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Family Cionidae
55. Rhopalaea crassa (Herdman, 1880)
(Fig. 10)

Ecteinascidia crassa Herdman, 1880, p. 723.

Rhopalaea crassa: Beneden, 1887, p. 26.

Rhopalaea sagamiana Oka, 1927d, pp. 681683, figs A-B. (listed as a synonym of R. ¢rassa by Tokioka,
1953¢)

Rhopalaea macrothorax Tokioka, 1953¢, pp. 212-213, pl. 29, figs 1-5. (listed as a synonym of R. ¢rassa
by Kott & Goodbody, 1980)

Rhopalopsis defecta Sluiter: Hartmeyer, 1906, p. 26.

For other synonyms see Tokioka (1953c) and Kott & Goodbody (1980).

Doubtful synonym:

Rhopalaea mutuensis Oka, 1927d, p. 683.

Material examined: A (Toyama Bay): Stns 21 and 28, a single individual respectively; St. 29,
2 individuals, thoracic part more or less deteriorated; St. 30, 19 individuals, some attaching to one
another by their posterior end or nearly by the whole abdominal part, thoracic part much deteriorated.
E-1 (Wakasa Bay): 2 individuals, thorax deteriorated. I-1 (Tsukumo Bay): 4 individuals, firmly
attached to fragments of fishing net. I1-2 (Tsukumo Bay): about 90, also attached to fishing net. N
(Oki): several, already listed by Nishikawa (1986b).

Description. In the present material, the collections A (Stns 29 and 30), E,
1-2 (part) and N (part) contain the ‘“‘usual” specimens provided with well develop-
ed thorax (see Fig. 10, A), while in the specimens of collections A (Stns 21 and 28),
I-1 and I-2 (part), thorax, probably in the initial stages of regeneration, much small-
er than abdomen (see Fig. 10, C and E). In some specimens of N the test mass in-
cludes abdominal part only. In the usual specimens, body roughly cylindrical and
up to 91 mm long, but markedly constricted between thoracic and abdominal re-
gions; the two regions may separate rather easily when handled roughly. Thoracic
region 1.5 to 1.6 times as long as the abdominal, except in a 43.5 mm long specimen
from N having the thoracic region 2.2 times as long as the abdominal, and further
in much deteriorated specimens of A, the thoracic region up to 66 mm and the ab-

1) This is the second of serial papers that are published in this journal as parts of the author’s thesis.

Publ. Seto Mar. Biol. Lab., 35(1/3), 25-170, 1991. (Article 4)
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Fig. 10. Rhopalaea crassa (Herdman). A-D. from Tsukumo Bay, Noto Pen. {Collection
1-2); E-F. from Tsukumo Bay (I-1); G-H. from Toyama Bay (A, St. 30). A.
a typical individual, 52 mm long; B. left side of the same individual as Fig. A,
removed from test; C. an individual with regenerating thorax, 10 mm long;
D. left side of the same individual as Fig. C; E. individual with regenerating
thorax, 36 mm long; F. right side of thorax of the same individual as Fig. E;
G-H. left side of posteroventral part of thorax of normal individual, 47 mm
(G) and 42 mm (H) long, showing disconnected thoracic muscles.
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dominal to 21 mm in length, In diameter, thoracic region up to 15 mm or more,
while the abdominal to 10 mm. The specimens with regenerating thorax ranging
in total length from 10 to 36 mm, though the thoracic part occupying only 2 to 10
mm, except in a specimen of A (St. 28) which is represented by the columnar test
mass, 78 mm long and about 10 mm thick, containing anteriorly a zooid of 6.5 mm
thorax and 16 mm long abdomen. All the specimens in the present material attached
to substratum by their posterior end. In living specimens dredged in Tsukumo
Bay (I-2), test almost transparent and colorless, while in the mantle pure white
pigment granules found very densely along the dorsomedian line and the peripharyn-
geal band (sometimes absent from ventral part), and sometimes in the anterior part of
ventromedian line. Eyespots around apertures, the mantle over dorsal ganglion,
and anal lobes brilliant yellow; stomach dark red. In formalin, white pigment al-
most disappears, but yellowish coloration remains discernible in the above-mentioned
specimens, as well as in those of A, E and N.

The test enclosing thorax more or less thin, soft, gelatinous, transparent and col-
orless, with the surface quite smooth, while the test covering abdomen somewhat
tough, translucent to nearly opaque and white, and the surface sometimes provided
with a few to many protuberances, each of which contains a terminal swelling of test
vessel (Fig. 10, A). Each aperture 6-lobed with one eyespot between each two
adjacent lobe, and opening on short siphon situated terminally. In the usual speci-
mens, thoracic musculature consisting on each side of 7 to 9 logitudinal muscles,
converging to the branchial siphon and well ramified posteriorly, and a few fine
muscles to the atrial (Fig. 14, B). In some specimens from Toyama Bay, the rami-
fied part of longitudinal muscle(s) along the posterior part of endostyle appear
disconnected from the stem part of muscle(s) (Fig. 10, G-H), as observed, though more
extensively, by Millar (1975, p. 263, fig, 44a) in the specimens of R. crassa from the
West Pacific. About 20 tentacles; larger and smaller ones alternating regularly.
Ciliated groove an oval slit elongated longitudinally. Inner longitudinal vessels
almost complete and supported by simple processes without any projections beyond
the vessels: 41 on the left and 42 on the right in a 52 mm long specimen, while 37 and
38 respectively in a 32 mm one, both from Tsukumo Bay; about 110 stigmatal rows
in the 52 mm long one, 65 in the 32 mm long one. Three to 5 stigmata per mesh.
Anus bi-lobed, located at the level of the 28th stigmatal row counted from anterior
in 2 52 mm long specimen mentioned above, while opening at the 45th row in an 87
mm long one from Toyama Bay with about 120 stigmatal rows. In the specimens
with regenerating thorax, the thoracic musculature consisting of 8 to 11 longitudinal
muscles on each side (Fig. 10, D and F), with their posterior end ramified even in a
1.8 mm long thorax; a 2.5 mm long thorax of a specimen from Tsukumo Bay fur-
nished with 9 dorsal languets and about 40 transverse vessels, and 25 (?) papillae
(instead of longitudinal vessels) born on each half of the vessels, while a 6.5 mm
long one from Toyama Bay having about 80 stigmatal rows. Abdomen usually
covered thickly with mesenchymal tissue over the whole surface in the specimens
whether their thorax is well developed or not; stomach occupying nearly the anterior
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half of abdomen, and furnished with 25 to 80 internal longitudinal plications. Go-
nad indiscernible at all.

Remarks. 1In the external appearance, the existence of yellow pigment on the
dorsal ganglion and anal lobes, and in the numbers of thoracic longitudinal mus-
cles and of inner longitudinal vessels, the present specimens with well developed
thorax are quite similar to Rhopalaea macrothorax Tokioka so far recorded only once
from Sagami Bay at a depth of 78-400 m. According to the original description,
however, this species may be unique in having “many short transverse muscles arrang-
ed in a row along the endostyle”, seemingly utterly independent of longitudinal mus-
cles. To clarify the nature of these “transverse muscles”, reexamination of the type
material was made. The material, deposited at BLIH, consists of 4 samples (Proto.
Nos. 197, 216, 250 and 251, corresponding to Nos. 102, 119, 148 and 149 in the ori-
ginal description, respectively), containing 8 individuals in all; the body is 31 to 87
mm long, the thoracic part roughly 1.6 to 2.7 times as long as the abdominal. As a
result, the “transverse muscles” in R. macrothorax were proved to be the ramified
part of the longitudinal muscles disconnected from their stem part. Thus, the pre-
sent specimens from the Japan Sea can be regarded conspecific with this species. In
these 8 individuals, thoracic longitudinal muscles are thick and usually ramified
posteriorly along dorso- and ventromedian lines. The ‘“‘transverse muscles” are dis-
tinctly discernible only in the 3 individuals of No. 251, in which the muscles are
confined to the posterior part of thorax, along the posterior half to two-fifths of the
whole length of the endostyle and the dorsomedian line. These muscles are ar-
ranged in quite the same manner as, though far more extensively than, the ramified
part of longitudinal muscles of the specimens from the Japan Sea and described just
above (see Fig. 13, G-H).

The thoracic test in the specimens from the Japan Sea, that is delicate, almost
completely transparent and colorless, is reminiscent of the specimens collected pro-
bably in Australia and identified as R. crasse by Kott & Goodbody (1980, p. 507).
The Japan Sea specimens are similar to the Australian ones also in the living color
pattern of mantle; the eyespots and the intersiphonal spot over the dorsal ganlion
are yellow, while the area along the endostyle and the peripharyngeal band are white
(in the Japan Sea specimens) or blue (in the Australian ones). These specimens, and
the above-mentioned specimens from Sagami Bay, that have delicate and colorless
thoracic test, are consistent with most of previous descriptions of R. ¢rassa in most
features except the test color and thickness. However, R. ¢rassa is variable both in
the test thickness (see, for example, Van Name, 1918, p. 127) and its coloration (see
Kott & Goodbody, 1980, p. 507). Ewven in the “crassus” (=fleshy) specimens re-
ferable undoubtedly to this species, the test enclosing the thorax tends to be thinner
and softer than that covering the abdomen (see, for example, Tokioka, 1953c, p. 210).
Consequently, the above-mentioned specimens with delicate and colorless thoracic
test, that is, macrothorax-like external appearance, can be assigned to R. crassa. R.
macrothorax should sink into a junior synonym of R. crassa here, as already treated
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by Kott & Goodbody (1980). It is noteworthy that in the Japan Sea only the ma-
crothorax-like form of R. crassa has been so far collected, while the typical (fleshy and
stout) form of the species has been recorded in Japan exculsively from the Pacific
coasts. In the specimens of the typical form from the western coast of Kii Pen.
(listed by Nishikawa, 1980b), the test after preservation is colored dull yellow or
greenish yellow, as is usually known in that form.

My reexamination of the two individuals collected from Enoshima, Sagami
Bay, about 200 m deep and referred to Rhopalopsis defecta Sluiter by Hartmeyer (1906,
p. 26) proved that these specimens are assignable to R. ¢rassa. These specimens are
deposited at MNB (ZMB No. 2239); the body stout, never constricted off any-
where, and 24 mm long X 10 mm in diameter and 20 mm X 10.5 mm respectively.
Test thin anteriorly, while rather thick posteriorly; rather tough, translucent and
white as a whole. The larger specimen lacks the abdominal part; the thorax about
10 mm long and provided with the musculature consisting on each side of 6 muscles
converging to the branchial siphon, 5 to the intersiphonal area and 3 (?) to the
atrial; longitudinal vessels incomplete, about 30 in number on either side, and about
2 stigmata in a mesh. In the smaller, apparently intact specimen, thorax is about 6
mm and abdomen 14.5 mm long; the thoracic musculature consists of 5 muscles con-
verging to the branchial siphon and 3 to the intersiphonal area (those to the atrial
hard to count due to injury); about 50 tentacles fine and slender; ciliated groove
as a longitudinal slit; longitudinal vessels nearly complete, about 35 on the left and
30 on the right, and 2 or 3 stigmata per mesh; the stomach occupies nearly the mid-
dle one-third of abdomen, furnished with about 40 internal longitudinal plications.
The longitudinal muscles in both specimens are ramified posteriorly, but the rami-
fied part never disconnected from the stem part, as just seen in those of R. crassa il-
lustrated by Tokioka (1953c). The above-mentioned features in Hartmeyer’s speci-
mens may fall within the variation range of R. crassa, especially that of its typical
form rather than the macrothorax-like form, and therefore the specimens can be con-
sidered as conspecific with R. ¢rassa.

Rhopalaea sagamiana Oka, established on the specimens from Sagami Bay, 150-
300 m deep by Oka (1927d), has been regarded as a synonym of R. crassa by Tokioka
(1953c) and Kott & Goodbody (1980). This treatment was affirmed by my reex-
amination of the two samples deposited at OCUT, registered as Nos. 58-1 (M208)
and 339(M482) respectively and identified as R. sagamiana by Oka himself. Althouth
the localiites of the samples are unavailable, as no other specimens referred to this
species by Oka are found at OCUT, so these two samples can be considered as the
type series. The material consists of 22 individuals in all, 24 to 87 mm long; no con-
striction of body is seen between the thoracic and abdominal parts, as is noted in
Oka’s original description. In the 3 well-preserved individuals, 34 to 87 mm long,
the thoracic musculature consists of 13 to 21 muscles on each side; inner longitudinal
vessels on each side about 60 (in 34 mm and 63 mm long individuals) or 80 (in a
87 mm long one) in number. In the number of thoracic muscles, these individuals
fall within the variation range of R. c¢rassa, given for example by Kott & Goodbody
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(1980) as 10 to 36 muslces on each side. On the other hand, the number of longi-
tudinal vessels in these individuals (60 to 80) is more than in any previous records
(at most 50, according to Van Name and Kott & Goodbody). This difference can
be regarded as of little taxonomic significance, and therefore, R. sagamiana is here
treated as conspecific with R. crassa. At the same time when the former species was
established, R. mutuensis Oka was also proposed for the specimens collected from east
of Shiriya-zaki on the Pacific coast of Shimokita Pen., 104 m deep. R. mutuensis was,
according to its original description (Oka, 1927d, p. 683), distinguished from R. sa-
gamiana by such features of R. mutuensis as: the cone-shaped external form, opaque
and white test, the ““neck” region in the middle of mantle body much longer than in
R. sagamiana, apparently complete absence of longitudinal vessels, and 2 stigmata
per mesh. These features are, however, never reliable in distinguishing one species
from another in Rhopalaea, and therefore, R. mutuensis might be regarded as conspeci-
fic with R. sagamiana or its senior synonym R. crassa. A reexamination of the type
material of R. mutuensis was not possible, because the material, deposited at OCUT
and registered as No. 258(M498), had dried up. The locality of R. mutuensis seems
influenced more remarkably by boreal waters than any localities of the specimens
safely referable to R. crassa, so the possibility cannot be ruled out that the former
may represent a good species distinct from the latter. Thus, R. mutuensis is consider-
ed here as a doubtful synonym of R. crassa.

Lastly, it was shown in the present study for the first time in R. ¢rassa of the
family Cionidae that the thorax may be reproduced asexually from the abdomen.
Similar cases have been shown in Diazona violacea Savigny by Berrill (1935, pp. 331-
335) and suggested in Syndiazona grandis by Tokioka (1953c, p. 215), as well as re-
ported in Clavelina lepadiformis Miiller by Brien (1970a, b, c, d).

Distribution in Japan Sea. Toyama Bay, 45-1410 m; Tsukumo Bay, 1540 m;
Obama, Wakasa Bay (in the present study); Oki Isls, 47-55 m (Nishikawa, 1986b;
in the present study); Tsushima Strait, 101 m (Millar, 1975).

Distribution outside Japan Sea. ?East of Shiriya-zaki, Shimokita Pen., 104 m
(Oka, 1927d); Sagami Bay, 78-400 m (Hartmeyer, 1906; Oka, 1927d; Tokioka,
1953c) ; western coast of Kii Pen., 3-100 m (Nishikawa, 1980b); off Goto Isls, Kyu-
shu, 17-20 m (Millar, 1975); Hong Kong, 10-12m (Kott & Goodbody, 1980);
Philippines, 10-80 fms (Van Name, 1918; Millar, 1975); Banda Sea, 1-129 fms
(Herdman, 1882; Sluiter, 1904; Millar, 1975); Flores Sea, down to 521 m (Sluiter,
1904); NW Australia, Great Barrier Reef and SE Queensland (Kott & Goodbody,
1980); Sri Lanka (Herdman, 1906).

56. Syndiazona grandis QOka, 1926

Syndiazona grandis Oka, 1926a, pp. 133-135, figs a-b.

Material examined: E-2 (Fukui): a single colony of 55 mm long corona and 60 mm long pe-
duncle.
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Remarks. The present specimen from off Fukui agrees with descriptions of §.
grandis. In the specimens collected from Cheju Is., Korea Strait, and allotted to
this species by Rho (1975), the thoracic musculature is, according to Rho’s personal
communication, composed of both longitudinal and transverse muscles, and there-
fore, her specimens are S. grandis, not S. chinensis (see below).

Distribution in Japan Sea. Off Fukui Pref. (in the present study); Tsushima
Strait, 85 m deep (Tokioka, 1959b); Cheju Is., Korea Strait (Rho, 1975).

Distribution outside Japan Sea. Tateyama (Oka, 1906); Sagami Bay, 50-140 m
(Oka, 1906; Tokioka, 1953c); off Omai-zaki, 34-37 fms (Tokioka, 1967c); western
coast of Kii Pen., down to 100 m (Tokioka, 1949b, 1959a; Nishikawa, 1980b); East
China Sea, 93 m (Tokioka, 1955).

57. Syndiazona chinensis Tokioka, 1955

Syndiazona chinensis Tokioka, 1955, pp. 206-208, pl. 11, figs A-E, text-fig. 1; Millar, 1975, pp. 259-262,
figs 42-43; Nishikawa, 1980b, tab. I.

Material examined: L-3 (Shimane): a single colony from the lower surface of an overhanging
rock, 15 m deep.

Description.  Colony discoid in external appearance, 150 mm in diameter and
25-35 mm thick. In life, test translucent and slightly grayish white, and yellowish
white zooids seen through test. Numerous zooids embedded evenly in test; thorax
2.5 to 4 mm and abdomen up to 5 mm long; the neck region between these two
parts very narrow. A vascular prolongation, up to 12 mm or longer and up to 1
mm thick, issuing from the posterior end of abdomen. Both apertures 6-lobed.
Thoracic musculature only longitudinal; on each side of an examined thorax, 6
muscles converging to the branchial siphon and ramified posteriorly along the entire
length of endostyle, while 7 muscles to the intersiphonal area, some of which rami-
fied near the posterior end of thorax, but others united into a thick bundle near the
neck region; the bundle running posteriorly along the abdomen and further into
the vascular prolongation. Additionally, a few fine longitudinal muscles in the
anterodorsal part of thorax, converging to the atrial siphon. About 12 tentacles;
ciliated groove an oval slit elongated longitudinally, In a representative zooid,
46 stigmatal rows, and the inner longitudinal vessels 36 on the left and 34 on the
right; 2 stigmata per mesh. Anus bi-lobed, situated at the level of the 14th stig-
matal row counted from anterior in a zooid with 3.5 mm long thorax. Apertures
of oviduct and vas deferens close to the anus. Abdomen covered with mesenchymal
tissue, and provided with a pair of longitudinal muscle bundles. Stomach occupy-
ing roughly the anterior half of abdomen, and with about 40 inner longitudinal
plications. Numerous eggs, up to 150 um in diameter, discernible in many zooids
on a side of abdomen along nearly its whole length; the eggs apparently included
within the expanded oviduct. Eggs of various sizes in the mesenchymal tissue also
recognizable in some zooids, filling nearly the whole length of the vascular prolon-
gation. Ovary located around, or just posterior to, the posterior end of intestinal
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loop. Numerous small testicular follicles spreading over intestinal surface, and usual-
ly embedded in the mesenchymal tissue; vas deferens nearly straight and filled with
sperm. Heart situated along the posterior half of intestinal loop.

Remarks. The present specimen agrees with previous descriptions of Syndiazona
chinensis, except that the vascular prolongation sometimes contains eggs of variable
sizes in this specimen. The existence of eggs in the prolongation may be an artifact,
caused by the strong shrinkage of alimentary system and gonad with some eggs left
behind in or pressed toward the prolongation, and therefore, the mentioned difference
may be of no taxonomic significance.

Recently Millar (1975, p. 262) stated that Polycitor renziwadai Tokioka from
the Arafura Sea ‘“may be S. chinensis”. However, my reexamination of the holotype
colony of P. renziwadai, deposited at SMBL (Type No. 109), revealed that the zooids
have neither inner longitudinal vessels nor branchial papillae, and therefore this spe-
cies cannot be Syndiazona.

Distribution in Japan Sea. Off Cape Hinomisaki, Shimane Pref., 15 m deep (in
the present study).

Distribution outside Japan Sea. Off Shirahama-cho, western coast of Kii Pen., 100-
120 m (Nishikawa, 1980b); East China Sea, 93 m (Tokioka, 1955); off Mindanao,
the Philippines, 64 m (Millar, 1975) ; Kei Isls, 30-100 m (do.).

58. Ciona intestinalis (Linné, 1767)

Ascidia intestinalis Linné, 1767, p. 1087.
For synonyms see Hoshino & Nishikawa (1985, pp. 63—-64).

Material examined: E-1 (Wakasa Bay): a 34 mm long specimen.

Description.  Test soft, but rather tough. Endostylar appendage present, and
a pair of pharyngeo-epicardiac openings situated near the appendage. About 50
tentacles; inner longitudinal vessels 28 on the left and 25 on the right. Genital
aperture opening near the base of atrial siphon; distal end of vas deferens pigmented
reddish orange and provided with 22 apertures.

Remarks. There has been some confusion in the taxonomy of the genus Ciona
around the Japanese waters, which, however, now appears to be clarified by the
revisional work of Hoshino & Nishikawa (1985). The present specimen conforms
very well to the description of C. intestinalis given by them. Further, by the cour-
tesy of Rho, I examined the two specimens she collected from Yong-do on the Korean
coast facing Korea Strait and identified as C. intestinalis (see Rho, 1971). The two
specimens, 90 mm and 55 mm long, proved identical with the description of this
species given by Hoshino & Nishikawa. Some morphological notes of the specimens
are: about 55 tentacles in the larger specimen, and 35 ones in the smaller; 28
longitudinal vessels on each side in the larger, while 25 in the smaller; the genital
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apertures near the atrial siphon in the larger, while near the anus in the smaller;
the anus situated nearly in the middle of branchial sac. '
The following references have been made to ““C. intestinalis’ on the basis of the
specimens collected in the Japan Sea, but lack information enough to differentiate
between C. intestinalis and C. savignyt (see below): Redikorzev (1941, p. 206; Peter the
Great Bay) and Tokioka (1959a, p. 226, Wakasa Bay; 1962a, pp. 8-9, Sado; 1967b,
p- 243, Sado). These records are excluded from the list of localities of either species.
Distribution in Japan Sea. Mutsu Bay (Tsuchiya & Osanai, 1978); Tsukumo Bay
(Hoshino & Nishikawa, 1985); Obama, Wakasa Bay, shallow water (in the present
study) ; Korean coastal waters facing Korea Strait (Rho, 1971; in the present study).
Distribution outside Japan Sea. According to Hoshino & Nishikawa (1985), Miya-
gi Pref., Yokohama, around Kii Pen., Osaka Bay and Seto Inland Sea, Japan; Aus-
tralia; New Zealand; California; East Port, Atlantic coast of North America; Ar-
gentina; Rio de Janeiro; cold temperate to warm temperate waters of Europe.

59. Ciona savignyi Herdman, 1882

Ciona savignyi Herdman, 1882, pp. 236-237, pl. 35, figs 1-2.
For other synonyms see Hoshino & Nishikawa (1985, p. 69).

Material examined: C-2 (Mutsu Bay): two specimens from buoys set off Moura, 42 mm and
43 mm long respectively. M (Oga): four specimens, 6.5-38 mm long.

Remarks. The present specimens are consistent with the description of this
species given by Hoshino & Nishikawa (1985). The number of longitudinal vessels
is 30 on each side in a 38 mm long specimen, while 25 on the left and 24 on the
right in a 20 mm long one.

Distribution in Japan Sea. Mutsu Bay (Oka, 1935; Hoshino & Nishikawa, 1985;
in the present study); Oga Pen., 0-1 m (Nishikawa, 1984b; in the present study);
Tsukumo Bay, several-25 m (Hoshino & Nishikawa, 1985); Wakasa Bay, 50 m (do.).

Distribution outside Japan Sea. According to Hoshino & Nishikawa (1985), Mi-
yagi Pref., Tateyama, Suruga Bay, Kii Pen., Osaka Bay (8-50 fms) and Seto In-
land Sea, Japan; Loring, Alaska and British Columbia, Pacific coast of North Ameri-
ca; Argentina. Further, the present species has been collected from Long Beach,
California (Nishikawa’s unpublished data).

Family Perophoridae
60. Perophora japonica Oka, 1927
(Fig. 11)
Perophora japonica Oka, 1927b, pp. 558-560, figs A-B.

Material examined: A (Toyama Bay): St. 24, 12 individuals, up to 3 mm long, on Styela clava,
lacking mantle body in all examined individuals. B: No. 142 (M705), identified with P. japonica by
Oka, collected at Ooura, near Asamushi, Mutsu Bay on May 17, '32, many individuals attached to
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two fragments of rock, too much deteriorated to be completely examined; No. 163 (M538), identified
with P. japonica by Oka, collected in Hekurajima Is. on July 8, ’28, many individuals wholly dried
up completely. C-2 (Mutsu Bay): from buoys off Moura, many individuals, up to 6 mm long, on
Styela clava and Mpytilus galloprovincialis; from undersurface of boulders in the mediolittoral zone of
Qoura, near Asamushi, many individuals up to 4 mm long.

Description.  In the zooids of collection A, mantle body more or less deteriorat-
ed: on each side of mantle, only 8 to 10 short fine oblique or transverse fibers discern-
ible around the intersiphonal area. About 20 stigmata in each half of 4 rows; inner
longitudinal vessels incomplete, about 10 in number on each side; gonad empty.
The specimens in collection C-2 are well preserved; individuals connected only by
thin stolons. Mantle almost always reticulated more or less densely with pale green-
ish corpuscular cells; musculature consisting on each side of about 20 very fine fi-
bers exclusively around the siphons, 10 of which converge to the branchial, 5 to the
atrial and 5 crossing over the intersiphonal area (Fig. 11, A). About 20 tentacles;
ciliated groove an oval slit elongated transversely; 3 dorsal languets. Longitudinal
vessels incomplete, 9 on the left and 8 or 9 on the right; about 26 to 30 stigmata in
each half row. Gonad mature in some zooids (Fig. 11, A-C), composed of 3 to 7 or
more testicular follicles, each of which often lobed to various degrees, arranged
roughly in the shape of fan, and an ovary situated at the pivot of the testicular fan or
just dorsal to the follicle mass; ovarian eggs up to 400 um in diameter. Ina 4.7 mm
long individual from C-2, 6 embryos in the distal end of the oviduct on the right side.

Remarks. The present specimens except those of collection B (that had dried up)
are similar to Perophora japonica especially in the number of longitudinal vessels and
stigmata in each row, gonadal structure and mantle nusculature, although the zooids
of collection A are provided with fewer mantle muscles confined to the intersiphonal

7
Fig. 11. Perophora japonica Oka from Mutsu Bay (Collection C-2). A. whole left side
of mantle body; B-C. left side of a part of intestinal loop, showing the gonad.
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area. This difference may be due to deterioration of the mantle. For the close re-
lationship of this species with P. annectens see the remarks given for P. annectens.

Distribution in Japai Sea. Otaru (Tokioka, 1951a); Mutsu Bay, shallow waters
(in the present study); Sado (Tokioka, _1967b)'; Toyama Bay, 74-81 m and Hekura-
jima Is. (in the present study) ; Korean coastal waters facing Korea Strait (Rho, 1975).

Distribution outside Japan Sea. Akkeshi, Hokkaido (Tokioka, 1951a); Tatéyama
and Misaki (Oka, 19275); Sagami Bay, down to 55 fms (Tokioka, 1953¢); Tokushi-
ma, Shikoku (Oka, 1927b). : oo

61. Perophora annectens Ritter, 1893

(Fig. 12)

Perophora annectens Ritter, 1893, pp. 37-85, pls 1-3.
Doubtful references:
Perophora annectens: Brewin, 1951, pp. 108-109, fig. 4; Millar, 1982b, pp. 59 and 61.

Material examined: None.

Remarks. Redikorzev (1941, pp. 204-205) recorded this species in the Japan
Sea from. Peter the. Great Bay and Possjet Bay, 0-10 m deep. * According to his
description, the zooids are usually embedded to various degrees, though never com-
pletely, in the membraneous common test, each with up to 32 stigmata in each half
row, and 5 to 10 testicular follicles. He stated that the morphological similarity
between P. annectens and P. japonica suggests their possible conspecificity of these two.

Previous descriptions of P. annectens from the Pacific coasts of North America
from Ucluelet (British Columbia) to San Diego, mediolittoral to 30 m deep (Abbott
& Newberry, 1980), are consistent with those of P. japonica from around Japan (see
above), especially in the mantle musculature and the structures of branchial sac and
gonad, except that the colony in P. annectens may sometimes be of “compound’ struc-
ture in the specimens from Monterey Bay, California (see Ritter, 1893; Van Name,
1945), while P. japonica is apparently always social and never compound. I exa-
mined the paratype material of P. annectens sent by Ritter himself to ZMA and now
registered as TU No. 730 (see Spoel, 1969). The material is represented by a single
fragment of colony, roughly 8 mm X 3-4 mm in extent, comprising about a dozen
zooids, up to 1.5 mm long, and many small buds issuing from the test vessels, all
embedded nearly completely in the common test (Fig. 12, A). Mantle muscle fibers
are too fine and obscured by the mantle wall, yellowish and nearly opaque, to be
described exactly; about 10 tentacles; inner longitudinal vessels incomplete, 6 or 7
on each side; about 20 stigmata in each half of 4 rows; gonad empty. I also examin-
ed P. annectens deposited at AMNH (No. 1560), collected in Corona Del Mar, Cali-
fornia, on July 4, 1939. The material consists of about 20 individuals, 1.5 to 2.5
mm long, connected by thin stolons; mantle musculature composed of about 16 to
20 very fine muscle fibers on each side (Fig. 12, B), arranged as those of P. japonica
illustrated in Fig. 14, A in the present study; 10 to 16 tentacles; longitudinal vessels -



36 T. NISHIKAWA

Fig. 12. Perophora annectens Ritter from California. A. a part of the paratype colony
(ZAM, TU No. 730), top view; B. left side of mantle body (AMNH, No. 1560).

incomplete, 7-8 on each side; 15-20 stigmata in each half row; gonad indiscernible.
The present material is indistinguishable from P. japonica inhabiting Japan and ad-
jacent waters.

I recently examined a mass of social perophorid; collected by M. Fukumoto in
1981 in Friday Harbor, Washington, and comprising about 20 individuals, up to
4.2 mm long. These specimens resemble P. annectens, and therefore, P. japonica, es-
pecially in the mantle musculature (consisting in these specimens of about 15 to 20
very fine fibers on each side, arranged as described in Fig. 15, B in the present paper),
the number of inner longitudinal vessels (7 to 8, or rarely 9 incomplete ones on each
in the specimens), 15 to 24 stigmata in each half row and 6 to 12 testicular follicles
arranged more or less in the shape of fan. The only exception is the existence of
“the fifth” stigmatal row in Fukumoto’s specimens. In these specimens, the fourth
stigmatal row on either or both sides often contains up to 8 adjacent stigmata divid-
ed into anterior and posterior halves by a small piece of the branchial wall elongat-
ed transversely; the piece bearing 1 to 3 branchial papillae without vessels. Some-
times a fifth row of smaller and fewer stigmata than usual is found below the fourth
normal row; branchial papillac may be present or absent between the fourth and
fifth rows. Dorsal languets always 3 in number; along each interval of their bases
is very rarely discerned a low membraneous longitudinal fold. The occurrence of
the fifth complete row, even though rarely, in specimens from Friday Harbor is
reminiscent of the specimens collected in the mediolittoral zone of Hauraki Gulf, New
Zealand, and referred to P. anneciens by Brewin (1951); in these specimens, the zooids
are embedded completely in the test, 20 to 24 stigmata in each half of 5 rows, and
2 to 7 testicular follicles converging to the proximal end of sperm duct. In the
“compound’ structure of colony, the specimens from New Zealand are close to
some colonies of P. annectens, while in the existence of 5 stigmatal rows, the New
Zealand specimens are similar to P. hutchisoni Macdonald trom Australia and New
Zealand (Michaelsen & Hartmeyer, 1928, Millar, 1966). Millar (1982b) suggests
that Brewin’s P. annectens may be a new specics.
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North American P. annectens is regarded variable in colony structure and, if the
specimens from Friday Harbor described above are assignable to this species, also
in the structure of branchial sac. On the other hand, P. japonica is apparently always
social and furnished with only 4 stigmatal rows, so it is treated here as a good species,
rather than amalgamated with P. annectens. Thus, P. annectens of Redikorzev men-
tioned above, whose colony is usually compound, is probably P. annectens, rather than
P. japonica, though Redikorzev’s records are closer geographically to the latter spe-
cies.

Distribution in Japan Sea. Peter the Great Bay and Possjet Bay, 0~-10 m deep
(Redikorzev, 1941).

Distribution outside Japan Sea. Ucluelet (in Vancouver Is., British Columbia)
to San Diego, Pacific coasts of North America (Abbott & Newberry, 1980); ?New
Zealand (Brewin, 1951).

62. Perophora sagamiensis Tokioka, 1953
(Fig. 13)
Perophora sagamiensis Tokioka, 1953c, pp. 217-218, pl. 31, fig. 6.

Material examined: C-8 (Oki): Kuniga, Nishinoshima Is., 1-4m, 12 individuals found on the
surface of a hotryllid colony.

Description.  Zooids isolated completely from one another except for the thin
stolons, nearly spherical and 750 to 1250 ym long. About 12 fine oblique or longi-
tudinal muscles over the whole right side, and on the anterior half of the left side of
mantle body (Fig. 13, A-B); 7 or 8 of them converging to the branchial siphon,
while about 4 to the atrial. The muscles usually ramified posteriorly, or rarely ana-
stomosed. About 12 tentacles; 14 to 16 stigmata in each half of 4 rows. Inner lon-
gitudinal vessels complete or not; 7 to 9 branchial papillae on each half of transverse
vessels. Gonad indiscernible.

Remarks. The present specimens fall well within the variation range of P.
sagamiensis shown by Tokioka (1953c) and Nishikawa (1984a), except that the mantle
muscles reach the posterior end of mantle body in the specimens from Oki, while
they are confined to its anterior half in the previous descriptions of P. sagamiensis.
However, my reexamination of the type material deposited at BLIH (Proto. No.
108) revealed that the mantle is often provided wholly with muscies on the right
side and, sometimes on the left. Thus, the present specimens from the Japan Sea
belong to this species. These specimens are similar to those from Tanabe Bay in the
mantle musculature stated above, as well as in the number of stigmata in each row
and that of longitudinal vessels (for the morphology of the specimens from Tanabe
Bay see Nishikawa, 1984a, p. 125).

Dustribution in Japan Sea. OKi Isls, 1-4 m (in the present study).

Distribution outside Japan Sea. Sagami Bay, 4 fms (Tokioka, 1953¢) and Tanabe
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Fig. 13. Perophora sagamiensis Tokioka from Oki Isls (Collection C-8). A. an individual,
right side; B. left side of mantle body of the same individual.

Bay, O m (Nishikawa, 1980b), Japan; Truk, Ponape and Majuro, Micronesia,
0-7 m (Nishikawa, 1984a).

63. Perophora multiclathrata (Sluiter, 1904)

Ecteinascidia multiclathrata Sluiter, 1904, pp. 12-13, pl. 3, figs 6-8.
Perophora multiclathrata: Nishikawa, 1984a, p. 123; Kott, 1985, pp. 106-107, fig. 46.
For synonyms see Nishikawa (1984a).

Material examined: None.

Distribution in Japan Sea. Sado (Tokioka, 1962a).

Distribution outside Japan Sea. Misaki (Arnbick-Christie-Linde, 1935), Sagami
Bay (Tokioka, 1953c), Kii Pen. (Nishikawa, 1980b), Usa, Kochi Pref. (Nakauchi,
1973), Tokara Isls (Tokioka, 1954a), and Amami Isls (Nishikawa & Tokioka, 1976a),
Japan; Peng-hu (=Pescadores) Isls, Taiwan (Oka, 1931a); Palau, 3-20 fms (To-
kioka, 1950, 1967c); Truk, Ponape and Majuro, Micronesia, 0 m (Nishikawa,
1984a); Wake (Tokioka, 1967c); Fiji (Kott, 1981); SE coast of Australia (Kott,
1952, 1964, 1985) ; Madagascar (Vasseur, 1968); Bermudas (Berrill, 1932; Van Name,
1945; C. Monniot, 1972a); Florida and Puerto Rico, down to 9.5 fms (Van Name,
1945) ; Guadeloupe, West Indies (C. Monniot, 1983a); Brazil (Millar, 1958; Rodori-
gues, 1962); Senegal (Péres, 1949); Gold Coast {Millar, 1953).

Family Ascidiidae
64. Ascidia sydneiensis Stimpson, 1885
Limited Synonymy:

Ascidia sydneiensis Stimpson, 1885, p. 387; Van Name, 1945, pp. 189-190, fig. 101; Millar, 1975, p.
272; Kott, 1985, pp. 54-56, fig. 21, pl. Id.
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Ascidia sydneiensis samea: Tokioka, 1953¢, pp. 226-227, pl. 34, figs 6-10, pl. 35, figs 1-10, pl. 36,
figs 1-10; 1959a, pp. 226-227, pl. 14, figs 7-8; 1960a, p. 200, pl. 25, figs 36-37; 1961, pp. 108~
110, fig. 4; 1962a, pp. 10-11, pl. 3, fig. 20; 1967c, pp. 138-140, fig. 50; 1970, p. 87, fig. 4, 14;
Nishikawa & Tokioka, 1975, pp. 220-221, fig. 2; 1976a, p. 388, fig. 4, 24-25; Nishikawa, 1980b,
tab. 1; 1982b, p. 204; 1984a, p. 126; 1984b, p. 150; 1986b, p. 176.

Ascidia samea Oka 1935, pp. 461-463, figs 31-32.

Ascidia sydneiensis divisa: Tokioka, 1953c, p. 225, pl. 34, figs 1-5; 1954¢, p. 84, pl. 6, fig. 17; Rho,
1971, p. 111; 1975, p. 131; Nishikawa, 1980b, tab. 1.

Ascidia donnani Herdman, 1906, pp. 303-305, pl. 2, figs 1-9.

For other synonyms and references see Van Name (1945), Tokioka (1953c) and Kott (1985).

Doubtful reference:

Phallusia longitubis Traustedt: Traustedt, 1885, p. 16.

Material examined: B: labeled Ascidia samea by Oka: No. 343 (M355), collected from Oshoro,
near Otaru, Hokkaido, 11 individuals, 26-55 mm long; No. 306 (M393), collected on the east coast
of Yunoshima Is., Mutsu Bay, by Hozawa and Takatsuki on Aug. 5, '26, a 52 mm long individual,
obviously one of the type series of Ascidia samea. C-1 (Hokkaido): Senposhi, Rishiri Is., 2-4 m deep,
4 individuals, 42-52 mm long; Kutsugata-misaki, Rishiri Is., -4 m, a 40 mm long individual; in
front of the Marine Biological Station of Sapporo Medical College, Oshidomari, Rishiri Is., 2 23 mm
long individual; from the undersurface of boulders at a depth of 1 m, Kamomejima Is., Esashi, 4
individuals, 19-34 mm long. C-2 (Mutsu Bay): from buoys off Moura, a 63 mm long one; Kaizaki,
SW end of Shimokita Pen., 15-20 m, a 51 mm long individual. C-6 (Anamizu Bay): from under-
surface of a boulder, a 14 mm long individual. D (Tottori): 8 individuals, 11-30 mm long. G-2
(Ishikawa): 2 individuals, 24.5 mm and 37 mm long. M (Oga): from undersurface of boulders in
the mediolittoral zone of Daishima, 2 individuals, 26 mm and 32 mm long, already listed by Nishikawa
(1984b). N (Oki): a 19 mm long individual, already listed by Nishikawa (1986b).

Remarks.  All the specimens in the present material have “sydneiensis”-type man-
tle musculature. They were divided here only tentatively into the following 3
groups by the different position of anterior margin of alimentary canal in relation to
the atrial siphon of mantle: the group I consists of the specimens with the margin
situated anteriorly beyond the siphonal base, the group II of those with the margin
at the level between the anterior and posterior bases of the siphon, and the group
II1 of the specimens with the margin below the siphonal base. Following the criteria
proposed by Tokioka (1953c, pp. 223-224; 1967a, pp. 399-400), the specimens of
group I are referable to 4. sydneiensis divisa Sluiter, and those of groups II and III
to A. sydneiensis samea Oka. As a result, 20 specimens were assigned to the group I,
19 to IT and 2 to III. Some are on the borderline between the groups I and II, or
II and III. Of the 11 specimens collected together in Oshoro (collection B, No.
343), 6 are allotable to the group 1, 4 to II and | to III. These facts may demon-
strate that the above-mentioned differences in the relative position of the anterior
margin of alimentary canal can be regarded as a series of individual variations.
Thus, the subspecific taxa samea and divisa are abolished and merged into the spe-
cies A. sydneiensis Stimpson. However, the present treatment does not mean to
deny the possibility of the speciation occurring in this species. Careful examination
of this possibility is highly expected in the future from various points of view.

A. pacifica Tokioka resembles A. sydneiensis, differing only in that the ciliated
groove is simple U-shaped even in the larger specimens in A. pacifica, while the groove
“increases in complexity with increasing size” (Kott & Goodbody, 1980, p. 529) in
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A. sydneiensis, as stated by Van Name (1945, p. 189) and Millar (1975, p. 272). A
small 17 mm long specimen, collected from Osaka Bay and referred to 4. sydneiensis
divisa by Tokioka (1945c, p. 84), “the ciliated groove describes a very complex con-
figuration”. In A. pacifica, however, a 55 mm long specimen has simple groove (see
Tokioka, 1967a, p. 399). This difference might possibly be of taxonomic significance,
which is the reason why A. pacifica is here excluded from the synonymy of A.
sydneiensis. The specimens from Hong Kong and identified as 4. sydneiensis by Kott
& Goodbody (1980, pp. 526-529) are also excuded from the synonymy, because these
specimens, 35 to 55 mm long, each have a simple U-shaped ciliated groove. The
validity of 4. pacifica may be an open question.

Phallusia longitubis Traustedt has been regarded as a junior synonym of A. syd-
neiensis (see, for example, Hartmeyer & Michaelsen, 1928, p. 285; Van Name, 1945,
p- 189). Traustedt (1885) recorded P. longitubis from Hakodate, Hokkaido. I at-
tempted to clarify its identification by examination of the specimen(s) originally
deposited at “Berlins Museum”, but in vain, because the present day successor of this
museum (MNB) does not have the specimen(s) (Kiithlmann’s personal communica-
tion). Therefore, Traustedt’s record mentioned above is cited as an uncertain
locality in the present study.

Distribution in Japan Sea. Rishiri Is., down to 4 m, Oshoro and Esashi, 1 m,
Hokkaido (in the present study); Hakodate (?Traustedt, 1885; Hartmeyer, 1906);
Mutsu Bay, down to 20 m (Oka, 1935; in the present study); Oga Pen., O m
(Nishikawa, 1984b; in the present study); Sado (Tokioka, 1962a); Anamizu Bay
and Uchiura, eastern coast of Noto Pen., to 1 m (in the present study); Wakasa
Bay (Tokioka, 1959a); Tottori, O m (in the present study); Oki Isls, 47-55 m (Ni-
shikawa, 1986b; in the present study); eastern waters of Korea and Korean waters
facing Korea Strait (Rho, 1971, 1975).

Distribution outside Japan Sea. The known localities around Japan are: Onagawa
Bay (Hartmeyer, 1906); Matsushima Bay (Tokioka, 1960a), Tokyo Bay, 120 m (Ha-
rtmeyer, 1906); Sagami Bay, down to 60 fms (Hartmyer, 1906; Tokioka, 1953c);
Shimoda (Nishikawa, 1982b); Mikawa Bay, 0 m (Nishikawa’s unpublished data);
Kii Pen., to 80 m (Nishikawa & Tokioka, 1975; Nishikawa, 1980b); Osaka Bay
(Tokioka, 1951b, 1954c); Seto Inland Sea (Nishikawa’s unpublished data); Naga-
saki, Kyushu (Hartmeyer, 1906); Amami Isls (Nishikawa & Tokioka, 1976a); west-
ern waters of Korea (Rho, 1975). Widely distributed in the tropical to warm tem-
perate waters around the world.

65. Ascidia ahodori QOka, 1927

Ascidia ahodori Oka, 1927e, p. 493, fig. 950; Tokioka, 1953a, pp. 7-10, fig. 5; 1962a, p. 11, pl. 3,
fig. 21; Nishikawa, 1980b, tab. 1; 1984b, p. 150; Tokioka, 1960b, pp. 208-209, pl. 26, fig. 5 (as
“Ascidia ahodori(?)’’).

Ascidia alpha Tokioka, 1953a, pp. 10-11, fig. 6; 1954c¢, pp. 82-83, pl. 6, fig. 11; Nishikawa & Tokioka,
1976a, pp. 390-391, fig. 4, 27-29; Nishikawa, 1980b, tab. 1; 1982b, p. 204; 1984b, p. 150.
New Synonymy.
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Material examined: A (Toyama Bay): St. 8, one individual, posterior part of test injured, mantle
body 15 mm long. C-2 (Mutsu Bay): Kaizaki, SW end of Shimokita Pen., 15-20 m deep, a 28 mm
long individual. C—4 (Tsukumo Bay): from undersurface of stones, 4 individuals, 20-45 mm long.
C-6 (Anamizu Bay): a 22 mm long individual. D (Tottori): 3 individuals. H-3 (Tsukumo Bay):
3 individuals, 19-38.5 mm long. L-1 (Wakasa Bay): 3 individuals, 28-38 mm long. M (Oga): from
undersurface of boulders in the mediolittoral zone of Daishima, a 34 mm long individual; Toga, 10 m,
3 individuals, 18.5-41 mm long; already listed by Nishikawa (1984b).

Remarks. Ascidia ahodori Oka has been distinguished from A. alpha Tokioka
by Tokioka (1953a, 1954d, 1960b, 1962a) by the following differences : 1) the atrial
aperture opening on the test usually at the level of anterior one-third of body in A.
ahodori, while the aperture is situated close to the terminal branchial siphon in 4.
alpha; 2) the anterior margin of alimentary canal located beyond anteriorly the
level of anterior base of the atrial siphon in A. ahodori, while the margin posterior to
the anterior base of the siphon in 4. alpha; and 3) the axis of second intestinal loop
passing through the stomach in its middle part or near its pyloric end in 4. akodori,
while the axis passing through the pyloric end of stomach (or, according to my
previous observations passing sometimes through the intestine slightly apart from
stomach) in A. alpha. These two species are identical with each other in other sig-
nificant morphological features, as well as in the geographical or bathymetrical dis-
tribution. Close analysis of 21 specimens of the present material revealed that these
three differences are of no taxonomic significance, because the extremities in each of
the differences may be linked by intermediate stages of many specimens, and these
differences may arise independently. I have had an impression that the stomach
tends to be less extensive and more globular in outline in A. alpha than in 4. ahodori,
but my examination of the present material made it clear that the size and shape of
stomach may be of little taxonomic significance. These conclusions are also appli-
cable, according to my unpublished data, to the specimens collected from different
localities on the Pacific coasts of Japan. Consequently, 4. ahodori and A. alpha are
regarded as conspecific with each other, 4. alpha being a junior synonym of A. ahodor:.

A. californica Ritter et Forsyth, established for specimens collected from Cali-
fornia (Ritter & Forsyth, 1917, pp. 454-456), but later regarded as a junior synonym
of A. ceratodes (Huntsman) by Van Name (1945), seems to fall within the variation
range of A. ahodori. Crucial comparisons are urged between the Californian and the
Japanese specimens. _

Distribution in Japan Sea. Mutsu Bay, 15-20m (in the present study); Oga
Pen., 0-10 m (Nishikawa, 1984b; in the present study); Sado (Tokioka, 1962a);
Toyama Bay, 22-30 m, Tsukumo Bay and Anamizu Bay, 0-6 m, Wakasa Bay, 0 m,
and Tottori, 0 m (in the present study).

Distribution outside Japan Sea. Shimoda (Nishikawa, 1982b); Mikawa Bay, 0
m (Nishikawa’s unpublished data); Kii Pen., down to 3 m (Nishikawa, 1980b);
Osaka Bay, to 1 m (Tokioka, 1962a; Nishikawa’s unpublished data); Seto Inland
Sea, 0 m (Tokioka, 1953a, Nishikawa’s unpublished data); Ariake Sea (Tokioka,
1960b); Kagoshima Bay, 0 m (Nishikawa’s unpublished data); Amami Isls, 0 m
(Nishikawa & Tokioka, 1976a).
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66. Ascidia gemmata Sluiter, 1895
(Fig. 14)
Ascidia gemmata Sluiter, 1895, pp. 177-178, pl. 9, figs 7-9.

Material examined: A (Toyama Bay): St. 29, a 56 mm long X 33 mm wide individual, the
surface carrying several ascidians such as Cremidocarpa clara (1 individual), Pyura lepidoderma (4 indi-
viduals) and Boltenia echinata iburi (2 ones), some alcyonarians, bryozoan colonies and polychaete
tubes. B: No. 245 (M249), labeled Ascidia plata by Oka, collected in Korea (exact locality unknown)
by Y. Okada on Mar. 2, ’18, a 61 mm X 34 mm individual. C-2 (Mutsu Bay): Kaizaki, SW end of
Shimokita Pen., 15-20 m, 3 individuals, 26 mm, 33 mm and 55 mm long, respectively; mantle body
more or less injured, or missing in the 33 mm long individual. C—4 (Tsukumo Bay): from under-
surface of boulders in the mediolittoral zone, 7 individuals, the largest is 45 mm long X 28 mm wide,
while the smallest 11 mm X 7 mm; some damaged very much.

Description. In the living 45 mm long specimen of C—4, pale greenish blood
was seen oozing from a wounded part of the pale yellow test. In the specimen of
collection A and the 45 mm long specimen of C—4, both siphons short but distinct;
the branchial situated terminal, and the atrial near the posterior end of the body
and directed posteriorly (Fig. 14, A). In other specimens, the siphons indistinct;
the branchial terminal, while the atrial situated roughly at the level of posterior
one-third of body. Test more or less thick, except the 61 mm long specimen whose
test is rather thin, hard cartilaginous to soft leathery, translucent to nearly opaque,
and yellowish or dull white. Test surface wrinkled in the larger specimens, while
nearly smooth in smaller individuals, and all are devoid of projections. Mantle
musculature is a dense network of fine bundles. Up to about 80 tentacles, of various

Fig. 14. Ascidia gemmata Sluiter. A & C. 45 mm long specimen from Tsukumo Bay,
Noto Pen. (Collection C-4); B. 56 mm long specimen from Toyama Bay (A,
St. 29); D-F. 61 mm long specimen from Korea (B, OCUT No. 245(M249));
G. 55 mm long specimen from Mutsu Bay (C-2). A & D. right side; B. com-
plicated configuration of ciliated groove and 5 mm long narrow groove behind
the dorsal tubercle; C & E. left side of mantle body; F-G. ciliated groove.
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sizes. Prebranchial zone densely covered with evenly spaced minute papillae, ex-
cept in the 56 mm long specimen of A which lacks papillae. Ciliated groove sim-
ple C-shaped, opening to the anterior in the majority of specimens, but somewhat
deformed (Fig. 14, F-G) or cut into several pieces (Fig. 14, B) in some individuals.
Dorsal ganlion located at the anterior one-fourth to two-fifths of the intersiphonal
area. Narrow groove behind dorsal tubercle extending posteriorly to the level of
the ganglion (Fig. 14, B) or ending slightly anterior to it. The relative length of
narrow groove to the whole body seems roughly correlated with body length; the
value ranging from 0.05 (in a 11 mm long specimen) to 0.1 (in an individual 61
mm long). Dorsal lamina ribbed; tip of ribs projecting slightly beyond the margin
of the lamina. Numbers of longitudinal and transverse vessels are as follows:

Specimen Number of longitudinal Number of transverse
vessels (Left; Right) vessels
11 mm long (C-3) 27,28 about 60
34 mm long (C—4) 35; 40 about 160
45 mm long (C-4) 42; 48 about 190
55 mm long (C-2) 42; 50 no data
56 mm long (A) 65; 75 about 210
61 mm long (B) 57; 66 about 190

Nearly one branchial plication per mesh; up to 6 stigmata in each mesh. No in-
termediate papillae. Anterior margin of alimentary canal approaches the anterior
third of the distance between bases of both siphons (Fig. 14, C), except the specimens
of B and C—2 in which the margin reaches nearly to the posterior third (Fig. 14, E).
Axis of second loop passing through intestine at or slightly behind the pyloric end of
stomach. Stomach globular in outline. In the larger specimens the surface of ali-
mentary canal covered densely with testicular follicles; ovarian eggs up to 175 um
in diameter found in the specimens of B.

Remarks. 'The position of atrial siphon and the organization of the alimentary
system in the present specimens from the Japan Sea are similar to the original de-
scriptions and most, though not all, subsequent descriptions of Ascidia gemmata Sluiter
recorded from the West Pacific. I was fortunately given the chance to reexamine the
type material of Ascidia gemmata Sluiter collected from Ambon (Amboina), the Ban-
da Sea, and deposited at ZMA (TU 235; see Spoel, 1969, p. 161), as well as the ma-
terial from the Siboga Area, 0-13 m deep, referred with a very insufficient descrip-
tion to this species also by Sluiter (1904, p. 29) and kept at ZMA (TU 236-1, -2,
-3, —4 and -5). The Ambon material consists of two specimens fused firmly to each
other as shown in the original description; the larger, 33 mm long, with the rather
well preserved mantle body obviously already examined, the smaller individual miss-
ing its posterior part and containing only the intact anterior half of mantle body.
Several morphological notes are given here for future studies in addition to the orig-
inal description. These are based mainly on the larger specimen: the atrial aperture
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situated nearly at the posterior one-third of the body including the branchial siphon
located terminally; test pale yellowish, with yellowish orange pigment exculsively
on the atrial aperture of both specimens; test surface quite smooth and devoid of any
papillae; test vessels branched very well; the atrial siphon of the mantle body issuing
from the posterior one-third of the body proper excluding the branchial siphon; the
mantle musculature as a network of rather thick bundles ramifying densely over the
whole right side; tentacles about 50; prebranchial zone papillated minutely but
densely; ciliated groove C-shaped opened anteriorly; the narrow groove behind
dorsal tubercle 3 mm long; the distance between the rear end of the tubercle and the
anterior end of dorsal ganglion 4 mm; the ganglion located nearly in the middle of
the intersiphonal area; long neural duct discernible, without any secondary ciliated
grooves; tip of ribs of dorsal lamina projecting markedly beyond its margin; 30
longitudinal vessels on the left and more than 30 ones on the right; no intermediate
papillae; the visceral mass occupying more than the posterior half of mantle body
proper; the anterior margin of the mass situated at the level somewhat posterior to
the dorsal ganglion; the arrangement of alimentary canal as shown in the original
description; the intestine much swollen on the bottom part of the second loop, the axis
of which passing through the intestine far apart from the pyloric end of stomach
that is nearly globular.

On the other hand, the Siboga material consists of 18 specimens, 17 to 48 mm
long, of which the 17 mm long intact individual of TU 236-1 (collected from Siboga
St. 213) and the 28 mm and 29 mm long intact ones of Tu 236-4 (Siboga St. 47) may
not belong to this species. The other 16 specimens seem basically similar to the type
specimens mentioned above, though some variations are noted as follows: test white
and without any pigment except in the 46 mm long specimen of TU 236-5 in which
the test of the branchial siphon is pale brown due to the pigment; the atrial aperture
on the test almost sessile and situated usually at the posteroir one-third or less of the
body, but rarely in its middle; the atrial siphon of mantle body issuing from the
level far or slightly posterior to the middle of the body proper; ciliated groove C-
or U-shaped, except in the 23.5 mm long specimen of TU 236-4 and the 46 mm long
one of TU 236-5, in which the groove cut into 2 simple (in the former), or 6 simple
or complicated (in the latter) slits; tentacles up to about 100; the narrow groove
behind dorsal tubercle 1.2-5.5 mm long in 17 to 48 mm long specimens, usually long-
er in the larger ones; the dorsal ganglion located slightly or far posterior to the rear
end of the groove except in the 23.5 mm long one of Tu 236—4 in that the end of the
groove situated along the ganglion; the ganglion located at the anterior one-third
to posterior two-fifths of the intersiphonal area; up to 60 or more longitudinal ves-
sels on each side; the anterior margin of visceral mass more or less posterior to the
ganglion except in the 26 mm long specimen of TU 2364 in which the margin
reaching slightly anteriorly beyond the ganglion; the mass occupying less than the
posterior half of mantle body proper only in the 46 mm long specimen of TU 236-
3, in which the intestine along the bottom part of second loop is much swollen, and
the anterior half of the first loop bent so markedly \dorsoposteriad that the axis of
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second loop lies nearly transversely; in other specimens, the swelling is indiscern-
ible, the bend of first loop moderate, and the axis of second loop passing usually around
the pyloric end of, or rarely through the intestine slightly behind, the stomach
which is globular or somewhat elongated. These variations are regarded due partly
to individual variations and partly to allometric growth.

This range of variation seems to coincide with many previous descriptions of
A. gemmata except that given by Kott (1972a, pp. 26-27) for the specimen collected
from Upper St. Vincent Gulf, in which the atrial siphon is subterminal, while that of
the mantle body roughly at the anterior one-third of the body proper, and the an-
terior margin of the visceral mass located far posterior to the base of the atrial siphon.
The occurrence of papillae over the test surface previously noted by Tokioka (1952,
p. 103) and Nishikawa (1986a, p. 52) is regarded as an intraspecific variation, whose
taxonomic significance remains unsolved. Thus, the specimens from the Japan Sea
fall well within the variation range of 4. gemmata, and therefore, they can be referred
to this species. Reexamination of the specimen collected from the mediolittoral zone
of Hoza-ura, Nanto-cho on the eastern coast of Kii Pen. and referred to Ascidia ahodori
Oka by Nishikawa (1980b, p. 100) revealed that this specimen is well allotable also
to this species. Nevertheless, it seems quite peculiar to me that the species in ques-
tion has so far never been recorded from the warmer waters around Japan, such as
the Nansei Archipelago or Sagami Bay.

Distribution in Japan Sea. Mutsu Bay, 15-20 m (in the present study); Toyama
Bay, 100 m (do.); Tsukumo Bay, 0 m (do.); Korean coastal waters facing Korea
Strait (Rho, 1975).

Distribution outside Japan Sea. Eastern coast of Kii Pen., 0 m (erroneously listed
as A. ahodori in Nishikawa (1980b); in the present study), Japan; Marianas and
Caroline Isls and Wake Is., 9-22 feet (Tokioka, 1967c); Palau (Tokioka, 1950); Po-
nape and Majuro, 0-1 m (Nishikawa, 1984a); Flores Sea, O m (Sluiter, 1904); Ban-
da Sea, 0 m (Sluiter, 1893, 1904); Arafura Sea, 13 m (Sluiter, 1904; Tokioka, 1952);
West, South and East Australia, 0-72 feet (Herdman, 1899; Hartmeyer, 1919;
Hartmeyer & Michaelsen, 1928; Kott, 1952, 1966, 1975, 1976, 1985; Millar, 1966);
Solomon Isls, 0-1 m (Nishikawa, 1986a).

67. Ascidia matoya Tokioka, 1949
(Fig. 15)
Ascidia matoya Tokioka, 1949a, pp. 6-7, pl. 3, figs 2-4; Nishikawa, 1986b, p. 176.

Material examined: B: No. 211 (M122), labeled Ascidia mijaz, collected by Izuka in Miyazu
Bay of Wakasa Bay on July 8, °03, 2 individuals, 35 mm long X 22 mm wide, and 33 mm x21 mm,
respectively. N (Oki): a 17.5 mm X 12.5 mm individual, already listed by Nishikawa (1986b).

Description.  Entire body oval in outline and flattened laterally. Body surface
covered densely with minute papillae, as well as hairy or dendriform projections some-
times sparsely carrying fine sand grains (Fig. 15, A-B) in the specimens from Wakasa
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Bay. The surface of individual from Oki devoid of such papillae or projections, but
densely coated, and sometimes also impregnated, with sand grains, shell fragments
and other calcareous matters, except siphonal area. Both siphons short but distinct;
the brachial terminal, and the atrial situated close to it in the Oki specimen, while
at the anterior one-third of body in the Wakasa Bay specimen. Test thin but rather
tough, transparent and colorless, test vessels well branched and containing brownish
pigment. The vessel leading to test vessel system was traced only in the specimen
from Oki; it issues from the mantle along the anterior part of ventral branch of first
intestinal loop. Mantle musculature is a network of rather thick fibers densely dis-
tributed over the whole right side, and much less developed on the left (Fig. 1, C-D).
Tentacles about 24 (in the specimen from Oki) to 40 (in those from Wakasa Bay).
Peribranchial zone narrow and densely papillated. Ciliated groove simple C-shaped
(in smaller two specimens), or C-shaped with both horns rolled outward (in the lar-
gest one) ; all opened anteriorly. Dorsal ganglion very close to the dorsal tubercle,
along narrow groove behind it; the groove 1.2 to 2 mm long. Tip of ribs of dorsal
lamina projecting slightly or markedly beyond the margin. Twenty-eight longi-
tudinal vessels on the left and 38 ones on the right in 17.5 mm long specimen, 29
and 35 ones, respectively in 33 mm long one, and 33 and 36 ones in 35 mm long one;
up to 95 transverse vessels; no intermediate papillae. Visceral mass occupying
roughly the posterior two-thirds of mantle body, the posterior margin of the mass
considerably apart from the rear end of the body. First loop very deep and narrow,
while the second deep but rather widely opened with the axis passing through the

Fig. 15. Ascidia matoya Tokioka. A-C. 33 mm long specimen from Wakasa Bay (Col-
lection B, OCUT No. 211(M122)); D. 17.5 mm long specimen from Oki Isls
(N); A. right side of body; B. two dendroid projections on the test surface, en-
larged; C-D. left side of mantle body.
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pyloric end of stomach which is somewhat elongated oval (Fig. 15, C-D). Gonad
mature; ovary situated in the first loop, while the testicular follicles spreading over
the stomach and intestine in the smallest one.

Remarks. The specimens from Wakasa Bay conform very well to the original
and so far only description of 4. matgya Tokioka, especially in the body surface hav-
ing hairy processes, and are confidently placed in this taxon. These specimens have
a different test surface than the individual from Oki. This difference could be of
taxonomic significance, but the general similarity among these specimens is so strik-
ing that I will refer to the specimen from Oki as 4. matoya.

The test surface with the projections described in 4. matoya, as well as the man-
tle musculature and the arrangement of alimentary canal seen in this species is simi-
lar to the original description of 4. capillata Sluiter given by Sluiter (1886) on the ba-
sis of the single specimen collected form the Bay of Batavia (=Djakarta). However,
my reexamination of the holotype of A. capillaia deposited at ZMA (TU 219; see
Spoel, 1969, p. 161) revealed that its surface is quite free from any projections or
papillae and the second loop is deep and very narrow. As the mantle body of the
holotype is now injured and lacks its anterior part, further detailed comparison is
impossible between the holotype and A. matoya. Nevertheless, A. capillata may well
be regarded as distinct from A. matgya. Next, the specimen collected from the reef
located on NE of Timor, the Banda Sea and labeled 4. capillata by Sluiter (1904) was
reexamined (ZMA TU 267.4). The mantle musculature and course of alimentary
canal of this specimen resembles A. matoya mentioned above, but the Banda Sea spec-
imen is distiguishable from A. mateya by smooth uniformly chocolate brown test,
the dorsal ganglion far apart from the dorsal tubercle, and the visceral mass occupy-
ing the posterior half of mantle body in the Banda Sea specimen.

Distribution in Japan Sea. Wakasa Bay (in the present study); Oki Isls, 47-55
m deep (Nishikawa, 1986b; in the present study).

Distribution outside Japan Sea. Matoya Bay, 7-10 m (Tokioka, 1949a).

68. Ascidia longistriata Hartmeyer, 1906
(Fig. 16)

Ascidia lorzgistr-iala Hartmeyer, 1906, pp. 20-21, fig. 12; Tokioka, 1953c, pp. 227-229, pl. 37, figs
1-11, pl. 38, figs 1-5.

Material examined: A (Toyama Bay): St. 8, 2 68 mm long X 30 mm wide individual, mantle
body much injured. B: No. 330 (M197) (part), labeled Ascidia etigo by Oka, without any collection
data, but etigo obviously meaning the locality, that represents an old name for the district correspond-
ing to present Niigata Pref., a 87 mm X 40 mm individual.

Description. Body attached to substratum by the whole left side. Both siphons
short but distinct in the smaller specimen, while almost indiscernible in the larger;
the branchial situated terminal, while the atrial nearly in the middle of body in the



48 T. NISHIKAWA

smaller individual, or at the level of its posterior one-third in the larger (Fig. 16, A).
Test moderately thick (up to 3 mm in the larger specimen), soft leathery, translucent
and white; the surface wrinkled longitudinally in the smaller; and further the sur-
face provided wholly and densely with minute papillae only in the smaller specimen.
Mantle very delicate; the musculature as a network of fine bundles in various direc-
tions, though transverse muscles predominant in the central part of mantle body on
the right side. Tentacles about 36 (in the larger specimen) or 30 (in the smaller);
prebranchial zone smooth or papillated, respectively. Ciliated groove C-shaped,
with both horns slightly inrolled and opened anteriorly. Dorsal ganglion situated
at the anterior one-third of the distance between the bases of both siphons. Narrow
groove behind dorsal tubercle very long, extending down to the level slightly anterior
to the ganglion in the larger individual, or to the rear end of the ganglion in the smal-
ler. Dorsal lamina ribbed, tip of ribs projecting slightly beyond its margin. Sixty-
three longitudinal vessels on the left and 68 ones on the right in the larger specimen,
while about 50 and 60 ones in the smaller individual; transverse vessels are 320 and
250, respectively. No intermediate papillae. Up to 4 or 5 stigmata per mesh in the
smaller, but 6 or 7 in the larger. In the larger specimen, visceral mass occupies ap-
proximately three-cighths the length of mantle body, leaving the posterior one-eighth
unoccupied; the anterior margin of the mass situated at the level of posterior one-
fifth of the distance between bases of both siphons (Fig. 16, B). The axis of second

Fig. 16. Ascidia longistriata Hartmeyer from Niigata Pref., 87 mm long specimen (Col-
lection B, OCUT No. 330(M197)). A. right side of body; B. left side of mantle
bhody.
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intestinal loop passes through the intestine slightly behind the stomach which is
globular in outline and provided with internal plications. In the smaller specimens,
visceral mass much injured and hardly describable, but seemingly similar to that of
the larger specimen. Gonad mature only in the larger specimen; ovarian eggs
150 to 175 um in diameter.

Remarks. The smaller specimen from Toyama Bay falls, though much damaged,
well within the variation range of 4. longistriata Hartmeyer. The larger specimen
from Niigata may be unusual for this species in the posterior position of atrial aper-
ture on the test and the axis of second intestinal loop passing through the intestine be-
hind the stomach; in the hitherto known specimens the aperture is situated nearly in
the middle of body and the axis across around the middle of stomach. In these two
features this specimen resembles 4. gemmata Sluiter discussed above, but the small-
ness of the visceral mass in the specimen from Niigata may be enough to distinguish
the specimen from A. gemmata. Thus, the specimen in question is here referred, though
not decidedly, to A. longistriata.

Kott & Goodbody (1980) recorded A. longistriata from Hong Kong. In their
specimens the visceral mass occupies approximately the posterior half of mantle body
inclusive of the long branchial siphon, leaving almost no space between the posterior
margin of the mass and the rear end of mantle body; the visceral mass is much more
extensive in the Hong Kong specimens than in the previously known specimens of 4.
longistriata. 'The form of alimentary canal in the specimens from Hong Kong resem-
bles that of 4. deta Tokioka previously recorded from the Tokara Isls, Japan (Tokioka,
1954a), rather than that of A. longistriata. Therefore, Kott & Goodbody’s record is
excluded from the synonymy of this species.

Distribution in Japan Sea. Toyama Bay, 22-30 m, and off Niigata Pref. (in the
present study).

Distribution outside Japan Sea. Sagami Bay, down to 350 m (Hartmeyer, 1906;
Tokioka, 1953¢); Suruga Bay, 117 m (Nishikawa’s unpublished data).

69. Ascidia armata Hartmeyer, 1906
(Fig. 17, A-C)

Ascidia armata Hartmeyer, 1906, pp. 19-20, fig. 11; Tokioka, 1953c, pp. 229-230, pl. 38, figs 6-13,
text-fig. 10.

Material examined: A (Toyama Bay): St. 29, a 34 mm long X 18 mm wide individual. B: No.
347 (M198), labeled Ascidia etigo by Oka, without any collection data, but #igo obviously meaning
the locality, representing an old name for present Niigata Pref., 2 individuals, 95 mm X 60 mm and
65 mm X 44 mm.

Description.  Body attached to substratum by the whole left side; rectangular
in outline in the 95 mm and 34 mm long specimens, while elongated oval in the
65 mm long one. Both siphons indistinct; the branchial aperture opening on the an-
terodorsal corner and the atrial at the level of anterior one-third of body. Each
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Fig. 17. A-C. Ascidia armata Hartmeyer from Niigata Pref., 95 mm long specimen (Col-
lection B, OCUT No. 347(M198)); D-E. A. austera Sluiter from Oki Isls, 26
mm long specimen (N). A. right side of body; B & D. left side of mantle body;
C & E. ciliated groove.

aperture surrounded by conical protuberances (Fig. 17, A), up to 2 mm long (in
the 95 mm long specimen), 1.5 mm (in the 65 mm long one) or to 1 mm (in the
34 mm long one); each receiving a test vessel terminus. Test rather tough but not
hard, thick (up to 6 mm) in the larger two specimens or thin in the smallest, translu-
cent to almost transparent, and slightly yellowish white; furnished rather densely
with vessels. The surface is irregularly wrinkled; and covered rather densely with
minute papillae in the anterior half of body in the smallest specimen, which are
lacking in the larger two. Mantle very thin, and the musculature as a network of
fine bundles. Both siphons short; the branchial terminal, and the atrial nearly in
the middle of mantle body. Sixty tentacles in 95 mm long specimen, 50 in 65 mm
long individual, or 26 in 34 mm long one. Prebranchial zone covered densely and
evenly with minute papillae. Ciliated groove C-shaped opened anteriorly in the
smaller two specimens, while basically C-shaped but with horns arranged more
complex (Fig. 17, C) in the largest one. Dorsal ganglion located nearly in the mid-
dle between bases of both siphons in the smallest specimen, while more anteriorly
in the larger two; the distance between the base of branchial siphon and the posterior
end of the ganglion is 4 mm in 95 mm long specimen, while 8 mm in 65 mm long
one. Narrow groove behind the tubercle reaches posteriorly just to the level of the
ganglion. Dorsal lamina tall; tip of ribs of the lamina projecting slightly beyond
its margin. Number of longitudinal and transverse vessels are:
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Specimen Number of longitudinal Number of transverse
vessels (Left; Right) vessels

95 mm long 76; 90 210

65 mm long 56; 65 200

34 mm long 50; 60 80

Intermediate papillae discernible only on the posterior part of the sac in the smallest
specimen. Three to 4 (in the smallest specimen), or up to 6 or 7 stigmata per mesh.
Anterior margin of alimentary canal extends to the level of atrial siphon (Fig. 17,
B) in the larger two specimens, but is more posterior in the smallest. Posterior
margin of visceral mass distant from the rear end of mantle body.” The axis of sec-
ond intestinal loop passes through the intestine behind the stomach which is elon-
gated cylindrical and furnished with 8 or more internal plications on its left side.
Proximal part of dorsal branch of second loop is swollen remarkably. Anal margin
smooth. Gonad mature in the larger two specimens.

Remarks. These specimens from the Japan Sea conform very well to the
previous descriptions of Ascidia armata from Sagami Bay by Hartmeyer and Tokioka,
especially in the test armature around each aperture, the general structure of bran-
chial sac and the position and arrangement of alimentary canal. The Japan Sea spe-
cimens are, however, different from the previous descriptions of this species’ mainly
in : 1) the papillated prebranchial zone in these specimens (instead of unpapillated
in Tokioka’s description), 2) the fewer transverse vessels (80 to 210 in 34 t©6 95 mm
long specimens from the Japan Sea, instead of 180 to 300 in 40 to 98 mm long ones
from Sagami Bay), and 3) the far more anterior position of dorsal ganglion in the spe-
cimens from Niigata than in the previous descriptions (but in that from Toyama Bay
the position of the ganglion is similar to the descriptions). Among these differences,
the last one can be regarded as an individual variation, though further examinations
would be necessary for the crucial conclusion. The first two variations could be of
taxonomic significance. On the other hand, it is equally possible that the differ-
ences in question represent individual variations. Detailed considerations on this
problem are highly expected in future on the basis of a good number of specimens
from different localities, but here the present specimens from the Japan Sea arc
referred to A. armata.

Distribution in Japan Sea. Toyama Bay, 100 m deep and off Niigata Pref. (in
the present study).

Distribution outside Japan Sea. Sagami Bay, down to 180 m (Hartmeyer, 1906;
Tokioka, 1953c).

70. Ascidia zyogasima Tokioka, 1962

Ascidia zyogasima Tokioka, 1962b, pp. 278-280, fig. 11; Rho, 1971, p. 111.
Doubtful synonym:
Phallusia koreana Traustedt, 1885, pp. 14-15, 49-50, pl. 2, fig. 15, text-figs 3-4.
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Material examined: None.

Remarks. Rho (1971) recorded this species in the Japan Sea from Cheju Is.,
Korea Strait, but no further reports have yet been made. Rho’s specimens are con-
sistent well with the original description of the species given by Tokioka (1962b)
especially in the anterior position of atrial siphon, the large number of longitudinal
vessels, the position and arrangement of alimentary canal, and the globular stomach,
and therefore the specimens are clearly conspecific with Tokioka’s material.

Traustedt (1885) established the species Phallusia koreana for specimens collected
from the Korean coast at a depth of 60 to 100 fms. This species was later synonymiz-
ed tentatively with Ascidia callosa Stimpson by Hartmeyer (1924). P. koreana resem-
bles A. zyogasima in the position of atrial siphon, the existence of intermediate papil-
lae on the branchial sac, and the position and arrangement of alimentary canal.
P. koreana differs from A. zyogasima in the existence of short and pointed protuber-
ances around the apertures on the test only in P. koreana and that of the secondary
serrations born on the margin of dorsal lamina between prominently projected tips of
ribs beyond it also only in P. koreana. As the original description of P. koreana lacks
a description of the number of longitudinal or transverse vessels, and the detailed
morphology of alimentary canal, reexamination of the type material was planned,
but in vain, because it has been unfortunately missing for a long time at UZMK (E.
Rasmussen’s personal communiaction). Indeed, in the serrated margin of dorsal
lamina P. koreana resembles A. callosa, but in A4. callosa the visceral mass occupies far
larger part of mantle body than in P. koreana. This difference seems to be of taxono-
mic significance. Thus, P. koreana may better be regarded, though somewhat doubt-
fully, as conspecific with A. zyogasima, rather than with A. callosa previously from the
arctic and boreal waters.

Distribution in Japan Sea. Cheju Is., Korea Strait (Rho, 1971); ?Korean coast,
60-100 fms (Traustedt, 1885).

Distribution outside Japan Sea. Sagami Bay, 300-450 m (Tokioka, 1962bh).

71. Ascidia zara Oka, 1935
(Tab. 5)

Ascidia zara Oka, 1935, pp. 463-464, figs 33-34.

Doubtful synonyms:

Ascidia ?zara:  Millar, 1975, pp. 272-273, fig. 54.

Phallusia suensonit Traustedt, 1885, pp. 13-14, 49, pl. 2, fig. 14, text-figs 1-2.

Material examined: B: No. 192 (M433), collected on the east coast of Yunoshima Is., near
Asamushi, Mutsu Bay by Hozawa and Takatsuki on Aug. 8, 26, a 21 mm long individual; No. 159
(M352), labeled Ascidia usuela by Oka, collected in Oshoro, near Otaru, Hokkaido, a 20 mm long
individual, dried up completely and detailed examination impossible, but the papillae discernible over
the test surface. C-1 (Hokkaido): from undersurface of boulders in the mediolittoral zone of Kutsu-
gata-misaki, Rishiri Is., 7 individuals, 13~24 mm long; Kabuka Hbr, Rebun Is., 5m, a 24 mm long
individual; from undersurface of stones, 1 m, Kamomejima Is., Esashi, a 20 mm long individual. D
(Tottori): a 8.5 mm long individual, collected on Dec. ’78. H-2 (Tsukumo Bay): from seawater tank
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of Noto Marine Biological Station, 10 individuals, 28-39 mm long. I-2 (Tsukumo Bay): 6 individuals
found attached to balanoid shells, fishing nets or plastic sheets, 6.8-14 mm long. J-2 (Tsuruga Bay):
a 32 mm long individual. M (Oga): from undersurface of stones in the mediolittoral zone of
Daishima, 14 individuals, 12-57 mm long; already listed by Nishikawa (1984b).

Remarks. All the specimens examined in the present study fall within the pre-
viously known range of variation of 4. zara. For future studies, several morphologi-
cal features are noted as follows: the papillae over the test surface variable in size
and arrangement; the length ranging from 100 or less to 500 um, or rarely up to 1
mm long (often much longer around apertures), and the papillae usually distributed
evenly and densely over the whole surface, but sometimes confined exclusively to the
peripheral or anterior part, and in some individuals they are very sparse; both si-
phons almost always indiscernible; the atrial aperture situated at the level slightly
anterior to, or justin the middle of body; number of longitudinal vessels and the length
of narrow groove behind dorsal tubercle shown in Tab. 5; dorsal ganglion usually
located near the rear end of the groove, but also found sometimes along its middle
part; up to about 100 tentacles in the largest specimen; ciliated groove C- or U-shap-
ed opened anteriorly; prebranchial zone almost always densely papillated, but quite
smooth in a few individuals; no intermediate papillae; the anterior margin of alimen-
tary canal usually extending anteriorly beyond the anterior base of atrial siphon on
the mantle body, though in some individuals it does not reach this for; the axis of

Table 5. Characteristics of Ascidia zara Oka from the Japan Sea

Material Body length Number of Length of narrow groove
(mm) longitudinal vessels behind the dorsal tubercle (mm)

B 21 28 (L); 35 (R) 2.9
15 25; 32 2.2

17 26; 34 2.3

c-1 17 25; 30 1.9
18 22; 30 3.0

22 28; 33 2.5

24 27; 