER, 1921a, p. 96; 1924, p. 195,

? Amaroucium strandi REDIKORZEV, 1937, p.
122, pl. 13, fig. 1, pl. 14, fig. 2.

Amaroucium translucidum RITTER, 1901, p. 249,
pl. 30, figs. 29, 30; VAN NaME, 1910, pp. 411, 415.
Not Hartmeyer, 1903; Redikorzev, 1906, 1907,
1908a, 1910; Derjugin, 1912, 1915, except in so far
as Ritter’s Alaska specimens are referred to.

This is a near ally of 4. glabrum, but a care-
ful study of Ritter’s description and figures
and of a colony from Pavlof Bay indicates
that it should be recognized as distinct, al-
though beginning with Hartmeyer’s work of
1903, it has commonly been confused with
that species.
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A. translucidum forms capitate or pear-
shaped colonies attached by a narrowed base
and reaching a height of 15 mm. or more and
a transverse diameter of 15 to 20 mm.

These colonies differ from those of A.
glabrum in the greater transparency of the
test; there is a light red tint suffusing the test
as well as the zooids. The latter are both
stouter and longer (10 to 12 mm. in the con-
tracted state) than in glabrum, extending
much of the height of the colony. They are
closely crowded in the heads in an upright
position. They have the mantle very thin and
transparent with very weak, mainly longi-
tudinal musculature. The post-abdomen is
often long, much exceeding in length the
thorax and abdomen together. The branchial
aperture has six lobes which may be quite
long and acute; the atrial is plain with a long
languet which is often deeply three-cleft.
The rows of stigmata usually number from
nine to 11 with 18 or more stigmata in a row
on each side.

The stomach presents one of the most con-
spicuous differences from A. glabrum. It is
large and globular and, though its wall is
longitudinally plicated, the folds are so nar-
row and numerous (usually 20 to 30) and,
though distinct, so little impressed that they
do not greatly affect the smooth rounded ap-
pearance of the stomach. Some of the folds
are often somewhat irregular, interrupted or
joined with adjacent ones. Ritter’s figure of
one of the zooids shows the intestinal loop in
a very contracted condition. No. valve-like
constrictions are shown. In the Pavlof Bay
colony mentioned below the intestine is much
relaxed in some of the zooids, and the exist-
ence of an abruptly narrowed section of the
intestine in the lower part of the loop is easily
seen. The ascending part is of much larger
diameter. Where the narrowed section enters
it has a pair of more or less distinct, lobe-like
caeca, the condition being like that shown in
the figure of A. solidum, which seems to be
quite closely allied to the present species.

LocaLiTiEs: Ritter’s type specimens were
collected at Orca, Prince William Sound,
Alaska, on reefs at low tide. As mentioned
above, the American Museum of Natural
History has one from Pavlof Bay, dredged on
a gravelly bottom in 13 fathoms by W. Wil-
liams. It does not appear to be a very north-
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ern species. The “A. translucidum’ from
Spitzbergen, the White Sea, Siberian Arctic
Ocean, etc., reported by Hartmeyer, Redi-
korzev, and others is A. glabrum. On the

Fic. 18. Amaroucium translucidum Ritter.
Zooid, Also two lobes of a colony somewhat re-
duced. Outlines from Ritter’s figures.

other hand, 4. strandi Redikorzev, 1937,

from the Sea of Okhotsk, may be the present
species.

Amaroucium dubium Ritter, 1899

Amaroucium dubtum RITTER, 1899, p. 528;
HARTMEYER, 1924, p. 215.

From its locality this species hardly comes
within the scope of the present work, which
is just as well, as almost nothing distinctive
can be made out of Ritter’s description.

The largest available fragment had evi-
dently been attached to Laminaria roots, and
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measured about 3 cm. across and 1 cm. in
average thickness. Color grayish, test dense,
with some embedded sand in parts; zooids
apparently arranged in small systems.

Zooids short, not over 4 to 5 mm. in total
length in their greatly contracted condition:
regions of the body indistinctly indicated,
post-abdomen wide anteriorly, tapering to-
ward the end. Branchial siphon with five
lobes (unusual in Amaroucium), atrial with a
short wide simple languet. Rows of stigmata
apparently 10 to 12. Stomach wall “longitu-
dinally ridged on inner surface though the
ridges are not always regular and parallel.
Apparently about 10 to 12 in number.” Ovary
compact, situated some distance back in the
post-abdomen. Embryos present in the atrial
chamber of a few zooids.

LocavriTy: Several fragments washed up on
the shore of Copper Island, Commander
group (Russian), in the Asiatic part of Bering
Sea.

GeNus SYNOICUM Purpps, 1774

In the typical members of this group the
colonies are massive or divided up into capi-
tate lobes; the systems are small rounded
groups each with a central common cloacal
aperture; the zooids are elongated, averaging
of rather large size and have many rows of
stigmata; the branchial aperture is usually
six-lobed, the atrial slightly extended in
tubular form, with the anterior part of its
margin produced into a three-parted languet.

The stomach has a longitudinal typhlosole;
the rest of the wall is either smooth or areo-
lated in a manner often described as “mul-
berry-like.”

This genus appears to be bipolar in dis-
tribution, although centering in the region of
the northern North Pacific, Bering Sea, Sea of
Okhotsk, etc., but the validity of a majority of
the described forms requires investigation.

Synoicum pulmonaria (Ellis and Solander), 1786
Plate 6, figure 1; text figure 19

Alcyonium pulmonaria ELLIS AND SOLANDER,
%;26, Natural history of zoophytes, London, p.
Amaroucium incrustatum Sars, 1851, p. 155.

Amaroucium pomum Sars, 1851, p. 155; 1859,
p- 66; ALDER, 1863, p. 170 (Amaroecium p.).
Aplidium ficus SAVIGNY, 1816, p. 183,
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Macroclinum crater VERRILL, 1871, p. 293, figs.
23-25; 1872a, p. 212; 1879, p. 27; HARTMEYER,
1903, p. 319, figs. 37-39, pl. 6, fig. 5, pl. 13, figs.
6,7.

Macroclinum pomum HARTMEYER, 1903, p. 322;
BjeErkAN, 1905, p. 17; 1908a, p. 88; VAN NAME,
1910, p. 396, fig. 21, pl. 38, fig. 8; REDIKORZEV,
1910, p. 156, fig. 42; HARTMEYER, 1912¢, p.
280.

Macroclinum pulmonaria HARTMEYER, 1914a,
pp. 262-282, fig. 1.

Polyclinopsis haeckli GorrscBALDT, 1894, p.
353, pl. 24, fig. 3, pl. 25, figs. 14.

Synoicum haeckli HarTMEYER, 1903, p. 353,
pl. 6, fig. 12, pl. 14, figs. 2—4.

Synoicum incrustaium HUITFELDT-KAAs, 1896,
p. 18, pl. 2, figs. 23—-25; BONNEVIE, 1896, p. 12;
HarTMEYER, 1903, p. 352, pl. 6, fig. 11, pl. 14,
fig. 5; BJERKAN, 1908a, p. 97; HARTMEYER, 1912,
p. 285; 1921, p. 140,

Synotcum pulmonaria HARTMEYER, 1921a, p.
101; 1922a, p. 29; 1924, p. 223; ARNBACK, 1923,
p. 3, fig. 1; PrRoOCTER, 1933, p. 285.

See especially Hartmeyer, 1914a, regarding the
numerous synonyms of this species.

A large and conspicuous compound ascid-
ian of the northern seas, forming massive
spherical or more or less pear-shaped colonies
attached by a rather small base or sometimes
raised on a short thick peduncle. The test in
alcoholic specimens is rather opaque and of
firm consistency with a tough outer layer.
The rounded colonies often have large flat-
tened or even depressed areas on the surface
and attain diameters of 75 to 100 mm. or even
130 to 140 mm. in some cases. Irregularly
shaped colonies, sometimes divided into sev-
eral lobes by deep clefts, also occur.

The surface is usually quite smooth; it may
or may not be lightly incrusted with sand. In
many cases the arrangement of the zooids in
small circular systems of five to 12 individuals
having a common cloacal aperture in the
center can be easily seen. The color of the
preserved specimens varies from yellowish
white to gray.

The zooids were described and figured from
an exceptionally well-expanded and well-pre-
served specimen by Van Name (1910, pp.
397, 398) from whom the following quotation
is taken:

“The thorax and abdomen together meas-
ure about 10 mm. in length, but in the usual
contracted state are of but half that length
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or less. The post-abdomen (the length of
which is less affected by the contraction of
the muscles) may itself measure fully 10 mm.
in length. The muscles in the mantle form a
network in which most of the fibers are longi-
tudinal, but on the thorax a considerable
number of oblique fibers and a few transverse
fibers occur. The branchial orifice has six
obtuse lobes. The atrial orifice is at the end of
a short funnel-shaped tube situated well for-
ward on the thorax, and is smooth-margined,
with the anterior part of its border produced
into a short languet, ending in three small
finger-like processes.

“The tentacles, which appear to number
about 12, are of two sizes placed alternately.
The branchial sac has about 20 rows of mode-
rately long stigmata. The number in a row on
each side reaches 30 or even more. The stig-
mata begin close to the median dorsal vessel
and extend close to the endostyle, which is
narrow and inconspicuous. The stigmata at
both ends of the rows are small, but reach
their full length at a very short distance from
the endostyle, while at the dorsal ends of the
rows only the first two stigmata are generally
perceptibly shortened. In the first or anterior
series, however, the stigmata increase gradu-
ally in length to the middle point of the series
and this is also true to some extent of the last
series. The transverse vessels are not strongly
muscular. The dorsal languets are short and
hooked, and directed posteriorly, the re-
curved point bending toward the ventral side.
They appear to have absolutely no connec-
tion with the median dorsal vessel, for they
are placed about opposite the sixth or seventh
stigma on the left side of the body, arising
from the transverse vessels of the branchial
sac. There are no languets on the right side.

“The intestinal loop is little or not at all
twisted in most of the well expanded zooids,
but in other cases it is (as usual in the genus
Amaroucium) twisted through a full half
turn, bringing the stomach, which is oval and
longer than broad, to the dorsal side.

“In some specimens the stomach wall,
which is very thin and easily thrown into
irregular folds by the contraction of the ani-
mal, is, as noted by Alder (1863) and Bjer-
kan (1908), raised into numerous but very
small shallow areolations which show no
tendency whatever to be arranged in rows,
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but are quite irregularly though evenly dis-
tributed. In other specimens, it is difficult to
detect the areolation. To what extent this is
due to individual variation rather than to
imperfect preservation, the writer will not
attempt to decide from the limited material
at hand.”

F1G. 19. Synoicum pulmonaria (Elhs and Sol-
ander). Zooid, X12.

The colonies that I have been able to ex-
amine did not have well-developed reproduc-
tive organs. According to Arnbick, 1925, the
ovary and the numerous small rounded male
glands form a more or less compact mass in
the anterior part of the post-abdomen, some-
times encroaching also on the abdomen beside
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the rear part of the intestinal loop. When the
post-abdomen is much elongated the gonads
do not extend into the posterior part. The
oviduct and main sperm duct accompany the
ascending part of the intestine and rectum.
The oviduct is a thin-walled tube of rather
large diameter; the ducts from the individual
testes unite into several larger ducts which in
turn join (but often not until reaching the
abdomen) to form the main duct or vas de-
ferens.

DistriBuTIiON: This species ranges from
Spitzbergen (with one record from off the
northern Siberian coast) to Iceland and the
west coast of Greenland, extending south-
ward in Europe to the North Sea, where it
grows in abundance and reaches a large size
on some of the fishing banks, especially the
Dogger Bank and Great Fisher Bank, and to
both sides of the English Channel. I cannot
accept reports from much farther south
(Sluiter, 1928, from off the coast of Morocco)
without more confirmation. In American
waters it is not common, but a few large col-
onies have been obtained on the Newfound-
land Banks and one specimen from off Mount
Desert Island on the Maine coast.

Nearly allied, if distinct, forms have been
described from eastern Asiatic waters and
Bering Sea, so this species may eventually
prove to be circumpolar. (See Symoicum jor-
dani below.) S. jacobsoni Redikorzev, 1927,
from the Sea of Okhotsk and S. derjugini
Redikorzev, 1927, from the Sea of Japan
appear only doubtfully distinguishable from
S. pulmonaria.

It is chiefly a species of quite moderate
depths, the records ranging from a very few
fathoms to over 300 fathoms in one instance,
though most of them are not over 40 fathoms.

Synoicum molle (Herdman), 1886
Text figure 20

? Aplidium incrustans HERDMAN, 1886, p. 201,
pl. 27, figs. 3-8. {Nothing to do with Amaroucium
incrustatum (Sars) =Synoicum pulmonaria.]

Polyclinum molle HERDMAN, 1886, p. 194, pl. 25,
figs. 7-9; HARTMEYER, 1912b, p. 335.

Although I do not believe that this species
was correctly placed in Polyclinum, I do not
know just where to put it. But Symoicum
seems nearer than Polyclinum. Herdman says
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that the transverse vessels of the branchial
sac are wide and have well-marked hori-
zontal membranes but gives no indication of
their bearing papillae. The post-abdomen is
large and elongated with a tapering rear end,
and does not resemble the post-abdomen of a
typical Polyclinum.

The colony of the only specimen is an ir-
regularly rounded mass 2.4 cm. by 3.3 cm.
in diameter and 1.5 cm. thick; it is soft and
readily torn and has some embedded sand.

F1G. 20. Synoicum molle (Herdman). Zooid and
small piece of branchial sac. Outlines from Herd-
man's figures.

The zooids which, when of average size, ap-
parently have a total length of 7.5 mm. have
a short pointed atrial languet. ‘“The stomach
is of large size and almost spherical, it is
thick-walled, but smooth. . .. The post-ab-
domen is swollen in its upper part, where the
reproductive organs are placed, and very nar-
row in its lower part, the edges are much cor-
rugated.

“Fully developed tailed larvae were found
in the peribranchial cavities of several of the
zooids. The body of the larva is narrow and
elongated. There is a single pigmented sense
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organ placed rather far back” (Herdman,
1886, p. 196).

Locality of only specimen of Polyclinum
molle, ‘‘Challenger" Station 320, near mouth
of La Plata River, 37°17’S., 53° 52’ W., depth
600 fathoms.

Aplidium incrustans, which I include here
as a possible synonym, was obtained by the
“Challenger” at the same station and very
probably in the same haul of the dredge as
Polyclinum molle. Herdman (1886, p. 203)
says of it, ‘““This species closely resembles
Polyclinum molle in the external appearance
and also in the structure of the test, but
they differ notably in the form of the ascidio-
zoids and in the structure of the branchial
sacs.”

In the description, Herdman mentions sev-
eral characters in the zooids of imcrustans
which at first sight would certainly exclude
identity of the two species. “The branchial
sac is stated to be very long, with 15 rows of
stigmata with nearly twenty in each row in
some cases; the stigmata are long and nar-
row.”” But as the figure of the zooid shows,
the thorax in Herdman's specimen of molle,
though much contracted, is still quite long;
if more relaxed it might agree with the sac
as described for incrustans. The relation be-
tween the length of the stigmata and width
of the vessels is entirely changed by strong
contraction.

The form of the body, including the ab-
domen and post-abdomen, is greatly de-
pendent on the state of development of the
gonads and on the contraction of the mantle
muscles which are well developed in both spe-
cies according to the descriptions. Of the
stomach of incrustans, Herdman says only
“'the wall of the stomach is very much folded,
the longitudinal ridges projecting into the in-
terior.”” There is nothing in this statement to
indicate that the ‘“folded” condition may not
be one caused by collapse of, and muscular
pressure on, the stomach walls; or to indicate
that a regular and permanent plication exists,
as usual in Amaroucium, for instance.

The descriptions of the two supposed spe-
cies are so inadequate (perhaps through the
poor condition of the material) that the only
thing that can avail to clear up the uncer-
tainty will be a reéxamination of the types, if
they still exist.
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Synoicum adareanum (Herdman), 1902
Text figure 21

? Amaroucium stesneni MICHAELSEN,
p. 34.

Atopogaster elongata HERDMAN, 1902, p. 194,
pl. 21, figs. 1-10 (not Herdman, 1886, see Hart-
meyer, 1921, p. 278).

Atopogaster incerta HARTMEYER, 1911b, p. 512,
pl. 55, figs. 1-4.

Lissamaroucium magnum SLUITER, 1906, p. 19,
pl. 1, figs. 17, 18, pl. 4, fig. 53; HARTMEYER, 1911b,
p. 514, pl. 54, fig. 13; HERDMAN, 1912, p. 102,

Macroclinum incertum HARTMEYER, 1909-1911,
p. 1660. _

Macroclinum magnum SLUITER, 1914, p. 30.

Polyclinum adareanum HERDMAN, 1902, p. 195,
pl. 22, figs. 1-9; SLurrer, 1906, p. 13, pl. 1,
fig. 11,

Synotcum adareanum HARTMEYER, 1921, p. 280.
(See this article for-information on the above
synonyms.)

? Synoicum georgianum SLUITER, 1932, p. 11,
figs. 9, 10.

? Synotcum kohli SLUITER, 1932, p. 14, figs.
11,12,

? Synoicum stesneni MICHAELSEN, 1907, p. 33,
pl. 1, figs. 4, 5, pl. 3, figs. 21-24; 1920, p. 34;
HARTMEYER, 1921, p. 279.

1920,

These various names appear to apply to an
Antarctic species related to Synoicum pul-
monaria of the northern seas and greatly re-
sembling it in many respects, though more
variable in the shape of the colony and in the
lobation of the atrial aperture, and having a
rather elongate, smooth-walled stomach pro-
vided with a typhlosole.

Some colonies are massive,  irregularly
rounded or more often ovate or somewhat
elongate, usually somewhat loosely attached
by a narrowed base at one end, which may
form a very short, stout peduncle. They reach
considerable size. Sluiter, 1906, figures. an
ovate colony 10 cm. high and 65 cm. in di-
ameter in its middle part; Herdman, 1902,
mentions one 14 by 12 by 10 cm. Young and
small colonies are clavate in form, sometimes
quite narrowly so, and often grow in groups
or clusters. Herdman describes some of those
obtained by the “Southern Cross’ expedition
as looking like nothing so much as a group
of new potatoes.

The basal part of the colony is often rough,
transversely wrinkled and incrusted with
sand; the rest of the surface is usually fairly



60 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY

smooth and clean and bears the zooids ar-
ranged in small circular systems, usually of
six to 10 individuals, with a small common clo-
acal aperture in the middle of each system.
Small heads may contain only one system.

F16. 21. Synoicum adareanum (Herdman). A.
Zooid. B. Large colony two-thirds natural size.
Outlines from Sluiter’s (1906) illustrations.

The zooids are long and slender, sometimes
reaching 20 to 30 mm. in length or even more
when the post-abdomen is greatly developed.
The branchial aperture is six-lobed ; the atrial
aperture is placed well forward and is more
or less produced. It is subject to variation in
the number and form of its lobes. The ante-
rior part of the margin is apparently nor-
mally extended into a three-cleft languet.
The posterior part of the margin may, how-
ever, also be lobed. About 12 tentacles of two
sizes alternating; the number of rows of stig-
mata is very variable, often not over 14, but
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sometimes reaches 18 to 20, with a dozen or
more in a row on each side. Areolation of the
stomach wall, which is common in S. pul-
monaria, does not appear to have been ob-
served in this species. The intestinal loop is
commonly not twisted. The gonads have the
usual positions in the post-abdomen, the
ovary in the anterior part, the testes extend-
ing a considerable part of the length of the
post-abdomen.

DiISTRIBUTION: Apparently a common and
widely distributed Antarctic species. Type
locality, Cape Adare (specimens washed up
on the beach, Herdman, 1902). It was col-
lected in some quantity at various points in
the western Antarctic region by both Charcot
expeditions and at Kaiser Wilhelm II Land
by the Gauss expeditions. Depths range from
20 to 385 meters.

It seems very probable that its range ex-
tends to South Georgia also. Hartmeyer,
1921, calls attention to the close relationship
of S. steineni Michaelsen, 1907, based on a
single lot of specimens from Moltke Harbor
on that island, and I am including it in the
list as a probable synonym.

Two other supposed species of this genus
from South Georgia were described by Slui-
ter, 1932, under the names S. georgianum
and S. kokli. The statements and figures given
show very close relationship to S. adarea-
num; and, considering that they are both
based on only single specimens {each a group
of small clavate heads), it seems very doubt-
ful whether the differences described repre-
sent specific characters, or that sufficient jus-
tification for regarding them as distinct from
each other or from S. adareanum is made
clear.

Synoicum triplex (Sluiter), 1906
Text figure 22

Macroclinum triplex HARTMEYER, 1909-1911,
p. 1471,

Psammaplidium triplex SLUITER, 1906, p. 23,
pl. 2, figs. 21-22, pl. 4, figs. 51.

Based on two colonies of irregular massive
form, the largest 7 cm. by 5 cm. in measure-
ments.

The surface is smooth, the color gray, the
test tough, transparent, and containing con-
siderable sand. Common cloacal orifices were
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not found; the zooids lie with their axes in
various directions, apparently without the
least regularity.

The zooids reach 13 mm. in length. The
branchial aperture is six-lobed; the atrial,
situated a little way back on the thorax, is
less distinctly lobed and without a languet.
There are 13 rows of stigmata; the branchial
sac is described as peculiar in that there is a
broad strip on each side along the endostyle
and another along the dorsal lamina which

F1G. 22. Synoicum triplex (Sluiter). Zooid and
part of branchial sac. After Sluiter.

are not pierced with stigmata; the latter oc-
cupy only a strip about one-third the width
of the sac on each side (see figure reproduced
from Sluiter). There are only eight tentacles;
the stomach is rather elongate, somewhat
spindle shaped, and smooth walled.

The gonads were not greatly developed in
Sluiter’s specimens, the ovary was in the an-
terior dorsal part of the post-abdomen, the
testes beside it and also extending farther
back, but only occupying a part of the length
of the post-abdomen.

LocaLity: Western Antarctic. Schollaert
Canal (two specimens).

VAN NAME: NORTH AND SOUTH AMERICAN ASCIDIANS 61

Synoicum pererratum (Sluiter), 1912
Text figure 23

Macroclinum pererratum SLUITER, 1912, p. 458;
1914, p. 30, pl. 3, fig. 36, pl. 4, fig. 45.

Described by Sluiter from three large spe-
cimens, largest 10 cm. long and wide and 5 to
10 mm. thick. Apparently they were pieces of
large colonies. They were attached by the
lower surface; the zooids cause little dome-
shaped elevations arranged in long curved or

F1G. 23. Synoicum pererratum (Sluiter). Zooid.
Outline from Sluiter’s figure.

serpentine lines, often parallel and in some
cases evidently double, on the surface of the
colony, which is also roughened by embedded
sand grains.

The zooids, which measure about 8 mm. in
total length, of which 2.5 mm. is occupied by
the post-abdomen, have a six-lobed branchial
and plain-edged atrial orifice, the latter with
a deeply three-parted languet. Sixteen tenta-
cles, 13 or 14 rows of stigmata with 12 or 13
in a row on each side.

The stomach is described and figured as
pear shaped and smooth walled. The ovary,
situated a little way back in the post-ab-
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domen, contains six or eight fairly large eggs;
the greater part of the post-abdomen is stated
to be filled with the “testicular vesicles.”
LocaLiTiEs: Western Antarctic. Dredged
by the second Charcot expedition near King
George Island, South Shetlands, at two sta-
tions in 420 and 75 fathoms, respectively.

Synoicum par-fustis (Ritter and Forsyth), 1917
Plate 29, figure 1; text figure 24

Macroclinum par-fustis RITTER AND FORSYTH,
1917, p. 480, pl. 38, fig. 3, pl. 45, fig. 63.

See also Synoicum pellucidum.

Ritter and Forsyth describe the external
appearance as follows: “Sand-encrusted, con-
sisting of a few or numerous club-shaped

F16. 24. Synoicum par-fustis (Ritter and For-
syth). Zooid. After Ritter and Forsyth.

masses each having a peduncle usually about
twice as long as the more or less rounded head;
masses connected together in colony by a
stolonic basal network.... On smaller
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heads one common cloacal orifice present in
center of anterior portion; on larger heads
several such orifices occur, each surrounded
by about twelve zooids. Branchial orifices
indicated by slight, sand-covered elevations
in preserved specimens. Test gelatinous and
transparent, containing many small test cells
scattered throughout its substance. Surface
layer tougher and usually thickly embedded
with sand grains’ (Ritter and Forsyth, 1917,
p. 480). :

The individual heads are, according to my
own observation, generally rather small, not
over 10 to 15 mm, in diameter and 15 to 25
mm. in height including the pedicel, but oc-
casionally much larger. Some groups of very
fine specimens which I collected at Pacific
Grove, California, contained pear-shaped
heads up to 20 to 25 mm. in diameter and 50
mm. in height, of which the pedicel, into which
the head tapered, formed about half the
height. These colonies were only lightly in-
crusted with sand. The test was bright red
and the zooids deeper red in life, so that they
were of very handsome and striking appear-
ance, but the colors fade out entirely in
preservation.

““Zooids: Consisting of thorax, abdomen,
and postabdomen ; thorax a little longer than
abdomen; total length about 1 c¢m.; long post-
abdomen terminating in an elongated granu-
lar mass, probably stored up nutrient mate-
rial. Mantle very thin with numerous deli-
cate longitudinal muscle bands extending
entire length of animal; circular fibers in
branchial siphon and a few irregular ones in
mantle over upper part of branchial sac.

*Branchial System: Branchial orifice with
six blunt lobes; atrial with flat truncated
languet ending in three lobes. Branchial ten-
tacles about thirty, of three sizes. Branchial
sac with sixteen series of stigmata, from
twenty-five to thirty stigmata in a half-series;
a small space near the endostyle free from
stigmata; stigmata next to endostyle smaller
than others of a series. Endostyle straight
and narrow. Dorsal languets with flattened
bases which run into transverse vessels upon
which they are situated, about as long as stig-
mata in anterior part of the sac, becoming a
little longer and heavier toward posterior end
of series.

“Digestive Apparatus: Esophagus emerg-
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ing from middle of posterior end of branchial
sac, about equal to stomach in length. Stom-
ach roughly cylindrical, a little longer than
wide, with a seam on left surface; wall granu-
lar on its inner surface, but not folded. Intes-
tine extends posteriorly from stomach for a
distance about equal to length of stomach,
then makes a loop and after running parallel
to stomach crosses esophagus on left side and
ends in a bilobed anus less than half way up
atrial chamber. In base of loop intestine nar-
rows abruptly to enter rectal arm between
two blunt caeca.

“Reproductive System: Gonad a pyriform
elongated mass just behind intestinal loop,
the numerous testicular lobes composing the
great bulk of it; usually one well-developed
egg and several much smaller ones, yellow
in preserved specimens, situated in anterior
of gonad, surrounded by testis lobes’’ (Ritter
and Forsyth, 1917, pp. 480, 481).

The zooids of colonies in the collection of
the American Museum of Natural History
from the Monterey Bay region correspond so
closely with the above description that there
is little occasion for any comment, although
it would perhaps be better to describe the
stomach as rounded-oblong rather than
cylindrical, the ends being much rounded ; the
“seam’” mentioned is a typhlosole, a longi-
tudinal furrow forming a ridge on the inner
surface. Some of these specimens have the
reproductive organs especially well devel-
oped and well preserved. The testes, which
are of cuneate or pyriform shape, are numer-
ous (often 50 or 60) and fill the post-abdomen,
which is long and narrow, for a considerable
length in its upper or anterior part. They do
not, however, connect directly with a single
sperm duct. There are several long parallel
ducts which do not usually join together until
the region of the intestinal loop is reached.
After combining into two larger ducts they
finally form one common duct in the region
of the stomach. This common duct accom-
panies the rectum in the usual way. The
ovary, usually consisting of only a few eggs
of various sizes, is not situated anterior to the
male glands but is more or less buried in the
elongated mass that the testes form, some
of the latter being anterior or to one side but
more of them posterior to the ovary. The
longitudinal muscle bands of the mantle are
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narrow and numerous and are loosely built
up of slender fibers.

DisTrRIBUTION: Southern California coast.
Rocky shores at La Jolla (type locality),
Santa Monica, and Pacific Grove, and dredged
off San Pedro in 28 meters, according to Ritter
and Forsyth (1917). At Pacific Grove it could
be obtained in some quantity in the summer
of 1939 and was one of the conspicuous species
on account of its bright color.

Note: Huntsman (1912, p. 115) reports
two species from Ucluelet, west coast of Van-
couver Island, which he assigns doubtfully
to the genus Synotcum: “‘Synoicum (?) sp. A"
on rocks at low tide, and “‘Synotcum (?) sp.
B’’ dredged in 5 to 10 fathoms, but gives no
information about them.

Synoicum pellucidum (Ritter and Forsyth), 1917
Text figure 25

Macrockinum pellucidum RITTER AND FORSYTH,
1917, p. 482, pl. 39, fig. 9, pl. 45, fig. 62.

This species was based on a single lot of
specimens and appears to be very closely
allied to S. par-fustis.

The colony is made up of heads not unlike
those of that species in size and form, each

FiG. 25. Synoscum pellucidum (Ritter and For-
syth). One of the heads composing a colony, X6.
After Ritter and Forsyth.
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containing a single system with a central
common cloacal orifice. The common test is
described as free from sand, and of almost
glass-like transparency.

The zooids are also similar to those of S.
par-fustis in size and many details of struc-
ture but have only 11 rows of stigmata or in
young individuals still fewer, with about 20

F16. 26. Synoicum frregulare Ritter. Colony,
somewhat enlarged, and zooid. After Ritter, 1899.

in a row on each side, and have about 20
branchial tentacles. The stomach is described
as large, globular, and smooth walled, “the
ovary and testis closely associated, mostly on
the dorsal side of the intestinal loop when
immature but extending behind it in matur-
ity. Testicular lobes numerous and surround-
ing the comparatively few eggs located in
anterior part of gonad.” Tadpoles were found
in the atrial cavity in July.

LocaLity: La Jolla, California, on rocky
shore between tides.
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Synoicum irregulare Ritter, 1899
Text figure 26

Synoicum irregulare RITTER, 1899, p. 530, figs.
26-28; HARTMEYER, 1903, p. 350, pl. 6, fig. 10,
pl. 14, fig. 1; 1924, p. 222.

? Synoicum turgens PHIPPS, 1774, Voy. North
Pole, p. 199, pl. 13, fig. 3a-d; SavieNy, 1816, pp.
43, 180, pl. 3, fig. 3, pl. 15; SwebpERUS, 1887, p.
411; HARTMEYER, 1903, p. 349; 1914b, p. 1114;
1915a, p. 258; 1924, p. 219. Not Rink, 1857,
p. 104 (erroneous report from Greenland; see
Liitken, 1875, p. 139).

Ritter described this species from a number
of colonies from one locality in Bering Sea;
all were apparently in a rather degenerate
condition. He mentions its evident close re-
lationship to S. turgens Phipps of the Euro-
pean arctic regions, and, considering the con-
dition of his material, his description does not
appear to exclude the possibility of identity
with that species.

The colonies are divided up into small
lobes, each containing from three to 10 zo-
oids. The longest lobes in his largest colony
were 17 mm., 8 mm. thick at the base and 13
mm. thick at the summit. Test white or gray,
semi-cartilaginous; very little sand or for-
eign matter on the surface. Apertures of the
zooids not distinguishable on the surface of
the colonies.

Zooids elongate, though the thorax was
much contracted and was atrophied in most
of the specimens. Branchial aperture six-
lobed, atrial with a short languet whose lobu-
lation was not determined; at least 17 rows of
stigmata, stomach rounded (figured as areo-
lated in Ritter’s illustration). Reproductive
organs evidently in poor preservation; testes
distinguished with difficulty from the great
mass of mesenchymatous matter filling the
long post-abdomen. Ovary elongate and nar-
row, placed at one side of the post-abdomen.

LocaLity: St. Paul Island, Pribilof group
(Ritter’s types). Hartmeyer (1903) assigns
specimens collected by the “Vega’ expedition
in Bering Sea and reported as S. turgens by
Swederus, 1885, and one in the Berlin Mu-
seumn from Unalaska Island to Ritter’s S. ir-
regulare.

Synoicum jordani (Ritter), 1899

Aplidiopsis jordani RiTTER, 1899, p. 521, figs.
19, 20.



1943

Aplidiopsis sp. RITTER, 1898, p. 77,

Macroclinum jordani HARTMEYER, 1903, p. 322;
REDIKORZEYV, 1910, p. 157.

Synoicum jordani HARTMEYER, 1924, p. 236.

See also Synoicum kinkaidi, below,

Ritter placed this species in Aplidiopsis
rather than in Symoicum in the belief that
common cloacal apertures and systems were
wanting. He based the species on a single
damaged colony of massive rounded form
with a small area of attachment found on the
beach at St. Paul Island, Pribilof group.
Hartmeyer, 1924, questioned (with much jus-
tification, I believe) the absence of systems
and pointed out that the species was unques-
tionably a true Synoicum closely allied to S.
pulmonaria, of which it can be considered the
representative in the Bering Sea region.

“The American Museum of Natural History
has a number of colonies dredged in shallow
water in Bering Strait by R. A. Bartlett
which seem almost without question to repre-
sent Ritter’s jordani. They are massive and
of more or less rounded form, attached either
directly by a small part of the lower surface
or in the case of some of the smaller colonies,
somewhat pedunculated or even capitate in
shape. The longest reach a diameter of over
90 mm. Small rounded systems of six to 10 or
more zooids with a common cloacal aperture
can be seen at least on part of the surface.

I have been unable with the available
material to find any reliable characters by
which this form can be differentiated from .S.
pulmonaria, but feel it safer to continue to
treat the two as distinct until more material
can be studied.

Both the general character and appearance
of the colony and the structure of the zooids
of pulmonaria and jordani correspond closely.
In the present species I have found the stom-
ach smooth walled except for an internal pro-
jecting typhlosole, and nearly always with-
out indications of areolation, but the preser-
vation of the material was such that a
small degree of areolation, if present, would
have been very difficult to demonstrate.
The reproductive organs are much as in S.
pulmonaria. Though ordinarily situated in
the anterior part of the post-abdomen, they
may extend forward more or less into the
abdomen as in that species. The position of
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the ovary is somewhat variable even in in-
dividuals of the same colony; in many cases
it is close behind the intestinal loop and ante-
rior to the testes, or sometimes farther back
in the post-abdomen beside the testes or more
or less buried in the rather broad closely
packed mass that the male organs commonly
form. The system of sperm ducts conforms to
that of S. pulmonaria.

Ordinarily the group of testes, which are
of small size, occupies only a part, sometimes
only a small part, of the length of the post-
abdomen, which tapers often quite abruptly
into a long narrow extension which may be
several times the length of all the rest of the
body. In this extension no definitely formed
reproductive organs are visible, When this
part is well developed, the zooid may reach a
total length of 20 to 25 mm.

DistriBuTION: The possibility that this
form is inseparable from Synoicum pul-
monaria has been discussed above. If a dis-
tinct species, its distribution, as far as now
known, is limited to Bering Sea and Bering
Strait in rather shallow water. Redikorzev,
1927, has described closely allied forms from
the Sea of Okhotsk.

Synoicum kinkaidi (Ritter), 1899

Amaroucium kinkatdi RITTER, 1899, p. 524,
fig. 21; HARTMEYER, 1903, pp. 334, 337; REbI-
KORZEV, 1910, p. 162; HARTMEYER, 1924, p. 214,

Amaroucium pribilovense RITTER, 1899, p. 525,
figs. 24, 25; HARTMEVYER, 1903, pp. 334, 335, pl. 6,
fig. 6, pl. 13, figs. 8, 9; REDIKORZEYV, 1910, p. 161,
fig. 45; HARTMEYER, 1924, p. 214,

Amaroucium snodgrassi RITTER, 1899, p. 527,
figs. 22, 23; HARTMEYER, 1903, pp. 334, 335;
RebpIRORZEV, 1910, p. 160; HARTMEYER, 1924,
p. 214.

Amaroucium sp. RITTER, 1898, p. 77.

See also Amaroucium coet and Synoicum jordani.

The opinion expressed by Hartmeyer
(1903, 1924) that these three supposed spe-
cies, which all have nearly the same type
locality, are probably identical is adopted in
this work. But it seems evident from the form
of the atrial tube and character of the stom-
ach wall that they belong rather in Synoicum
than in Amaroucium and are very closely re-
lated to, if really distinct from, S. jordani,
whose type was also from the same islands.

The colonies are described as depressed and
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cake-like in shape instead of having the
rounded or sometimes pedunculated form
that prevails in .S. jorddni, but as in that spe-
cies they are thick and massive with small
circular systems.

A study of Ritter’s description and a sup-
posed specimen in the American Museum col-
lection show that the zooids also agree with
those of S. jordani in most of their characters
and are evidently subject to similar variations
in form, size, number of rows of stigmata, and
form of the post-abdomen due to the state of
development of the reproductive organs. The
most tangible difference from those of S. jor-
dani appears to be in the wall of the stomach
which is not described as smooth in any of
Ritter's three forms. It has “‘irregular thick-
enings’’ in kinkaidi; irregular longitudinal
folds “‘neither conspicuous nor numerous’ in
pribilovense while in snodgrassi the folds are
more distinct, ‘‘about six extending the entire
length of the organ and in addition two or
three shorter and narrower ones on one side, in
some cases these strongly suggesting the areo-
lated condition.” A tendency of the stomach
wall ‘““to become areolated between the fur-
rows’’ in the case of pribilovense and of distinct

indications of areolation in that of kinkaidi .

are likewise mentioned in the descriptions.

As in S. jordani the post-abdomen may
become of considerable length; 10 mm. is
mentioned by Ritter for pribilovense and 12
to 15 mm. for snodgrasst.

DistriBuTiON: The type and only locali-
ties of Ritter's A. kinkaidi and A. pribilovense
are St. Paul Island, and of 4. snodgrassi, St.
George Island, of the Pribilof group, all evi-
dently from quite shallow water.

The American Museum of Natural History
collection has an irregularly rounded colony
about 20 mm. in diameter that may be of this
dubious species. It is attached by a narrowed
base and was from Pavlof Bay on the Alaskan
Peninsula, dredged in 13 fathoms (volcanic
mud) by the yacht “‘Stranger,” Capt. W.
Williams. The zooids have the post-abdomen
very elongate; their stomach wall (which is
quite thin) is distinctly plicated longitu-
dinally though the folds are few and of slight
elevation. Very small papilla-like elevations
(especially noticeable on the ridges of the
folds) gave a slightly areolated appearance
to some parts of the stomach.
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Synoicum cymosum Redikorzev, 1927

Synoicum cymosum REDIKORZEV, 1927, p. 399,
figs. 19, 20.

Usual shape of the colony that of a short
inverted cone attached by the smaller end
and more or less flat topped. Surface with
small papillae which on the sides of the upper
part of the colony are more or less acute and
arranged in vertical rows. Stomach of zooids
with coarse areolations. In other respects the
characters conform to those of S. pulmonaria
and S. jordani.

DistriBuTION: Recorded by Redikorzev,
1927, from several localities in the Sea of Ok-
hotsk in 20 to 63 meters. The American Mu-
seum has a rather small colony labeled cy-
mosum by, and received from, Redikorzev in
1937, obtained in Bering Sea in latitude 62°
N., longitude 179° 15’ W., August 28, 1933.

The papillation of the surface in this speci-
men is not very strikingly developed. The
condition of preservation of the stomach
makes it hard to determine how much areola-
tion of the wall is present. In this specimen
at least, the differences from S. pulmondria
and jordant do not appear at all impressive.

GeNvus APLIDIOPSIS LABILLE, 1890

An imperfectly understood, if valid, genus
evidently quite closely related to Synoicum
but differing in having a superficial resem-
blance to Polyclinum in the smooth-walled
stomach and in the post-abdomen of sac-like
(though elongate) form which is connected
with the abdomen by a constricted neck,
though the transverse vessels of the branchial
sac lack the papillated condition characteris-
tic of Polyclinum.

Hartmeyer, 1924, placed the Alaskan spe-
cies pammosum and globosum, included in
Polyclinum by Ritter (1899), in the present
genus, as the absence of papillae on the ves-
sels of the branchial sac proved that they did
not belong in Polyclinum. 1 follow Hartmeyer
in this, but unite Ritter’s two species under
the specific name which has page priority,
as the probability of their identity seems very
strong.

Aplidiopsis pannosum (Ritter), 1899
Text figure 27

Aplidiopsis pannosum HARTMEYER, - 1924, p.
1817,
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Aplidiopsis sphaeroides HARTMEYER, 1924, p.
187.

Polyclinum sp. RITTER, 1898, p. 77.

Polyclinum globosum RI1TTER, 1899, p. 518, figs.
14-16; HARTMEYER, 1903, p. 317. Not Herdman,
1899; Sluiter, 1906.

Polyclinum pannosum RITTER, 1899, p. 519,
figs. 17, 18; HARTMEYER, 1903, p. 316; 1909-1911,
p. 1461.

Polyclinum sphaeroides (new name for globosum,
antedated) HARTMEYER, 1909-1911, p. 1461.

The colonies vary from globose to some-
what irregularly ovate form, and in the latter
case were apparently attached by a small
area near one end or along one side. The larg-
est was, when entire, 95 by 45 mm. in diame-
ter; the others are much smaller. The test is
moderately firm externally, though softer in
the interior part, and of brownish color, suf-
ficiently dark and opaque to render the yel-
lowish zooids only indistinetly visible. The
surface of the colonies is smooth in parts, but
in most places roughened and often has some
adhering sand. Neither the branchial nor the
common cloacal apertures are clearly dis-
tinguishable. The zooids, however, appear to
be arranged in rather small systems; their
bodies are variously curved and lie at differ-
ent angles to the surface. I could not observe
the fibrous structure of the test in the central
part of the colony which is mentioned by
Ritter, 1899.

A zooid may attain § mm. in length, ex-
clusive of the post-abdomen, which is narrow
and elongate and may, if well developed and
straightened out, add another 5 or 6 mm. to
the length, though usually it lies curved or
bent at an angle to the body axis. The post-
abdomen is joined to the left sidé of the ab-
domen by a narrow neck. The branchial tube
is very short or is represented by a mere
raised border; its opening has about six very
short lobes. The atrial orifice is close to the
anterior end and is directed obliquely for-
ward. Its margin is smooth, or nearly so, and
a cowl-shaped atrial languet usually extends
over it like a hood. The languet varies much
in length and width in different zooids; it is
commonly long and large and sometimes
slightly three-cleft at the tip.

The mantle is thin and transparent. The
apertures have weak sphincter muscles of
slender fibers; on the body the muscles are
principally confined to the anterior parts of

VAN NAME: NORTH AND SOUTH AMERICAN ASCIDIANS 67

the thorax and consist of slender irregularly
longitudinal and oblique fibers. These mus-
cles cause more contraction of the anterior
than of the posterior part of the sac, making
it difficult to count accurately the oral ten-
tacles which are of at least three sizes. The
number given by Ritter is about 24.

F1G. 27. Aplidiopsis pannosum (Ritter). Zooid,
X9,

There are about 13 (11 to 14) rows of stig-
mata with apparently at least 18 on each side
in some of the rows. The dorsal languets are
large and well developed. The transverse ves-
sels of the sac are muscular; they do not bear
inwardly projecting papillae as in the genus
Polyclinum.

The stomach is rounded and except for an
internally projecting typhlosole has a thin,
smooth wall which may become creased or
folded in preservation. The oesophagus en-
ters the stomach more or less on the dorsal
side, not on the anterior aspect. The loop of
the alimentary canal is slightly, or not at all,
twisted; and there may be two conspicuous
constrictions beyond the stomach. The rectum
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is straight and ends at a point anterior to the
middle of the thorax in an expanded aper-
ture.

The ovary in Ritter’s figure was repre-
sented by a group of eggs quite far back in
the posterior part of the post-abdomen, the
rest of which was filled by the small testes and
cellular tissue of uncertain character. The
eggs undergoing development are mostly
crowded in the right posterior part of the
atrial cavity.

DisTrIBUTION: Alaska. The type locality
of both Ritter’s species, here considered iden-
tical, was St. Paul Island of the Pribilof group.

The only specimens that I have seen that
may belong to it are several small rounded ses-
sile colonies about 12 mm. in maximum di-
ameter received by the American Museum of
Natural History from W. Williams of the
yacht “‘Stranger,” dredged in 15 fathoms near
Montague Island, Prince William Sound.

Redikorzev, 1927, has described a related
species, A. helenae, from the Sea of Okhotsk.

GeNus POLYCLINUM SaviGNy, 1816
(Syn. Glossoforum Lahille, 1886)

Though it was well described and figured
by Savigny, the characters and limits of this
genus have been imperfectly understood by
many authors. It happens to have a smooth-
walled stomach, and many Synoicidae that
are by no means closely related to it have
been wrongly placed in it for that reason. Its
chief peculiarities are three in number: the
transverse vessels of the branchial sac have
on their inner or free margin a series of minute
papillae; second, the part of the .intestine
behind the stomach (that part only) is
twisted into a closed loop; third, the post-
abdomen is an ovate or moderately elon-
gated sac connected with the abdomen by a
quite long and narrow neck, usually extend-
ing laterally instead of directly posteriorly
from the abdomen. The genus Glossoforum
Lahille was supposed to be distinguished
from Polyclinum by having the above-men-
tioned branchial papillae, but Hartmeyer,
1916, discovered that all true Polyclinums
have them and that the two genera are syn-
onymous.

Other characters of Polyclinum are the
massive, more or less gelatinous colonies with
small systems in which the zooids are ar-
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ranged along radially extending cloacal canals
often quite symmetrically developed about
the rounded common cloacal apertures whose
margin is provided with minute papillae;
the weak, chiefly longitudinal mantle mus-
culature and the long branchial sac with
many rows of stigmata; the six-lobed bran-
chial aperture; the large and long atrial
languet, which takes part in forming the roof
of the cloacal canal into which the zooid dis-
charges.

Zooids in the central part of a system have
the tip of the atrial languet truncated and
taking part in forming the border of the com-
mon cloacal aperture and bearing some of
the marginal papillae of that aperture men-
tioned above. In zooids farther from the cen-
ter of the system the languet tapers off to a
narrow tip.

The true Polyclinum are all very closely
related to each other, their zooids apparently
having nearly the same structure, so that
we must depend chiefly on the gross chara-
ters of the colonies for distinguishing them.
A supposed difference in the number of bran-
chial tentacles (whether in multiples of four
or six) appears to be of questionable value as
a specific character, multiples of six being
probably normal, though subject to irregu-
larities.

Polyclinum constellatum Savigny, 1816

Plate 13, figures 2, 3; text figure 28

Polyclinum brasiliense MICHAELSEN, 1923, p. 3,
fig. 1.

Polyclinum constellatums SAviGNY, 1816, p. 189,
pl. 4, fig. 2, pl. 18, fig. 1 (translation, with illustra-
tions, in Isis, 1820); HARTMEYER, 1912b, p. 334;
1916, p. 429; MICHAELSEN, 1919a, p. 87; 1920,
p. 10; VAN NaME, 1921, p. 299, figs. 1, 2; MICHAEL-
SEN, 1923, p. 8; VAN NawMe, 1930, p. 422, fig. 3;
PLOUGH AND JoNEs, 1937, p. 100.

Polyclinum festum HARTMEYER, 1905, p. 401,
pl. 13, figs. 6, 7; 1916, p. 429; VAN NaumE, 1918,
p. 162, fig. 111.

Polyclinum sp. HARTMEYER, 1908, p. 111; 1916,
p- 430.

For other possible synonyms, see the above
articles by Michaelsen.

This species usually forms colonies of a
grayish or purplish brown color which, when
of small or medium size, tend to assume a
capitate oval or pyriform shape. The attach-
ment is by the smaller end; the top may be
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rounded or more or less flattened. Larger
colonies often become broader and some-
times even assume expanded and flattened
or umbrella-like forms, but the area of at-
-tachment is usually small, so that much of
the base of the colony, as well as the sides
and top, is free, though the zooids are chiefly
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confined to the upper portions. In some cases
the basal part of the colony tapers gradually
to the size of the attached area, but a distinct
pedicel is rarely developed, not even a very
short one, the colony being sessile on the ob-
ject on which it grows. Some colonies are
cleft into two or more distinct lobes; these are
perhaps often separate colonies that have
grown together more or less at the base.
Naturally, among the numerous examples
collected, there are many which vary greatly
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in shape from the above-described usual
types.

In all but the smallest colonies the zooids
are arranged in several or many distinct sys-
tems. The small, round, or oval, common clo-
acal orifices are scattered over the surface of
the colony at distances of a centimeter apart,

Fic. 28. Polyclinum constellatum
Savigny. Zooid, X30, and part of sur-
face of colony showing branchial and
common cloacal apertures, X4.6.

or less. Each orifice opens from a small com-
mon cloacal cavity, into which several
branching cloacal ducts or groups of indi-
vidual ducts open. These lead from the atrial
orifices of the individual zooids; the latter are
arranged in short, curved rows and clusters.
The arrangement of the zooids and manner
of branching of the cloacal ducts are shown
in the figure. In many specimens the anterior
ends of the zooids, the small six-lobed bran-
chial orifices, and the cloacal orifices may be
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very distinctly seen on the surface, and the
course of the cloacal ducts and the limits of
the systems very easily followed. In other
cases, at least in alcoholic material, some or
all of these features may be greatly obscured
by the dark pigmentation of the test and the
contracted condition of the colony.

The pear-shaped or ellipsoidal colonies be-
come 30 to 40 mm. high and 30 to 60 mm.
in diameter near the top, or occasionally
larger. One very low but wide colony is 160
mm. across the upper surface, though no more
than 18 to 20 mm. high at any point, its at-
tachment being by a small central area on
the lower side. Surface of colony generally
smooth but not shiny, and generally free
from incrusting sand; if a coating of sand is
present, it does not pervade the interior of
the colony to any considerable extent. Test
usually dark-colored, of gelatinous consist-
ency. In the alcoholic specimens, at least, it
is much firmer toward the outside of the col-
onies than in the center, where it becomes
very soft, and there may be a large cavity.
This, however, does not have any connection
with the cloacal cavities. The dark color is
due chiefly to pigment grains in the test cells
and in some of the cells in the tissues of the
zooids. A few colonies show, in the preserved
state at least, very little pigmentation, and
are yellowish or light grayish. Zooids, when
expanded and straightened out, often 5 to 6
mm. long.

Four orders of tentacles, totaling about 32,
often quite regularly arranged.

Dorsal languets narrow and pointed, aris-
ing from the median dorsal vessel but fused
with the transverse vessels of the left side of
the branchial sac for a distance equal to the
width of four or five stigmata so that they
appear to arise from the transverse vessels.

Branchial sac with 14 to 18 rows of stig-
mata with from 18 to 22 stigmata in a row
on each side of the body, except in the most
posterior rows, where the sac becomes nar-
rower and the number a little fewer. The
transverse vessels bear very minute papillae
projecting inward into the cavity of the
branchial sac; they do not correspond in num-
ber to the stigmata but are somewhat fewer,
though arranged along the vessels with con-
siderable regularity.
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The digestive tract has the peculiar course
characteristic of this genus, the intestine
being twisted to form a small, closed loop
posterior to the stomach; the latter is smooth
walled. The rectum is rather long, extending
to about the middle of the thorax, where it
ends in a six-lobed aperture.

The anterior part of the post-abdomen is
occupied by the male reproductive organs,
which consist of a group of 20 or more small
pyriform or oval testes. Their common sperm
duct extends through the pedicel of the post-
abdomen into the abdomen and then accom-
panies the intestine almost to the end of the
rectum. The more posterior part of the post-
abdomen contains the ovary, visible as a
group of eggs in various stages of growth;
the heart is in the extreme end.

DisTRIBUTION: Savigny described P. con-
stellatum from Mauritius, but I cannot find
sufficient reason for distinguishing the West
Indian form from his species which appears
to be of very wide distribution. P. festum
Hartmeyer, type locality Mauritius but ap-
parently occurring eastward to the Malay
region and Hongkong, including the Philip-
pines, and at St. Helena Island, and possibly
other forms from the warmer parts of the Old
World, is also inseparable from it.

The American specimens that I have ex-
amined are from the west coast of Florida
(depths down to 26 fathoms), including Tor-
tugas; off the north coast of Yucatan (24
fathoms); Bahamas; Cuba (Cienfuegos);
Jamaica; Puerto Rico (Guanica, on piles);
Santo Domingo; and Sabanilla, Colombia.
One specimen appears to have grown on a
crab.

I believe that it ranges south on the east-
ern South American coast to the vicinity of
Rio de Janeiro, as I have examined specimens
which, though small and rather poor and
not altogether conclusive, I would assign
here. Michaelsen, 1923, described a species,
P. brasiliense, from that same region (in 30
fathoms off Praiado Furado) based on a col-
ony which he describes with great minuteness,
but without disclosing any characters to
hinder assigning it to the present species, al-
though he found somewhat fewer stigmata
(about 12 to 15) in a row on each side of the
sac.
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Polyclinum laxum, new species
? Polyclinum saturnium SavigNy, 1816, p. 190,
pl. 19, fig. 1 (translation, with illustrations, in
Isis, 1820); HARTMEYER, 1916, p. 424; MICHAEL-
SEN, 1920, p. 9; 1930, pp. 543, 546.

Specimens of Polyclinum from the Gulf of
California are apparently different from
those (P. planum) from the west coast of the
United States.

The colonies are of somewhat depressed
ovate form, or ‘“‘potato-shaped” to use a term
that has been employed by some writers on
ascidians, and which well enough describes
the form and size of the larger examples.
They were evidently attached by a consider-
able area on one side; the largest is about 55
mm. in longest diameter.

The test has a fairly tough outer layer, but
internally it is soft and gelatinous, allowing
the shape of the colony to be easily distorted
and the surface to become wrinkled.

The surface when bare is smooth and
glossy, but in part is covered by a thin layer
of coarse grains of calcareous sand which by
not covering the apertures often discloses the
form and extent of the systems. These are
rather few and quite extensive; long canals
with zooids in a row along each side branch
out from the positions of the common cloacal
apertures.

The test in formaldehyde specimens is
rather light brown with usually an olive or
occasionally a slight purplish shade. It is suf-
ficiently translucent to allow the yellowish
zooids to be more or less visible through it.
The collector's notes describe it as ‘‘ma-
hogany colored” in life.

I know of no characters in the zooids by
which the zooids can be distinguished from
those of P. planum, or for that matter from
various other described species of the genus.
In the individuals examined 12 or 13 rows of
stigmata were found, with at least 18 or 19
in a row in some cases. Many of the zooids
(specimens collected in April) contained a
number of developing eggs and larvae in the
atrial cavity. While the condition of the ma-
terial did not allow me to be very certain,
I am inclined to believe that these are not
loose in that cavity but are contained in, and
undergo development inside, a very thin-
walled expansion of the oviduct. If this is
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correct it may very likely prove true through-
out the genus.

DistriBUTION: Gulf of California in shal-
low water. This species is based on colonies
collected by E. F. Ricketts at Gabriel Bay
on Espiritu Santo Island (the type locality),
where it was abundant. Some of the colonies
were attached to living shells of the mollusk
Chione. It was also obtained at Mogote near
La Paz. Type in the American Museum of
Natural History (A.M.N.H. No. 1742),
which also has small specimens found on
pearl oysters from the “Gulf of California”
without more definite locality. Three small
button-shaped Polyclinum colonies in the
United States National Museum collection,
the largest 14 mm. in maximum diameter and
apparently originally attached by a part of
the under side, which were collected at Sa-
linas, Ecuador (also one from shore rocks at
Clipperton Island, Galdpagos) by Waldo L.
Schmitt, may be referable to this species, but
fail to exhibit sufficiently definite specific
characters for any positive decision for or
against that view.

The resemblance of the Gulf of California
form to P. saturnium Savigny, 1816, from the
Gulf of Suez is, in the present incomplete
state of our knowledge, so close that the main
objection to including it in Savigny’s species
is the extremely wide geographical separation
of their habitats. I have been strongly in-
clined to do so, yet much as I regret to add
another to the list of unsatisfactorily dis-
tinguished species of this genus, the possi-
bility of error and increased confusion
through a premature adoption of that course
makes it seem advisable to treat the Gulf of
California form as a new species for the pres-
ent.

Polyclinum planum (Ritter and Forsyth), 1917
Text figure 29
Glossophorum planum RITTER AND FORSYTH,
1917, p. 479, pl. 39, fig. 13, pl. 46, fig. 71; JOANSON
AND SNOOK, 1927, p. 597, fig. 697.

Polyclinum planum RICKETTS AND CALVIN,
1939, p. 77, fig. 34.

“Larger colonies pumpkin-seed shaped,
smaller ones spherical, all having short, thick,
cylindrical peduncles;-outline regular, sur-
face smooth, free from sand or other foreign
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substances; systems distinct and regular,
zooids plainly seen through test; common
cloacal orifices open and very distinct even in
preserved specimens. Color grayish brown,
much the same in living and preserved speci-
mens. Length of about maximum-sized col-
ony 10 cm., width § cm., thickness 1.5 cm.
The test consisting chiefly of a well-defined
central core into which zooids do not extend;

Fi16. 29. Polyclinum planum (Ritter and For-
syth). Zooid. From figure of Ritter and Forsyth,

small in quantity among zooids; matrix semi-
cartilaginous and transparent, but containing
a great number of very small pigmented cells
which impart to it a somewhat dirty tinge;
portions among zooids containing scattered,
rather small bladder cells; central core thickly
penetrated by thin-walled transparent stolons
to which zooids are always attached.

“Zooids numerous, distinctly seen through
test, arranged in very regular systems, on an
average about a dozen individuals in a sys-
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tem, occasionally as many as twenty in a
system. The three regions of body, thorax,
abdomen, and postabdomen, distinctly set
off from one another, making it difficult to
extract zooids entire; never much contracted;
little pigment matter in tissue; musculature
very feeble; mantle thin and transparent; en-
tire structure easily made out by examining
animals ¢n sitx in slices of colony. Length of
zooids about 4.5 mm.; length of branchial sac
about 3 mm.; postabdomen slightly longer
than abdomen; musculature very weak. ...

“Branchial orifices easily seen on surface of
colony; each with six broad scallops when
fully expanded, but becoming pointed lobes
upon contraction. Atrial orifice overarched by
a long broad languet often truncated but
sometimes with three delicate terminal lobes;
size and shape of languet depending upon age
of zooid and its position in system. Tentacles
eighteen to twenty-six, of three lengths, the
six longest nearly as long as the half-diameter
of circle in which they are situated. Number
of series of stigmata from thirteen to seven-
teen; about thirteen or fourteen very regular
stigmata in each half-series; number of series
as well as number of stigmata increasing with
age of zooid; a small muscle band in each
inter-stigmatic vessel; papillae on interstig-
matic vessels regular in size and arrangement,
there being one for the interval between
every two stigmata’ (Ritter and Forsyth,
1917, pp. 478, 479).

The zooids correspond too closely to those
of P. constellatum described above to require
a full description. The peculiar laterally flat-
tened pedunculated form of the colony,
which, moreover, is of firmer consistency
than that of the sessile species of the genus, is
the best specific character. It is, moreover,
the only member of the genus recorded from
the Pacific coast north of Mexico.

“DISTRIBUTION : Species widely distributed
on California coast, it having been found at
almost every point where ascidian collecting
has been done, from Mendocino to San Diego.
It is confined to rocky localities, but not to
the littoral zone, judging from the frequency
with which it is washed ashore. To what
depths it extends is not known as it has never
been taken by dredge or trawl.

‘At San Diego it occurs on the United
States Government breakwater at the en-
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trance of the bay; also on the breakwater at
Coronado. In these localities it is not con-
fined to the under surfaces of rocks, but
grows on their tops and sides.

“Type Locality: San Diego, California”
(Ritter and Forsyth, 1917, p. 480).

Apparently San Diego is near its southern
limit of distribution, though there is a large
specimen labeled ‘“Lower California” in the
United States National Museum collection.

Genus SIGILLINARIA Oka, 1933

This genus was established by Oka for a
species collected at Sakhalin Island and
Kamtchatka. Oka briefly characterizes the
genus as follows:

“Colony branched in a tree-like manner
with short club-shaped thick branches. Zo-
oids with body in three divisions, thorax, ab-
domen and post-abdomen. Apertures both
six-lobed, opening directly on the surface of
the colony. Gonads hermaphrodite, both
testes and ovary in the post-abdomen” (Oka,
1933, p. 78).

In his description of the only species, S.
clavata, Oka brings out other characters of the
genus, which he considers intermediate be-
tween the Polycitoridae and Synoicidae, al-
though I do not think that its place in the
latter family can be doubted.

The two following species from the Ameri-
can Pacific coast, which are evidently closely
allied to each other and out of place in the
genera (Distoma, syn. Polycitor, and Amarou-
cium, respectively) in which they were
placed by their describer, appear to fit pretty
well into Oka’s genus, where I am accordingly
placing them.

They appear to be distinct from Oka’s
species which has more numerous rows of
stigmata and a smooth-walled stomach.

Sigillinaria pulchra (Ritter), 1901

Plate 29, figure 3; text figure 30
Distoma pulchra RITTER, 1901, p. 243, pl. 30,
figs. 24, 25.
Polycitor pulcher MICHAELSEN, 1920, p. 7.

The colonies of this species are quite well
described by Ritter as ‘“‘composed of sheaf-
like bunches united by their basal ends, each
bunch usually containing from 10 to 20 large
zooids.” These ‘“bunches” are themselves
more or less cleft at the anterior end where

VAN NAME: NORTH AND SOUTH AMERICAN ASCIDIANS 73

the zooids project beyond the surface, com-
monly only to the extent of forming rounded
elevations, but sometimes a large part (or,
according to Ritter, the whole) of the thorax
of the zooids extends out and is provided
with its own individual covering of test, ap-
proaching the condition in Clavelina picta
described elsewhere in this work.

The colonies thus formed are of inversely
conical or capitate form and may reach 20
to 25 mm. in height and half that in diameter
at the top (the widest part), or remain
smaller. Several of them may join at the base,
but so far as I have seen they do not unite

F16. 30. Sigillinaria pulchra (Ritter). Group of
heads, natural size.

into extensive colonies nor form any ex-
tended basal mass of test.

The test is colorless and remarkably trans-
parent, especially in the upper parts of the
heads; it contains no bladder cells; the zooids
of those that 1 collected were bright red in
life and clearly visible through the test, mak-
ing the colonies very beautiful and conspicu-
ous objects among the various other ascid-
ians and animals of other classes which
cover the intertidal zones of the rocks on the
Pacific coast.

The zooids may extend nearly to the base
of the heads, their length thus nearly equal-
ing the height of the latter. The apertures
are on fairly long tubular siphons; both are
bordered by six rounded lobes separated
by fairly deep clefts. The thorax is the widest
part of the zooid; a contracted neck, often
quite long, intervenes between the thorax
and the abdomen.

The mantle is delicate and transparent,
with its musculature (aside from the sphinc-
ters of the siphons) composed mainly of some
slender, obliquely longitudinal bands running
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from the anteroventral region of the thorax
dorsally and posteriorly. They extend onto,
and become very diffuse and inconspicuous
on, the abdomen.

Ritter gives the number of branchial ten-
tacles as about 12; there may, however, be
some additional smaller ones. There are eight
to 10 rows of stigmata; the number in a row
on each side may considerably exceed 20 in
large zooids, though in those I examined I did
not find as many as 35, the number which
Ritter gives. The dorsal languets arise from
the left margin of the median dorsal vessel,
which is wide, and the adjacent part of the
transverse vessels. The latter bear rather
wide internally projecting membranes.

Owing to the form of the body, the oesoph-
agus and ascending part of the intestine are
long. The stomach is large and of oblong
shape; its wall is thin and longitudinally pli-
cated, sometimes in parts a little irregularly;
the plications form about six to eight wide
projecting ridges. The intestinal loop behind
the stomach is rather short; a pair of sac-like
caeca can be demonstrated in some indi-
viduals at the beginning of the enlarged
ascending part of the loop. Ritter gives no
satisfactory description of the reproductive
organs. All he says of them is as follows:
“Situated in the intestinal loop; ovary com-
posed of numerous cylindrical often anas-
tomosing branches. No specimens in repro-
ductive activity at hand.”” No member either
of the Polycitoridae or the Synoicidae has
gonads of any such type, and it is pretty
clear that Ritter’s specimens were not in con-
dition to afford him a correct understanding
of the gonads.

Some of the specimens I had available had
the gonads very well developed. They are of
the usual Amaroucium type; the ovary, con-
sisting of a group of eggs of different sizes, is
in the anterior part of the post-abdomen just
behind (in some individuals partly beside)
the intestinal loop. The larvae develop in the
atrial cavity. The testes are numerous, small,
and irregularly rounded or ovate, and though
often irregularly arranged in the part of the
post-abdomen just behind the ovary, be-
come arranged in a more regular double
series farther back. The abdomen usually ex-
tends much farther back than the last of the
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testes; this extension may be very slender or
be somewhat widened and filled with opaque
granular or cellular tissue.

There is apparently no question that this
species is a member of the Synoicidae related
to “Amaroucium aequali-siphonis’ Ritter
and Forsyth, 1917, and not a Distoma (syn.
of Polycitor) where Ritter placed it.

DistrIBUTION: Unless I am incorrect in my
identification, which the striking characters
of the species seem to render improbable,
this species ranges from Yakutat Bay, Alaska
(Ritter's type locality) to Pescadero Point
near Pacific Grove, California. In both cases
it was found on rocks at extreme low tide. I
know of no definite record between these two
widely separated points. However, Ritter and
Forsyth (1917, p. 489), in mentioning species
similar to Amaroucium aequali-siphonis from
points north of Point Conception, may have
had this form in mind.

Sigillinaria aequali-siphonis (Ritter and
Forsyth), 1917

Plate 28, figure 1; text figure 31

Amaroucium aequali-siphonis RITTER AND FoRr-
sYTH, 1917, p. 487, pl. 38, fig. 4, pl. 45, fig. 61.

The following quotation repeats the orig-
inal description:

“Superficial Characteristics of the Col-
ony: Consisting of long, pedunculated, club-
shaped lobes, completely encrusted with
sand, each growing from a basal network.
Both head and peduncle of each lobe usually
flattened throughout its entire length; heads
not sharply set off, but tapering gradually
into peduncle which becomes gradually
smaller until attached end is reached. New
lobes spring at times from substratum and
result in a dense growth of more or less paral-
lel, slender lobes. Sometimes many lobes arise
from a common center, resulting in a more or
less spherical body whose surface is made by
the heads of the lobes. In this form of growth
the heads of the lobes have a broader ante-
rior expanse than in the form first described;
the lobes themselves sometimes branched.
Test gelatinous and transparent, but having
a dirty tinge due to innumerable small test
cells. No common cloacal orifices present.
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Length of longest lobes about 2 cm., width
of heads about 7 mm., thickness 3 mm.

“Zooids: Not arranged in systems; both
siphons opening on surface of distal ends of
lobes of colony; long and slender, the post-
abdomen extending through almost entire
length of peduncle to end in a slight swelling
which contains heart; abdomen somewhat
longer than thorax. Mantle contains longi-
tudinal muscle bands which run length of
zooid and are separated by considerable
spaces over thorax and abdomen, but are
closer together in postabdomen.

“Branchial System : Both orifices distinctly
6-lobed. Branchial tentacles about twenty,
alternating long and short. Branchial sac
with eight series of stigmata, about fifteen
stigmata in a half-series. Dorsal languets
about as long as stigmata.

“Digestive System: Intestinal loop some-
what longer than branchial sac, its plane
oblique to sagittal plane of zooid; esophagus
about equal in length to stomach, tapering to
a small diameter at its entrance into stomach;
stomach somewhat longer than broad, wall
longitudinally folded, the folds, never more
-than six or seven, sometimes broken, often
one whole side practically foldless; portion of
intestine between stomach and loop about
twice as long as stomach, constricted about
midway in its course; a small, short tube in-
tercalated into intestine at beginning of rectal
limb; lobed anus located a little anterior to
middle of branchial sac.

“Reproductive System: Ovary posterior
to intestinal loop, not in contact with it;
testis lobes numerous, beginning just poste-
rior to ovary and extending through entire
postabdomen.”’

LocaLity: Ritter and Forsyth give Rincon
Point, Santa Barbara, California, as the only
known locality. I obtained a few heads agree-
ing closely with the description given by
these authors except that some of the zooids
have nine or 10 rows of stigmata, from the
intertidal rocks near the Hopkins Marine Sta-
tion at Pacific Grove, California. I have also
received specimens from W. G. Hewatt from
Christy Beach, Santa Cruz Island, California,
and S. F. Light from a locality considerably
farther north, Dillon Beach, California, where
it appears to be common.

VAN NAME: NORTH AND SOUTH AMERICAN ASCIDIANS 75

GENus PHARYNGODICTYON HEerpMAN, 1886

Herdman established this genus for a pe-
culiar deep-sea compound ascidian, conform-
ing to the Synoicidae in its general characters
but whose branchial sac was divided into

-large square meshes, which were not sub-

divided into stigmata, the sac thus approach-
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Fic. 31. Sigillinaria aeguali-siphonis (Ritter
and Forsyth). Zooid. Outline from figure of Ritter
and Forsyth,

ing in structure that of Culeolus and certain
other deep-sea simple ascidians. The single
specimen, which Herdman named Ph. mir-
abile, was dredged by the ‘“Challenger” in
1600 fathoms, between the Cape of Good
Hope and Kerguelen Island, and does not
come within the scope of the present work.

Sluiter, 1906, referred the following species
to this genus.
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Pharyngodictyon reductum Sluiter, 1906

Pharyngodictyon reductum SLUITER, 1906, p. 11,
pl. 1, figs. 9, 10, pl. 4, fig. 48.

Based on a single colony of somewhat
cylindrical form, 40 mm. and 25 mm. in di-
ameter, attached by one end with the aid of
root-like processes, and the other end
rounded and bearing a common cloacal aper-
ture which served for the whole colony; the
zooids all forming a single system.

Test transparent, whitish, the large zooids
being visible through it. The zooids attain a
length of 9 mm. without the post-abdomen
which may itself measure 25 mm. in addition.

The apertures are both on short, anteriorly
directed, six-lobed siphons; the mantle mus-
culature consists mainly of oblique bands
crossing at right angles and a few weak longi-
tudinal and transverse bands.

Fifteen tentacles of different sizes. Bran-
chial sac with six or seven transverse vessels,
but only a few rudiments of interstigmatic
vessels in the form of bifurcated appendages
(*appendices bifurqués’”) on the transverse
vessels are present. There are consequently no
stigmata.

The intestinal loop is not twisted; the
stomach is small with four well-marked plica-
tions. Gonads as usual in the Synoicidae, the
ovary in the anterior part of the long post-
abdomen, the testes farther back arranged in
two series, but overlapping the rear part of
the ovary.

LocaAvrity: Found washed up on the beach
of Booth Wandel Island, western Antarctic.

I doubt whether this form has anything to
do with Herdman's Pharyngodictyon. It is
more probable that action of the waves on
the beach or other rough handling had de-
stroyed the delicate intestigmatic vessels but
left the larger vessels of the sac intact. In
other respects, Sluiter’s figure of the zooid
would well represent a species of Sigillinaria.

GeNus EUHERDMANIA RITTER, 1904

(=Herdmania Ritter, 1903; not Labhille,
1887, not Metcalf, 1900)

Colonies consisting of groups or masses of
very elongate club-shaped zooids each with
its separate covering of test for its entire
length, arising from a basal mass of branch-
ing stolons.
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Structure in most respects similar to Cla-
velina, but the gonads lie largely or entirely
posterior to the intestinal loop in a long post-
abdomen. This also contains the heart at its
posterior end. Other peculiarities are the
presence of two epicardial tubes and the de-
velopment of the embryos in the long oviduct
posterior to the thorax, not (so far as known)
in the atrial cavity.

This genus was considered by Ritter, 1903,
as intermediate between the Polycitoridae and
Synoicidae, and made a separate family
Herdmaniidae or Euherdmaniidae. Seeliger,
1909, followed by Hartmeyer (1909-1911)
and Berrill, have included it in the Synoici-
dae. In his last work (1924) Hartmeyer
changed his views and expressed very posi-
tively his conviction that it should be placed
in the Polycitoridae near Clavelina, which
would be my own view were it not for the
position of the heart in the post-abdomen.

(See Ritter, 1903, Berrill, 1935, 1936, for
studies of this genus.)

Euherdmania claviformis (Ritter), 1903
Text figure 32

Euherdmania claviformis RITTER, 1904, p. 650;
SEELIGER, 1909, p. 1278, fig. 241; HARTMEYER,
1909-1911, p. 1470; RiTTER AND Forsvra, 1917,
p. 490; JorNsON AND SNOOK, 1927, p. 597, fig.
698; BERRILL, 1931, p. 334; PrATT, 1935, p. 744;
BERRILL, 1935, p. 339, fig. 6; 1936, p. 56, fig. 9b;
Hvuus, 1937, p. 667; RickeTTs AND CALVIN, 1939,
p. 77, fig. 33.

Herdmania claviformis RITTER, 1903, pp. 239-
261, pls. 18, 19. See also Ritter, 1896a, p. 434,
which deals with this species though not giving it
any name; also Hartmeyer, 1924, pp. 112, 113.

The colonies are of the same general type
as those of Clavelina huntsmani, consisting of
groups or masses of very slender club-shaped
zooids, each with its own covering of test for
its entire length, and arising from an inter-
woven mass of branching stolons. The col-
onies may be of considerable extent, some-
times 120 mm. or more across, with the
zooids extremely numerous and densely
crowded, or in other cases they may consist
of only a few zooids.

They are easily distinguished from Clave-
lina huntsmani by the much smaller, much
more slender, and often more or less bent and
crooked zooids, which, moreover, commonly
are thickly incrusted with rather firmly ad-
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hering sand except at or near the anterior
end. -

When adult they usually range from 20 to
35 mm. in length and from 2.5 to 3.5 mm. in
greatest diameter, which is at or near the
anterior end, tapering to the basal or at-
tached end. Young ones are much smaller
and very narrow throughout. The test where
bare is translucent or more or less trans-
parent, and of a slightly greenish hue in life
due, I believe, to simbiotic algal cells. It is
tough in consistency, but pliable.

The zooids, when removed from the test,
are extremely long and slender. The thorax,
which is the widest part, occupies only a
small proportion of the length of the body.
Behind this there is a slender neck through
which the oesophagus, ascending part of the
intestine, sperm duct, and oviduct pass. This
neck is very long, the stomach and gonads
being far back. The latter are mostly or
wholly posterior to the intestinal loop in a
posterior extension of the body (the *‘post-
abdomen” according to Ritter).

The two siphons are each six-lobed; the
branchial is the larger and more prominent
one and has the dorsally situated lobe notice-
ably longer than the others, the branchial
opening being turned in a somewhat ventral
direction, perhaps partly as an effect of this.

The mantle musculature is mainly longi-
tudinal and forms many slender bands on the
thorax; elsewhere it is diffuse.

There are numerous simple branchial ten-
tacles (Ritter gives the number as 30 or 40
well-developed ones with additional small
ones) and about a dozen rows of stigmata
which may have, according to Ritter, as
many as 40 in a row on each side. The trans-
verse vessels carry membranes that project
prominently into the cavity of the sac, and
there is a well-developed dorsal languet
where each one crosses the median dorsal ves-
sel.

The stomach is quite small and is about
one and one-half times as long as wide, Its
wall has about six longitudinal ridges or pli-
cations which are unequally distributed, the
side next to the intestine being smooth.
There is a longitudinally furrowed typhlosole
between two of these folds similar to that in
Clavelina huntsmani (see description of that
species).

The male gonad consists of numerous
small oval testes each connected by its own
branch with the long common sperm duct
which extends most of the length of the body.
Only the more anterior testes are beside, the
others posterior to, the intestinal loop. The

F16. 32. Euherdmania claviformis (Ritter). A.
Zooid with embryos and larvae in the oviduct.
B. Cross section of stomach. C. Part of median
dorsal vessel with languets and adjacent stig-
mata. D. A few zooids from a colony, somewhat
enlarged. After Ritter, 1903.

ovary when small is oval in shape; the eggs
leave it and pass into the oviduct when still
quite small and undergo development in the
part of the oviduct posterior to the thorax.
The developing embryos form a longitudinal
series in the oviduct, those toward the ante-
rior end being the most advanced, developing
into larvae with a long tail and a sense vesicle
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with a large and a small black pigment spot.
Adhesive papillae were not demonstrated on
the larvae, though in the distal part of the
oviduct the larvae are sometimes quite large,
1.02 to 1.2 mm. in body length. Such larvae
are still enclosed in a delicate membrane.
Ritter, 1903, expresses the opinion that there
is no actual free-swimming stage. (For other
particulars, see Ritter’s 1903 description.)

DistriBuTION: This is apparently a lit-
toral species only, and ranges on the Cali-
fornia coast from north of San Francisco
{Bodega Bay) to La Jolla or beyond, and is
abundant in some places (Monterey Bay,
Santa Cruz, La Jolla). It grows on rocks,
especially among the roots of sea weeds in the
vicinity of low-water mark, often where un-
covered at low tides, and where subject to
moderate but not extreme wave action.

In spite of considerable study of this spe-
cies by Ritter, and some by Berrill, there re-
mains much to be learned about the develop-
ment of the colonies.

At various points on the California coast
(as Pacific Grove and Bodega Bay) there may
be found among the roots of sea weeds near
low-water mark, where sand as well as rocks
are present, dense sandy masses of small tu-
bular zooids closely packed, the masses often
6 to 10 cm. across, which appear to-be col-
onies of young zooids of this species. The
zooids in such masses are extremely numerous
and are from 12 to 15 mm. or more long in
most of those that I have examined. The
zooids are separate for their whole length, the
test covered with adhering sand except at
the anterior end (the part enclosing the
thorax) which is smooth and free from sand.
The thoracic ends of the zooids project be-
yond the general upper surface of the sandy
mass of tubes and are conspicuous in fresh
specimens, as the thorax is bright orange, but
it soon fades in preservation. Such colonies
may be collected in abundance in June and
July. In some specimens, presumably older
colonies, the zooids average larger than in
others.

A conjecture that they may represent an
allied form with smaller zooids than E. clavi-
Sformis does not seem justified with the in-
formation available. The zooids are in nearly
all cases evidently immature; in a very few
cases where the zooids were rather large, I
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have found a few eggs in an early stage in the
oviduct in the long narrow neck between the
thorax and the region of the stomach. The
careful study and observation of such colonies
at different seasons of the year would be very
desirable.

FamiLy DIDEMNIDAE VERrrILL, 1871

Colony usually flat and incrusting, some-
times thicker and more massive, but even in
such cases adhering by a broad base, not
capitate or clavate.

The zooids are of small size (averaging
much smaller than in any other group) and
are arranged in complex systems. The test
commonly contains minute calcareous spic-
ules of stellate form which are in many cases
so abundant as to make the test hard and
opaque and give it a white chalky appear-
ance. :

The body of the zooids is in two divisions
joined by a constricted but usually short
neck. A muscular retractor process commonly
extends out obliquely posteriorly into the
test from the posterior end of the thorax but
may be either well developed or wanting in
zooids of the same species, so that it is un-
reliable as a taxonomic character.

The zooids usually have a six-lobed bran-
chial aperture; the form of the atrial aper-
ture varies in the different genera. There are
(apparently always) either three or four rows
of stigmata. Branchial tentacles simple,
rather few in number; dorsal lamina repre-
sented by two or three languets. The stom-
ach has a rather thick smooth wall. The
gonads are in or beside the intestinal loop.
The ovary consists of a group of eggs of vari-
ous sizes; only one egg at a time reaches its
full size, which is very large relative to the
zooid; the testis is either a large single
rounded or conical gland or is cleft into two
or more séparate glands; if into several, the
glands are placed radially in a circular group.
The tadpole larvae, which are relatively
very large, develop in the cavities in the
common test of the colony.

In many species the zooids may have a
rather large, definitely defined but usually
shallow concavity on the exterior surface of
the thorax, one on each side of the middle
part of the thorax or a little posterior to the
middle. The test filling this cavity commonly
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contains a dense group of minute spicules of
different sizes which look as if these concavi-
ties were active spicule-forming glands, and
that the spicules drifted out from them to the
other parts of the test. They were so con-
sidered by Michaelsen who had especially
studied them. He called them ‘‘side organs”
or ‘“lateral organs” (“Seitenorgane’) and
considered them important as taxonomic
characters.

This does not appear to be the case, at least
in most species, since colonies or zooids of the
same species may have them well developed,
poorly developed, or apparently entirely
wanting, and although spicules may form in
them, they certainly form in other parts of
the test also. In the case of most of the de-
scribed species of this family no observations
on these organs appear in the literature. They
are a subject on which thorough investigation
is much needed.

Adult zooids of this family have much re-
semblance in structure to some of the family
Polycitoridae {especially to those of the genus
Eudistoma) but are separated from all other
- compound ascidians by their peculiar method
of budding.

This method, known as “pyloric budding,”
takes place by the formation of two buds in
the middle or constricted region of the body
of the parent zooid. The anterior of these
buds, arising from the region of the oesopha-
gus, forms a new abdomen; the posterior of
them, arising from the anterior part of the
abdomen, forms a new thorax, the result be-
ing the production of a double zooid of a
Siamese twin type. The continuation of the
process has been commonly believed to be
that the double zooid separates into two, one
formed of the old thorax and new abdomen,
the other of the old abdomen and new thorax.
But Salfi (1933) found that an entire zooid
may be formed from each of the two buds by
a subsequent development of a new abdomen
from the new thorax and of a new thorax from
the new abdomen. The process is not always
carried to completion; zooids may often be
found with only one bud, so that a zooid with
two thoraces, each with its branchial sac at-
tached to a single abdomen, is formed, at least
temporarily. In such cases the old thorax is
believed to degenerate, producing a zooid
part parent and part bud.
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The genera of this family, perhaps with the
exception of Coelocormus which we know next
to nothing about, fall naturally into two dis-
tinct groups considered separate families in
some old classifications, though now com-
monly not recognized even as subfamilies.
These are typified by the genera Didemnum
and Diplosoma, respectively. The most im-
portant difference is in the male gonad. In the
Didemnum group the sperm duct arises from
the middle of the external aspect or apex of
the more or less conical testis or the middle
of the group of testes, if the organ is divided,
and makes a number of spiral turns (usually
from three or four to a dozen) upon the sur-
face of the gland or group of glands before
leaving to accompany the distal branch of
the intestinal loop (see figs. 34, 38, 42, etc.).

In the Didemnum group, bladder cells (see
genus Cystodyles) are often abundant in the
test, and the dorsal languets are conspicu-
ously developed, curved, and directed poste-
riorly. They are borne upon the transverse
vessels of the branchial sac, well removed to
the left of the medial dorsal vessel.

In the Diplosoma group, the sperm duct
pursues a direct course from the gonad with-
out coiling. The great development of the
common cloacal cavities in some species of
this group should also be mentioned.

GENERA OF DIDEMNIDAE

A,. Proximal part of sperm duct spirally coiled.
Thoracic muscles usually strong.
B:. Four rows of stigmata. Stellate spicules
usually abundant, rarely absent.
C:. Atrial aperture not produced, some-
times with a small languet; testis
single or in two (rarely three) di-
visions . . . . . . . . Didemnum
C,. Atrial aperture with languet. Testis
usually in five or more divi-
sions . . . Subgenus Polysyncraton
Cs. Atrial aperture produced into a short
funnel-like tube often directed
somewhat posteriorly. Testis di-
vided . . . . . .. Leptoclinides
Ci. Imperfectly known abyssal genus
.......... Coelocormus
B.. Three rows of stigmata. No atrial languet.
Testis single. Stellate spicules present
orabsent . . . . . . Trididemnum
A Proximal part of sperm duct not coiled.
Thoracic muscles usually weak. Always four
rows of stigmata.
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Bi. No spicules. Common cloacal cavities
usually very extensive. Testis of two
rounded divisions. No atrial lan-

guet . . . . .. .. .. Diplosoma
Bi. Spicules present. Testis more or less cleft
or divided.

C;. Spicules tetrahedral (four-pointed).
Testis partially cleft. Echinoclinum
Cs. Spicules stellate. Testis of two or more
glands. Small atrial languet pres-
ent. ... .... Lissoclinum

GeNus DIDEMNUM SavigNy, 1816

( = Leptoclinum Herdman, 1886, and many
authors; not Milne Edwards, 1841)

Proximal part of the sperm duct wound
spirally upon the testis, which may be a sin-
gle rounded gland or cleft into two or more
pyriform lobes or separate glands. Four rows
of stigmata. Calcareous spicules, usually of
stellate form or spherical with small projec-
tions, normally present in the common test.

The white or yellowish (sometimes red or
reddish) colonies of animals of this group,
which incrust stones, sponges, algae, and
other objects and are often so densely
crowded with minute spherical or stellate
spicules as to become somewhat hard and
brittle, are common in many parts of the
world. Under the wrongly applied name
Leptockinum Milne Edwards, they are famil-
jar to nearly everyone who has collected
marine invertebrates. Their systematic treat-
ment involves many difficulties. The colonies
are too opaque to study in a living state, and
the zooids are minute and exceptionally hard
to preserve except in a violently contracted
condition that makes a study of the organs
difficult. Such features as the character of the
surface of the colony, whether smooth or
wrinkled, whether the apertures and the
systems in which the zooids are arranged are
conspicuous or obscurely visible, or differences
in the size of the zooids or in the proportions
and shape of their soft parts are not reliable
as specific or even varietal characters. Many
such apparent differences are due to varying
states of muscular contraction or varying
degrees of shrinkage incident to preservation,
or to modifications due to the immediate ef-
fect of the conditions under which the colony
grew. Differences in the spicules of different
colonies are often conspicuous, though quite
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uniform within a colony, but with a large se-
ries of specimens at hand such a complete
gradation between the extremes may be
shown that these differences lose most of their
weight as specific characters; neither is the
number of parts into which the testis is cleft
always constant within the same species.

More study, probably including investiga-
tions regarding the development, will be
needed before we can decide how many spe-
cies exist and just what are their distinguish-
ing characters. The treatment of the species
that is possible with present information is
necessarily somewhat provisional and will
doubtless require future revision, but the evi-
dence seems to be that instead of Didemnum
being one of the largest genera of ascidians,
the species are in reality rather few, though
in some cases widely distributed geographi-
cally.

Didemnum albidum (Verrill), 1871

Plate 1, figure 5; text figures 33, 34

Didemnium roseum PACKARD, 1867, p. 276;
BINNEY, 1870, p. 4; DaLL, 1870, p. 255; PAckARD,
1891, p. 397. _

Didemnum albidum HARTMEYER, 1912¢, p. 279;
1914b, p. 1113; 1921a, p. 81, 1922a, pp. 24, 44;
1924, p. 144, pl. 1, figs. 21-23; MICHAELSEN, 1924,
p. 354 (in part); Huus, 1933, p. 66, fig. 21; Proc-
TER, 1933, p. 285; PraTT, 1935, p. 743.

Didemnum roseum Sars, 1851, p. 153; 1859,
p. 66 (not Delle Chiaje, 1828); HuitrFeLDT-KAAs,
1896, p. 6; VANHOEFFEN, 1897, p. 184, fig. 29.

Leptoclinum albidum VAN NaME, 1902, p. 363,
pl. 52, fig. 41; not Verrill and Rathbun, 1879;
not McDonald, 1889; probably not Metcalf,
1900.

Leptoclinum albidum (in part)+L. albidum var.
luteolum (in part) VERRILL, 1879, p. 27; KINGSLEY,
1901, p. 183; WHITEAVES, 1901, p. 265. Not Herd-
man, 1886, pp. 287, 290, pl. 40, figs. 10-15. Not
L. albidum var, grande Herdman, 1886; not L.
albidum var. luteolum Sluiter, 1905, p. 103; 1905a,
p. 20.

Leptoclinum albidum (in part, not specimens
from southern New England)+L. luteolum (in
part) VERRILL, 1871, p. 446; 1872a, pp. 212, 213;
1873-1874, vol. 7, pp. 39, 42, 413, 504; 1874, pp.
352, 355, etc.; VERRILL AND SMITH, 1873, pp. 403,
411, 424, 705, 706; STAFFORD, 1912, p. 64.

Leptoclinum roseum HARTMEYER, 1903, p. 361,
pl. 6, figs. 17, 18, pl. 14, fig. 17; REDIKORZEV, 1907,
pp- 150-153.

Leptoclinum structum GOTTSCHALDT, 1894, p.
357, pl. 24, fig. 4a, 4b, pl. 25, fig. 9.
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Lissoclinum albidum<-Lissoclinum luteolum Gi-
ARD, 1873, p. 511,

Tetradidemnum albidum VAN NaMme, 1910, p.
378, figs. 13-15, pl. 35, fig. 2, pl. 39, fig. 13;
HunTtsMaN, 1912, pp. 111, 112, 138. .

See also Didemnum albidum polare below.

This is the common Didemnum of the Arc-
tic regions and of the northern parts of the
eastern North American coast. It forms col-
onies of the incrusting type which are in most
cases not over 2 to 3 mm. thick and of irregu-
lar outline, occasionally measuring more than
100 mm. across but usually very much less.
They incrust stones, shells, sponges, etc., and
not infrequently the larger simple ascidians.
Preserved specimens are white, but many of
them are yellowish, salmon, or rosy during
life. In consistency they are generally rather
hard and brittle owing to the great abundance
of large spicules which in most colonies are
rather thickly distributed throughout the
test, and quite densely crowded in the upper
layers, often rendering the surface slightly

Fic. 33. Didemnum albidum (Verrill). Typical
spicules, X400,

rough and gritty to the touch. Neither com-
mon cloacal apertures nor arrangement of the
zooids in systems can generally be distin-
guished; often the branchial apertures are
also inconspicuous, but in many colonies
small, low, rounded elevations mark the posi-
tions of the zooids.

The spicules afford the easiest means of
recognizing this species; they are quite large,
averaging in some colonies as much as 0.08
mm. in diameter, though in others not over
0.05 mm., if as much as that. In many speci-
mens the spicules are beautifully uniform in
size, form, and distribution, and their shape
is characteristic. They consist of a spherical
central mass studded with regularly placed,
somewhat conical projections whose summits
are smoothly rounded off. This is the type of
spicules that I have always found in the hun-
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dreds of colonies of this species that I have
examined.

The zooids are rather small, in the pre-
served material usually only about 1.5 to 1.7
mm. lomg. The branchial aperture is six-
lobed; the atrial is a plain opening with a
languet, usually narrow and short, arising

Fic. 34. Didemnum albidum (Verrill). Zooid,
x45.

from its anterior margin. The tentacles usu-
ally number 16, alternating in size. There are
four rows of stigmata; the number in a row is
variable, in one colony there were (beginning
with the anterior row) 7, 8, 8, 6, or 7 in a row
on each side, but in some colonies the maxi-
mum may reach 10 or 11 in the second and
third rows. The stomach is rounded or slightly
elliptical.

The male reproductive organs consist of
two pyriform testes forming together a conical
mass about which the sperm duct makes four
to eight loose spiral turns. In some colonies
the cleavage of the testis into two glands is
incomplete. The ovary is elongated, lying,
when still small, beside the ascending part of
the sperm duct. The eggs in its posterior part
are the furthest advanced in development.

The spicule-forming organs (‘“‘Seitenor-
gane” of Michaelsen) are present in the zooids
of many colonies in the form of a rather large
oval depression containing small spicules on
each side of the thorax; in other colonies they
are not noticeable. A muscular retractor proc-
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ess may or may not be developed; if present
it is usually short.

DistriBUTION: This is a circumpolar spe-
cies and is one of the commonest ascidians in
those parts of the Arctic region lying to the
north of Europe and the Atlantic Ocean. It is
common about Spitzbergen, northern Nor-
way, Iceland, and on both the east and west
coasts of Greenland, ranging south on the
European side to Gullmar Fjord on the
Swedish coast (Arnbick, 1934) and to the
Faeroe Islands, but on the American side very
much farther south, as stated in more detail
below. On the Pacific side records are few, one
from Bering Strait and from a nearby part
of the Siberian coast of the Arctic Ocean are
given by Hartmeyer, 1924; and specimens
from St. Lawrence Island in the northern
part of Bering Sea are in the American Mu-
seun of Natural History. In most of Bering
Sea it appears to be absent.

Returning to its distribution on the eastern
American coast, we find it ranging south to,
and even a little beyond, Cape Cod, though
south of eastern Maine where Verrill reported
it at low-water mark in the vicinity of East-
port (the type locality), it is found chiefly on
the ledges and banks off shore in water at
least a few fathoms in depth. It grows at-
tached to stones, shells, sponges, etc., and
often on the larger simple ascidians. The lati-
tude of Boston is about the limit of its range
as a common species; south of that latitude
its distribution is local and irregular. It was
dredged by the United States Fish Commis-
sion in quantity a few miles off Chatham,
Massachusetts, at Stations 964 to 979, near
the southeastern angle of Cape Cod, in 10 to
16 fathoms, and at a few stations off Nan-
tucket and Martha’s Vineyard Islands,
United States Fish Commission Stations 762
to 767, about 11 miles southwest of Gay
Head on' the latter island in 16.5 to 18 fath-
oms, being the most southerly records. All
other specimens of supposed D. albidum from
south of Cape Cod, including localities on the
south side of that Cape, that I have examined
are of another species (see D. candidum luta-
rium).

Unless we include the deep-water form
which is treated in this work as D. albidum
polare, D. albidum is a species of shallow
water and moderate depths only, usually less
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than 50 fathoms, though there is a record of
110 fathoms near Cash’s Ledge in the Gulf of
Maine, and Hartmeyer reports one of 200 to
410 meters in a Greenland fiord. In this con-
nection, see the statements under D. albidum
polare.

Didemnum albidum polare (Hartmeyer), 1903

Didemnum polare HARTMEYER, 1909-1911, p.
1450.

Didemnum tenue HARTMEYER, 1909-1911 (in
part), p. 1451.

Leptoclinum polare HARTMEYER, 1903, p. 363,
pl. 14, figs. 18-21.

Leptoclinum tenue HERDMAN, 1886 (in part;
specimens from the North Atlantic only), p. 281,
pl. 40, figs. 3-5; HARTMEVYER, 1912¢, p. 279. (The
type of L. tenue was from the Strait of Magellan
and has nothing to do with this species.) Not L.
tenue Sluiter, 1898.

This is a deep-water form included by
Hartmeyer in his latest works (1921a, 1924)
in D. albidum without even subspecific dis-
tinction. Hartmeyer states that he found no
differences between the two, other than in the
form of the spicules, polare having stellate
spicules with acute conical points, as the
majority of species of Didemnum have, in-
stead of the rounded-off projections charac-
teristic of the spicules of D. albidum.

Though this view may be correct, I am not
in haste to adopt it, first, because there is a
conspicuous difference in the distribution of
the two forms in depth, and to some extent
geographically, and second, because usually
the spicules in any one colony are very defi-
nitely of one type or the other, colonies with
spicules of intermediate form being few, and
according to Hartmeyer's (1924) statement,
in no case did he find typical spicules of both
types together in the same colony; at most
there would be some intermediate forms
(“Uebergangsformen’’) present along with
the prevailing (“vorherrschend) type in the
colony.

DistrIBUTION: ‘According to Hartmeyer
(1924), who studied specimens from many
regions, only the typical albidum with spicules
with rounded projections occurs in shallow
waters. In a zone extending from a minimum
of 85 meters to 200 or 300 meters or a little
more, both types may occur. In greater depths,
down to 1047 (off the entrance to Davis
Strait) or possibly still deeper (1430 meters),
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the polare type is found exclusively. The few
colonies with spicules of intermediate form
found by Hartmeyer were from intermediate
depths, a minimum of 75 to 250 and 330
meters.

The colonies of D. a. polare are from Old
World or Arctic localities. They have not
been reported on the American side of the
Atlantic south of Davis Strait, or in the Ber-
ing Sea region.

Didemnum candidum Savigny, 1816
Plate 13, figure 4; text figure 35

Didemnum annectens VAN NAME, 1921, p. 484.

Didemnum candidum SaviGNy, 1816, pp. 14,
194, pl. 4, fig. 3, pl. 20, fig. 1; HARTMEYER, 1916,
p. 419, figs. 13, 14; MICHAELSEN, 1919, p. 18;
1920a (in part), p. 19; Van Namg, 1921, p. 323,
figs. 16~25; 1924, p. 25; MICHAELSEN, 1924 (in
part), p. 358; VAN NaME, 1930, p. 435, figs. 13, 14;
BERRILL, 1932, p. 77; PrRATT, 1935, p. 743, fig. 961;
PLOUGH AND JONES, 1937, p. 100.

? Didemnum cineraceum VAN NAME, 1921,
p. 484.

? Didemnum conchyliatum VAN NaAME, 1921,
p. 484,

Leptoclinum annectens HERDMAN, 1886, p. 280,
pl. 34, fig. 14, pl. 38, figs. 5-9.

? Leptoclinum cineraceum SLUITER, 1898, p. 30,
pl. 2, fig. 41, 41a, pl. 3, fig. 38.

? Leptochinum conchyliatum SLUITER, 1898, p.
29, pl. 3, fig. 47.

Leptoclinum speciosum~+L. speciosum var. as-
perum HERDMAN, 1886, pp. 274, 277, pl. 34, figs.
8-13, pl. 36, figs. 1-9.

Leptoclinum specsosum—+vars. bermudense, pa-
gets, hamiltons, harringtonense, acutslobatum, and
somersi VAN NAME, 1902, p. 363, pl. 52, figs. 37,
42-52, pl. 61, fig. 127, pl. 62, figs. 130c, 132, 134~
136.

Leptoclinum tenue SLUITER, 1898, p. 31 (not
L. tenue Herdman, 1886).

First described as an inhabitant of Ameri-
can waters by Herdman, 1886, under the
name Leptockinum speciosum, but it is now
generally regarded as inseparable from Sa-
vigny’s type of the genus, D. candidum from
the Red Sea. '

Colonies of the incrusting type, usually
thin (not over 2 or 3 mm. thick), though
sometimes measuring 60 to 70 mm. across or
more. When growing upon uneven objects
its thickness in some places may be greater.
This is its usual form of development when
growing on a continuous surface, but when it
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grows on an irregular branching object, as a
gorgonian; hydroid, or branching sponge, it
surrounds the branches and often binds to-
gether or encloses two or more of them. As it
grows larger it may finally entirely envelop
the object, covering all its branches and as-
suming more or less its form. In extreme cases
acolony mayhavethe formofalargeroundedor
dome-shaped mass with a deeply convoluted
and plicated surface penetrated in different
directions by numerous clefts, canals, and
passages of various diameters, giving the
colony as a whole a sponge-like character, as
far as its shape is concerned. There are zooids
and common cloacae opening on the walls of
the clefts and canals as well as on the outer
surface. The United States National Museum
contains such colonies dredged at stations in
the Gulf of Mexico in water down to 28 fath-
oms deep, that measure 100 to 130 mm. in
diameter. I regard them as resulting merely
from the original attachment of the colony to
an object of complex branching form as a
hydroid, alga, or perhaps a sponge, which in
course of time the ascidian may entirely en-
close and kill, the different lobes of the ascid-
ian colony finally uniting where they ap-
proach close together but leaving many clefts
and canals between them, thus forming the
sponge-like colony. Similar forms occur in the
Malayan representatives of this genus (see
Van Name, 1918, p. 148), and Sluiter (1909,
p. 67) has described a species, D. spongioides,
on the basis of such a colony form, a course
which dees not seem justified.

Color usually white, sometimes very pure
white, in other cases yellowish or less fre-
quently reddish or red; in turbid waters more
or less discolored with mud. Borders of the
colony varying from thin to thick and rounded,
surface very variable, sometimes quite even,
in other cases much wrinkled. The surface, if
comparatively free from spicules in the ex-
treme superficial part, may be somewhat
glossy and smooth to the touch, but any
abundance of spicules there renders it a dead
white and makes it feel slightly gritty. When
the spicules are abundant, the zooids, which
are yellow or in parts orange during life, may
be entirely concealed unless their branchial
apertures are expanded, but their positions
are often indicated by a small, low, rounded
elevation over the anterior end of each zooid.
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When less abundant the spicules are often
gathered chiefly in the upper layers of the
colony, leaving the deeper portions of the
test yellowish and translucent and the colony
comparatively soft. In some colonies the
branchial apertures are conspicuous in the

preserved condition, and each is surrounded
by a minute circle of more densely crowded
spicules within which the six-lobed character
of the aperture is indicated by six minute
groups of very small spicules. (This is, how-
ever, not always demonstrable and is not
peculiar to thisspecies.) Bladder cells are pres-
ent in the test in varying quantity; their
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number or distribution does not appear to
afford a diagnostic character. The systems in
which the zooids are arranged are of varying
size and form; except in small colonies a
number of common cloacal apertures are pres- .
ent, though in preserved material these are

Fi6. 35. Didemnum candidum Sa-
vigny. Zooid, X 40, and groupsof spicules
from different colonies, all X460.

=

usually by no means easy to demonstrate.
Different colonies vary very greatly in respect
to the clearness with which these systems and
the courses of the common cloacal ducts show
on the surface. These features may be very
conspicuous, so that the zooids are seen to be
arranged in groups or in branching and curv-
ing lines, or they may be impossible to follow
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out, the zooids appearing to be merely scat-
tered irregularly in the superficial part of the
colony.

In some colonies the spicules exhibit very
striking uniformity in size, in others they are
of various sizes, which may be present in
varying proportions; occasional abnormally
large spicules (‘‘giant spicules””) may be
found in a few specimens. The usual diameter
of the spicules varies in different colonies
from 0.025 mm. (sometimes even less) to
about 0.04 or 0.05 mm., rarely more. Com-
monly there is within a single colony great
uniformity in the shape of the spicules, as well
as in their size; different colonies, even those
growing side by side on the same stone, may
differ conspicuously in the type and average
size of their spicules. The illustrations here
given show typical groups of spicules from
different colonies and illustrate the principal
modifications that occur. Spicules showing
varying degrees of irregularity, imperfection,
or incomplete development are of course
often present, but in the majority of speci-
mens only in small proportion to the more
perfect ones.

Water of high calcareous content, as in
most places with many coral reefs and much
coral rock, is especially favorable for the de-
velopment of the colonies having large spicules
with long and well-formed conical rays. The
attachment of the colony to some rigid object
as a stone or shell is also favorable, while at-
tachment to a flexible object that allows of
even slight bending or movement of the test
is more likely to result in forming smaller
types of spicules with shorter and less perfect
rays or points.

In completing this description of the gen-
eral character of the colony, it should be men-
tioned that there are occasional colonies, ap-
parently of this species, which for some un-
explained reason develop very few spicules in
the test, so that the colony remains soft,
flexible, semi-transparent, and (in the pre-
served material) of a yellowish or grayish
color. The few spicules present are generally
in the upper parts of the colonies (sometimes
chiefly about the branchial apertures of the
zooids) and are of small size and usually
burr-like in form. Such colonies may attain a
large size and appear normal in all other re-

VAN NAME: NORTH AND SOUTH AMERICAN ASCIDIANS 85

spects except in the scarcity and poor devel-
opment of the spicules, though this deficiency
gives them a very different superficial appear-
ance. I have seen such colonies from widely
separated localities (Florida, Puerto Rico,
and South Carolina).

There are also colonies containing large
accumulations of dark-colored faecal pellets
in the cloacal canals and cavities and em-
bedded in the solid test substance. I quite
agree with Michaelsen’s view (1919, p. 11)
that this is merely the result of some abnor-
mal or pathological condition, the water cur-
rents being insufficiently strong to carry off
this waste material. Its presence in large
quantities may greatly alter the appearance
of the colonies and make it difficult to realize
that they belong to the same species as ner-
mal examples, and Sollas, 1903, even went so
far as to found a genus (Hypurgon) on a
colony of one of the common species of Di-
demnum exhibiting the above conditions.

When considerably expanded, the zooids
may measure 1.6 mm. in total length, even
in preserved material, but in most alcoholic
specimens they will be found strongly con-
tracted and often not more than 1 or 1.1 mm.
long. They have six lobes to the branchial
tube; these lobes vary greatly in length and
form in different colonies. A tapering muscu-
lar process, often of considerable length, ex-
tends out into the test from the constricted
middle part of the zooid; its development is
very variable in different colonies, though
often quite constant within the same colony.
Atrial orifice round, with a languet. Its border
is usually almost flush with the dorsal surface
of the thorax; even if slightly raised it is not
produced sufficiently to form a tube.

In adult zooids there are generally 16 ten-
tacles representing three orders (4+4+8),
but one or two of the large ones may exceed
the others in size, and the small tentacles do
not appear to be always developed.

Dorsal languets borne on the transverse
vessels of the left side of the branchial sac a
little removed from the median dorsal vessel.
Stigmata in four rows; 12 on each side was
the maximum number demonstrated in a
single row; in most cases the number in a row
does not appear to be so large, about 10 in
the anterior rows and as few as eight in the
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posterior row; in young zooids still fewer.

Stomach rounded; ascending part of the
intestine surrounded by a branching glan-
dular organ composed of from five to 10 thin-
walled tubules which unite to form a duct
opening into the proximal part of the intes-
tine just beyond the pylorus. One or more
valvular constrictions may be present in the
intestinal loop; their presence does not seem
to be a constant character.

Testis sometimes cleft into two completely,
or almost completely, separated lobes or dis-
tinct glands, but oftener it is undivided. I
have never observed it cleft into three lobes
or glands. The sperm duct usually makes six
or eight spiral turns about the testis. Ovary
consisting of a few eggs situated in the region
between the stomach and testis.

DistrIiBUTION: If we are correct in under-
standing this species in the above compre-
hensive sense, it is of very wide range in
tropical and moderately warm waters in both
the Old and New Worlds. Its synonymy is
unfortunately in great confusion, which the
efforts of Hartmeyer, Michaelsen, and others
are far from having successfully cleared up. I
believe, however, that it may be safely as-
serted that it has nothing to do with either D.
tenue (Herdman), 1886, or D. studeri Hart-
meyer, 1911b, which are inhabitants of the
colder parts of the Southern Hemisphere. It
also has nothing to do with D. albidum (Ver-
rill), 1871, though its subspecies lutarium
has, in the past, been confused with albidum.
(See under D. candidum lutarium, below.)

In American waters it appears to be con-
fined to the Atlantic side, ranging (if we in-
clude the subspecies lutarium) from the coast
of New Hampshire, or possibly southwestern
Maine, southward through the West Indian
region (also Bermuda) to include the warmer
parts of the Brazilian coast (Bahia was Herd-
man’s type locality of ‘‘Leptoclinum specio-
sum’’) and Sio Sebastiio Island on the coast
of the State of Sdao Paulo. Along the shore at
Bermuda, on the Florida reefs, and at some
West Indian points it is very abundant, in
some places probably the most abundant
ascidian. It occurs from tide level down to 30
or 35 fathoms but apparently not usually at
much greater depth. However, at one place
off Havana, Cuba, in the vicinity of 23° 10’
N., and 82° 20’ W., it was obtained at “Al-
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batross’’ Stations 2159, 2167, 2168, and 2323
(2264 was incorrectly also mentioned in my
1921 article) in considerably deeper water, 98
to 201 fathoms.

The typical form occurs at Bermuda and in
Florida waters, in the West Indies and south-
ward. Northward along the coast of the east-
ern United States the typical form is replaced
by the slightly distinguished subspecies
lutarium described below. In my article on
the Bermuda ascidians (1902) I described six
varieties based chiefly on differences in the
spicules (these are listed in the synonymy
above), but at the present time I do not re-
gard them as representing true races or sub-
species, or as worthy of detailed considera-
tion.

In its distribution in the Old World it has
been dealt with under various synonyms,
From the Red Sea it ranges eastward in the
warmer parts of the Indian Ocean to the Ma-
lay region; according to many authors
(Sluiter, 1927, Harant, 1927, 1933, etc.), it
occurs in the Mediterranean and on the At-
lantic coasts of Europe and northern Africa
also.

This is the most difficult of all the Ameri-
can ascidians to deal with from a taxonomic
point of view. I am far from being able to
overcome the fear that I am confusing more
than one species, but after the examination of
a large amount of material frem various
American localities I am at a loss to find a
reliable basis for dividing it by studying
museum specimens. If studies on the char-
acters and development of the eggs and lar-
vae and of the early stages of colony forma-
tion are made, they may furnish a clue for
making such a division.

Didemnum candidum lutarium Van Name, 1910
Plate 8, figure 2; text figure 36

Didemnium sp. PERKINS, 1869, p. 160.

Didemnum candidum lutorium VAN NAME,
1921, pp. 323, 330; PrATT, 1935, p. 743.

Didemnum lutarium Van NamE, 1910, p. 371,
figs. 8, 9, pl. 37, fig. 7; SUMNER, OSBURN, AND
CoLE, 1913, p. 731, chart 194,

Lepioclinum albidum METCALF, 1900, pp. 527,
562, 563, pl. 37, fig. 50, pl. 38, figs. 63, 64.

Leptoclinum albidum+L. a. var. luteolum VER-
RILL AND RATHBUN, 1879, p. 231; McDoONALD,
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1889, p. 858; VAN NaMe, 1902, p. 363, pl. 52,
fig. 40.

Leptoclinum albidum (in part)+L. a. var.
luteolum (in part) VERRILL, 1871, p. 446; 1872,
p. 212; VErRILL AND SwmiTH, 1873, pp. 706, 403,
etc.; VERRILL, 1879, p. 27; HErDMAN, 1886, pp.
287, 288.

This form is abundant and quite constant
in its characters on the southern part of the
New England coast, and in my article of 1910
I gave it the rank of a species. In the southern
part of its range, however, it does not appear
to be so definitely distinguishable from candi-

Fic. 36. Didemnum candidum luia-
rium Van Name. Zooid, X56. Spicules,
X 600.

dum and is, therefore, probably better con-
sidered a subspecies.

It forms incrusting colonies sometimes 100
mm. or more in diameter and 2 to 4 mm. thick
or even thicker in large specimens. The test is
chalky white, or somewhat tinged with yellow
or reddish (the basis of Verrill's var. luteo-
lum); the surface, owing to the minute size of
the spicules, is rather smooth to the touch
but often wrinkled, the furrows sometimes
indicating the common cloacal canals. Bran-
chial orifices of the zooids often conspicuous.
In even slightly muddy water the colonies are
apt to be discolored with mud.

The spicules are small, mostly under 0.02
mm. in diameter, and have rather short but
regularly tapering points or rays which are not
very numerous. Spicules are usually abun-
dant and close together in most parts of the
test.

Zooids average smaller and shorter than in
typical candidum, often in the preserved, con-
tracted state considerably under 1 mm. in

length; the branchial orifice has six very
short lobes; the atrial orifice is a rather small
plain opening without a languet. There is a
fairly long muscular retractor process. Ten-
tacles apparently 16 in number, 10 or 11 stig-
mata in a row on each side, in adult zooids;
perhaps a smaller number in the posterior
row. The stomach is globular; the intestine
has a valve or constriction some distance
from the stomach, and the tubules embracing
the intestine are clearly visible in some speci-
mens and are few in number with tapering
ends.

The testis is very frequently, but appar-
ently not invariably, divided into two distinct
glands which form a conical mass about which
the sperm duct is coiled, usually making
about eight or nine turns.

DistriBurioN: This is a northern geo-
graphical race of D. candidum. On the south-

‘ern coast of New England, including the

south shore of Cape Cod, this is the common
and, in most places, the only representative
of the genus in shallow water, and probably
all the published records of Leptoclinum albi-
dum and L. luteolum from that part of the
coast refer to it. It is abundant at Woods
Hole, Edgartown, and Vineyard Haven,
Massachusetts, on piles of wharves, shells,
stones, sponges, and large ascidians of other
kinds. It ranges, however, some distance
north of Cape Cod (tide pool at Ten Pound
Island, Gloucester, Massachusetts, Isles of
Shoals, New Hampshire, possibly to Casco
Bay, Maine), but on most of the Maine coast
and farther north it is replaced by D. albidum.
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Its southward ranges require more investiga-
tion. It is found along the Atlantic coast
south to Florida (both the east and west
coasts) in shallow water, but on the Florida
coast the typical candidum also occurs and
there may be intergradation. In Vineyard
Sound, Massachusetts, it occurs down to 15
fathoms or more in depth.

(See Van Name, 1910, p. 374, for state-
ments concerning confusion of this form with
D. albidum by Herdman, 1886, and others.)

Didemnum candidum fusiferum Van Name, 1921
Text figure 37

Didemnum fusiferum VAN NaME, 1921, p.
331, fig. 26,

Colony of the incrusting type, in some
parts quite thin (3 mm. or less) but some-
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Fic. 37. Didemnum condidum fusiferum Van
Name. Spicules, X460.
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times becoming thick and massive, especially
when growing upon irregularly shaped ob-
jects. Several large colonies from off Cedar
Keys, Florida, growing on branching gorgo-
nians, surround their branches, and where the
latter are near together envelop and bind
together two or more of them in the test,
which becomes very thick and massive (some-
times over 30 mm. thick where there are zo-
oids on all aspects). One of these irregularly
lobed and extended colonies measures not
less than 220 mm. by 125 mm. across, and has
thick rounded edges.

The zooids are visible through the test and
are arranged along -complex branching and
anastomosing common cloacal canals, which
in preserved specimens, but perhaps not so
clearly in fresh ones, are rendered conspicu-
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ous by furrows on the surface and by the dis-
tribution of the spicules described below.
The apertures are not conspicuous in most

- preserved material.

The special peculiarity of this form is in
the spicules, a considerable proportion of
them being fusiform, that is, composed of
two cones placed base to base. Such may be
regarded as two-rayed spicules. In the same
colonies are some spicules composed of four,
six, eight, or more such conical points; when
these points are sufficiently numerous the
spicule takes on the usual stellate form. The
spicules are generally too few to render the
colony opaque; they are distributed chiefly in
the upper parts of the colony and usually en-
tirely wanting in most parts of it. In many
colonies the spicules are present chiefly in the
small, variously shaped areas left unoccupied
by the zooids and cloacal canals, giving the
colony a mottled appearance, the spicules
forming whitish patches. In size they are not
unusual, the larger ones averaging 0.02 to
0.03 mm. from point to point. The occasional
occurrence of similar spicules in Didemnum
japonicum (Herdman), 1886 (p. 302, pl. 34,
figs. 1-7), is recorded, though most of the
spicules in that form are of the usual stellate
type. Among the perfectly formed spicules
are also imperfectly or incompletely formed
ones, and also crystalline and irregular de-
posits of calcareous material, which may much
exceed the true spicules in number and bulk.

Zooids large, 1.25 to 1.5 mm. or more long
when only moderately extended. They agree
too closely with those of D. candidum in their
characters to require separate description or
illustration. The muscular process extending
into the test is long and well developed; the
testis, as in D. candidum, may be either single
or distinctly cleft into two divisions.

DisTRIBUTION: The specimens are all from
off the west coast of Florida. The type and
also several other colonies (or perhaps frag-
ments of the same colony) are from Station
7147, steamer “Fish Hawk” (29° 52’ 10"’ N.,
83° 51’ 47" W., 3 fathoms, sand and coral);
some large colonies (see above) were collected
in the vicinity of Cedar Keys by the steamer
“Bache” in February, 1887, and some by the
American Museum of Natural History boat
“Thetis” near Tarpon Springs, in shallow
water, in 1942,
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This may be better regarded as only a
subspecies or form of D. candidum, though
originally described as a species.

Didemnum vanderhorsti Van Name, 1924
Text figure 38

Didemnum vanderkorstt VAN NAME, 1924, p. 25,
fig. 1; 1930, p. 438.

Colony of the flat incrusting type, in some
parts often rather thick (3 to 5 mm. or even
more), and sometimes several centimeters
across. (See statements below on the measure-
ments of certain specimens.)

The colonies all have a more or less deep
chocolate brown color, due largely to pigment
in the test cells, but apparently also to a suf-
fused brownish color in the test and tissues of
the zooids. In spite of its coloration, the test
remains quite transparent; the zooids are dis-
tinctly visible through it, and even some of
their internal characters can often be seen
without removing them from it. The zooids
are numerous and closely placed and can be
seen to be arranged in systems of more or less
complexity, but usually neither the limits of
these systems nor the common cloacal aper-
tures can be definitely distinguished.

Spicules are usually almost entirely (in
some colonies perhaps entirely) wanting. In
the type colony they are present in a few
places; they are irregularly distributed and
very minute, oftener under than over 0.01
mm. in diameter, and of burr-like or nearly
spherical form, points being often scarcely at
all developed. A specimen from Florida has
larger spicules, often 0.015 or more.

The zooids are small, usually considerably
under 1 mm. in length in the somewhat con-
tracted preserved condition. They present
no characters unusual in the genus.

The branchial tube is well developed, with
six small triangular lobes to the aperture;
atrial aperture is rather small, its opening not
produced into a tube and not provided with a
languet. The mantle has a few slender longi-
tudinal bands on the thorax; the abdomen is
not muscular. The mantle cells do not con-
tain pigment, and the thorax, therefore, ap-
pears lighter colored than the surrounding
test, thus causing the zooids to be more con-
spicuous from the exterior of the colony than
would otherwise be the case.

VAN NAME: NORTH AND SOUTH AMERICAN ASCIDIANS 89

The zooids of the type colony have a well-
developed muscular process extending out
into the test from the contracted region of the
body, but this is not always present. Ten-
tacles apparently 16 in number, representing
three orders (4444 8). Dorsal languets sit-
utated on the left transverse vessels of the sac
removed a little way from the median dorsal
vessel. Stigmata in four rows with at least 10
in a row on each side in the first two or three
rows; possibly not quite so many in the pos-
terior row.

Stomach rounded, intestinal loop large
with a more or less distinct valve-like con-
striction a little way beyond the stomach.
Many of the zooids have both male and fe-

Fi16. 38. Didemnum vanderhorsti Van Name.
Zooid, X56.

male organs well developed. Testis single, of
large size when fully developed, situated in
the rear ventral region of the abdomen: the
sperm duct is coiled in six or seven turns upon
its conical outer surface. The ovary, situated
beside the ascending part of the intestine,
consists of a small group of eggs in different
stages of growth.

DistriBUTION: Though but few specimens
referable to this species have come to my
notice, it appears to be widely distributed in
the West Indian region, occurring, as far as I
know, only in the shallowest water. The type
locality is Curagao, four specimens obtained
in a shallow bay, the Spanish Water, the type
and largest of them 20 mm. in diameter.
Other localities: Montego Bay, Jamaica,
specimens covering the back of dromiid crabs,
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one of them over 50 mm. in greatest width,
and Tortugas, Florida, on dead coral on a
shallow flat.

Apparently it is not confined to the At-
lantic side of the continent, as the American
Museum of Natural History has an elongated
colony of extremely irregular shape and thick-
ness which measures in extreme length no
less than 210 mm. and at one place over 60
mm. wide, received from E. F. Ricketts who
collected it at Concepcion Bay, Gulf of Cali-
fornia, also a small specimen which I collected
at Pacheca Island, Bay of Panama. At pres-
ent I do not know of any reason other than
the obvious geographical one for treating
these specimens as distinct from the West
Indian ones.

Didemnum studeri Hartmeyer, 1911

Didemnum studeri HARTMEYER, 1911b, p. 538;
1912b, p. 322; MICHAELSEN, 1919, p. 23 (4var.
magalhaense, p. 28); 1924, p. 342; SLUITER, 1932,
p- 18.

Leptoclinum *‘undescribed specimens” HERD-
MAN, 1886, p. 283.

Not D. studers var. africanum Michaelsen, 1919,
p. 29; 1924, p. 344.

This is an incrusting Didemnum found
chiefly if not exclusively in shallow waters,
described by Hartmeyer from Kerguelen Is-
land (Observation Bay) from specimens
growing on the roots and stems of kelp
(Macrocystis). That seems to be its common-
est object for attachment; the colonies may
surround the stems for several centimeters;
but it grows also on stones, mussel shells, etc.

The colonies do not appear to have con-
spicuous distinguishing features externally;
the spicules, however, are fairly large, 0.02
to 0.03 mm., or, in exceptional cases, 0.036
mm. in diameter, and are of spherical form
with rather short projections comparable to
those found in D. albidum, though not
rounded as in that species, but less regular
and separated by angular clefts, not by sad-
dle-like depressions.

The zooids are described by Michaelsen,
1919, on the basis of Magellanic material as
1.2 mm. long when fully grown. Their bran-
chial aperture has six short lobes; the atrial
aperture is a simple oval hole near the mid-
dle of thorax or farther forward, without an
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atrial languet. The thoracic lateral organs
vary from rather small to moderately large;
they are on the posterior part of the thorax.
A fairly long muscular retractor process is
present, also often two or three vascular proc-
esses. Tentacles of three orders, 32 in num-
ber when all are developed.

The individuals mostly have the organs of
both sexes; the ovary often with one very
large egg. The testis is sometimes single and
entire but oftener cleft into two or three
glands forming a conical group about which
the sperm duct usually makes seven or eight
spiral turns.

DistriBUTION: This appears to be a cir-
cumpolar species in the Subantarctic regions
and to be fairly common in shallow water
(especially on kelp) in the Magellanic region
and about Tierra del Fuego. Reported from
South Georgia by Sluiter, 1932.

Michaelsen’s conjecture (1919, p. 23) that
there is a close relationship between this spe-
cies and the Didemnum found at Bermuda
(referred to D. candidum in the present work)
overlooks, among other things, the entirely
different temperature conditions under which
the two species live. A three-parted testis is
also very rare (if it occurs at all) in the Ber-
muda forms, but very frequent, if not the
usual condition, in studeri.

Didemnum tenue (Herdman), 1886

Didemnum studeri var. africanum (in part)
MICHAELSEN, 1919, p. 29; 1924, p. 344; Harrt-
MEYER, 1912b, pp. 374, 375.

Leptoclinum asperum (in part) SLUITER, 1900,
p. 19.

Leptoclinum tenue (in part, not specimens from
North Atlantic) HerpmaAN, 1886, p. 281, pl. 39,
figs. 811 (not pl. 40, figs. 3-5). Not Sluiter, 1898,
p. 31,

This is an incrusting species very similar to
D. candidum in the general character of the
colony; in fact, it is its cold-water and deep-
water habitat in the Subantarctic region of
South America that leads us to regard it as
distinct from the other American Didemnums
rather than the existence of distinctive char-
acters of which we are aware in the present
state of our knowledge.

In fact we know but little about it, as
nearly all the details (including the arrange-
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ment of the spicules about the orifices) stated
or figured by Herdman would apply equally
well to many other species of the genus. The
specimens are of the incrusting type, usually
thin and of small size; the spicules of moder-
ate size, not very closely packed in the test,
of stellate form with fairly long acute rays or
points. The zooids are described as large and
conspicuous, with few (8 to 10) and short
tentacles, the testis (evidently single) is
“large and has the vas deferens coiled spirally
around it.”” They thus appear to differ from
D. studeri also of the Magellanic region in the
stellate spicules and the single testis (studeri
usually has it two- or three-parted).

DisTriBUTION: Type locality, “‘Challenger”
Station 308, 50° 08" 30 S., 71° 41’ W, 175
fathoms; other localities, ‘““Challenger” Sta-
tion 311, at west end of Strait of Magellan,
245 fathoms; ‘“‘Challenger” Station 320, off
the mouth of the La Plata River, 37° 17’ S.,
53° 52" W., 600 fathoms. Herdman’s other
localities evidently apply to different species.
It is thus, as far as the type material shows, a
species of quite deep water, but it is quite
probable that it also occurs in shallower water
in the Magellanic region and that it may also
have a much wider distribution in the Sub-
antarctic, but this requires further investiga-
tion. A specimen obtained in Teal Inlet,
South Georgia, by W. L. Schmitt, may ap-
parently be referred to this species.

D. tenue is attributed to the West Indies
by a mistake by Hartmeyer (1912b, p. 375).

Didemnum biglans (Sluiter), 1906

Didemnum biglans HARTMEYER, 1911b, p. 499,
pl. 46, figs. 7, 9, pl. 55, figs. 5-9; MICHAELSEN,
1924, p. 357; ? Co1rrmaNN, 1933, p. 1.

Didemnum gaussi+ ? Didemnum sp. MICHAEL-
SEN, 1919, p. 30.

Leptoclinum biglans SLUITER, 1906, p. 29, pl. 2,
figs. 27, 28; ? MICHAELSEN, 1907, p. 39.

Colony usually small, normally of the in-
crusting type, not over 2.5 to 3 mm. thick and
20 to 25 mm. in extent, but when growing
upon ramifying algae or bryozoans it com-
monly surrounds and encloses the branches,
becoming thicker and more massive and de-
veloping zooids on all sides.

The test is semi-transparent and commonly
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of some shade of pale gray, sometimes slightly
tinged with a violet or with reddish or brown-
ish, and of rather firm, slightly cartilaginous
consistency. It allows the zooids to be more
or less distinctly visible. Minute, calcareous
spicules of burr-like form, the longer ones
usually not over 0.018 to 0.025 mm. in di-
ameter, and in some colonies by no means
reaching even such small dimensions, are
present in the test. Though very few in some
colonies, they are usually quite abundant in
the surface layer, to which they give a whitish
tinge; and by being more crowded about the
branchial apertures of the zooids, they render
these apertures and the position and arrange-
ment of the zooids more conspicuous. In the
interior of the colony, spicules are compara-
tively scarce or wanting. In small colonies, at
least, the zooids apparently form but one ex-
tensive system.

This is a species in which there is an active
spicule-forming focus in the test on each side
of the thorax of the zooid, and a compact,
rounded, or oval mass of the spicules very
conspicuous from its white color results from
their activity. The spicules of these masses
appear to remain together and not disperse
into the surrounding test, at least not for a
long time. All the authors who have described
this species have noted the presence of these
white masses of spicules close beside, or often
indenting, the lateral surface of the thorax,
one on each side of the latter. They are also
conspicuous in the colonies from Neny Fjord
that I have examined, and while not invari-
ably well developed, are very often of assist-
ance in recognizing the species.

The zooids are rather small, usually from
1.5 to 2 mm.,, less often 2.5 mm. long in the
preserved condition. They have the usual
characters of this genus; a six-lobed branchial
aperture, a rounded atrial aperture with a
small languet, four rows of stigmata with
eight or nine, possibly sometimes 10, in a row
on each side. The proximal part of the intes-
tine is narrow for some distance from the
stomach, then it enters the abruptly enlarged
ascending part of the tract. Unfortunately, no
gonads were found in the specimens I have
examined, though in some cases numerous
larvae were present in cavities in the test.

Hartmeyer, who made a careful study of
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this species (1911b), describes and figures the
testis as formed of two distinct or nearly com-
pletely separated glands, while Sluiter appar-
ently considered it as single. Both authors are
agreed that the sperm duct makes but few
(three or four) spiral turns about the male
gonad. In this genus, unless very well-pre-
served specimens are available, the division of
the testis, even if present, is not always easily
observable, and I cannot attribute much im-
portance to this discrepancy.

DisTRIBUTION: It seems to me that with
such information as is now available, we are
justified in believing that only specimens from
the Antarctic regions belong to this species;
from Port Charcot, 40 meters (type locality),
and Schollaert Canal, 30 meters (Sluiter,
1906); Neny Fjord, Palmer Land, 15 fath-
oms, and Horseshoe Island, 67° 05’ 40"’ S., 67°
17" W., 19 fathoms (specimens in the United
States National Museum). Also, in the East-
ern Hemisphere, from numerous stations at
Kaiser Wilhelm II Land in 350 to 385 meters
(Hartmeyer, 1911Db).

It seems likely that Michaelsen’s record
from Punta Arenas (see Michaelsen, 1919)
and Coifmann’s (1933) from the Chonos Is-
lands on the Chilean coast refer to other spe-
cies.

Didemnum chilense Arnbick, 1929
Text figure 39

Didemnum chilense ArNBAck, 1929, p. 19,
fig. 5, pl. 2, figs. 17, 18.

F16. 39. Didemnum chilense Arnbick. Zooids,
X 35. Spicules, X350. After Arnbiick.
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Colonies thin, with uneven surface grayish
white in color growing over the surface of
galanoid shell fragments. Spicules very small,
of regular stellate shape with pointed rays.
Zooids numerous, densely arranged, measur-
ing scarcely 1.5 mm. in length. Muscular proc-
ess well developed. Branchial siphon with six
small triangular lobes. No atrial languet.
Atrial aperture when expanded of very large
size. As far as could be observed, the male
gland was undivided.

Locavrity: Off the Guaitecas Islands, Chile
(latitude 44° S.), depth about 23 meters.

Didemnum santa-elenae, new species

This species is based on a large number of
small, incrusting colonies growing on simple
ascidians (Pyura bradley:), barnacles, stems
of algae, etc. They are usually about 2 mm.
thick or in many cases-even less, and (perhaps
because of the objects on which they grew) of
very irregular outline and of small extent, a
transverse measurement of over 2 or 3 cm.
being infrequent.

The colonies are rather soft in consistency,
semi-transparent, allowing the yellowish zo-
oids to be seen, and of a light brown color with
a tinge of reddish, in the preserved material.
This color is diffused in the test.

The surface of the colony is glossy when
wet but more or less uneven, often slightly
raised over the anterior end of each zooid.

The spicules are very small, mostly be-
tween 0.01 and 0.017 mm. in diameter and of
burr-like form; spherical, with numerous
small, short, usually more or less acute pro-
jections. In most parts of the colony they are
thinly scattered; in the superficial layer they
are more numerous, and by being more nu-
merous about the branchial apertures of the
zooids make the latter more noticeable under
low magnification. The zooids are numerous
and quite closely placed, and in many cases
their arrangement in extensive systems can be
noticed. Common cloacal apertures are often
visible; they are large and few in number, in
small colonies commonly but one.

The zooids are typical of the genus Didem-
num but are much contracted and not over 1
mm. long in the specimens available, the
thorax being shortened into an oval form of-
ten little longer than wide, and the stout en-
dostyle bent into a semicircular curve by the
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contraction of the strong longitudinal muscles
of the mantle.

The branchial siphon is six-lobed ; the atrial
orifice is without a languet and appears to be
a plain opening of moderate size. The ten-
tacles could not be counted; there are four
rows of stigmata with apparently about 10 in
the first three rows, and perhaps fewer in
the last row, but accurate counting was not
possible in the contracted condition of the
thorax.

A short but fairly narrow constriction sepa-
rates off the abdomen from the thorax. A
rather short retractor process extends ob-
liquely from the constricted part of the body.
The alimentary tract forms a rather small
loop. The gonads are, as usual, situated be-
side it; many of the zooids have the organs of
both sexes, a large undivided testis about
which the sperm duct may make as many as
10 or 11 spiral turns, besides an ovary con-
taining one every large egg. Many large tailed
larvae are present in the cavities of the col-
ony, but no budding was observed.

LocaLity: Salinas, near Punta Santa
Elena, Ecuador, littoral. Many colonies col-
lected September 13, 1926, by Waldo L.
Schmitt. Type colony in the American Mu-
seum of Natural History (A.M.N.H. No.
1843); a piece of it also is in the United States
National Museum.

The specimens are all from one locality, but
it is in a region from which no members of
this genus have been recorded. While the
zooids exhibit no unusual characters, the
very minute size and small number of the
spicules, and the rather transparent test and
characteristic coloration of the colonies
(which, however, may have been somewhat
different during life) have made it impossible
for me to assign these specimens to any de-
scribed species, while the large number of
colonies collected agreeing perfectly in their
details indicates that their characters are not
individual peculiarities. '

Didemnum carnulentum Ritter and Forsyth, 1917
: Text figure 40

Didemnum carnulentum RITTER AND FORSYTH,
1917, p. 470, pl. 39, fig. 11, pl. 44, figs. 57-59;
JonnsoN AND SNOOK, 1927, p. 596, fig. 696.

See also remarks on D. carnulentum var. lac-
teolum below.

VAN NAME: NORTH AND SOUTH AMERICAN ASCIDIANS 93

Described as follows by Ritter and For-
syth:

‘““Thin and encrusting and of considerable
expanse, often half a foot or more; thickness
4 mm. or less. Color typically the pink of the
human skin but varying to opaque white.
Position of the zooids indicated by small spots
caused by accumulation of spicules; these
spots often appearing in double rows which
surround islands of gelatinous-appearing
semitransparent test and giving surface a
reticulated appearance. Spicules varying in
diameter from .19 to .075 mm. [see remarks
below], their blunt rays springing from a
spherical nucleus; confined mainly to upper-
most stratum of colony. Bladder cells, usually
polygonal from mutual pressure but free from

Fic. 40. Didemnum carnulentum Ritter and
Forsyth. Spicules, X950.

spicules, make up lower layer of test. Bran-
chial sacs of zooids embedded in upper
spicule-bearing stratum, their abdomens ex:
tending about halfway down into bladder-
cell stratum. Upper stratum of test having
spaces in it which seem to serve for communmni-
cation with the common cloacal orifices, zo-
oids not being arranged with any reference to
these openings. Cloacal orifices comparatively
few in number and large; branchial orifices
small openings in center of spots caused by
closely set spicules.

“Zooids: From 1 to 2 mm. long, depending
upon thickness of colony; made up of thorax
and abdomen. Mantle with no muscle fibers
visible. Color orange.

“‘Branchial System: Branchial siphon with
six distinct, usually pointed lobes, located in
middle and anterior part of branchial sac.
Atrial siphon a plain round opening on dorsal
side opposite middle of sac. Branchial sac
with four series of stigmata, each having
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about six in a half-series; stigmata elliptical.
Endostyle proportionately very broad. Dor-
sal languets three. Branchial tentacles eight,
very small. Two strong muscle bands from
dorsal part of branchial sac continue to near
the recto-esophageal collar where they ter-
minate in a free process.

“Digestive System: An elongated loop
with arms closely applied but open at bend.
Esophagus proportionately large, emerging
from middle posterior part of branchial sac;
often as much as three times the length of sac.
About two-thirds of itslength from sac, esoph-
agus bound to rectum by a band. Stomach
almost globular with smooth surface; its long
axis slightly inclined to that of zooid. First
part of intestine, about equal in length to
stomach, connected by a portion equally long
but of smaller diameter with rectal arm of
loop; anus very near atrial opening.

“Reproductive System: Large undivided
testis situated on left side of intestinal loop;
on its rounded mound-like surface is the
coiled vas deferens, coil having six turns.
Ovary, usually containing one large egg and
several very small ones, located between
stomach and testis; ripe eggs almost as large
as branchial sac. No oviduct appears to be
present and how eggs are discharged is not
definitely known. Large tadpoles found in the
test of some colonies.”

‘‘Breeding Season: Colonies containing
many tadpoles in June, but few or none in
January or February." ,

DisTrIBUTION: According to Ritter and
Forsyth: “In littoral zone but never at limit
of high tide; usually on under sides of rocks.
Abundant ‘at La Jolla and on all rocky
beaches of the San Diego region. Although
this species has not been found at any other
point, in all probability this is due to insuffi-
cient collecting."”

In, and in the vicinity of, Newport Bay it
appears to be rare or absent.

The American Museum of Natural History
has numerous specimens from littoral sta-
tions in the Monterey Bay region and from
many parts of the Gulf of California in which,
as material received from E. F. Ricketts
shows, it is common from the south end at
least as far north as Tiburon Island and
Angel de la Guardia Island; also one from the
harbor of Panama City. Greatest depth re-
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corded, 10 to 15 fathoms. One specimen grew
on the back of a crab.

In most characters these specimens agree
well with the above description of D. carnu-
lentum, and I believe they should all be re-
ferred to this species. In preservation they
are all white; those that I collected myself at
Pescadero Point near Pacific Grove on inter-
tidal rocks were pale flesh-colored when fresh.
But I find few colonies having any spicules
over 0.035 to 0.045 mm., measuring to the
tips of the points; in most cases they would
average a good deal smaller; and as the
spicule diameters given by Ritter and For-
syth are astonishingly large (I know of no
Didemnidae in which such spicules prevail),
I must assume a displacement of the decimal
point in the measurements given by those
authors. While some colonies have spicules
with blunt rays as the prevailing form, in
more cases I find the spicules with very sym-
metrically formed conical points, as shown in
Ritter and Forsyth'’s figure 59 and in the fig-
ure given here, although quite frequently the
points are longer and slenderer than shown in
those figures. As a rule, most of the spicules
are remarkably uniform in shape and often
also in size throughout any single colony. I
found more stigmata in a row (at least seven
or eight on each side) than the number given
by Ritter and Forsyth in the few cases in
which they could be counted.

In the above article Ritter and Forsyth also
describe the following variety:

Didemnum carnulentum var. lacteolum Rit-
ter and Forsyth, 1917 (p. 471, pl. 40, fig. 23,
pl. 44, fig. 60), which differs in the following
particulars:

“Encrusting and very thin, never of the
great extent of Didemnum carnulentum; 1
mm. and less in thickness. Color pure white,
due to numerous calcareous spicules varying
in size fron .15 to .065 mm.; spicules very
numerous in lowermost stratum of colony,
zooids extending into both upper and lower
limy strata. Bladder cells not conspicuous but
present around closely packed zooids. Zooids
very similar to those of Didemnum carnulen-
tum but smaller. The atrial orifice proportion-
ately much larger, often over half the length
of branchial sac. Testis almost spherical when
fully ripe and half as large as sac. Coil of vas
deferens contains seven turns. Ripe ova gi-
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gantic, even larger proportionately than in
carnulentum. Budding similar to that of T'ri-
didemnum della vallei. Breeding season in
June” (Ritter and Forsyth.)

DISTRIBUTION OF D. carnulentum VAR.
lacteolum: ““On under sides of rocks in the lit-
toral zone and in the holdfasts of kelp, hence
from depths of a few fathoms. Common at
La Jolla and in the San Diego region” (Ritter
and Forsyth).

With the material available I am not able
to express any definite opinion in regard to
the constancy or importance of the differ-
ences separating this from the typical carnu-
lentum.

SuBGENUS POLYSYNCRATON (NotT), 1891

Differs from the typical subgenus of Di-
demnum in having the testis divided into
several entirely separate glands, disposed in
a circular group, about which the sperm duct
coils. The typical species (including the West
Indian form) have an atrial languet. (See
Hartmeyer, 1912b, p. 325, for a discussion of
this group.)

Didemnum (Polysyncraton) amethysteum
(Van Name), 1902

Plate 18, figure 3; text figure 41

Didemnum (Polysyncraton) amethysteum VAN
NaME, 1921, p. 333, figs. 27-29; 1930, p. 439,
figs. 15, 16; BERRILL, 1932, p. 77.

Polysyncraton amethysteum VAN NAME, 1902,
p. 366, pl. 54, figs. 62, 64-67, pl. 58, fig. 102;
HARTMEYER, 1912b, p. 325.

The colonies in this species are of the flat,
incrusting type; the upper surface is nearly
smooth and even; the thickness of the colony
is about 3 mm., and the greatest diameter
rarely over 25 or 30 mm. In spite of their
small size, they are during life of striking ap-
pearance. The test is transparent and of a
handsome purple or rose purple tint which
fades to yellow on preservation. The color is
due to pigment in the test cells. The zooids
during life are bright red. The upper surface
layer of the colony contains a layer of small
white burr-like or almost spherical spicules,
but small oval areas about the branchial
apertures of the zooids and a larger central
area on the upper surface of the colony, sur-
rounding the common cloacal aperture (there
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appears usually to be but one), are without
spicules except for small V-shaped groups of
them corresponding to the six lobes of the
branchial orifices. The white spicule-covered
areas show in strong contrast to the deep
purple exposed areas of the test. The layer
containing the spicules may readily be
stripped off.

Spicules always small, 0.015 or 0.02 mm. in
diameter or even less, with short and often

Fic. 41. Didemnum (Polysyncraton) amethys-
teum (Van Name). Zooid, X40. Spicules, X460,
and part of surface of colony showing distribution
of spicules in the superficial layer of test, X11.

more or less blunted rays, so numerous that
the spicule appears nearly spherical except
except under high magnification. :

Zooids about 1.5 mm. long when well ex-
panded. Body strongly constricted between
thorax and abdomen; a tapering muscular
process extends ventrally and posteriorly out
into the test from the constricted part of the
body. Branchial aperture six lobed, atrial
plain, with a languet at its anterior border.
This languet is, in well-expanded zooids,
fairly long and wider toward the end, where
it is slightly forked. In strongly contracted
individuals it is merely a small tongue-like
projection.

Well-developed longitudinal muscle bands
present on the thorax. Tentacles at least eight
in number; additional smaller ones are prob-
ably present. The dorsal languets apparently
arise from the transverse vessels of the left
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side, but the sac was too much contracted in
the specimens studied to determine this satis-
factorily.

Stigmata in four rows: apparently about a
dozen in a row on each side. Male reproduc-
tive organs consisting of a group of usually

Fi1G. 42. Leptoclinides faerdensis Bjerkan. Zooid,
x40.

about five or six radially disposed, pear-
shaped testes, whose narrow ends are con-
nected with the origin of the common sperm
duct by very short individual ducts. The com-
mon sperm duct makes about five loose spiral
turns about or upon the whole group before
accompanying the distal branch of the intes-
tine. Ovary between the testis and stomach.
Eggs very large when fully grown.
DistriBuTION: This is a moderately com-
mon species at Bermuda on stones along the
shore and in other shallow situations. I have
also found it growing on calcareous algae on
the banks near Soldier's Key, Biscayne Bay,
Florida. It occurs at Puerto Rico, where
specimens were taken on a Microcosmus
growing on a pile in Guanica Harbor, and
others dredged off Point Brea and off Guanica
Harbor in 35 to 100 feet, and I have seen
specimens from the Colombian Caribbean
coast near Cape Vela. The type (from Ber-
muda) is in the Yale University collection.

Genvus LEPTOCLINIDES BjerxaN, 1905
Differs from Didemnum only in having the
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atrial opening at or posterior to the middle of
the thorax and produced into a short tube
with a circular, often slightly funnel-shaped
orifice which is often directed obliquely back-
ward. There are four rows of stigmata; the
sperm duct is coiled; the testis may be single
or divided.

This is hardly worthy of more than sub-
generic rank, but is commonly recognized asa
genus.

Leptoclinides faerdensis Bjerkan, 1905
Text figures 42, 43

Leptoclinides faerdensis BJERKAN, 1905, p. 20,
pl. 3, figs. 4-6; 1908a, p. 99; Van Name, 1910,
p. 374, figs. 10-12, pl. 39, fig. 14; HARTMEYER,
1912b, pp. 374, 379; 1922a, pp. 25, 44, fig. 7; 1924,
p. 164, pl. 1, fig. 24.

For other references, see Hartmeyer, 1924. The
specific name has been misprinted faroénsis and
faerderensis.

This deep-water species forms irregular,

thick, incrusting colonies often massive and
of considerable size (in one case 85 mm. in

FiG. 43. Leptoclinides faerdensis Bjerkan. Upper
group, typical spicules, X600. Lower group, im-
perfect spicules, from a specimen from very deep
water (1582 fathoms), Xx600.

greatest diameter and no less than 25 mm.
thick at one point). The zooids occupy only
the superficial part of the colony; the spicules
are also most abundant near the surface of
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the colony. In its interior it is composed of
test substance of firm consistency and yellow
color containing scattered spicules.

The character of the surface is variable;
the alcoholic specimens are yellowish or gray-
ish white owing to the abundance of spicules
in the superficial parts. The surface is often
slightly raised in small rounded elevations
over the position of each zooid; the branchial
apertures are commonly quite conspicuous;
the common cloacal apertures are large and
very few, apparently but one in small colonies.

The spicules are rather large and usually
have rather long and not very numerous con-
ical points, and in many colonies are beauti-
fully regular in form and rather uniform in
size in the superficial parts of the common
test. They do not usually much exceed 0.05
mm. in diameter.

The zooids are rather large, the specimen
figured, which was fairly well expanded, meas-
uring 1.7 mm. long. Their body is usually
strongly constricted or strangulated between
the thorax and abdomen; their most con-
spicuous- feature is the large, inversely fun-
nel-shaped atrial siphon, which arises far
back on the dorsal side of the thorax and is
directed more or less obliquely backwards.
The margin of its aperture is plain or slightly
sinuate.

The zooids had 16 or more oral tentacles of
at least three sizes, and there were four rows
of stigmata with 11 on each side in the an-
terior rows and about nine in the last row in
the specimens studied. The testis is undivi-
ded; the sperm duct is coiled in only a few
turns.

DisTRIBUTION: This species has a wide
range in the deeper waters of the northern
seas, but most of the records are south of the
Arctic Circle. In Old World waters it occurs
in the vicinity of Iceland (Bjerkan's type was
from northwest of that island in 590 meters),
near the Faeroes, the Norwegian west coast,
and south of Spitzbergen; on the American
side in Davis Strait, off Newfoundland and
Nova Scotia, and southward (farther than
in any other region) in the deep water off our
northeast coast. Colonies were dredged by the
“Albatross’” at Station 2429, 42° 55’ N., 50°
51" W., 471 fathonis, gray mud; and in 42°
53’ N., 59° 04’ W., 100 to 150 fathoms; Sta-
tion 2523, 41° 48’ N., 65°44’ W, 111 fathoms;
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also (based on poor specimens) Station 2264,
37° 07’ 50" N., 74° 34’ 20" W., 167 fathoms,
gray sand. There appear to be no American
records (and few Old World ones) of less than
100 fathoms, but it ranges down to great
depths. Hartmeyer records it from 1251 and
1505 meters, and two specimens were ob-
tained by the “Albatross’ at the great depth
of 1582 fathoms, at Station 2228, 37° 25’ N.,
73° 06’ W. Though the zooids are not well
preserved and the spicules, as would be ex-
pected at such a depth, are less well formed
than usual, the spicules from one colony show
in many cases the characteristic form of their
rays or points, so that I do not feel doubt in
referring the colonies to this species.

Leptoqlinides brasiliensis Michaelsen, 1923

Leptoclinides brasiliensts MICHAELSEN, 1923,
p. 34, fig. 6; 1930, pp. 512, 513, fig. 3d.

A species known only from Michaelsen’s
description. It forms thin (} to1 mm. thick),
brittle, rough, incrusting colonies on branch-
ing sea weeds. Color light gray to yellowish or
brownish gray.

The test contains many bladder cells and
calcareous spicules very unevenly distrib-
uted. The spicules are quite regularly stellate,
some of them up to 0.075, a few as much as
0.095 mm. in diameter, but usually smaller,
and have fairly long, numerous, and well-
formed conical points.

Zooids arranged in complex systems; their
location is indicated on the surface by small
rounded areas with fewer spicules. The com-
mon cloacal openings were not distinguish-
able. Zooids small, up to 13 mm. long, the
branchial tube large and funnel shaped,
smooth margined, without any trace of lobes;
the atrial tube very large, conical, ending in a
small ‘smooth aperture. Its expanded base
occupies much of the dorsal side of the thorax;
it is usually directed obliquely posteriorly.
Both tubes with well-developed circular mus-
cles. There are six narrow longitudinal muscle
bands on each side of the thorax, also a large
oval spicule-forming organ on each side.

Branchial tentacles apparently normally
24, of three orders. Branchial sac apparently
(“anscheinend”) with four rows of stigmata.
’Irgirteen were demonstrated in a row on each
side.
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Stomach nearly spherical; the middle part
of the intestine separated from the proximal
and distal parts by deep constrictions.

No zooids with both male and female re-
productive organs were found. The male or-
gans consist of two or three, rarely four, pear-
shaped testes arranged radially with the small
ends joined together (‘‘verwachsen”). The
sperm duct makes about six loose turns
about the group of testes. In the female
zooids no ovary was found, but a single large
egg, 0.18 mm. in diameter, was present in the
abdomen of some individuals, and some large
eggs and larvae in cavity in the common test.

Locavrity: Atlantic Ocean off Brazil, lati-
tude 09° S., 18 fathoms.

The uncertainty regarding the number of
rows of stigmata makes the generic position
of the species likewise somewhat doubtful.
Michaelsen in his original description calls
attention to the fact that the common cloacal
canals are largely very deeply situated in the
colony; later (1930) he describes and figures
them as lying chiefly below the layer con-
taining the zooids, which explains the ob-
liquely posterior direction of the atrial tube.

GeNus TRIDIDEMNUM DeLLA VALLE, 1881

Differs from Didemnum in having but three
rows of stigmata. The testis is a single un-
divided gland about which the sperm duct
coils as in Didemnum. No atrial languet is
present; the atrial aperture is a plain opening,
often situated with back toward the posterior
end of the thorax, which in some of the spe-
cies is produced into a short tube. Stellate
calcareous spicules, usually large and with
well-formed conical points, are present in the
test of most species.

The slight differences in structure and
other characters of the species of this genus
make it a most difficult one to deal with, and
considerable revision of the treatment of
them given below will no doubt be required in
the future when the group has been more
thoroughly studied.

The name Didemnum was incorrectly used
for this genus in Herdman, 1886, and many
older works. Didemmnopsis Hartmeyer, 1903
(syn. Lioclinum Verrill, 1871, and Didem-
noides Lahille, 1890, not von Drasche, 1883),
has been used for species such as T. tenerum
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in which the spicules are few or wanting, but
that character is not of generic importance.

Trididemnum tenerum (Verrill), 1871
Text figure 44
Didemnoides variable HuITFELD-Kaas, 1896,
p. 5, pl. 1, figs. 1,2
Didemnopsis tenerum VAN NaME, 1910, p. 385,

figs. 16, 17, pl. 39, fig. 15; HuNTsmaN, 1912, pp.
112,138.

Didemnopsis variabile HARTMEYER, 1903, p. 366,
pl. 6, fig. 19, pl. 14, fig. 22; ByERKAN, 1905, p. 22,
pl. 3, fig. 9; 1908a, p. 101.

Didemnum gelatinosum SARs, 1851, p. 153; 1859,
p. 66 (not Milne Edwards, 1841).

Lissoclinum tenerum VERRILL, 1871, p. 445;
1872a, p. 212; 1879, p. 27; HARTMEYER, 1909-
1911, p. 1456.

Trididemnum tenerum HARTMEYER, 1921a, p.
88, figs. 21-23; 1924, p. 130, pl. 1, figs. 19, 20;
ARNBACEK, 1934, p. 42.

For other references and synonyms, see Hart-
meyer, 1924, pp. 130-131.

“Colonies incrusting shells, ascidians, etc.,
forming thin, soft, gelatinous crusts, which
are translucent and filled with numerous very
small zooids which are nearly uniformly dis-
tributed. Cloacal openings small round aper-
tures numerously scattered over the surface”
(Verrill, 1871, p. 445).

The colonies are usually small, from 2 to
(rarely) 8 or 10 mm. thick and occasionally
60 mm. or more across.

Though most colonies are nearly or appar-
ently entirely free from spicules in the test,
in many cases small elongate or needle-like
calcareous crystals are scattered in the test,
and these are often aggregated into small,
sometimes very irregular, sometimes quite
regular spherical groups (0.02 to 0.04 mm. in
diameter or occasionally larger) which in
some cases must be regarded as true spicules
(see Hartmeyer, 1921a, 1924).

The color ranges from grayish to yellowish
white. The zooids are thickly distributed,
sometimes without any discernible regularity;
in other colonies their arrangement in double
rows clearly indicates the existence of exten-
sive and complex systems. The zooids vary
much in size. As they are found in the pre-
served specimens, few of them exceed 1.5
mm. to 1.75 mm. in length, and a large ma-
jority are much smaller (1.15 mm. to 1.4
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mm.), though in many cases such small size
appears to be due to immaturity as well as to
strong contraction. In many cases the body
is violently constricted or strangulated be-
tween the thorax and abdomen. A short re-
tractor process may or may not be developed,
and at certain stages of growth clavate vas-
cular processes extending into the test from
the middle region of the body are found.

The branchial aperture is obtusely six-
lobed; the atrial aperture, which is placed at
the end of a somewhat funnel-shaped tubular
projection, is situated posterior to the middle
of the thorax in adult zooids, though farther
forward in young ones. It is plain margined
in young zooids, but often conspicuously
lobed in older ones. This tube often gets
broken off in dissecting out the zooid from
the common test.

In many individuals it can be clearly seen
that there are but eight tentacles, larger and
smaller ones alternating, those opposite the
endostyle and median dorsal vessel being
larger than any of the others. In other indi-
viduals there are additional still smaller ones,
or 16 in all. The dorsal tubercle is situated
close against the ganglion.

There are three rows of stigmata, w1th a
rather broad space free from stigmata in-
tervening between the anterior end of the
thorax and the first row. In one individual
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where the stigmata could be accurately
counted, there were 12 in the first and 11 in
the second and third rows on each side; in
another, 11 in the first two rows and 10 or
‘nine in the last. In others, 10 was the maxi-
mum in the anterior rows, though in those
cases the zooids were perhaps not mature.
The stigmata begin quite close to the endo-
style and extend to the median dorsal vessel.

»y

Fi1G. 44. Trididemnum tenerum (Ver-
rill). Zooid, X45, and crystalline de-
posits and spicules in the test, X5135.

At the ventral end of the rows the stigmata
usually become successively shorter as the
endostyle is approached, but at the dorsal
end only the first, if any, is much shortened.
The dorsal languets (two in number) arise
from the transverse vessels of the left side of
the sac about opposite the second or third
stigma from the median dorsal vessel. They
are short, curved, and directed posteriorly.

An oblique constriction in the intestine
some distance beyond the stomach (which is
globular and smooth walled) is generally no-
ticeable. The few tubules constituting the
glandular organ surrounding the intestine
have tapering ends.

The single large testis has the usual posi-
tion in the left posterior part of the abdomen,
and the proximal part of the sperm duct
makes usually from eight to 10 turns about
it. Many of the colonies contain large tailed
larvae of the type usual in this group in cavi-
ties in the common test.
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DisTRIBUTION: A species of the northern
seas which appears to be circumpolar (Hart-
meyer, 1924), though most of the records are
from the European and east American regions
where it ranges south on the American side to
Cape Cod (United States Fish Commission
Station 372, north latitude 40° 40, west longi-
tude 69° 28’ 30/, 70 fathoms, sand and peb-
bles, the most southerly record) and to the
western part of the English Channel in
Europe. Other localities are Spitzbergen, the
Murman coast, the Siberian Arctic Ocean, the
Sea of Okhotsk, and Bering Strait (specimen
in the American Museum of Natural His-
tory). It occurs on various kinds of bottom,
provided, of course, there are objects for at-
tachment; the usual depths range from about
18 to 75 fathoms. Verrill's type locality was
Eastport, Maine. This type specimen was ex-
amined by the writer in the Peabody Mu-
seum of Yale University. I do not agree with
Hartmeyer, 1924, in including T. strangu-
latum (Ritter) from southern Alaska in this
species.

Trididemnum savignii (Herdman), 1886
Plate 18, figure 4; text figure 45

Didemnum atrocanum+D. lucidum+-D. porites
VanN NaMe, 1902, pp. 359, 360, pl. 51, figs. 26,
28-30, 33, 34, 37, pl. 59, figs. 114, 115,

Didemnum savignii HERDMAN, 1886, p. 261,
pl. 34, figs. 1-5; Van Nawme, 1902, p. 358, pl. 51,
figs. 27, 35, pl. 59, fig. 112,
 Trididemnum savignis VAN NAME, 1921, p. 314,
figs. 7-9 (+7T. s. form porites, p. 317); 1924, p. 23;
19