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INTRODUCTION

From the standpoint of the distribution of chaetognaths of the North Pacific,
I proposed the possibility of separating the bedoti-water as a distinct water mass
from the vast far oceanic pacifica-dominant water mass (1959). Besides, I tried
to distinguish the enflata-dominant equatorial water mass in the same paper.
However, in order to ascertain these ideas, it is very necessary to find out some
plankton animals other than chaetognaths, which are distributed in similar
manners as in the above-mentioned chaetognaths. For this reason, I am going
to analyse the distribution of appendicularians of the North Pacific in the same
way as that adopted in my former study of chaetognaths in 1959. Namely, pre-
dominant species are selected out at first, ratios among these species are calculated
and then the distribution of ratio values is studied. In the warm water of the
North Pacific, Oikopleura longicauda and O. fusiformis can be taken up as pre-
dominant forms as seen clearly in Table 1 showing the abundance of respective
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Distribution of Appendicularians and Some Thaliaceans of the North Pacific 353

species in the collections treated in the present paper. Thus, the ratio F/L (=
O. fusiformis/O. longicauda) was calculated about each available sample. By the
way, distributions of Doliolum denticulatum, Doliolum nationalis and Dolioletta gegen-
bauri var. tritonis in the North Pacific are studied in this paper in relation to
various water masses. Further, a notice was paid on the distribution of Thalia
democ}'atica var. orientalis to find out whether or not the distribution of this
variety and that of the typical form are segregative.

Although I used many data published by various authors together with my
own unpublished ones to build up the general outline of the distribution of
appendicularians and some thaliaceans of the North Pacific, most parts of the
data were obtained while I was staying at the Scripps Institution of Oceanography
in 1956-57 to study a part of the vast collection of plankton samples kept there.
Consequently, this paper might be regarded as the third paper dealing with the
results of my appendicularian studies made at that laboratory. All of my own
unpublished data, mentioned above, are shown in appended tables at the end of
this article. Because there have not yet been any papers in which the distri-
bution of appendicularians is discussed in the scale of the North Pacific, this
paper might be regarded as a preliminary report on this subject, although there
remain still some wide areas, where the appendicularian fauna has never been
studied. Besides the distributional studies, some short morphological notes on
several species will be found in later pages.

Before going further, I want to express my hearty thanks to the staff of
the Scripps Institution of Oceanography for granting me the favour of a seat at
the laboratory for a year, especially to Prof. M. W. Jounson for his kindness in
providing facilities and also to the Rockefeller Foundation for a postdoctoral

fellowship.

MATERIAL AND METHODS

The material treated in this article comprises all of the seven collections
mentioned in my previous paper (1959) on the North Pacific chaetognaths and a
few other collections which are described fully in respective chapters where the
data on these collections are published for the first time. Here, I have to ex-
press my hearty thanks again to Prof. FREpD B PrLEGER and members of the
Foraminifera Laboratory of the Scripps Institution of Oceanography for their
kindness in allowing me to examine the plankton samples collected from
Scammon’s and Manuela lagoons and to quote gome of the hydrographical data
in this paper, as those samples included a number of Oikopleura dioica and thus
they offered very important data for the distribution of this species.

The whole contents were examined with a magnification of 30X or under the
microscope with more higher magnifications, when the samples collected with
small nets were treated. Every individual of each species was identified carefully
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354 T. Toxkioka

and counted. However, only a quater of the contents was examined in this way,
when the large net samples were dealt with.

It is clear that the present material is not satisfactory-as to the evenness of
the distribution of sampling stations and times in respective areas referred to.
Moreover, there is another difficulty which cannot be overcome easily. As the
body consistency of appendicularians is not so tough and ready to be easily
mutilated, lots of specimens are often found damaged and cannot be identified.
The proportion of these damaged specimens to the whole appendicularian popu-
lation is usually much larger in respective samples than in the cases concerning
chaetognaths. If the damaged specimens occurred in a certain proportion to the
whole population in respective species, then the existence of such unidentified
specimens would not be a significant obstacle in discussing the quantitative dis-
tribution of respective species. Actually, however, some species can be identified
very exactly even in a heavily damaged condition, these include Fritillaria
pellucida, F. formica and sometimes some oikopleurids belonging to the subgenus
Vexillaria having a tough tail-musculature with subchordal cells; while some other
oikopleurids belonging to the subgenus Coecaria having a rather delicate tail-
musculature without any subchordal cells and such fritillarians as F. kaplostoma
can hardly be identified with certainty in a damaged state. It is very probable
that latter forms are damaged more easily than former ones. Thus, the distri-
bution of damaged and unidentified individuals among species cannot be parallel
to that of identified individuals. And yet, this discrepancy can never be adjusted
in. any way. For these reasons, the acuracy of the ratio F/L, percentages of
respective species and other values estimated on these should be lowered for
some extent. It seems quite impossible to assess the extent, some people might
consider it is scarcely possible to deduce any trends from the arrangement of
such values, but I believe the trends found in the distribution of those values
are reliable when abundant data are treated. To do with many data seems to
be the only solution for the above-mentioned difficulty. In computing percentages,
ratios and means, fractions less than 1/2 were disregarded and the rest were

counted as units.

APPENDICULARIANS OCCURRED IN THE WHOLE COLLECTIONS
TREATED IN THIS PAPER

Forty forms of appendicularians were identified in the present material.
They are:

1. Oikopleura (Coecaria) longicauda (VocTt), 1854

2. Oikopleura (Coecaria) intermedia 1.oaMANN, 1896

3. Oikopleura (Coecaria) fusiformis For, 1872

4. Oikopleura (Coecaria) fusiformis f. cornutogastra (Aipa), 1907
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Oikopleura (Coecaria) gracilis LoaMANN, 1896
Oikopleura (Coecaria) graciloides LouMANN & BUCKMANN, 1924
Oikopleura (Vexillaria) dioia ForL, 1872
Oikopleura (Vexillaria) rufescens FoL, 1872
Oikopleura (Vexillaria) parva.LOHMANN, 1896
10. Oikopleura (Vexillaria) cophocerca GEGENBAUR, 1855
11. Oikopleura (Vexillaria) albicans (LEUCKART), 1854
12. Oikopleura (Vexillaria) labradoriensis LoHMANN, 1892
13. Megalocercus huxleyi (RITTER), 1905 '
14. Megalocercus abyssorum CHUN, 1888
15. Stegosoma magnum (LANGERHANS), 1880
16. Folia gracilis Loamann, 1892
17. Pelagopleura verticalis (LoHMANN), 1914
18. Althoffia tumida LouMANN, 1896
19. Sinisteroffia scrippsi Toxiora, 1957
20. Bathochordaeus sp.
21. Fritillaria (Acrocercus) haplostoma For, 1872
22. Fritillaria (Acrocercus) abjornseni LoHMANN, 1909
- 23. Fritillaria (Acrocercus) arafoera ToOKIOKA, 1956
24. Fritillaria (Acrocercus) aberrans LoEMANN, 1896
25. Fritillaria (Acrocercus) formica f. digitata Loumann & BtickManN, 1926
26. Fritillaria (Acrocercus) fraudax LoHMANN, 1896
27. Fritillaria (Acrocercus) gracilis Loumann, 1896
28. Fritillaria (Acrocercus) charybdae LoOHMANN, 1899
29. Fritillaria (? Acrocercus) pacifica TOKIOKA, 1958
30. Fritillaria (Eurycercus) pellucida (Busch), 1851
31. Fritillaria (Eurycercus) borealis f. typica (LoEMANN), 1900
32. Fritillaria (Eurycercus) borealis f. intermedia (LOHMANN), 1905
33. Fritillavia (Eurycercus) borealis f. sargassi (LouMANN), 1896
34. Fritillaria (Eurycercus) megachile For, 1872
35. Fritillaria (Eurycercus) tenella LouMAaNN, 1896
36. Fritillaria (Eurycercus) venusta LoHMANN, 1896
37. Tectillaria fertilis (LoHMANN), 1896
38. Tectillaria taeniogona (TOKIOKA), 1957
39. Appendicularia sicula For, 1874
40. Kowalevskaia tenuis For, 1872

© N w

All the specimens of Fritillaria (Acrocercus) formica For, 1872 were re-
presented by forma digitate LouMANN & BUckMANN in the present material. The
abundance of respective species in each collection is shown in the Table 1,
besides Tables 3, 4, 7-11, 13-22 are needed for making the general outline of the
appendicularian distribution in the North Pacific. The following eight species
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O. longicauda

O. fusiformis

O. rufescens

Frit. borealis f. sargassi
Frit. pellucida

Steg. magnum

O. cophocerca

M. huxleyi

are considered to be common ones throughout the eight collections from the
warm water regions of the Indo-Pacific, especially first three are outstanding. It
is very clear that O. Jongicauda is the commonest species and O. fusiformis may
be said as following it. Thus, the ratio between these two species (F/L) was
calculated as to respective samples and the distribution of this ratio was studied.

OCCURRENCE OF APPENDICULARIANS AND SOME OTHER PELAGIC
TUNICATES IN RESPECTIVE COLLECTIONS

I. APPENDICULARIANS FOUND IN THE SAMPLES COLLECTED
IN THE SUBARCTIC WATERS

(Appendix Table 1)

Only two species, O. labradoriensis and Frit. borealis f. typica, occurred in 34
samples collected in the subarctic waters during the Transpac-Expedition; the
former was much more abundant than the latter. O. labradoriemsis was very
abundant at Stations TP 25 and TP 37 and pretty dense at Stations TP 30 and
TP 44, while Frit. borealis f. typica was fairly abundant at Station TP 42. This
seems to strengthen the possibility that O. chamissonis MERTENS 1831, an insuffi-
ciently described form from the Bering Straits might be identical with O.

labradoriensis.

II. APPENDICULARIANS IN THE MIXING AREA BETWEEN
THE SUBARCTIC WATER AND THE WARM WATER

(Table 2)

In the Transpac-Expedition samples from the mixing area between the sub-
arctic and the warm water, O. longicauda was much more abundant then O.
Sfusiformis which occurred only rarely. The component of the appendicularian
population in each sample including O. lebradoriensis is shown below in Table 2.
This shows evidently that O, longicauda is predominant among warm water species
in both eastern and western mixing areas. The collection made by the Japanese
survey ship and presented to the Transpac Expedition party contains only a
single sample in which O. labradoriensis is found; forty O. longicauda and a
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Collections IS TP SB | MP | EQP | CP | AR CI Total
O. longicauda 6900 | 3828 | 3400 | 1809 | 2200 | 1312 | 4560 | 4400 28409
O. intermedia — 6 96 33 40 42 32 72 321
O. fusiformis 962 | 2080 474 486 700 | 2492 319 | 1134 8647
0. fusiformis
. Jusifor e 6| «| 10| o «| —| 86| 8| =879
0. gracilis — 16 8 — — — — 64 88
0. graciloides 32 120 51 9 40 — — 12 264
0. dioica 63 240 | 19 12 — — 432 105 871
0. rufescens 371 528 ; 511 689 700 671 | 1300 803 5573
0. parva — 24 42 7 — 7 2 115 197
0. cophocerca 10 174 553 588 160 36 160 464 2145
0. albicans — | 120 | 264 77 20 — — | 135 616
O. labradoriensis 25| 372 — — — — — — 397
M. huxleyi — 16 | 126 | 200 ; 160 | 1204 27 36 1769
M. abyssorum — — * 18 — — — — *18
Steg. magnum 78 145 174 192 180 810 9 620 2208
Folia gracilis — — * — — — —_ — *
P. verticalis — — 42 — 2% ?4 — 45 %91
Alth. tumida — 1 39 2 Pk 25 — — *67
Sin. scrippsi — — 8 — — — — — 8
Bathochordaeus sp. — — * — * — — — %
Frit. haplostoma 28 80 31 32 40 44 80 | 112 441
Frit. abjornseni — 2 — — — — 10 — 12
Frit. arafoera 5 - — — — — 2 — 7
_Frit. aberrans — 4 29 28 * — — — 61
‘Fff”(}ig‘z?t’;’;;”” 224 81| 52| 63| 80| 172]| 25| 108]| 05|
Frit. fraudax 5 — * 24 40 — — 8 *77
Frit. gracilis — — * * 40 — — 28 +68
Frit. charybdae — — * — — — — — %
Frit. pacifica — 1 15 — 80 — — — 96
Frit. pellucida 26 154 150 100 | 1840 256 8 114 2648
Frit. borealis |
f. typica 10 252 — — — — - — 262
rit. borealis
Ff‘ intermedia - - 4 - * - - 12 *16
F{’iﬁf@ﬁi‘éﬁ” 638 | 610 | 99| 490| 320 | 126 | 1120 | 462| 3865
Frit. megachile 10 16 * 6 40 35 — 16 %123
Frit. tenella — — 54 49 | 640 — — — 743
Frit. venusta — — 44 6| 160 22 — — 232
T. fertilis 63 34 15 % 20 — 2 — %134
T. taeniogona — — 15 — — — — — 15
App. sicula 96 63 ® * — — | 464 45 *668
K. tenuis * * * — — 1 143 2 — 145
Oikopleurids damaged 444 | 1008 | 3700 | 3690 | 2600 | 2500 384 | 1022 15348
Fritillarians damaged 33 54 40 84 80 21 4 108 424
Number of samples 19 97 48 56 5 28 | 55 26 334

Table 1. The value Frequency of Occurrence X Mean Percentage of each species in
respective collections made in the warm water regions of the Indo-Pacific.

AR-—The collection from the Arafura Sea, CI.--The central part of the tropical Indian
Ocean, CP---The Central Pacific surveyed by the Syunkotu-Maru, EQP-.-The collection
of the Equapac Expedition, JS---The collection made by .the Japanese Survey Ship in
the offshore waters off the north-eastern part of Honsyt Island, Japan; MP---The
collection of the Midpac Expedition, SB---The Shellback Expedition, TP---The Transpac

Expedition.

numerals show the total of values excluding those less than 1.
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single damaged and unidentified specimen were found in this sample (see J3 of
Appendix Table 18). In many samples collected by the vertical haul from
50-100m to the surface in the Japan Sea, were found considerable numbers of
0. labradoriensis, too. In these samples, besides O. labradoriensis, O. longicauda
and O. dioica were found most frequently as seen later in Tables 16-18 in the

. TP|TP|TP|TP|TP|TP|TP | TP | TP | TP | TP
Stations 18 | 26 | 33 | 51 | 52 |57A|58A| 61 | 67 | 68 | 73| 11 samples

0. labradoriensis 4 2 5125| 14|13 5 5 5 1 2 F.0.-100%
0. longicauda 1 1({12)11 |21 4/ 10 | 38| 28 | 36 91
O. fusiformis 10 10 18
0. dioica 21 9
Oikopleurids 2l 21 1 1 3 45

damaged
Frit. pellucida 18 1 18
{‘rit. Igorealis 14| 3| 2|57 36

. typica

Table 2. Occurrence of appendicularians in the Transpac-Expedition samples collected
in the mixing area between the subarctic water and the warm water.

chapter concerning the appendicularian fauna of the Japan Sea. In southern part
of this sea, however, the distribution of O. labradoriensis seemed frequently to
be segregated vertically from those of O. longicauda and other warm water forms,
namely the former was found confined to the submerged cold water mass, while
the latter were abundant in the surface warm water.

III. PELAGIC TUNICATES IN THE BLUE-GREEN WATER ALONG
THE SOUTHERN CALIFORNIAN COAST

(App. Tables 2 and 3, Table 3 and Text-fig. 1)

Eight species of appendicularians occurred in the nineteen plankton samples
collected March 12-13, 1956 in the coastal blue-green water along the Californian
coast from San Diego to Long Beach, when a small net, 17cm in the mouth dia-
meter, was towed from 20-40m to the surface. O. divica occupied the largest
part of the appendicularian population and Frit. borealis f. typica did also a signi-
ficant part. Small numbers of O. longicauda were found in samples collected
near the boundary between the blue-green water and the more offshore blue
water.  The occurrence of a few O. labradoriensis together with a considerable
number of Frit. borealis f. typica shows evidently that the water of the surveyed
area was influenced by the subarctic water carried by the California Current at
that time and the predominance of O. dioica indicates that the neritic nature was
highly retained there at the same time (App. Table 2).

— 136 —



Distribution of Appendicularians and Some Thaliaceans of the North Pacific 359

The 35 plankton samples collected off San Diego with a similar small net
and stored at the Scripps Institution contained a large number of O. longicauda
and a pretty amount of O. dioica (App. Table 3). Here occurred a significant
number of O. fusiformis, although F/L being only 0.03. A few Frit. borealis f.
sargassi together with f. typica were found in this collection. Thus, it is clear
that the water of the surveyed area was the mixture of the neritic water and
the warm oceanic water and partly affected by the subarctic influx. Of Thaliacea,
Doliolum nationalis and Dolioletta gegenbauri var. tritonis were found in this collec-
tion. Although RritTer (1905) reported Doliolum tritonis, Doliolum ehrenbergii and
Doliolum miiller: from the San Diego region, it is hardly possible to determine
which of D. denticulatum or D. nationalis is represented by his D. ehrenbergii.

off San Diego Blue-grean water
(35 samples) (19 samples)
0. longicauda 4095 63
O. fusiformis 136 *
0. divica 1880 8400
0. parva — *
0. labradoriensis — *
Frit. abjornseni 12 —
Frit. pellucida - *
Frit. borealis
f. typica 17 1500
Frit. borealis 28 _
| £ sargassi
App. sicula 9 —
K. tenuis — *

Table 3. Abundance of respective species of appendicularians in the coastal waters
of southern California.
Numerals indicate values Frequency of occurrence X Mean percentage, *—less
than 1.

Frit. borealis f. typica occurred also at Stations 1 and 3 of the Transpac
Expedition, which were situated near the blue-green water ; there occurred, at the
same time, a few individuals of O. cophocerca, a warm oceanic water form.

The outline of the appendicularian fauna of this area is shown clearly by
EsseEnBERG’s works (1922 and 1926) based on daily collections taken from the
surface of the water at or near the end of the pier at the Scripps Institution
for Biological Research for three years. According to her papers, maximum
numbers of appendicularian individuals were to be found in the winter seasoh,
from October to March or April; minimum numbers in summer. “In general
the data shows a very marked correlation between the temperature of the water
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and the number of appendicularians, in which increase of temperature is accom-
panied by or followed by decrease in numbers and vice versa”. O. dioica and O.
longicauda were the commonest species, they occurred even throughout summer
and rarely in large numbers in this warm season. Other forms occurred mostly
in winter and unevenly in the season, unusually dense populations of O. fusi-
formis and Frit. formica were recorded. In all, she listed forty-eight species, of
which thirty were new species. I believe, however, this number is too large for
this region. In my opinion, her list is reducible to the following twenty-one
forms, all her new species being treated as synonyms of already known species.

1. . longicauda

. fusiformis ‘

. graciloides (=0. californica ESSENBERG)
. dioica

. rufescens

. cophocerca

7. O. labradoriensis

1< I I U
QOO0 000

It is very possible that O. albicans described by ESSENBERG may be identical with O. labradori-
ensis, because the shape of its left stomach lobe and the arrangement of the subchordal cells
resemble those of /abradoriensis rather than those of albicans.

8. Oikopleura vanhiffeni LoHMANN, 1896

9. Steg. magnum
Megalocercus diegensis ESSENBERG may be safely identified as Steg. magnum, as IHLE has already
mentioned in his note of 1929.

10. Pelagopleura gracilis LouMmann, 1914 (=Althoffia pacifica ESSENBERG)

11. Frit. haplostoma
Frit. lucibila and Frit. limpida described by ESSENBERG as new species are evidently identical
with the present species. F7it. truncata ESSENBERG might also be treated under this species.

12. Frit. abjornsent

Frit. lohmanni, Frit. amygdala and Frit. tereta described by ESSENBERG as new species are
evidently identical with the present species. Frit. campila and Frit. tacita, both described by
ESSENBERG as new species, may safely be include in the “haplostoma”-group and identified as
haplostoma or abjornseni rather than be treated as distinct species. :

13. Frit. formica

14. Frit. pellucida

15. Frit. borealis f. typica (=Frit. borealis by ESSENBERG)
Frit. delicata EsSENBERG has the tail ending in an acute point; the structure of the trunk is,
however, related closely to that of Frit. borealis f. typica or Frit. haplostoma. Probably this is
a form attributable to Frit. haplostoma having an imperfectly preserved trunk or one belonging
to Frit. borealis 1. typica having an imperfectly preserved tail which is shrunk near the distal end.

16. Frit. borealis f. intermedia (=Frit. juncea ESSENBERG, ? Frit. gigas ESSEN-
BERG, Frit. claudaria ESSENBERG)
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Frit. exilis and Frit. pulchrituda described by ESSENBERG as new species, are considered safely
to belong to the species borealis and may be classified as f. infermedia or f. typica. Frit. nitida
EsseNBERG and Frif. brevicollis ESSENBERG have the tail ending in a pointed tip, but the
structure of their trunks resembles very closely that of Frit. borealis f. typica or f. intermedia.
It is very possible that these two are nothing but imperfectly preserved specimens of f. infermedia,
in which the posterior end of the tail fin is shrunk as to be seen ending in an acute tip, because
the tail-musculature is rather wider for f. typica. F7it. tenebra and Frit. artus, both having the
tail ending in an acute tip and identified by ESSENBERG as new species, may safely be identified
as Frit. borealis f. intermedia or f. typica, for the same reason as mentioned above.

17. Frit. borealis f. sargassi (=Frit. sargassi and Frit. ritteri by ESSENBERG,
Frit. trigonis ESSENBERG)
Frit. diafana, Frit. plana and Frit. clava, all described by ESSENBERG as new species, may safely
be identified as Frit. borealis f. sargassi having a rather narrow tail musculature. Fit, angularis
and Frit. velocita are provided with the tail ending in an acute tip, but the structure of their
trunks are just the same as that of Frit. borealis f. sargassi. Very probably these are imperfectly
preserved specimens of Frit. borealis f. sargassi in which the tail fin is fairly shrunk.

18. Frit. megachile (=Frit. macrotrachela EsseNBeErG and Frit. dispara
ESSENBERG)
The complete absence of any glandular appendages on the stomach and intestine is common to
Frit. megachile and two ESSENBERG’S spepies. The distal end of the tail fin is widely cut in,
the trunk is very elongate and the ovary and testis are arranged antero-posteriorly in all these
three forms.

19. Frit. venusta (=Frit. inverta ESSENBERG)

20, App. sicula

21. K. tenuis

Most of EssenNBERG’s new species are considered to be included in the
“Formenkreis” of Fritillaria haplostoma or Fritillaria borealis. And these two
species are well known by their remarkable variability found in the size of
matured individuals, body shape and width of tail musculature. In the group of
Frit. haplostoma, one end of the variation is represented by a comparatively large
typical form which has a very elongate trunk, the posterior end of the oikoplast
epithelium being far apart from the stomach, and a very narrow tail musculature,
while the other end of the variation is shown by Frit. arafoera which has a very
short trunk and a fairly wide tail musculature; and Frit. abjornseni is considered
to be situated near Frit. arafoera (Toxioxka 1955a and 1956c). The length of
the distal exposed portion of chorda decreases towards Frit. arafoera. 1 have
treated Frit. abjornseni and Frit. arafoera as distinct species. It is, however, very
probable that these may be included in the single species represented by Frit.
haplostoma and treated as intraspecific varieties or forms, when the biometrical
and statistical studies are made on many specimens from various localities.
Actually ByorNBERG and Forneris (1955) are treating abjornseni as a form of
Frit. haplostoma against f. typica of the species.

The “Formenkreis” of Fritillaria borealis was shown in the earlier stage of
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the study of appendicularian taxonomy by the following four species: Frit.
borealis LouMann 1896 a, Frit. sargassi LonMann 1896 b, Frit. messanensis LOHMANN
1899 and Frit. ritteri Aipa 1907. Later, LoeManN (1905) united the first two into
Frit. borealis and subdivided the species into three formae and one variety; they
were

Frit. borealis f. typica (=Frit. borealis LoHMANN 1896)

» f. intermedia
» f. sargassi (=Frit. sargassi)
» var. allongata.

Then he rearranged these forms all as formae of Frit. borealis (1926).

Frit. borealis f. typica

» f. intermedia
» f. allongata
» f. sargassi

» f. ritteri (=Fyit. ritteri AIDA)
Lastly (1931) he revised the classification as follows:

Frit. borealis acuta typica

” »  prolifera

» truncata intermedia
» » allongata
» »” crassa

» » vitteri

” » sargasst.

All these subspecies, varieties or formae were defined by the combination of
various shapes and relative positions of the testis and ovary and different width
of the tail musculature, the appearance of the distal end of the musculature and
the shape of the shoulder-like basal part of the tail fin. However, the character-
istics concerning the tail, which were adopted by LoHMANN as clues to separate
forms, are completely continuous one another that any distinct boundaries cannot
be discerned. The variations found in the shape of the ovary and testis are also
quite continuous. Only the relative position of the testis and ovary seems to be
very stable, namely the arrangement of the ovary and testis may be symmetrical
or asymmetrical. Allongata and prolifera features are nothing but deformations
found in the symmetrical arrangement, most possibly found in individuals matured
in small sizes; while the crasse feature is merely a modification of the asym-
metrical arrangement, found frequently in small-sized mature individuals. And
usually the symmetrical arrangement of the gonad is accompanied with the
narrower tail musculature and the asymmetrical arrangement of the gonad is
combined with the wider tail musculature in which occurs most commonly the
truncate feature of the distal end of the musculature. VerNIERES (1933) estab-
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lished a new variety Frit. borealis acuta f{. typica var. mediterranea which was
resembling Frit. borealis truncata intermedia very closely, but differing from it in
having the tail musculature ending in a pointed tip (p. 42, fig. 18). This variety
seems, however, to be treated more reasonably as a typica-form side individual
of intermedia-form. For these reasons, I shortened the classification of Frit.
borealis into only three forms, f. typica with the symmetrical arrangement of the
gonad and the very narrow tail musculature, f. sargassi with the asymmetrical
arrangement of the gonad and the much wider tail musculature and f. intermedia
with the symmetrical arrangement of the gonad and the tail musculature showing
an intermediate feature between f. ¢ypica and f. sargassi (1940). Here, it is not
impossible that f. intermedia might be included in f. typica as a variant mostly
occurring in the warm water or in the mixing area between the cold and warm
waters. Frit. messanensis has been left outside the discussion about the “Formen-
kreis” of Frit. borealis as BjornNBeErG and FornNeris (1955) treat this as a distinct

1 2 3 4 5

Fig. 1. Schemata of the arrangement of ovary and testis in various
forms of Fritillaria borealis LOHMANN. 1---f. typica and f.
intermedia, 2---f. allongata, 3---. prolifera, 4---f. crassa, 5---
f. sargassi and f. ritteri.

species. But, I feel, in all probability, that this might be a small form of f.
intermedia with unusually wider tail musculature. '

It is very difficult to show exactly what the cause of such morphological
variations found in Frit. haplostoma and Frit. borealis is. Even the variation
found in the body size does not seem to be simply explained. However, it is
very probable that the variable environment might be favourable to the occur-
rence of those variants mentioned above. The area covering the pier at the
Scripps Institution where EsseNBeRG collected her samiples is effected by the
southward flowing California Current and the northward flowing narrow Davidson
Current bordering the coast, and these two currents change their strength from
time to time, besides some upwelled water masses may join there at times and
make the environment of the area very complicated. Thus, it is very resonable
that EssenBerRG found so many variants in specimens of Frit. haplostoma and
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Frit. borealis collected from this area of complicated environment and named
them respectively as distinct species. But, the features characterizing these new
species should be treated as the intraspecific variations found in these two
species. Among the species listed by EssenNBERG, the occurrence of O. vanhiffent,
the species characteristic of the very cold arctic water, must be especially noted.
In the more northern part of the blue-green water, BicerLow and LESLIE
(1930) records the common occurrence of O. labradoriensis in July, 1928 in
Monterey Bay, the sufficiently abundant catch of O. divica and the questionable
occurrence of O. intermedia. O. vanhiffeni was, however, not found there.

IV. APPENDICULARIANS IN LAGOONS OF BAJA CALIFORNIA
(Table 4)

Considerable numbers of Oikopleura dioica were found in four of ten plankton
samples collected in Scammon’s lagoon situated approximately at 27°45" N X
114°10’ W, Oct. 9-12, 1955. The water at Stations 10 and 16 was characterized by
dominancy of a copepod Paracalanus, that of Station 15B was predominated by
Acartia, while the sample from Station 15 A contained Paracalanus, Oithona and

Acartia.
Stations Salinity 0. divica 0. longicauda
St. 10 36.3% 13 —
St. 15A 134 1
34.7%,
St. 15B 226 —
St. 16 37.6% 10 —

Table 4. Occurrence of appendicularians in Scammon’s lagoon.

Besides, I had a chance to examine two samples towed respectively at 2 and
3 feet deep for five minutes near North End of Manuela lagoon, situated in a
short distance north to Scammon’s lagoon, on Oct. 12, 1952. - These samples
seemed to consist nearly of the pure Acartia population and I could not find any
appendicularians in them. For positions of sampling stations, see Fig. 24 in my
paper of 1959.

V. PELAGIC TUNICATES IN THE SHELLBACK AREA

(App. Tables 4-5, Tables 5-6 and Text-figs. 2-3)
Thirty-six species were found in the collection of the Shellback Expedition.
Fritillarians were rather scarce in the collection, this is probably due to the fact

that the samples were towed by a large net. O. longicaude was the commonest
species and followed by O. cophocerca, O. rufescens and O. fusiformis. O. albicans
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occurred also in a little abundance. The ratio F/L is very low, mostly less than
0.10; but the real value might be much higher, because the damaged specimens
of oikopleurids were very abundant in this collection and these might include a
significant number of O. fusiformis. The distribution of F/L in the Shellback
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Fig. 2. Distribution of F/L in the Shellback area.

area is shown in Fig. 2. The value seems to trend towards the slight decrease
near the coast; this may be seen rather easily in Table 6, in which stations are
divided into the inshore and offshore groups by drawing a line about 600 miles
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apart from and running parallel to the coast line and values at stations in
respective groups are arranged so as to make the comparison easier. The above-
mentioned 600 mile line is shown by a broken line in Fig. 2. Of fritillarians,
only Frit. pellucida and Frit. borealis f. sargassi occurred in significant numbers,
Frit. formica f. digitata and Frit. haplostoma were as scarce as Frif. tenella and
Frit. venusta.

Of doliolums, Doliolum denticulatum occurred most frequently and abundantly.
Doliolum nationalis and Doliolina intermedia occurred commonly, too, but much

Number of 48
sampling stations

0 10
*-0.10 21

44
0.11-0.50 11
0.51-1.00 2

1.01-2.00 4 4

Table 5. Occurrence of respective values of F/L in the
Shellback area.

Inshore Offshore
stations stations
- Number of
stations 56 18
0 10 1
75% 50%
*-0.10 - 17 8
0.11-0.50 5 6
179 - 399
0.51-1.00 1 1
1.01-2.00 3 1
8% 119
>2.01 — 1

Table 6. Occurrence of respective values of F/L in the
inshore and offshore waters in the Shellback
area and adjacent region.

less frequently and less abundantly than D. denticulatum. The dense population
of Doliolum nationalis was found at SB 137 and a pretty dense one at SB 115.
Dolioletta gegenbauri var. tritonis occurred at some stations in significant numbers,
most abundantly at SB 118 and then at SB 122 and SB 137. The distribution of
D. nationalis seems to trend towards the increase in the inshore water in this
area. D. gegenbauri var. tritonis also occurred more frequently in the inshore
water than in the offshore water and consequently was often collected together
with D, nationalis (occurrence together with D. nationalis 10: occurrence inde-
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pendent of D. nationalis 4).
Doliolum nationalis, Dolioletta gegenbauri var. tritonis and Doliolina krohni from the
waters along the Chilean coast, Doliolum denticulatum and Doliolina krohni from

The collection of the

367

“Vettor Pisani”’ contained

Distribution of four
c A ~ Doliolids in the Shellback area
QO denticulatum
O ® nationalis
e D tritonis
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Fig. 3. Distribution of four doliolids in the Shellback area.

the -waters around the Galapagos Islands and Doliolum denticulatum, Doliolum
nationalis and Dolioletta gegenbauri var. tritonis from the Gulf of Panama (BORGERT

1896).

— 145 —

This seems to show the frequent occurrences of Doliolum nationalis and



368 T. ToK10KA

Dolioletta gegenbauri var. tritonis in the inshore waters. Thalia democratica was
the most abundant of all salpas and followed by Salpa cylindrica and lasis zonaria.
Of the solitary form of the first species, var. orientalis occurred slightly more
frequently than typical forms, although individuals were fewer in the former
than in the latter.

VI. PELAGIC TUNICATES OF THE TRANSPAC EXPEDITION
(App. Tables 6-7, Table 7 and Text-figs. 4-5)

Putting two subarctic species, 0. lebradoriensis and Frit. borealis f. typica,
aside, O. longicauda was the commonest species and next O. fusiformis. Frit.
borealis f. sargassi and O. rufescens were also pretty common, then O. dioica; O.
cophocerca, Frit. pellucida, Steg. magnum, O. graciloides and O. albicans occurred in
significant numbers, but much less than preceding species. The scarcity of M.
huxleyi and the absence of Fyit. temnella and Frit. venusta in this collection are

Sections Nw NWM NM NEM NE
N;‘zﬁlnblﬁre At 24 14 13 4 7
0/0 — - _ _ _
0.00 1 - — - 1
<010 2l L7 s s |L— | 1 I
011- 050 | 13 6 1 - 1
0.51- 1.00 4 2 2 1 -
1.01- 2.00 4 1 3 -~ 1
201- 500 | — 1 3 1 1
501-1000 | — | 4| — | 6] 1 ]| =] 3| =] 4
>10.01 — 1 — _ 1
oo - 3 3 2 1

Table 7. Occurrence of respective values of F/L in sections of the North Pacific
surveyed by the Transpac Expedition and other expeditions.
For the position of respective sections see Figs. 4 and 5.

probably due to the fact that most stations were situated in the area of higher
latitudes more northern than the subtropical zone.

The distribution of F/L seems to show the trend towards the increase in the
central part of the North Pacific. This does not mean the increase of O. fus:-
Sormis individuals in the central part of the North Pacific. Rather, the absolute
abundance of O. fusiformis may be larger in the areas not far from the coast.
Then this can be accepted as to mean the rapic_l drop of O. longicauda population

- 146 —



4 160 180 160 j 140 N 120
4 X X
0
4 X x (o)
& X L
o\o X
7 X 40 o
X N 0 X
&f o) x Xd( KGO o x0 oo 09
2 % x x o2 %0.91 € x>
* X QO X X .
GRS o " x _ X3.75 ° li
PPLo X o K x v .0 California
’fx°xo%¢_>\><|,|7 S x S < 20
L¥4 LVa
X X031 MH O X
x0.16 LY %L £ x,2 2 o
o ® YRT QTN X O g " X
X0.82 0 9% %xBygo X, & S X 5 2 = o
035017 ©PNIXT whL & x  » x o X x X x x
e%'fi‘gan ’é;x i s ° Ve > NM NEM ] 8 005 003
MK "0’5 " 367%3 - O&X
7R Q0 0% N e
/&\’ ® "9 9 & [ f % 00 °
Xy 9 ° X0.00
NW NWM ¢ 350
o
X0.06 v S < N E 0.09%
O S X X0.69 X0.)
X1.00 & P O %X0.83 o6
X7 x3.75 o © “e. ©0.75 3.59X ., 20
» X1, % 0.1 5
X0.29 X% 100 wXo.e 1.02
ox Howaii
. X oo
30.67X 9,50 X 0.46 % X X%, %9 x003
X1, °
%PH'L'PP'NES = 7 xooXX% veT X0.18 X0.70 X050 o.19%
G | .OOX b X2.00 X 0.00%
4 X0.74 Zoo
SW = SWM > '
*Palao . SWM xo: SM SEM SE 0.08
N X10.00 Sg:ex X0.60  X36.00 0.08% %0.30
2.00 x0.27
0.00 % o
021x *%0%
c.}-*;) 0.91
<£‘ Q\ X0.1
q}: X0.59
Q
“o
RN
) QQ .
% bistribution in - - 2 .=
Distribution in . C 20
(=
theNorth Pacific \ 60 0.04XON oumea 80 160 %o 120]

Fig. 4. Distribution of F/L i.n the North Pacific.



160 180 160 X 140 120
p 3 ] X
x

x X 40

X
% . .
y ,‘O* O, . * 5 California .
* )(’( X x x X A

b 3
x
K
NWM X % N NM NEM x NE O
" X % x
) x'Ox < x
Q % O X, 20
% @) X A\~
x y Hawaii
xxx O X xxo Dx o -
%
L SWM~ SM SEM « o SE
* g
%0 x foe
o X
oo o

O denticulatum
e nationalis

%i O
[ | I\ gegenbaull ver

oo Y tritonis
Ye : U] intermedium
o () o o
| A G ) . = 7| X ollfour species
Distribution of four 3 ) absen 20
DO“O"dS inthe NOrﬂ’l RlCifiC \\ |50 %Noumeq |80 |60 i '40 = 120'

Fig. 5. Distribution of four doliolids in the North Pacific.



Distribution of Appendicularians and Some Thaliac_eans of the North Pacific 369

in the central North Pacific. The area where O. longicauda greatly predominated
over O. fusiformis was much wider in the western Pacific than in the eastern
Pacific.

Thalia democratica was the commonest of all thaliaceans as in other collec-
tions. There were 10 samples in which the solitary form of this salp was found,
the typical form occurred in five of them and the variety orientalis did in seven.
Doliolum denticulatum was distributed very widely and occurred frequently (Fig. 5),
while the distribution of D. nationalis was confined to the area near the coast,
although sometimes it occurred in very dense populations as seen in samples
from Stations 74, 76 and 78. Dolioletta gegenbauri var. tritonis occurred also rather
commonly, but its distribution did not seem to be extended to the central part
of the North Pacificc The frequent occurrence of this doliolid seemed to be
confined to the area near the coast where O. longicauda was maintaining its
dominancy or to the area along the mixing region between the subarctic water
and the warm water. :

VII. PELAGIC TUNICATES OF THE MIDPAC EXPEDITION
(App. Tables 8-9)

Twenty-six species of appendicularians occurred in the collection. The most
abundant one was O. /ongicauda which was then followed by O. rufescens, O.
cophocerca and O. fusiformis. M. huxleyi and Steg. magnum were also found com-
monly. Of fritillarians, Frit. borealis f. sargassi was the commonest, and Frit.
pellucida and Frit. formica f. digitata followed it. FErit. haplostoma was rather
scarce in this collection, its value Frequency of Occurrence X Mean Percentage was
smaller even than that of Frit. tenella. The values of F/L seemed to be lowered
towards the south in the section SM and they were very small near the coast in
the section NE (see Fig. 4); the values in sections SEM and SE were not large,

either.
Thalia democratica was the commonest salpa; of solitary forms, var. orientalis

was met with much more frequently than the typical form was (solitary forms
of the typical form occurred in 6 samples, solitary forms of var. orientalis in 17
samples, both forms occurred in 4 samples). Doliolum denticulatum was rather
common, while D. nationalis was quite absent in the present collection. Doliolina
intermedia occurred in significant numbers at only Stations 7 and 8.

VIII. PELAGIC TUNICATES OF THE EQUAPAC EXPEDITION

(App. Tables 10 and 11)
Twenty-six species of appendicularians were found in five samples of the
Equapac Expedition. O. longicauda and Frit. pellucida were the most prominent

species in this collection and followed by O. fusiformis, O. rufescens and Frit.
tenella. Frit. borealis {. sargassi occurred also in significant numbers, O. cophocerca,
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M. huxleyi, Steg. magnum and Frit. venusta were pretty common, though much
less than preceding species. F/L varied in the range from 0.11 to 0.74, being
0.45 on an average. Thalia democratica was the commonest thaliacean, solitary
forms of both the typical form and var. orientalis occurred at the similar fre-
quency and in very similar numbers. Doliolum denticulatum occurred rather
commonly, but none of D. nationalis.

IX. PELAGIC TUNICATES COLLECTED BY THE SYUNKOTU-MARU
IN MAY-JUNE 1954

(Appendix Table 12, Tables 8-9, see also Table 1)

The area surveyed by the Syunkotu-maru covers most parts of the Marshall
Islands and is shown in my previous paper* dealing with chaetognaths of the
area. The results of the examination on appendicularians collected during the
cruise have already been published in my paper of 1955d. Important oikopleurids
were O. fusiformis, O. longicauda, M. huxleyi, Steg. magnum and O. rufescens;

North Equatorial Counter Equatorial South Equatorial
Current Current Current
Number of samples 17 7 4
0. longicauda 71 100 100
0. fusiformis 88 100 75
O. rufescens 47 71 100
O. cophocerca 12 — 75
M. huxleyi 82 86 100
Steg. magnum 24 100 100
Frit. haplostoma — 43 —
Frit. formica 47 R 24 —
Frit. pellucida 35 43 —
T ol 12 = 2

Table 8. Frequency of occurrence of important species in respective currents
remarkable in the area surveyed by the Syunkotu-maru.

while fritillarians were represented mainly by Frit. pellucida, Frit. formica and
Frit. borealis f. sargassi. The largest total of appendicularian individuals per
each haul was found in samples from the South Equatorial Current. The ratio
F/L seemed higher in the northern part than in the southern part of the surveyed
area (Table 9).

Of 13 distinctly identified species of salps, Thalia democratica, Salpa cylindrica
and Cyclosalpa pinnata were prominent ones and followed by Salpa fusiformis

* TokIOKA, T. (1955): On some plankton animals collected by the Syunkotu-maru in May-June,
1954, 1. Chaetognatha. Publ. Seto Mar. Biol. Lab., IV (2-3), pp. 223-225.
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which was fairly fewer than the above-mentioned three species. The solitary
form of the typical Thalia democratica occurred at the frequency of 25%, while
that of var. oriemtalis was met with at the frequency of 50%; three of the
eighteen occurrences of the solitary form of this salpa were represented by both
of the typical form and var. orientalis. Doliolum denticulatum occurred at the
frequency of 32%, while none of D. nationalis was found in the collection.

North Equatorial Counter Equatorial South Equatorial
. Currett Current Current
Number of
samples 17 7 4
0/0 2 — —
0.00 — — 1
<0.10 1 — 1
5 2 4
0.11- 0.50 2 1 1
0.51- 1.00 2 1 1
1.01- 2.00 3 1 —
2.01- 5.00 1 2 —
5.01-10.00 1 10 1 5 — 0
>10.01 2 1 —
oo 3 — J—

Table 9. Occurrence of respective values of F/L in different currents in the
area surveyed by the Syunkotu-maru.

X. PELAGIC TUNICATES OCCURRING IN THE SURROUNDING
WATERS OF THE PALAO ISLANDS

(App. Tables 15-17, Tables 10-11, Text-figs. 6-8)

While I was staying at the former Palao Tropical Biological Station located
on Kororu Island of the Palao Islands during the period from May 1940 to
January 1941, I had a chance to examine 62 plankton samples mostly collected at
various parts of Iwayama Bay (Fig. 8) which was called a lagoon in the lagoon
of the Palao Islands and some other stations in the lagoon. Besides, I examined
two series of plankton samples collected by the former Japanese fishery experi-
ment station at Palao with KiTanArRA’s quantitative net from 50 m to the surface.
One consisted of 104 samples collected in the neighbouring waters of the islands
in the years 1939-40, while the other included 45 samples collected during the
Palo-New Guinea cruises 1939-40. The data about fifty of the former and thirty-
one of the latter were recorded in a form to be available for the present studies.
All available data concerning the pelagic tunicates are given here in App.
Tables 15-17.
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quigizlrlial Egﬁé’&i";& eqslgltlgll'lial Lagoon
Current Current Current water
Number of samples 46 19 16 62
O. longicauda 61 100 94 97
O. intermedia - 21 — —
0. fusiformis 76 74 94 2
Of. ):‘Zf’%’;z;‘ztm 2 26 19 87
0. graciloides 4 5 — —
0. dioica 7 21 38 81
0. rufescens 85 89 100 58
0. cophocerca 52 63 75 2
M. huxleyi 39 63 50 —
Steg. magnum 72 79 88 3
P. verticalis 9 26 — —
Frit. haplostoma 65 ‘58 69 60
Frit. abjornseni 13 16 13 5
Frit. aberrans 4 5 — —
T o 2 o4 2
Frit. gracilis 9 — — —
Frit. fraudax — 11 — —
Frit. pellucida 65 47 56 6
Frit. borealis 2 _ — —_
£. .mtermed.za :
 argamst a 7 o 32
Frit. megachile — — 6 —
Frit. tenella — 5 — —
Frit. venusta — 5 — —
T. fertilis 4 11 — —
App. sicula 7 26 50 66
K. tenuis — 11 — —
Number of species 20 23 15 13

Table 10. Frequency of occurrence of respective species in different currents

and the lagoon water, at and near the Palao Islands.
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North Counter South
Equatorial Equatorial Equatorial Total

Current Current Current
0. longicauda — 6 7 13
0. fusiformis 2 — 2 4
0. rufescens 2 — 3 5
0. cophocerca - — — 0
M. huxleyi — 1 — 1
Steg. magnum — — — 0
Frit. haplostoma 1 — : — 1
Frit. formica
f. digitata 1 - 1 2
Frit. pellucida — — — 0
Frit. borealis _ _ _ 0
f. sargassi

Table 11. Abundant occurrences of 10 important species in respective
currents in the neighbouring waters of the Palao Islands.

Appendicularians

Species occurring in the open waters: In all, 26 species occurred in this region
(App. Tables 16-17, Table 10). Important forms were O. longicauda, O. fusiformis,
O. rufescens, O. cophocerca, M. huxleyi, Steg. magnum, Frit. haplostoma, Frit. formica,
Frit. pellucida and Frit. borealis f. sargassi. Among Oikopleura, O. longicauda is
the commonest species and followed by O. rufescens and O. fusiformis. Frit.
borealis f. sargassi occurred very frequently, but never in abundance. Relative
abundance of O. longicauda seemed to be slightly lowered in the North Equatorial
Current as seen in Table 11. The increase of O. dioica towards south (Table 10)
is considered to show the trend towards the increase of the littoral character in
the southern waters.

Species occurring in Iwayama Bay: Thirteen species were found in the collection
made in the Bay (Appendix Table 15). Important forms of Oikopleura were O.
longicauda, O. fusiformis f. cornutogastra, O. dioica and O. rufescens, and signi-
ficant species of Fritillaria were F. haplostoma and F. borealis f. sargassi, besides
App. sicula. The frequency of abundant occurrence in these species was as
follows:

O. longicauda ..................c.cc.veivenn. 53%
O. fusiformis f. cornutogastra ......... 19%
O.dioica ..........cc.ccoiiiiiiiiiiiiiiiiinnn, 6%
O. TUSESCONS..ocoeoviiiniiiiniiiinininnennnen 6%
Frit. haplostoma .........cccccoovveivinenenen. 8%
Frit. bovealis f. sargassi .................. 2%
App. SICULE oooveiiiiiiiiiii e 3%
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Fig. 6. Sampling stations in the neighbouring waters of the Palao Islands.
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IWAYAMA BAY, KORORU
the PALAO ISLANDS

Anchorage

Fig. 8. Iwayama Bay of Koréru Island, the Palao Islands.
Rg.---Ryagi Inlet, Tk.---Tukikagetan Inlet.
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Typical form of O. fusiformis, O. cophocerca, Steg. magnum, Frit. formica f.
digitéta, Frit. pellucida and Frit. abjornseni occurred only insignificantly. Most
of these species, excepting the last one, are oceanic water-forms and their frequent
occurrence was confined to such areas as Anchorage, Arappu, off Arakabesan
and the West Lagoon where the water was strongly affected by the influx of the
oceanic water. The exact distribution of Frit. abjornseni is not yet known fully,
although the species is regarded by some authors as a neritic form (BjORNBERG
& ForNERIs 1956 a, Tokioka 1956 ¢).

The distribution of the seven important species in the Bay: O. dioica—This neritic
or inlet water-species was distributed nearly evenly in the Bay and found richly
even in the inner-most part of the North West Inlet of Oropusyakarn Bay and
also in Gasupan Bay where this was the sole appendicularian found there.
Seasonal fluctuation of its population was quite insignificant. The density in the
West Lagoon was less prominent than in other more protected areas.

O. rufescens, Frit. haplostoma and Frit. borealis f. sargassi—These oceanic water-
forms were found in most areas of the Bay, although significant occurrences
were not observed in strongly protected portions of the Bay such as divisions
O, P and Ryuga Inlet for the first two species and O, L. and Ryuaga Inlet for the
last one.

0. longicauda—Originally this is also an oceanic water-form, although it was found
survived in a quite perfect condition in the inner parts of the Bay so that it
predominated over any of other appendicularians, even O. dioica, in most parts
of the Bay. It was distributed nearly evenly in the Bay, but the population
seemed to be lowered in some degree in the division O which was considered to
be the most protected part of the Bay. Gasupan Bay on the western coast of
Palao Island was the only place where this species was not found at all. This"
species and also other oceanic water-forms appeared in the Bay most abundantly
in the latter half of May and in July when the influx of the oceanic water into
the Bay was considered to be very prominent.

O. fusiformis f. cornutogastra—This was very abundant in the Bay next the pre-
ceding species. It was distributed nearly evenly in the Bay, although it occurred
especially numerously off Arakabesan and in the anchorage. Gasupan Bay was
the only inlet where this species was not found at all. The population scarcely
showed the seasonal fluctuation in the Bay. The frequency of occurrence of
thir form in the open waters around the islands seemed to decrease considerably
as shown in Table 10. Such features of the distribution and occurrence may
possibly be accepted as indicating that the form is a lagoon water-form like
Sagitta oceania GrAY, a well known inhabitant of the lagoon water throughout
the tropical Pacific islands. Of course, this form can survive in the open sea
water and actually it has been reported as being distributed very widely in the
warm oceanic water as in the case of O. divica, although there it is found very
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sparsely and less frequently.

App. sicula—This was also distributed very widely and nearly evenly through-
out the Bay, although it was generally not so abundant as O. longicauda, O.
Susiformis f. cornutogastra or O. dioica. It was found even in the innermost part
of the North West Inlet of Oropusyakaru Bay, but it did not occur in Gasupan
Bay. There was observed a diatom bloom, consisting chiefly of Lauderia annulata,
Rhizosolenia imbricata, Chaetoceros affinis, Chaetoceros Lauderi, Chaetoceros pseudo-
curvisetus and Biddulphia sinensis, in the area covering L, O and P divisions of
the Bay during the period extending from the end of May to the beginning of
July. O. longicauda and O. fusiformis f. cornutogastra were very scarce in these
parts of the Bay during this diatom propagation. EsseNBerG (1922) mentioned
also that the continuing high density of microplankton brought the remarkable
decrease of appendicularians in the San Diego region. App. sicula was, however,
maintained in these parts as usual even during the diatom bloom; rather its
maximal populations throughout the observations made in the Bay were observed
in divisions L and P during this season. The fact that no repulsion was seen
between App. sicula and the dense diatom population and the peculiarity of the
distribution that the frequency of occurrence of this species was higher in the Bay
than in the surrounding waters of the islands and in the latter it increased towards
the South Equatorial or the New Guinea Coastal Current, where the neritic nature
of the water was considerably remarkable, seem to show the possibility that App.
sicula may belong to the neritic form rather than to the pure oceanic species. This
species has been reported as being distributed very widely in all tropical waters
(FoL 1872, 1874; LanGcerHANS 1880, LomrmMann 1896 b, 1909b, 1931; LouMANN &
BuckMmann 1926, EssenBerG 1926), but occurring in great abundance near the
estuary of the Amazon and off the west coast of Africa in the region of Sierra
Leone. According to BERNARD (1958), a large number of App. sicula were caught
by M. CacHon in September, 1953 in the inner portion of the Bay of Alger. The
range of the salinity throughout the recorded localities of this species is relatively
wide, 29.80-37.30%. These features seem to support the above-mentioned idea.

Throughout the whole surveyed sections of the Bay and the adjacent areas,
appendicularians occurred in all plankton samples but a single one collected off
Arumatenguru where the water was heavily polluted by the waste water shed
from the aluminium mine. On one hand such oceanic water-forms as O. longicauda
and others which were very common in the surrounding waters of the islands
penetrated into even the inner-most parts of the Bay and on the other hand a
considerable number of an inlet water-form, O. dioica, was maintained in the Bay;
besides those, a possible lagoon water-form, O. fusiformis f. cornutogastre, and a
probable neritic water-form, App. sicula, were distributed evenly in the Bay in
fairly prominent densities.. The pure inlet water population consisting solely of
0. dioica was found only in Gasupan Bay. The abundant occurrence of -appen-
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dicularians and the dense diatomn vegetation seemed to repulse each other in the
Bay, but for App. sicula. However, the dense population of dinoflagellates did
not seem to be always repulsive against appendicularians. For instance, in the
red water caused by Ceratium furca eugramma and appeared on May 18, 1940 in
Rytgn. Inlet, oikopleurids, especially O. fusiformis f. cornutogastra, were extremely
scarce; whereas considerable numbers of them were observed in the dense popu-
lation of Dinophysis homunculus var. tripos appeared in the end of May in the
Division of Arumizu. .

Thaliaceans

Three salps occurred in the survéyed area, they were Brooksia rostrata, Salpa
cylindrica and Thalia democratica, of which the last one was the commonest. In
fifty plankton samples collected in the neighbouring waters of the Palro Islands,
Thalia democratica occurred in 14 samples, six of which included the solitary
forms. Two of the six occurrences of the solitary form were represented by the
typical form, three by var. orientalis and another contained both of the typical
form and var. orientalis. No salps occurred in Iwayama Bay. Three species of
doliolums were identified in the material. They were Doliolum denticulatum,
Doliolum nationalis and Dolioletta gegenbauri var. tritonis. The most important

Frequency of Occurrence of Doliolum denticulatum

North Equatorial Current (46 samples) 37%
Counter Equatorial Current (19 samples) 73%
South Equatorial Current (16 samples) 81%

species in the open waters was Doliolum denticulatum which occurred also in
Iwayama Bay once at the division of Arumizu. Doliolum nationalis was found
only in three of 81 samples, two of which were Stations 31 and 32 situated in
the North Equatorial Current just near the Palao Islands, while another Station
15 was situated in the New Guinea Coastal Current. This did not occur in
Iwayama Bay. Dolioletta gegenbauri var. tritonis was fairly abundant, but much
less than Doliolum denticulatum. However, it was found in Iwayama Bay in a
very perfect living state as seen in two abundant occurrences in the Division L.

XI. PELAGIC TUNICATES OCCURRING IN THE JAPANESE
AND ITS NEIGHBOURING WATERS

(App. Tables 18-19, Tables 12-21 and Text-figs. 9-12)

1) Pelagic tunicates in the plankton collection made by a Japanese survey ship in the
waters off the north-eastern part of Honmsyi Island and presented to the Transpac
Expedition (Appendix Table 18, Table 12 and Text-figs. 9-10).
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The area where the collection was made is shown as A in Figs. 9-10. The
northern part of this area belongs to the mixing region between the cold Opyasio
and the warm Kurosio and in two samples form this mixing region there occurred

the following forms:

Stations J3 Jo
0. longicauda 40 48
O. fusiformis — 1
0. dioica — 1
O. labradoriensis 2 —
Oikopleurid damaged 1 —
Frit. borealis f. typica — 1

Table 12. Apgendiculﬁrian populations in two samples from the
mixing region.

In the warm water-region of this area, occurred eighteen forms, of which
0. longicauda was the commonest one. O. fusiformis and O. rufescens also
occurred frequently, but much less abundantly. Frit. borealis f. sargassi was
the dominant-most fritillarian and followed by Frit. formica f. digitata. O. copho-
cerca and Frit. pellucida, both occurring rather abundantly in the tropical waters,
were very scarce in the collection. M. huxleyi was not found in the collection.
Frit. venusta and Frit. tenella did not occur in any samples, either. F/L was
low, less than 1.00 at the maximum, but usually less than 0.48 and 0.18 on an
average. In this area, Doliolum nationalis was much commoner than Doliolum
denticulatum. Doliolelta gegenbauri var. tritonis occurred at four of 19 stations.
Solitary forms of Thalia democratica comprised both the typical and orientalis
forms in this collection.

2) Pelagic tunicates in the plankton collection made by the Soyé-maru in the years
1934 and 1937-39 (Appendix Table 19, Text-figs. 9-10).

The samples of this collection were not examined completely, only a small
part was taken out of each sample for examination. Consequently the results of
the examination shown in App. Tables 19 I-2 and Figs. 9-10 are considered as
only contributing to make a rough outline of distributions of identified species
and the value F/L. Lower F/L along the coasts of Japan and the continent,
comparatively abundant occurrence of O. rufescens and M. huxleyi in the southern
waters and the wide distribution of Doliolum denticulatum in the oceanic waters
against those of Doliolum nationalis and Dolioletta gegenbauri var. tritonis, rather
confined to the coastal waters, may be accepted as trends discerned on these
data. The commonest salpa was Thalia democratica.
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Fig. 9. Distribution of F/L in the Japanese and its neighbouring waters. % indicates
that both O. longicauda and O. fusiformis were absent. :
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April 26-28 July 25 September 25-27
Surface | Vertical | Surface | Vertical | Surface | Vertical
hauls hauls hauls hauls hauls hauls
0. longicauda 7644 9200 1166 6110 4800 5810
O. fusiformis — — 5795 528 1633 755
O. fusiformis
f. cornutogastra - - - 30 113 20
0. gracilis — — — 12 — 67
0. dioica 2318 728 1575 6 — *
O. rufescens — — — 554 1575 655
0. parva — — — 35 - 1i
0. cophocerca — — — 18 16 67
0. labradoriensis — 99 — — — —
Oikopleurids
damaged 4 — 1272 376 938 355
M. huxleyi — — — 18 188 —
Steg. magnum — — — — 71 *
Pelagopleura sp. — — — — 12 —_
Frit. haplostoma — — — 71 520 900
Frit. aberrans — — — * _ —
Frit. formica —_ — — 160 88 166
Frit. charybdae — — — * — 77
Frit. pellucida — — — 722 56 445
Frit. borealis
f. intermedia - - 60 122 - 107
Frit. borealis
f. sargassi - - - 6 - 22
Frit. tenella — — — 795 — 296
Frit. venusta — — — 53 — 181
Fritillarians
damaged - - - 316 - 67
App. sicula — — 189 6 — *
Numbers of samples 23 9 19 17 24 9

Table 13. Abundance of respective species, Frequency of Occurrence X Mean
Percentage, in surface and vertical hauls in different seasons
(Cruises to New Yamato Bank in the Japan Sea, 1950).
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3) Pelagic tunicates of the Japan Sea and the adjacent waters (Tables 13-18,
Text-figs. 11-12).

The largest data about the pelagic tunicates fauna in the Japan Sea are found
in TokiokA’s paper (1951 b) dealing with the material got during the cruises to
the New Yamato Bank. Here occurred 22 forms of appendicularians, of which
O. dioica was the commonest form in Maizuru Bay (Table 14), while O. longicauda

April 26-28 July 25 September 25-27 |
Surface | Vertical | Surface | Vertical | Surface | Vertical
hauls haul hauls haul hauls haul
O. longicauda — — 2750 —_ 1876 1700
O. fusiformis — — 1742 — 1089 *
0. dioica 10000 10000 5146 10000 462 2100
O. rufescens — — — — 425 —
Oikopleurids _ _ _ .
damaged 363 170
Frit. haplostoma — — — —_ 5976 6200
Number of samples 2 1 6 1 6 1

Table 14. Abundance of respective species, Frequency of Occurrence X Mean
Percentage, in surface and vertical hauls in Maizuru Bay 1950.

April 26-28 July 25 September 25-27
Surface Vertical Surface Vertical Surface Vertical
hauls hauls hauls hauls hauls hauls
Number of
samples 25 9 25 18 29 10
0/0 4 1 3 2 1 —
0.00 21 8 — 1 9 —
<0.10 — — — 8 1 4
21 8 5 16 24 10
0.11- 0.50 — — 3 7 9 6
0.51- 1.00 — — 2 — 5 —
1.01- 2.00 — — 2 — 2 —
2.01- 5.00 — — 4 — 1 —
5.01-10.00 — 0 — 0 2 17 — 0 _ 4 _ 0
>10.01 — — — — — —
oo — — 9 — 1 —

Table 15. Occurrence of respective values of F/L in samples collected during
the cruises to New Yamato Bank 1950.
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was the commonest one in the open sea (Table 13). During the warm season,
July and September, when the Tusima Current, a branch of the Kurosio, was
very vigorous along the Japan Sea coast of Honsyil Island, considerable numbers
of O. fusiformis and O. rufescens occurred there, besides pretty many Frit. haplo-
stoma, Frit. pellucida and Frit. tenella. M. huxleyi was found, too. While in the
cold season, in April, when the Tusima Current was not so strong, the appen-
dicularian fauna was quite simple; only O. dioica was prominent and followed by
O. longicauda. Generally F/L was very low excepting in the very surface layer
of the water where O. fusiformis predominated over O. longicauda sometimes
(surface hauls in July), this might be considered as indicating that the warm
oceanic water was flowing along the surface (Table 15). Of thaliaceans only
Doliolum nationalis occurred in significant numbers; Tkalia democratica was found
very rarely.

While I examined chaetognaths of the plankton collection made by the former
Husan Fishery Experiment Station in Korea in the waters along the Korean
coasts and in the waters extending from the western to southern Kyasyid, I
noted also the occurrences of pelagic tunicates in respective samples. This
included the following data shown in Table 16. This seems to show the predomi-
nance of O. longicauda and frequent occurrences of O. fusiformis and O. rufescens
in these waters, and also the frequent occurrence of Doliolum nationalis in the
Japan Sea. Yamapa (1933) also showed the common occurrence of Doliolum
nationalis in the Tyo6sen Straits. O. rufescens was also found in a plankton
sample collected off Yunohama of Yamagata Prefecture on Oct. 16, 1935. Besides
the above-mentioned data, many plankton samples were collected by the Synpia-
maru of the Kobe Marine Observatory in this sea and some parts of the 1930
collection were examined to obtain data of pelagic tunicates. Most of samples
were collected by vertical hauling from 40, 50 or 60 m to the surface, but some
ones were collected by 100-0 m hauling. The results are shown in Table 17.
This shows evidently that O. fusiformis was extremely scarce at most stations
in the sea, although it sometimes increased at some stations in the Tugaru
Straits. In a word, O. longicauda and O. dioica were the remarkable appendicular-
ians found most commonly in the collection; besides, O. labradoriensis was found
uwsually in somewhat deeper water. Only Doliolum nationalis was met with in
examined samples of the present collection. This doliolid seems to be prevailing
in the Japan Sea, as Itizuka & others (1951) and MoTopa & ANRAKU (1951)
report the unusual dense population of this species occurred around the south-
western corner of Hokkaido Island and being extended to the north of Isikari
Bay (ca. 44°10' Nx141°04’ E) in the spring to summer of 1950.
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Table 16. (continued)
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Occurrences of pelagic tunicates in the plankton samples collected by the former Husan Fishery
Experiment Station. C-.--common, *:--var. orientalis.

St. 14 (40°35 Nx129°35 E)---the northern-most locality for O. longicauda and O. fusiformis, St. 20
(38°15’ Nx 129°45’ E)---the northern-most locality for Doliolum deticulatum and O. rufescens, St. 21
(38°15” Nx130°45” E)---the northern-most locality for Doliolum nationalis, St. 22 (38°15" Nx131°
45’ E)---the northern-most locality for Frit. haplostoma, St. 24 (37°15" Nx129°45’ E)---the northern-
most locality for -Frit. pellucida, St. 25 (37°15’ Nx130°45” E)---the northern-most locality for M.
huxleyi. For positions of other stations, see TOKIOKA, T. (1940): The chaetognath fauna of the
waters of western Japan. Rec. Oceanogr. Works Japan, Vol. 12, No. 1, pp. 12-22.
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Table 17. Occurrences of pelagic tunicates in the plankton samples collected by the Syunput-

maru 1930.
St. 12 (38°34’ N x128°52'30” E)---the northern-most locality for O. fusiformis and

O. rufescens, St. 27 (41°14720” N x129°48/05” E)---the northern-most locality for
0. longicauda ; both in the Japan Sea samples.
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Fig. 11.
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by the former Husan Fishery Experiment Station in Korea (Tokioka 1940).
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Fig. 12. Distributions of F/L and Doliolum nationalis (solid circle) in
the Tugaru Straits during the Syunpt-maru Expedition 1930.

Large numerals---values of F/L,

numbers.

Occurrences of O. longicauda and Doliolum nationalis in the Tugaru Straits
is recognized by Koxuso (1926), too, on the plankton samples collected June

small

numerals---station

August 15, 1930

March 1, 1939

Fritillaria sp. (damaged)

0. longicauda -+ 4
0. dioica -+ 6
O. labradoriensis — 45
Frit. borealis 1. typica — 5

— 1

Table 18. Appendicularians in Aomori
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21-25, 1924. As to the appendicularian fauna in Aomori Bay, the inner part of
Mutu Bay facing the Tugaru Straits, there are the preceding two data. Yamapa
(1933) showed the occurrence of O. dioica in the Yellow Sea in one of the distri-
bution maps of plankton of that sea. My data in Table 16 show also that this
species was the only appendicularian found in the crassa-water of the Yellow Sea.
4) Appendicularian faunas and records of some other pelagic tunicates at various
parts of the coasts of Japanese islands (Tables 19-21).

i—Etorohu Island. Four specimens of O. lengicauda were found in the plankton
sample which was collected by Dr. R. Yosir on Aug. 20, 1933 off Iriribusi (AE)
of this island of the Tisima Islands, a small village facing the Pacific and located
about 35km south to Hitokappu (HjE) Bay. _

ii—Hokkaido Island. The occurrence of O. dioica in Lake Notoro (feIX) and
that of Ofkopleura sp. (probably O. divica) in Lake Onnenuma (ERiE), both
facing the OKkhotsk Sea, are reported by Hokkaido Fishery Experiment Station
(1934). The water temperature and chlorinity in these lakes at the time when
the samples were collected were:

Date Water Temperature Chlorinity
Notoro June 1932 11.5-14.6°C 14.490-17.475%,
Onne-numa Oct. 1932 12.1-13.0°C 15.810-17.600%,

Table 19. Water temperature and chlorinity in the lakes of Hokkaid¢ Island,
where O. dioica was collected.
ili—Onagawa (Z¢Jil) Bay. Two plankton samples from the bay situated on
the Pacific coast of the north-eastern part of Honsyi Island were examined and
found containing only the following two forms.

May 19, 1937 Oct. 27, 1939
O. longicauda 40-50 25
0. dioica 3 1

Table 20. Occurrence of appendicularians in Onagawa Bay.

iv—The bays of Sagami and Suruga. Throughout Ama’s paper (1907) dealing
with the material collected in ‘or near Misaki Harbour of Sagami Bay and
TokiokA’s material (1940) came from both of Sagami and Suruga bays, seven-
teen appendicularians have been reported from this area (Table 21). Both
Doliolum denticulatum and Doliolum nationalis are known from this area. Sisipo
(1899) recognized the occurrence of Dolioletta gegenbauri var. tritonis at Misaki
in the summer of 1898. Solitary forms of Thalia democratica were mostly repre-
sented by var. orientalis during my stay at the Mitsui Institute of Marine Biology
for 1936-1938.

— 169 —



392

Bay facing the Kii-Channel.

T. Toxioka

The Bays of Sagami
and Suruga

The vicinity of Seto

0. longicauda

+

+

O. intermedia

O. fusiformis

O. fusiformis
f. cornutogastra

O. dioica

O. rufescens

0. cophocerca

|+

0. albicans

M. huxleyi

Steg. magnum

++

Alth. tumida

Frit. haplostoma

Frit. formica {. digitata

+|+

Frit. fraudax

Frit. pellucida

+

Frit. borealis
f. intermedia

Frit. borealis f. sargassi

Frit. megachile

S o 0 N T I R TN [ I IR TR S g R

Frit, tenella

+ 4]+

I

Frit. venusta

T. fertilis

-+

App. sicula

++ ]+

K. tenuis

_|_

Number of species

17

21

Table 21. Appendicularians occurring in the Bays of Sagami and Suruga
and in the vicinity of Seto, Kii.
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v—The vicinity of the Seto Marine Biological Laboratory. The laboratory
is situated near the end of the peninsula embracing the southern side of Tanabe
From the vicinity of Seto, where the laboratory is
located, twenty-one appendicularians have been reported; two of them, O. albicans
and Althoffia tumida, were collected in the far oceanic water off Cape Sionomisaki.
The collections made in the present and preceding regions constituted the most
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part of the material on which my general consideration on Japanese appendicu-
larian fauna was based (1955c¢), and comsequently the relative abundance of
respective species are seen in that paper. In an inlet at Yukawa near Katu-ura,
situated at a short distance east from Cape Sionomisaki, only O. dioica is found
commonly. This species is very common in the inner parts of Tanabe Bay, too,
where a quantity of Frif. haplostoma may join to the population sometimes
(TokIokAa 1940, p. 9). Of thaliaceans occurring in this vicinity, Delicletta gegen-
bauri var. tritonis is the commonest of doliolids, although both Doliolum denticulatum
and Doliolum nationalis occur, too; and Thalia democratica and Salpa fusiformis
are the most frequent visitors of salps.

vi—Ise Bay. I had a chance to examine a plankton sample collected in this
bay on March 26, 1938 and found O. divica and O. fusiformis in it.

vii—Osaka Bay and Kii-Channel. During my observations on chaetognaths
and pelagic tunicates in this region (1939), O. dicica was prevailing in Osaka
Bay, besides only a single specimen of O. longicauda was found in the collection
made in the Bay. On the other hand, Doliolum nationalis and Dolioletta gegenbauri
var. tritonis occurred at considerably higher frequencies, namely 53% and 59%
respectively, although their occurrences were roughly confined to the western
half of the Bay. The ratio F/L was distributed in the Kii-Channel on Nov. 20,
1938 as 0.00 off Yuasa and Kii Yura, 0.03 off Gobo and 0.08 off Minabe, here the
localities are arranged in the order from the north adjoining Osaka Bay to the
south opening to the ocean. '

viii—The Inland Sea. O. dioica is prevailing in most parts of the Inland Sea.
For instance, in each of the six plankton samples collected Aug. 3-6, 1938 in the
region stretching from the area off Kure to Hiuti-nada situated nearly at the
middle of the Inland Sea, I found a pretty number of O. dioica, but O. longicauda
only in a single sample from the Sound of Ondono-seto. A doliolid Amme was
found in a sample collected off Kure, but the specific identification of this Amme

was not made.

XII. OCCURRENCE OF PELAGIC TUNICATES IN THE WATERS
ADJOINING TO THE NORTH PACIFIC

(Appendix Tables 13-14, Tables 22-27)

1) Pelagic tunicates of the Siboga area (Table 22).

InLe (1908) found fourteen species of appendicularians in 69 plankton samples
of the Siboga Expedition. O. longicauda was the commonest species and followed
by M. huxleyi and O. rufescens. O. fusiformis was much less than O. longicauda,
occurring at the frequency of only 20%. Among fritillarians, Frit. pellucida occur-
red most frequently, being followed by Frit. formica and Frit. borealis f. sargassi.

Doliolum denticulatum, Doliolum nationalis and Dolioletta gegenbauri var. tritonis
were found distributing in the Siboga area (InLe 1910), and the first and the last
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of these three were also recorded near Amboina (Bepot 1909, p. 168). Doliolum
denticulatum was quite common in this area and occurred at the frequency of
88%, while other two were rather rare; the frequency of occurrence (F.O.) of
Doliolum nationalis was only 5% and that of Dolioletta gegenbauri var. tritonis was

Species Frequency of Occurrance

Frit. pellucida 25 9
Frit. haplostoma 14
Frit. formica 12
Frit. megachile 14
Frit. tenella 7
Frit. venusta (described as Frit. bicornis) 4
Frit. borealis f. sargassi (described as f. ritteri) 12
M. huxleyi 64
O. longicauda 84

? 0. intermedia (described as O. microstoma) \ 14
O. fusiformis . 20
0. cophocerca 20
O. rufescens ) ‘ 58
Steg. magnum 26

Table 22. Frequency of occurrence of respective species of appendicularians
of the Siboga Expedition.

149. Of the thirteen salps known from this area, Thalia democratica was the
commonest (F.0.=81%), then followed Salpa cylindrica (F.0Q.=41%), Salpa fusi-
Sormis including f. aspera (F.0.=27%), Cyclosalpa pinnata (F.Q.=2495), Ritteriella
amboinensis (F.0.=19%), Brooksia rostrata (F.0.—15%) and Iasis zonaria
(F.0.—11%).

2) Pelagic tunicates of the Arafura Sea (Appendix Table 13, Tables 23-24).

As to the appendicularian fauna of this sea, I gave preliminarily a list of
species occurred in a small collection made by Mr. S. Wapa in 1939 (Tokioka
1942) ; nine species, O. longicauda, O. intermedia, O. fusiformis, O. fusiformis f.
cornutogastra, O. dioica, O. rufescens, M. huxleyi, Steg. magnum and Frit. borealis f.
sargassi, were included in it. O. longicauda and O. rufescens were the commonest
forms and M. huxieyi was found rather richly. Later, a comparatively large
material collected by Mr. Z. Sacara in 1955 in the western part of this waters
adjoining to the Timor Sea was studied, and results of the examination on this
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collection were published in my previous paper of 1956 b in detail There were
nineteen identified species; the abundance of respective species is seen in
Table 1 (AR). The most prominent species was O. longicauda, next O. rufescens,
Frit. borealis {. sargassi (mostly smaller individual) and O. fusiformis f. cornuto-
gastra and followed by App. sicula, O. dioica and O. fusiformis. O. fusiformis

. o Between 130°E °
The Timor Sea | West of 130°E and 133°E East of 133°E
0. longicauda 100 100 77 100
Q. fusiformis 100 25 7 25
O. fusiformis
f. cornutogastra 33 94 54 90
0. dioica 17 31 31 50
O. rufescens 83 44 77 70
O. cophocerca 50 38 0 ;0
M. huxleyi . 17 13 0 10
Steg. magnum 17 19 0 5
Frit. haplostoma 50 25 8 15
Frit. formica
f. digitata 50 0 0 0
Frit. pellucida 17 0 0 0
Frit. borealis
f. sargassi 100 94 46 85
App. sicula 50 56 46 70
Number of
samples 6 16 13 20

Table 23. Frequency of occurrence of respective important species in different
sections of the surveyed area in or near the Arafura Sea.

: ° Between 130°E °
The Timor Sea | West of 130°E and 133°E East of 133°E
Number of
samples 6 16 13 20
0/0 — — 3 ) —
0.00 — 12 9 15
<0.10 1 3 1 4
4 16 10 |— 20
0.11-0.50 2 — — 1
0.51-1.00 1 1 — —
1.01-2.00 2 2 — 0 — 0 — 0

Table 24. Occurrences of respective values of F/L in different sections of
‘ the surveyed area in or near the Arafura Sea.
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seemed to trend towards the decrease to the east, this may be seen rather clearly
in Table 24 showing the distribution of F/L in respective sections of the surveyed
area. O. cophocerca, Frit. formica f. digitata and Frit. pellucida were confined to
the Timor Sea and its adjoining region during this survey. While, O. fusiformis
f. cornutogastra, O. divica and App. sicula seemed to increase towards the eastern
part where the neritic character of the water was considered to be stronger than
in the western portion. O. rufescens, Frit haplostoma and Frit. borealis f. sargassi .
seemed to be distributed rather evenly.

Of thaliaceans, Dolioletta gegenbauri and Doliolum denticulatum were the species
occurred in significant numbers in this collection; the former was distributed
rather evenly in the surveyed area excepting the Timor Sea, while the latter
occurred chiefly in the Timor Sea.

3) Pelagic tunicates in the waters off eastern Australia (Table 25).

(1) The Great Barrier Reef Region. The pelagic tunicates of the Great Barrier
Reef Expedition 1928-29 were identified by Hastings (1931) and the occurrence
of respective species was studied in detail by RusseLL and CoLman (1935). There
occurred nine species of Thaliacea and eight of Appendicularia. Of doliolids,
Doliolum denticulatum was the commonest, the frequency of occurrence of this
species throughout 121 samples consisting of oblique hauls of the 1-metre stramin
net and those of the coarse silk tow-net was 74%, while other two, Dolioletta
gegenbauri and its variety tritonis, occurred only insignificantly. Among salps,
Thalia democratica Was the commonest one, its frequency of occurrence attained
70% (of 121 samples) ; other five species were Cyclosalpa pinnata, Brooksia rostrata,
Iasis zonaria, Salpa cylindrica and Pegea confoederata.

In appendicularians, O. rufescens was the commonest, its frequency of occur-
rence was 54% (of 121 samples). M. huxleyi occurred very frequently (F.O.—
66%), but it was much less than O. rufescens. O. longicauda was found in 12 of
74 samples (F.0.—16%) and Steg. magrum in 29 of 121 samples (F.0.—24%),
both in very small numbers. O. fusiformis, Frit. haplostoma, Frit. pellucida and
Frit. borealis f. intermedia occurred only insignificantly. Abundant occurrences
of large-sized Megalocerus and Stegosoma and of O. rufescens whose house seems
to be tough enough against the towing by a coarse net and contrarily the scarcity
of small-sized forms may be safely attributable to the using of coarse stramin
or silk nets. HasTIngs (1931) mentions that “the absence of Oikopleura cophocerca
is rather surprising”, but this might be related with the complete absence of this
species in the eastern part of the Arafura Sea (Table 23).

(2) South eastern Australian waters (Table 25). The large collection made by
the research vessel M. V. Warreen of the Commonwealth Council for Scientific
and Industrial Research in the south eastern Australian area, extending from the
tropic of Capricorn to part of the South Australian coast, was studied by
Tuompson (1948) in detail. Of two doliolids, Doliolum denticulatum (including
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D. nationalis) was much more abundant than Dolioletta gegenbauri (including var.
tritonis), though the distribution of the latter extended more to the south.
Heroman (1888) reported the occurrence of Doliolum denticulatum in the Bass
Straits, but this is a questionable record. Of 18 salps, Thalia democratica was
the commonest. I[hlea magalhanica and Salpa fusiformis were abundant in the
southern half of the surveyed area, Traustedtia multitentaculata, Brooksia rostrata,
Salpa maxima, Salpa cylindrica, lasis zonaria and Pegea confoederata occurred fairy
abundantly in the order of this listing.

Of 22 species of appendicularians, O. longicauda was the outstanding species
and other important species were O. fusiformis, Frit. pellucida and O. rufescens.

0. longicauda ... ... ... .. i i eee eee aen ... 269,912
O. fusiformis ... ... ... ... cie eee e wee wen ... BT,485
Frit. pellucida ... ... ... ... .. .o o e wee ... 46,654
O. rufescens ... ... ... cie eie eer eee eee e ... 45718
O. dioica ... ... ... ... .. i eie e e ee .. 151159
M. huxleyi ... ... ... .. . . o e e e .. 11,204
Steg. magnum ... ... .. .. o e e e . 9751
0. albicans PO - X -1 /4
O. cophocerca ... ... ... .o eee eee eee e ee .. 3597
0. cornutogastra O W .11
Frit. formica ... ... ... ... .. ev e eer e ... 1,580
O. parva ... ... ... ... v e e e wee eer ... 1,536
O. intermedia ... ... ... ... i i e eee e o 1,263
Frit. borealis f. sargassi 815
Frit. haplostoma 300

Table 25. Total individuals of respective fifteen important species
of appendicularians occurring in south-eastern Australian
waters. (THOMPSON 1948)

Totals of individuals of respective fifteen species occurred in the surveyed area
in significant numbers are quoted here from Twrompson’s book (p. 166). Rela-
tively large population of O. dicica and low value of F/L (0.21) seem to show
that the above totals obtained throughout the whole collection might be strongly
influenced by relatively frequent hauls made in the coastal waters. Small popu-
lations of Frit. borealis f. sargassi and Frit. haplostoma are rather impressive when
these are compared with those in the adjacent waters such as the Arafura Sea
and the Marshall Islands area surveyed by the Syunkotu-maru. The complete
absence of App. sicula in this area is quite strange.
4) Pelagic tunicates of the South Pacific.

In addition to several appendicularians commonly occurring in the warm
waters of the world oceans, LoEManN (1931) identified the following 15 species
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in the collection made by FriepricH DanL in 1896-97 at Ralum of the Bismarck
Archipelago, approximately 4° Sx152° E.

. gracilis

. graciloides

parva

. mediterranca

. verticalis

. gracilis

Alth. tumida

Frit. fraudax

Frit. gracilis

Frit. borealis f. intermedia (described as Frit. messanensis by LOHMANN)
Frit. borealis f. sargassi (described as Frit. borealis truncata by LOHMANN)
Frit. tenella

Frit. venusta (described as Frit. bicornis by LOHMANN)

T. fertilis

App. sicula

GarsTANG and GEORGESON (1935) recorded O. longicauda, O. rufescens, O. dioica
and Steg. magnum (described as a new species Stegosoma conogaster) from the
vicinity of Three Kings Islands of Northern New Zealand during the British
Antarctic (“Terra Nova”) Expedition, 1910. There, the first of the four species
was the commonest and the last one was represented by 76 individuals, while
the second and the third were quite scarce. Recently Bary (1960) studied the
plankton samples collected by H.M.N.Z.S. Lachlau in south-eastern New Zealand
waters stretching from 43°15°S to 51°41’S and published that O. fusiformis was
captured by the hauls made mainly in coocler oceanic waters and O. dioica occur-
red infrequently in warm coastal waters. Lastly Toxioxa (1960) records Frit.
borealis f. sargassi, O. longicauda, O. dioica, O. fusiformis, O. parva and Steg.
magnum from the lagoon water near Noumea, New Caledonia; these species are
listed here in the order of abundance.

Of Thaliacea, GarsTaNG (1933) recorded Dolioletta gegenbauri, Doliolum denti-
culatum and lesser individuals of Doliolina miilleri and Dolioletta mirabilis at the
South Pacific stations during the British Antarctic Expedition and recently
THomeson (1954) recorded Pyrosoma atlanticum and Iasis at the stations near
Tasmania during the B.A.N.Z. Antarctic Research Expedition 1929-31 and also
Thetys and Salpa fusiformis in the area, these two species were considered by
him to tolerate cooler conditions. Especially S. fusiformis appears to be most
tolerant, of all salp species, of very cold water condition, its distribution being
extended even to the pack ice area at 65°S. Bary (1960) records abundant occur-
rences of Dolioletta wvaldiviae together with its old oozooids and Pyrosoma
atlanticum in the area he studied. There, Ihlea magalhanica APSTEIN was very
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common, Salpa fusiformis f. aspera was common and Thalia democratica occurred
abundantly though infrequently; besides, Pyrosoma spinosum, Iasis zonaria and
Pegea confoederata were recorded. Thalia democratica is described in his paper
without being divided into f. typica and var. oriemtalis. Tokioka (1960) records
Thalia democratica var. orientalis and Doliolefta gegenbauri var. tritonis in the
south-western coastal waters of New Caledonia.
5) Pelagic tunicates of the Indian Ocean (Appendix Table 14, Tables 26-27).
The appendicularian fauna of the Indian Ocean has not yet been studied so
fully as to be exactly compared with those of the Atlantic and some parts of
the Pacific. First the fauna of the Indian Ocean was introduced to us by the
“Deutsche Siidpolar-Expedition” and the “Tiefsee-Expedition”. In addition to the
species listed in the column of CI of Table 1, Chunopleura microgaster LOHMANN
1914 a and Frit. venusta (recorded as F. bicornis) were captured by the last
Expedition near Sumatra. Generally speaking, appendicularians were very
abundant in the northern tropical part of the Indian Ocean, especially they were
found in very dense populations along the equatorial East African coast and at
the entrance to Aden Bay under the special condition effected by monsoon;
while they were extremely scarce in the southern part of the Indian Ocean
(LonmannN 1933, p. 176), although some warm water appendicularién population
consisting of O. longicauda, O. fusiformis and Frit. borealis f. sargassi was found
extending to the “Tiefsee-Expedition” Station 43°44’ S x75°33.7 E where the water
temperature was only 8.8°C. Numbers of individuals caught in the southern
Indian Ocean during the “Siidpolar-Expedition” (p. 204) were :

O. longicauda ............... 315 Frit. haplostoma ......... 4
Steg. magnum ............... 246 Frit. tenella ............... 4
O. fusiformis ............... 58 Frit. pellucida ............ 3
O. cophocerca ............... 22 Frit. formica ............... 2
O. albicans .................. 11 O. parva ..................... 1.
O. rufescens.................. 9

The occurrence of O. fusiformis f. cornutogastre along the Somalian coast and at
Poat Natal is considered to be noted. Later, SEweLL (1953) recorded a single
individual of each of Frit. pellucida and Frit. formica and several specimens of
0. divica and O. rufescens from Sta. 58 (22°22712” Nx59°57’30”” E) in the Arabian
Sea region, where “enormous numbers of Noctiluca were swarming in the
surface water”. It is noteworthy that none of O. longicauda nor O. fusiformis
occurred there. Toxioka (1956 a) shows the occurrence of 23 forms in the
central part of the Indian Ocean (Table 1, CI). The commonest species was
O. longicauda and next O. fusiformis. O. rufescens and Steg. magnum occurred
abundantly, too. O. cophocerca and Frit. borealis f. sargassi were met with
frequently, but less than the preceding four species. In addition to them, O.
albicans, O. parva, O. dioica, Frit. pellucida, Frit. haplostoma and Frit. formica f.
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digitata occurred in significant numbers. The remarkable scarcity of M. huxley:
is rather strange when it is compared with the abundance of Steg. magnum in
this region. F/L was less than 1.00 in all 26 samples. The same author (1955b)
found 12 species in the collections made in the North Eastern part of the Ocean
(Nicobar, Nias and Bali-Lombok). These include the

first six of abundant species in the central part; 0.00 5
besides, O. gracilis, M. huxleyi, Frit. haplostoma, Frit. <0.10 3
formica, Frit. pellucida and Frit. venusta. The last 26
one was not included in the collection from the _0'11—0'50 12
central part. 0.51-1,00 6

In Lawson’s Bay near Waltair, East India, ac- >1.01 0 0
cording to GANAPATI and BHAVANARAYAMA (1958),. Nomberof "
0. longicauda, O. fusiformis and O. dioica are found samples

throughout the year and considered to be able to  Table26. F/L in the central
tol.erate ?v'ide ranges of salinity and temperature. pa”(,;iggledliggegfean
Frit. lucibila (=Frit. haplostoma), Frit. campila

(=probably haplostoma with a slightly wider tail musculature), Frit. formica, O.
cophocerca and some salps (Pegea, Ritteriella amboinensis, Cyclosalpa pinnata and
Salpa cylindrica) are found in the southerly current, characterized by low salinity,
high turbidity and high temperature, during July~December, while Frit.. haplo-
stoma, Frit. limpida (=haplostoma), Frit. pellucida, Frit. borealis f. sargassi, O.
rufescens and Althoffia pacifica (=probably Pelagopleura gracilis) occur in the
northerly current, characterized by high salinity, high transparency and low
temperature, during January~June. In addition to these, “in the March~April
period, there is upwelling in the nearshore waters and the mesopelagic Frit.
pellucida makes its appearance in the surface waters during these months”. It
is rather difficult to find out differences of any essential significance between the
community including Frit. haplostoma, Frit. formica, O. cophocerca and some salps
and that containing Frit. haplostoma, Frit. pellucida, Frit. borealis f. sargassi, O.
rufescens and Pelagopleura. But this seems to show that the composition of far
offshore appendicularian populations may differ considerably from time to time
and that Frit. haplostoma occurs rather commonly in this region. As fragmental
records, Oxa (1915) identified Megalocercus sp. (most probably M. huxleyi) together
with salpas, lasts, Metcalfina, Salpa cylindrica, Thetys and Pegea, in the collection
of the Indian Museum.

- On the west coast of Australia, LouMann (1909a) examined nine plankton
samples collected in or near Sharks Bay. In six hauls made in the Bay only O.
dioica was found, while in three others collected near Fremantle outside the Bay
0. longicauda, O. fusiformis, O. rufescens and O. cophocerca occurred in addition
to O. dioica; proportions of these five species are given below in Table 27.
F/L was 0.05-0.09 in these hauls. In addition to the above-mentioned five oiko-
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pleurids, a single specimen of Fritillaria abjornseni was found at North Fremantle
in the Swan River (sea water) and three individuals of Doliolum denticulatum
occurred in the hauls made in Sharks Bay.

Of Thaliacea, besides the previously made records by SewerLL (1926) and
others, SEWELL (1953) records that Thalia was the commonest of all salpas and
Doliolum denticulatum and Dolioletta gegenbauri occurred abundantly in the surveyed
Arabian Sea region during the John Murray Expedition 1933-34; here Doliolum
nationalis was included in the former and Dolioletta gegenbauri var. tritonis was
treated under the latter species. He mentions that Thalia democratica var. orien-
talis occurred in the area, too and there it seemed to be more abundant in the
greater depths than in the surface water at least at Station 61. My examination
on the collection from the central part of this ocean revealed that Doliolum

nationalis occurred in the collection, but none of Doliolum denticulatum (Appendix

Stations 28 and 28a

Station 24 near the Bay
0. longicauda 895 % - 435 %
0. fisiformis 85 ' 20
O. dioica 0.25 _ 38.5
0. rufescens 1.5 16.0
O. cophocerca 0.25 _ —
Number of individuals 348 R 169

Table 27. Proportions of five speciess of appendicularians occurred near
Sharks Bay. (LoEMANN 1909a)

Table 14). According to the results of the “Tiefsee-Expedition” by the “Valdivia”
(Neumanw 1906), Doliolum denticulamm was found widely distributed in the warm-
water regions of the Indian Ocean, while Doliolum nationalis occurred in the
Gulf of Bengal, in the waters along Sumatra and the eastern coast of Africa
extending from Aden to Cape Town; besides, the occurrences near the Seychells
and St. Paul Island were recorded, the occurrence at the latter locality must be
noted as it is located near the middle of the southern Indian Ocean far apart
from the coastal waters. The distributions of Dofioletta gegenbauri and its variety
tritonis seemed to conform roughly to that of Doliolum nationalis, although the
distribution of the first form was extended to the area beyond Madagascar and
to New Amsterdam. In the Red Sea, are recorded the occurrence of Doliolum
denticulatum, Doliolum nationalis and Doliolina intermedia. The most . important
salps collected during the expedition of the “Investigator” 1922-23 were Thalia
democratica, Salpa cylindrica and lasis zonarie (SEwWELL 1926, p. 117).
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XHI. PELAGIC TUNICATES OF THE ATLANTIC

(a) The Atlantic Ocean. Appendicularians :—The first report on the appendicu-
larian fauna of the warm water regions of the Atlantic was given by LANGERHANS
(1880) who recorded nine species from the waters surrounding the Madeiras,
they were O. longicauda (described as O. velifera), O. fusiformis, O. dioica, O.
rufescens, Steg. magnum (described as Oikopleura magnea), Frit. formica, Frit. pellu-
cida (listed as Frit. furcata), Frit. megachile and App. sicula. The fauna of the
North Atlantic was then clarified by LoumaNN’s comprehensive studies (1896 b)
based on the material of the Plankton Expedition. This time were identified the
25 species shown in Table 28. Then the collections of the “Tiefsee-Expedition”
(1898) and the “Deutsche Siidpolar-Expedition” (1901-03) were examined by the
same author and others and the following eleven species: O. graciloides, O. fusi-
formis f. cornutogastra, M. abyssorum (described by Loumann as M. atlanticus
LouMaNN 1914), .P. verticalis, P. oppressa (LoMmann) 1914, P. gracilis, Bathochordacus
charon, Frit. helenae LoBEMANN 1924, Frit. drygalski LouManN 1924, Frit. borealis f.
intermedia (described by LouMANN as Frit. messanensis) and Frit. scillae were
added to the warm water appendicularian fauna of the Atlantic. The occurtrence
of Frit. megachile in the Madeiras waters was doubted by LouMANN, as the specimen
described by LaNGeErHANS resembled LouMANN’s Frit. tenella. Recently, however,
this species was reported again from the South Atlantic by BJORNBERG &
FornErIS (1955) who recorded 15 species of appendicularians from the sur-
rounding waters of Trinidad Island (20°30’ $x29°22' W) and Jaseur Bank (20°40’
Sx35°10° W), this includes the new record of Frit. abjornseni in the Atlantic.
BernarD (1958) expresses her opinion that Frit. drygalski might be identical with
Frit. aequatorialis (p. 216). Treating this as a distinct one, in all 38 forms of
appendicularians are known from the warm waters of the Atlantic.

In the warm water regions of the Atlantic, appendicularians are most abun-
dant in the equatorial region and the ‘starting area of the North Equatorial
Current along the western African coast near the Cape Verde Islands and the
wide area along the Brazilian coast near the estuary of the Amazon. On the
other hand, in the West Wind Drift in the north-eastern part of the North
Atlantic, appendicularians are very poor both in number of individuals and
number of occurring species.

0. longicauda is the commonest species throughout the warm water regions
of the Atlantic. Next O. fusiformis which is also distributed widely, O. rufescens
and O. cophocerca occur abundantly, especially in the far offshore waters, and
may take the place of O. fusiformis in some areas such as the western half of
the Sargasso Sea, the northern part of the starting area of the North Equatorial
Current and the Benguela Stream. Frequent and abundant occurrence of O. dioica
is a remarkable feature characteristic of the waters near the coast and also the
currents strongly influenced by the coastal water as in the Guinea Current. The
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Florida |Sargasso gg;gh Guinea %(gllltah Sg‘lllt;‘ YX?SE Sum
A Current Sea Current Current | Current Current | Drift
(Mix. Ar.)
0. longicauda *1120 %2726 4700 4900 +3510 *5518 | #2500 | 24974
O. intermedia ® %117 297 38 30 — 13 495
0. fusiformis 140 528 1000 1232 720 855 300 4775
0. gracilis — 38 - — — — — 38
0. cophocerca *560 *1675 913 825 *770 *158 3800 8701
O. albicans — #45.6 * 50 ' *39 * * 135
0. parva . * *153 — 143 — — — 296
O. rufescens 180 1170 2380 1210 *792 *568 413 6713
0. dioica — #4351 637 1437 80 163 25 2693
B } Frequency of Occurrence Mean
Steg. magnum 20 82 50 75 60 32 50 53
Folia gracilis — — — 38 10 — — 7
Alth. tumida 20 27 - — 20 — — 10
T. fertilis 20 18 33 13 — — - 12
Frit. gracilis — 27 — 38 10 mw | - 12
FErit. pellucida 40 58 83 38 40 32 50 49
Frit. fraudax — 18 — — — — — 3
Frit. aberrans - . — — — 10 — — 1
Frit. haplostoma 20 30 67 50 — 32 - 28
Frit. formica 40 82 67 88 50 63 50 63
Frit. aequatorialis — — — — 20 16 — 5
Frit. tenella 20 27 33 38 10—— 16 — 21
Frit. venusta 40 6 50 63 50 11 — 31
Frit. SZ‘;;‘Z“S‘;;‘ 40 42 67 63 40 42 25 46
App. sicula 20 70 67 88 60 63 50 60
K. tenuis — 15 17 — — — — 5
R 5 33 6 8 10 19 4

Table 28. Abundance of warm water-oikopleurids, Frequency of Occurrence X Mean Percentage,
. in respective currents and seas during the Plankton Expedition (A), and Frequency
of Occurrence of other appendicularians in the same areas (B). *---excluding the
occurrences not shown in numbers, =**---including the 100% occurrence at St. George
Harbour, Bermuda on August 10. Equa.---Equatorial, Mix. Ar.---Mixing area.
(LOHMANN 1896b)
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C
0. longicauda 77.5%
O. intermedia 1.0
O. fusiformis 3.5
O. rufescens 1.0
O. cophocerca 4.0
O. albicans 7.0

Table 28 (C). Percentage composition of the
appendicularian-population in the Benguela
Stream in the range between Ascension and
Cape Town 1901-1903.

(LoHnMANN & BUCKMANN 1926, pp. 196-197)

distribution of F/L during the Plankton Expedition seems to show the trend towards
the slight increase in the equatorial region (Table 29). BJOrRNBERG and FORNERIS
(1956 a) show a very interesting F/L distribution around Fernando de Noronha
Island. Values of F/L were generally higher at the stations located on the
northern side of the island than at the south side stations, although it is difficult
to judge whether or not the above distribution of F/L values is attributable to
different water masses flowing along respective sides of the island. In the North
Atlantic, the dominancy of O. longicauda becomes indistinct with the fall of the
water temperature, contrarily percentages of O. fusiformis, O. cophocerca and O.
albicans are raised till O. longicauda disappears at last and the dominancy is taken
by O. fusiformis which may reach near Greenland (LouMANN 1896 a). In a sample
collected at the station of Aug. 2a in the mixing area between the warm Florida
Current and the cold Labrador Current during the Plankton Expedition, many O.
dioica and some O. parva and O. albicans were found in addition to cold water
Aspecies O. labradoriensis and Frit. borealis f. typica, but none of O. longicauda was
found. The distribution of O. fusiformis is very wide near the equatorial region
and in the northern area beyond the region, but it seems to be narrowed in the
South Atlantic south of ca. 10°S, there the distribution is seen along the con-
tinents, although the edge of the dense distribution attains 50°S; while the
southern limit of dense occurrences of O. longicauda is seen along the isotherm
of 18°C and the distribution seems to be limited by the 15°C isotherm (LoEMANN
& HentscHEL 1939). Upvarpy (1958) records that O. longicauda occurred during
the Swedish Antarctic Expedition 1901-03 most commonly between 38°50° N—
43°52’S and its dense population was observed at 51°14’ S, while O. fusiformis
was found between 35°5" N—61°29’S. These seem to approve that O. fusiformis
is more tolerant against the lowered water temperature than O. longicauda. Then,

— 182 —



Distribution of Appendicularians and Some Thaliaceans of the North Pacific 405

it is very strange that O. longicauda had been found in the Antarctic Sea, reaching
72°30° S, while O. fusiformis had never been collected in the Antarctic (LoHEMANN
1928). Of fritillarians, Frit. formica, Frit. pellucida and Frit. borealis f. sargassi
are the commonent species, Frit. formica occurred most frequently during the
Plankton Expedition, but Frit. borealis (chiefly f. sargassi) was the most abundant
of all fritillarians and at the same time of all appendicularians in the 50-Om
plankton samples collected near Fernando de Noronha Island (ca. 3°41'Sx

. North . South South West
Florida | Sargasso gt Guinea - p h
Equatorial Equatorial [Equatorial] Wind
A Current Sea Current Current Mixing Area| Current Drift
Number of
samples 5 33 6 8 10 19 4
0/0 1 3 — — — 1 —
v/v — 2 — — 2 3 1
0.00 3 15 — 1 2 — 1
3 18 2 1 3 5 2
<010 — 3 2 — 1 5 1
0.11-0.50 1 8 3 7 3 8 —
1 10 4 7 4 9 1
0.51-1.00 — 2 | 1 — 1 1 1
oo — — — — 1 1 —
B North side of | South side of C
the island the island
Number of
stations 4 5 0.00 2
Number of
samples 5 12 | <010 1 8
< 0.10 1 — 0.11-0.50 3
0.11-0.50 — 1 7 12 0.51-1.00 2
0.51-1.00 —. 5 1.01-2.00 1 1
Number of
1.01-2.00 4 4 — 0 samples 9

Table 29. Occurrences of respective values of F/L in the Atlantic. A---In the collection of
‘ the Plankton Expedition (LoHMANN 1896b), B---In the collection made near
Fernando de Noronha Island, the maximum value 1.87 (BJORNBERG & FORNERIS
1956a) ; C:--IIn the collection made near Alcatrazes Island, the maximum value

1.43. (BJORNBERG & FORNERIS 1956b)

32°25" W) in the South Equatorial Current and Frit. pellucida was the next one
(B1orRNBERG & FORNERIS 1956 a) and Frit. pellucide was the most significant
fritillarian in the collection made near Alcatrazes Island located approximately at
24°Sx46° W (BjORNBERG & FoORNERIS 1956 b).

Frit. haplostoma usually occurs sparsely in the far offshore waters of the
Atlantic, although it was found occurring in swarms at some coastal stations such
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as the station of Oct. 9 during the Plankton Expeditipn not far from the Tocantin
Delta near the estuary of the Amazon (Lonmaxx 1896 b) and ‘at St. 10, an inshore
station in the surrounding waters of Alcatrazes Island (BjORNBERG & FORNERIS
1956 b). Results of the German Atlantic Expedition by the “Meteor” 1925-27
show also that pretty abundant occurrences of this species were observed along
the eastern coast of South America, in the range between La Plata and Rio and off
Cape S. Roque, and near the estuary of the Niger (Loamann & HenTscHeEL 1939).

Appendicularian faunas of the Baltic Sea and the North Sea are represented
by O. dioica and Frit. borealis; that of the latter sea is enriched by frequent
visiting of O. fusiformis and O. labradoriensis; besides, there are records of rare
occurrences of O. vanhiffeni, Frit. venusta and App. sicula (BUCKMANN 1926, also
BeRRILL 1950). Frit. borealis is mostly represented by f. typica, although f. inter-
media can be seen sometimes.

In the inlet waters or the very coastal water in the warm water regions of

the Atlantic, O. dioia and O. longicauda are common inhabitants, they were ever
found even in the somewhat brackish water near the Tocantin Delta, especially
O. dioica was found in the Rio Tocantin upper than Para during the Plankton
Expedition.
Thaliaceans :——Many papers have been published on the Atlantic salps and it is
a well-known fact that Thalia democratica is the commonest one in the warm
water regions, although the distinction between the typical and orientalis forms
have never been made and consequently the occurrence of var. orientalis in the
Atlantic can not yet be recognized.

During the Plankton Expedition, Doliolum denticulatum was distributed very
widely in the warm water regions, although its distributional area seemed to be
narrower than that of Doliolum nationalis in the north-eastern part of the North
Atlantic (BorGERT 1894). The distribution of Doliclum nationalis is, however,
considered to show the trend towards the increase in the inshore waters, for
instance during the Plankton Expedition this doliolum occurred infrequently at
offshore stations in.the Florida Current, Sargasso Sea and North Equatorial Cur-
rent, but was collected abundantly near the Cape Verde Islands and at most
stations in the North Equatorial Current, Guinea Current and South Equatorial
Current located in the range between Cape Verde and Ascension, excepting only
a single station. It was very scarce again at offshore stations in the South
Equatorial Current, located in the range between Ascension and Fernando de
Noronha, but it occurred at every station in the same current in the range
between Fernando de Noronha and the estuary of the Rio Para. Also it was
found in large numbers at the station of Oct. 30 off Spain and near the western
end of the English Channel and the entrance to the Mediterranean Sea. Occur-
rences of Doliolum nationalis off Plymouth are reported also by RusseLr and
Hastings (1933).
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In the South Atlantic, Doliolum denticulatum occurs steadily in the waters off
the west coast of Africa extending from the equatorial zone to the Benguela
Current, but Doliolum nationalis had been found occurring abundantly only in the
equatorial zone, stopping suddenly and completely when the cool waters of the
Benguela Stream were encountered (NEuManNN 1906). Doliolum nationalis was not
found in the Benguela Stream during the German Atlantic Expédition by the
“Meteor”, either (KruGer 1939). Recently, however, ZyL (1960) records the
occurrence of this species in the routine area in the Benguela Stream off South
Africa and on many occasions in association with Doliolum denticulatum. There,
Doliolum denticulatum and many salps show their highest frequencies of occur-
rences in the spring ~summer season, but Doliolum nationalis solely has its highest
incidence during winter. Furthermore these is a direct relationship between the
mean integral temperature of the water of the 0-50 m layer and the occurrences
of many salps and Doliolum denticulatum in quantities, but the relation between
the former and the dense occurrence of Doliolum nationalis is inverse. Thus the
distribution of Doliolum denticulatum and that of Doliolum nationalis show the
tendency of having inverse relations in the Atlantic. The “Tiefsee-Expedition”
caught some Doliolum denticulatum and Doliolum nationalis near Cape Town
(Neumann 1906), these were very probably carried there by the Agulhas Current.

The distribution of Dolioletta gegenbauri var. tritonis seems to resemble some-
what that of Doliolum nationalis, although it extends more northerly than that of
Doliolum nationalis. During the Plankton Expedition, this doliolum.occurred most
abundantly in the eastern parts of the North Equatorial, Guinea and South Equatorial
Cﬁrrents, stretching between the Cape Verde Islands and Ascension and also in
the western part of the South Equatorial Current between Fernando de Noronha
Island and the estuary of the Rio Para. In addition, it occurred near the boundary
between the Florida Stream and the Sargasso Sea and was found carried north
by the Gulf Stream to New Foundland in west and to the Hebrides in east
(BorGErT 1894). In the southern South Atlantic it occurs around the Cape of
Good Hope and in the Benguela Gurrent where it is found most frequently in
spring ~summer, though rather rare (Zyr 1960). Dolioletta gegenbauri is recorded
from the waters near the Shetlands, Faeroes and Scottish waters (FrRaser 1949)
and also from the North Sea and occasionally from the western portion of the
English Channel (RusseLL and HasTings 1933) ; most specimens belong to the
typical form, but a small part is represented by var. fritomis. It occurs more
abundantly in the Mediterranean Sea than in the Sargasso Sea.

Doliolina intermedia reaches northerly 63,3° N in the northern mixing area,
but its abundant occurrence seems to be confined to the subtropical zone of the
South Atlantic, south of 15° S in the eastern and of 30°S in the western part of
the ocean, namely the distribution is limited northerly by the line of the tropical
convergence (KrRUGER 1939).
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(b) The Mediterranean Sea. FoL (1872, 1874) recorded the following twelve
appendicularians from the waters around Messiana:

0. longicaude (described as O. spissa)

O. fusiformis

0. dioica

O. rufescens

0. cophocerca

Frit. haplostoma (described as Frit. aplostoma)
Frit. formica

Frit. urticans

Frit. peliucida (described as Frit. furcata)
Frit. megachile

App. sicula

K. tenuis

The appendicularian fauna at Messina, however, had grown up to be 28 species
when LouMANN listed them in 1909 b.

O. longicauda Frit. formica

0. intermedia Frit. fraudax

O. fusiformis Frit, gracilis

0. gracilis Frit. aequatorialis
- 0. dioica : Frit. urticans

O. rufescens Frit. pellucida

0. parva Frit. borealis

O. mediterranea Lohmann 1899 Frit. messanensis

O. cophocerca Frit. megachile

0. albicans Fyit, tenella

M. abyssorum Frit, venusta

Steg. magnum App. sicula

Folia gracilis ) K. tenuis

Frit. haplostoma ~ K. mossi Herdman

Of these species, Frit. borealis probably means Frit. borealis f. intermedia
and partly f. sargassi, Frit. messanensis is considered to be identical with Frit.
borealis f. intermedia as mentioned already on P. 363 and K. mossi may be treated
as a synonym of K. tenuis. In addition to the above 27 forms, O. graciloides,
Frit. charybdae, Frit. scillae Loumann 1898 and K. oceanica Lommann 1899 had
been known from the neighbouring waters of Messina. Thus, the fauna have
increased to 31 forms; among these O. longicauda, O. cophocerca, Frit. pellucida
and Frit. borealis are remarkable. In 1913, UeseL reported O. najadis from the
Adriatic Sea, but this is considered to be a form of O. parva, having a comparatively
wider tail musculature. Frit. formica described from the Mediterranean Sea was
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represented by f. tuberculata which was defined by LoamanN & Bickmann (1926).

VERNIERES (1933) reports eleven appendicularians from Banyuls, six from
Séte and fifteen from Villefranche (1933 and 34). His Fritillaria borealis acuta f.
typica var. mediterranea from Banyuls may be treated as belonging to Frit. borealis
f. intermedia as mentioned already on page 363 and his Frit. borealis troncata elon-
gata from Villefranche may be considered to be included also in Frit. borealis f.

Banyuls Sete Villefranche
O. longicauda o+ + +
O. intermedia — —_ -+
O. fusiformis + + +
0. dioica + -+ +
0. parva -+ — -
O. cophocerca -+ — +
0. albicans + —+ -+
Steg. magnum — — -+
Pt - - ¥
Frit. haplostoma =+ — _
Frit. formica -+ + +
Frit. gracilis — — -+
Frit. pellucida —+ + -+
8 imtopmadia + - +
Frit. megachile — — +
Frit. scillae — — -+
T. fertilis — — —+
K. tenuis —+ —_ —+

Table 30. Occurrences of appendicularians along the Mediterranean
coast of France.

intermedia. O. longicauda was the commonest species, O. fusiformis and Frit.
pellucida were also common and O. dioica, Frit. formica and Frit. borealis f. inter-
media were pretty abundant, while O. cophocerca and Frit. haplostoma were rare
in his collection from Banyuls. Frit. scillae is described as being common in the
collection made at Villefranche. Doliolum denticulatum, Dolioletta gegenbauri and
Thalia democratica also were found in VerRNIERES collection from Villefranche.
Recently Fenaux (1959a and b) reported six more appendicularians from Ville-
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franche, they are O. rufescens, M. abyssorum, Frit. haplostoma, Frit. fraudax, Frit.
tenella and App. sicula; besides, Frit. borealis. Thus the appendidularian fauna of
the waters near Villefranche is raised to 21 species. O. longicauda was the com-
monest form there, too; then followed O. dioica and O. fusiformis. Frit. pellucida,
Frit. borealis and O. cophocerca also occurred in pretty large numbers. The occur-
rence of Thalia democratica in this area is also recorded (1959a, p. 7).

The occurrence of M. abyssorum was recorded by BeErNArRD (1954) from the
waters off Alger. Later, the same author (1958) reports the occurrence of 21
appendicularians from the same waters; they are:

0. longicauda Frit, formica f. tuberculata
0. intermedia Frit. formica f. digitata
O. fusiformis Frit. gracilis

0. dioica Frit. fraudax

O. rufescens Frit. aequatorialis

0. parva Frit. pellucida

O. cophocerca Frit, borealis f. intermedia
O. albicans Frit. borealis f. sargassi
M. abyssorum Frit. venusta

Steg. magnum App. sicula

P. haranti

Frit. borealis f. intermedia is described in her paper as Frit. borealis var. mediter-
ranea and Frit. borealis f. sargassi is shown as f. crassa. There, O. longicauda is
the commonest species, next O. dioica and then followed by O. intermedia, O.
albicans and O. cophocerca in the order of abundance. O. fusiformis is the most
scarce one among the species of Oikopleura. Of fritillarians, Frit. pellucida is the
commonest one and followed by Frit. formica and then by Frit. borealis f. sar-
gassi. Besides these appendicularians, occurrences of Doliolum denticulatum,
Doliolum nationalis and the typical and orientalis forms of Thalia democratica are
recognized by her. FUrRNeSTIN (1958) examined the plankton collection made in
the Gibraltar Straits and the adjacent Alboran Sea and found that O. longicauda
and O. dioica occurred there and O. longicauda was much more abundant than O.
dioica. She records Thalia democratica from the surveyed area, but the distinction
between the typical and orientalis forms is not made. Frit. formica is known
from the vicinity of Gibraltar, too. In the neighbouring waters of the Balearic
Islands, Doliolum denticulatum is recorded at Palma of Mallorca and Massurl
(1959) reports the common occurrence of Thalia democratica at Castellon, although
the distinction between the typical and orientalis forms is not made. As to the
doliolid fauna of the Mediterranean Sea, ULjanin’s monograph (1884) appeared
in the series of the “Fauna und Flora des Golfes von Neapel” cannot be put
aside, in which Doliolum ehrenbergii (=denticulatum), D. gegenbauri n. sp., D. rarum
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and D. miilleri are given ; BorGERT (1893) found Doliolum nationalis in the Mediter-
ranean Sea and SicL (1912) confirmed the occurrences of Doliolum denticulatum,
Doliolum nationalis and Dolioletta gegenbauri in the collection made by the Pola-
Expedition 1890-1894 in the Adriatic Sea, these three species were, however, not
found in the eastern waters of much higher salinity.

The appendicularian fauna of the Black Sea is represented by a single
species O. dioica as shown for instance by NikiTin (1929), DoLGOPOLSKAIA (1940j
and NeGrea & others (1959).

Summing up above-mentioned listings, the total of appendicularian species
occurring in the Mediterranean Sea attains 33, two of which, Frit. formica and
Frit. borealis, are divided respectively into two forms. The close relationship
found between Frit. charybdae and Frit. urticans and that betweeu Frit. tenella
and Frit. scillae, however, must be studied crucially in the future. Throughout
the Mediterranean Sea, O. longicauda is the dominant-most species and next O.
divica at various parts of the Sea. O. fusiformis may occur rather abundantly at
some places (Banyuls, Sete and Villefranche), but may be very scarce at others
(Bay of Alger, etc.). O. cophocerca occurs frequently in considerable numbers,
but O. rufescens is always quite rare in this sea. Frit. pellucida is the commonest
species of fritillarians and followed by Frit. formica or Frit. borealis, while Frit.
haplostoma is rare throughout the sea. The appendicularian fauna of this sea
resembles closely that of the Atlantic. However, the scarcity of O. rufescens and
Frit. borealis f. sargassi, the relative fewness of O. fusiformis and contrarily the
existence of f. tuberculata of Frit. formica and relative abundance of O. dioica
may be accepted as the characteristics of the appendicularian fauna of the
Mediterranean Sea when the fauna is compared with that of the Atlantic; besides,
the occurrence or absence of some special, not so common, species are noted as
shown in Table 35.

(¢) The Gulf of Mexico (Table 31). In order to be compared with the appendicular-
ian fauna of the area surveyed by the Shellback Expedition, the fauna of the Gulf
of Mexico is mentioned here separately. Throughout the works of LoHMANN
(1896 b and 1916), Brooks & KEeLLNER (1908), GarsTANG (1937) and Tokioxka &
SuArez (1956), twenty-three species of appendicularians are known from the
Gulf. Namely the following eight species are known in addition to the 15 species
listed in Table 31.

O. intermedia (=0. tortugensis BrRooks & KeLLNER 1908)

O. albicans

Alth. tumida

Bathochordaeus charon (=B. stygius GARSTANG 1937)

Frit. fraudax

Frit. tenella

App. sicula

K. tenuis
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In Cuban waters, O. longicauda is the commonest species and next O. dioica, being
followed by O. rufescens and Frit. borealis f. sargassi. O. fusiformis and O. copho-
cerca are much less than O. rufescens; of fritillarians Frit. pellucida is the second
predominant species, though much less than Frit. borealis f. sargassi. The rela-
tively abundant occurrences of O. rufescens and the low population of O. fusiformis
are common to the appendicularian fauna of Cuban waters and that of the Shell-
back area. However, the occurrences of much more abundant Frif. borealis f.

Number of samples - 47
0. longicauda 5293
O. fusiformis 304
O. fusiformis f. cornutogastra - 330
O. graciloides 26
O. dioica 1533
0. rufescens 700
O. parva 261
O. cophocerca 207
Oikopleurids damaged 527
Steg. magnum 34
Fn’t}. haplostoma 24
Frit. formica f. digitata 30
Frit. pellucida 117
Frit. borealis {. intermedia 26
Frit. borealis . sargassi 608
Frit. megachile ’ 10

Table 31. Abundance of respective appendicularians in
Cuban waters shown in Frequency of Occurrence
X Mean Percentage (calculated on the data
given by TOKIOKA and SUAREZz 1956).

sargassi and O. dioica and the relatively lower population of O. cophocerca in
Cuban waters differ significantly from the constitution of appendicularian fauna
of the Shellback area. The occurrences of O. fusiformis f. cornutogastra in a
significant number may be considered as unique for the fauna of Cuban waters.
All these aspects seem to show that the appendicularian fauna of the Gulf of
Mexico and that of the Shellback area resemble each other as their constitutions
are both included in the general type found in faunas of the tropical waters, but
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they do not show any further special relationship beyond this.

XIV. GENERAL DISTRIBUTIONAL ASPECT OF PELAGIC TUNICATES
IN THE NORTH PACIFIC

(Tables 32-35)

1) Vertical distribution of appendicularians (Tables 32-33). 7

As most samples dealt with in the present paper were collected by vertical
or oblique towing mostly from 50m deep or from various depths beyond it, it
is very important to examine first whether the centre of the appendicularian
population is found in the surface layer shallower than 50 m or it is located more
deeply. If the former is the case, then the trends deduced from comparing the data

Water layers in port in the strait

0-15m - 302 65

1.5- 10 87 109

10- 30 78 97 123 419
30- 60 30 ' 122

60-100 — i 62

100-150 — — 75 139

150-200 : — : T2

Table 32. Distribution of appendicularian population at Messina
(LoaMANN 1933, Table on p. 177).

Water layers in m. 0-50 | 50-100 {100-200 | 200-400 | 400-600 | 600-800 }800-1000/900-1100j
Mean individuals 579 170 86 8.5 2 2 0.7 1.5
Percentages to the value

of 0-50 m. 100 295 15 1.5 0.3 0.3 0.1 0.25
The maximum value

observed 6587 1560 631.5 74 46 10.25 6.5 5
Frequency of occurrence

of O-value 29 2.7 0 5 18 18 36 31

Table 33. Number of appendicularian individuals per 50 m. haul in respective water layers in
the South Atlantic (LoumAMM & HENTSCHEL 1939, Table 40 on p. 190).

from samples from various depths one another may be accepted as general tendencies,
while it would be quite unreasonable to compare the data from the shallower
water samples with those from the deeper water samples if the latter were the
case. It has been well known since LoHMANN’s comprehensive studies (1896 b)
on the appendicularian material of the Plankton Expedition that the important
part of the appendicularian population lies in the upper 200 m layer, although
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some species auch as O. parva, Frit. tenella, Frit. megachile and Folia gractlis often
penetrate into much deeper layers. Further, as to the distribution within the
surface to 200 m layer, there are two available data, one is LoHMANN's observation
made at Messina and the other is the result of the “Meteor” Expedition in the
South Atlantic. Although the densest population of appendicularians may be
found in some cases in 100-200m or 200-300 m layers as LouMANN noted in the
Sargasso Sea during the Plankton Expedition (1896b) and in the Antarctic Sea
during the “Deutsche Siidpolar-Expedition” (1933, p. 178), the data given in Tables
32 and 33 seem to show that the most significant part of the appendicularian
population is to be seen in the 0-50 m layer. On this general aspect of vertical distri-
bution is based the comparison made in this paper between the data from samples
collected by towing from various depths to the surface. As “in den obersten
Wasserschichten im ganzen Warmwassergebiet Oikopleura longicauda VoGT und
Susiformis FoL die herrschenden Arten sind” (Lonmann 1933, p. 178), the distri-
bution of F/L should be recognized as one of the most important trends found
in the appendicularian distribution. The appendicularian fauna of the sﬁperﬁcial
water seems to differ considerably from those of deeper layers. LoHMANN men-
tioned about the appendicularian population at Messina that the density in
superficial layer is much lower in the warm season than in the cool season.
Generally speaking, appendicularians were few in the superﬁcial layer, and some
species such as O. parva, Frit. tenella and Frit. megachile could be seen only in
deeper layers beyond the 30-60 m layer at Messina. Also remarkable discrepancies
were found in the constitution of the appendicularian population between the
samples collected by surface towing and those collected by vertical hauling
in the Japan Sea (Tables 13-15). All these seem to show evidently that the
fauna of the superficial layer is to be treated as a special one. Furthermore,
there may occur unusually dense populations of some species in the superficial
layer as Aipa (1907) met with swarms of K. fenwis or O. rufescens at Misaki
Harbour or I observed a spawning swarm of O. longz'caudd in Tanabe Bay and
dense swarms of Frit. haplostoma in some Japanese inlet waters (Tokroka 1955 a).
2) Areas of abundant occurrences of appendicularians in the warm-water regions
of the North Pacific. Results of the present studies seem to show that appen-
dicularians occur densely in the North Pacific in the bedoti-water along the east
coast of the old continent, in the Shellback area harbouring both Sagifta bedot:
and Sagitta friderici and also in the equatorial zone where plankton organisms
are much more abundant than in the adjacent tropical waters (JorHnsoN 1956 and
Kmng & Hipa 1957)*. This aspect resembles somewhat the distribution of dense
population in the Atlantic. On the other hand, number of species and quantity

* JounsoN, M. W. (1956) : Some outlines of plankton concentration in the eastern and tropical
Pacific. Proc. 8th Pacific Sci. Congr., Vol. 3, pp. 379-390, 6 text-figs.
King, J. E. and Hipa, T. S. (1957): Zooplankton abundance in the central Pacific. Fish. Bull.
U.S., No. 118, pp. 365-395.
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of individuals seem to be insignificant in the northeastern part of the Central
North Pacific water mass, just as in the West Wind Drift in the North Atlantic.
3) Constitution of the appendicularian population (Tables 34 and 35).

Except for those in the neritic waters, the dense populations in the warm
water regions of the North Pacific are assigned most frequently to the remarkable
increase of O. longicauda and hence values of F/L are usually lowered in the
areas where appendicularians occur in quantities. Also, the number of individuals
of O. fusiformis seems to- be raised in these areas, but the increase is considered
to be much smaller than that of O. longicauda. While, in the area corresponding
to “the pacifica-dominant waters” proposed on the distribution of chaetoghaths
in the North Pacific, F/L is raised significantly. Probably this is attributable to
the sharp drop of O. longicauda in this waters, although we have to pay notices
on such differences of F/I. between the samples collected from different depths
at the same station as that found between the samples TP 131 and TP 131B
(Appendix Table 6-4). The relative abundance of O. fusiformis in the super-
ficial water was observed also in some samples collected in the Japan Sea as
already mentioned on p. 385. It is not impossible that O. fusiformis might be
distributed more abundantly in the surface layer than in deeper lyyers under
some conditions. However, the trend of F/L towards the increase in “the pacifica-
dominant waters” may be safely accepted as real, as the decrease of O. longicauda
is recognized definitely in the cooler waters in the middle part of the Atlantic.
0. longicauda quite disappears near the front of the warm waters in the Atlantic,
but in the North Pacific there have not yet been found any wide areas where O.
longicauda disappears completely and O. fusiformis is keeping the absolute pre-
dominancy, although the complete absence of O. longicauda is recorded at some
stations. Contrarily, in the areas where the warm water is mixed with the
cold water in the North Pacific, O. longicauda is the most remarkable species of
all warm water forms. This seems to be one of the most remarkable character-
istics of the North Pacific appendicularian fauna differing from that of the North
Atlantic and reasonably this is attributable to the differences of hydrographic
condition between these two oceans. In the southern South Pacific, there is
found an area where O. longicauda is quite absent and O. fusiformis is keeping
the predominancy (Bary 1960, see p. 398). O. rufescens shows the trend towards
the increase in the tropical waters and the same as to O. cophocerca, M. huxleyi
and Steg. magnum, the latter three are, however, found only sparsely in the waters
even in tropics, where the neritic character is retained remarkably as is the case
in the Arafura Sea. ’

- Important fritillarians are Frit. borealis f. sargassi and Frit. pellucide and
followed by Frit. formica; this order of abundance differs somewhat from that
in the Atlantic. Frit. tenella and Frit. venusta are considered common in the
tropical oceanic waters in the Pacific. Frit. haplostoma occurs widely in every
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collection, but not in abundance. In the Atlantic, evidently this species occurs
abundantly in the coastal waters (p. 405), this is also true about the distribution
of this species in the Pacific. Dense population of this species was recorded in
the Pacific in Iwayama Bay of the Palao Islands, in Maizuru Bay on the Japan
Sea coast of Honsyu Island, Japan and in Mori Inlet of Tanabe Bay near the
Seto Marine Biological Laboratory. I have ever met with a dense population of
this species along the southern coast near our laboratory, when the species
occurred very abundantly in the superficial layer of a yellow brown water caused
by a very small kind of ? Diplopsalis. On the other hand, the population of this
species in the offshore oceanic water has never been raised to a significant degree.
The possibility that Frit. abjornseni, an akin species to the present species, might
be a neritic from, is mentioned already (p.377), but here arises the possibility
that the main propagating area of Frit. haplostoma is in the neritic waters and
that individuals which are found in the far offshore oceanic waters and usually
slightly larger may be drift forms. If this is true, Frit. haplostoma should be
treated as a neritic water inhabitant just as App. sicula is done. Examining
various collections, it seemed that individuals of Frit. haplostomae with wider tail
musculature occurred more frequently and abundantly in samples from the eastern
Pacific, for example the Shellback Expedition samples, but more crucial studies
are needed to ascertain this inclination.

LouMaNN (1933, p. 106) mentioned that Frit. aberrans might be a deep water
form. In the collections dealt with in this paper, this species occurred mostly
in the deep water samples, too. Also Tectillaria taeniogona is considered to be a
deep water form, because its state of preservation in samples collected by towing
from, deep layers is mostly imperfect and more or less injured just as in Frit.
aberrans. '

0. dioica is the only appendicularian found in the strongly stagnant inlet
waters or in somewhat brackish waters in the Pacific as in the Atlantic. The
highest salinity 37.6% observed in Scammon’s Lagoon on the west coast of Baja
California is noted as a new record for O. dioica. O. longicaude is the commonest
of all oceanic forms which are found in the embayments together with O. dioica.
Abundant occurrences of O. fusiformis f. cornutogastra in the lagoon water of the
Palao Islands and near the middle part of the Arafura Sea together with O. dioica
are considered to be attributable to the low refreshment degree of the lagoon
water by the ocean water. '

The geographical distribution of appendicularians was mentioned by LoHMANN
(1933) and THompson (1948), and FornNerrs (1959) summarized the previously
published features indicating the differences found among the appéndicularian
faunas of the Atlantic, Mediterranean Sea, Indian Ocean and the Pacific. Tokioxa
showed the outline of the fauna in the Japanese waters in his paper of 1955a.
Consequently it is needless to repeat again on this subject. Here, only lists of
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Gulf of

Mediterranean Indian s
Mexico Pacific

Atlantic Ocean

. longicauda
. intermedia
Sfusiformis
. fusiformis f. cornutogstra
gracilis
. graciloides
dioica
rufescens
parva
. cophocerch
. mediterranea
. albicans
M. huxleyi
|~ M. abyssorum
Steg. magnum
| Chunopleura microgaster
Folia gracilis
| _P. verticalis
P. oppressa
P. gracilis
P. haranti
_Alth. tumida
Sin. scrippsi
Bathochordaeus charon
Frit. haplostoma
Frit. abjornseni
Frit. arafoera
Frit. aberrans
Frit. formica f. tuberculata
Frit. formica f. digitata
Frit. fraudax
Frit. gracilis
Frit. charybdae
[ Frit. urticans
Frit. aequatorialis
Frit. helenae
Frit. drygalski
~_Frit. pacifica
Frit. pellucida
Frit. borealis 1. intermedia
" Frit. borealis . sargassi
| Frit. megachile
Frit. tenella
Frit. scillae
Frit. venusta
| T. fertilis
T. taeniogona
App. sicula
K. tenuis
K. oceanica
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Table 34. Occurrences of warm water-species of appendicularians in the world seas.
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Atlantic Meditg;anean g:;ii;? Pacific Notes

O. fusiformis f. cornutogastra -+ — -+ - m
O. mediterranea — <+ — w
M. huxleyi — — 4+ —+ P
M. abyssorum 4 -4 — -4 w
Chunopleura microgaster — — -+ _ n
Folia gracilis -+ + — + w
P. verticalis - — -}~ + m
P. oppressa -+ — — — n
P. gracilis -+ — ? 4+ + m
P. haranti — + — — M
Alth. tumida -+ — — -+ m
Sin. scrippsi — — — —+ P
Bathochordaeus charon + — — + m
Frit. abjornsens + — + +

Frit. arafoera — —_ — + w
Frit. aberrans 4 — — + m
Frit. formica f. tuberculata — -+ — — M
Erit. charybdae — + — _}_.— w
Frit. urticans — + — _

Frit. aequatorialis + -+ — —

Frit. helenae 4+ — — — A
Frit. drygalsk: 4 ? 4 — —

Frit. pacifica — — — + P
Frit. tenella + + — ‘_{_ w
Frit. scillae +4 + — —

T. taeniogona — — _ + p
K. tenuis - - — -+ w._
K. oceanica — 4+ — —

Table 35. Warm water-species showing uneven distribution in the world seas. A---species
occurring only in the Atlantic, M---species occurring only in the Mediterranean
Sea, m---species missing in the Mediterranean Sea, but present in the Atlantic;
n---species not yet sufficiently recognized, P---species occurring only in the Indo-
Pacific, w---species presumably distributed widely in the world seas.
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warm water species in respective seas are presented (Tables 34 and 35) and some
brief notes will be given. Of fifty forms listed in Table 34, 28 species occur
unevenly in the world seas. Then of these 28 species, Chunopleura microgaster
and Pelagopleura oppressa are known only by extremely few individnals and there
might be some doubts about their validity. Frit. abjornseni and Frit. arafoera
belong to the “Formenkreis” of Frit. haplostoma and hence their presence or
absence do not seem to be so significant for the appendicularian fauna of respec-
tive seas. Frit. charybdae and Frit. urticans are related very closely, and so are
Frit. aequatorialis—Frit. helenae—Frit. drygalski, Frit. tenella—Frit. scillae and K.
tenuis—K. oceanica. These couples or triplet may be treated here respectively as
a “Formenkreis”. , '

O. mediterranca, M. abyssorum, Folia gracilis, Frit. charybdae-urticans group,
Frit. tenella-scillae group and K. tenuis-oceanica group are considered to be found
distributing widely in all of these seas by future studies, although the first four
belong to somewhat rare species. At present, O. fusiformis f. cornutogastra, P.
verticalis, P. gracilis, Alth. tumida, Bathochordaeus charon and Frit. aberrans are
known from both the Pacific and Atlantic, but not from the Mediterranean Sea;
it is, however, not impossible that these might be discovered in the Mediter-
ranean Sea in the future. On the other hand, P. haranti and Frit. formica f. tuber-
culata are the species unique to the Mediterranean Sea and the group of Frit.
aequatorialis is the only one which can be said apparently charactetistic of the
South Atlantic and the Mediterranean Sea, being quite missing in the Indo-
Pacific. There are following four species unique to the Indo-Pacific: M. huxleyi,
Sin. scrippsi, Frit. pacifica and T. taeniogona, the latter three of which are known
only from the Pacific to this date and do not occur so abundantly. Throughout
the above-mentioned features of the geographical distribution, the absence of M.
huxleyi in the Atlantic and the Mediterranean Sea, the confinement of the group
of Frit. aequatorialis to the Atlantic and the Mediterranean Sea and the existence
of Frit. formica f. tuberculata solely in the Mediterranean Sea may be accepted
as the three important phenomena. In addition, the relative fewness of O.
rufescens and Frit. borealis f. sargassi may be considered as a characteristic dis-
tributional aspect in the Mediterranean Sea and the abundant occurrence of O.
longicauda in the northern mixing area between the warm water and the cold
subarctic water is a remarkable feature characteristic to the North Pacific appen-
dicularian fauna.

4) Distribution of doliolums. Although Doliolina intermedia is considered to occur
most abundantly in the 200-1000 m layer of the ocean in the southern hemisphere
(KriGER 1939), most other doliolids are evidently surface-water inhabitants as
TaomrsoN showed that Doliolum denticulatum, Dolioletta gegenbauri var. tritonis
and doliolids Amme were caught mostly in the 50-0 m layer during the survey
in south-eastern Australian waters (1948, p. 100) . Dolioletta gegenbauri is treated
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by some authors as a cool water species (BerrIiLL 1950), but apparently other
doliolids are warm-water inhabitants. Even Dolioletta gegenbauri is reported from
the tropical water, as RusseLr and Corman (1935) collected it from the Great
Barrier Reef region and Toxioka found it in the plankton collection from the
Arafura Sea.

One of the most interesting subjects on doliolids must be the difference
found between the distributions of Doliolum denticulatum and Doliolum nationalis.
In the North Pacific, Doliolum denticulatum is distributed very widely and rather
evenly in the whole warm oceanic waters, but it is quite absent or scarcely found
in the Inland Sea of Japan, the Japan Sea and the inshore waters along the Cali-
fornian coast; in these areas is found Doliolum nationalis which is, however, quite
absent in the far offshore waters of the North Pacific. As to the distributional
aspects of these two doliolids in the Atlantic, GarsTaNg (1933) noticed that
Doliolum nationalis occurred most abundantly in the equatorial zone during the
Plankton Expedition and the “Tiefsee-Expedition” by the Valdivia and presented
a supposition that this species, being found of the warm water, might be nothing
but denticulatum differentiated early and arrested in growth and thus it might
represent a quickly bred dwarf of the tropics. Later, KrticEr (1939) notices that -
the areas rich of Doliolum nationalis were mostly located near the coast and that
in the western section of the Guinea Current where Doliolum denticulatum was
predominant during the “Meteor’-Expedition—"“Dort aber, wo die Temperaturen
iiber grosse Strecken gleich hoch bleiben, findet man Doliolum nationalis in den
nahrungsreichen Gebieten”. Of course, it is impossible to regard Doliolum nationalis
as a cool-water species, but in the North Pacific this species does not seem to be
distributed in the waters warmer than those in which Doliolum denticulatum is
prevailing. Evidently the species is distributed much more northerly than
Doliolum denticulatum in the Japan Sea and the north-eastern waters of Japan.
ZyL (1960) mentions that Doliolum nationalis has its highest incidence during
winter in the waters off the west coast of South Africa. The distribution of
Doliolum nationalis in the North Pacific seems in most parts to conform well to

"that of a chaetognath, Sagitta bedoti, and partly to that of Sagitta friderici along
the southern Californian coast. Most probably, at least in the North Pacific,
Doliolum nationalis is considered to be distributed in the “bedoti and friderici
waters” which are usually found along or near the coast and rich of nutrient
microorganisms; these features resemble those of the distributional region of
Doliolum nationalis in the Atlantic mentioned by KriiGer. The distribution of
Doliolum nationalis in the Atlantic seems to conform roughly to that of Sagitta
friderici, too. For these reasons, I hesitate to accept GARSTANG's theory as to
Doliolum nationalis, rather 1 prefer to consider that Doliolum nationalis is a form
distinctly differentiated in the special water-mass, “bedoti”-or “friderici”-water,
from the ancestor common to this and Doliolum denticulatum, although I can not

— 198 —



Distribution of Appendicularians and Some Thaliaceans of the North Pacific 421

judge exactly if the degree of this differentiation has already attained the level
of a distinct species, that of a subspecies or a variety.

As to the morphological differences between Doliolum denticulatum and Doliolum
nationalis, there is nothing to be added about the internal structure; only I want
to note here that a reddish orange pigment fleck near the dorsal ganglion can be
observed or retained much more frequently in Doliolum nationalis than in Doliolum
denticulatum. This pigment fleck can be found on nearly all gonozooids or pho-
rozooids of Doliolum nationalis. For instance, I examined in the end.of 1956 quite
optionally the whole specimens found in the Shellback samples SB 118 and SB
137 and found that two specimens from SB 118 and about 500 individuals from
SB 137 were all provided with the pigment fleck. On the other hand, individuals
of Doliolum denticulatum having such a pigment fleck were very few during the
Shellback Expedition, the following are the percentage proportions of individuals
having the pigment fleck in the examined samples.

(SB 137) 2 of 33 individuals............c..coconenen. 6.1%
(SB 142) 3 of 41 individuals..................coceten 7.3
(SB 160) 1 of 35 individuals...................ceennls 2.9
(SB 200) 11 of 138 individuals..............euvenenn. 8.0
(SB 210) 7 of 19 individuals.............oeeneennanenn. 36.8

Those individuals having the pigment fleck seemed to be rather small. The
maximal body length of Doliolum denticulatum in respective samples varied from
46 mm (SB 105)~52mm (SB 115) to 9.1 mm (SB 109), while that of Doliolum
nationalis was 3.6 mm (SB 112) or 3.9 mm (SB 115).

The distribution of Doliolette gegenbauri var. tritonis in the North Pacific
resembles very closely that of Doliolum nationalis. Although Zvir (1960) considers
this form might be an oceanic form, it is very possible that its distribution is
closely related with the “bedoti”-or “friderici”-waters. It seems, however, that
the distribution of this species is extended more towards the ocean centre than
that of Doliolum nationalis. The results of oceanographical observations made in
the sea east of Honsya Island May—June, 1959 (Oceanographic Section of Japan
Meteorological Agency 1960) show distinctly the above-mentioned distributional
features of Dolioletta gegenbauri var. tritonis. Namely, this doliolum occurred very
abundantly in the surveyed area together with Doliolum denticulatum. The former
was, however, distributed in the inshore waters along Bosd Peninsula and ex-
tending northwards to the 10°C isotherm and also in wide stagnant water masses
found along the northern side of the main stream of the extension of the
Kurosio, stretching in the areas respectively between 144° E and 152° E, and
154° E and 158° E, but it scarcely appeared in the waters south of the main
stream of the Kurosio. On the other hand, Doliolum denticulatum occurred most
abundantly in the waters south of the main stream of the Kurosio, although
small numbers of individuals were found together with the preceding species in
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the northern waters beyond the Kurosio between 154° E and 158° E and also in
the inshore waters. The main stream of the Kurosio was traced to 157°E
between 34° N and 36° N at that time (Fig. 13). Then it is rather strange that
Dolioletta gegenbauri var. tritonis was not found in any collections made in the
Japan Sea, though further studies are needed to ascertain whether or not the
species is constantly absent in this sea.

The “Challenger” collected Doliolum denticulatum at various parts of the North
and South Pacific (HErpMsaN 1888), but it is quite unknown whether or not this
involves Doliolum nationalis. The “Vettor Pisani” also recorded Doliolum denti-
culatum at many of her Pacific stations distributing along her course stretching
between Callao of the eastern Pacific and Cape Batangan on the eastern coast

“OE 142° 144* 146° 148° 150° 152° 154° 156° 158° 160
] | '
500 250 0 fow 50 . 25/,3 main stream o
@@ @@ T e EHEES
' of the Kurosio
g
36
3¢
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N

Fig. 13. Distributions of Dolioletta gegenbauri var. fritonis (solid circle) and Doliolum
denticulatum (empty circle) in the sea east of Honsyf Island, with isotherms
at 100 m layer. (Oceanographic Section of Japan Meteorological Agency 1960,
Fig. 3-3 on p. 31) .

of Annam via Hawaii and Philippines and Dolioletta gegenbauri var. tritonis at
Hong Kong (BorGeRT 1896). Nreumann (1913, p. 31) found Dolioletta gegenbauri
and Doliolina krohni in the collection of the “Planet” made at Hong Kong on
Feb. 15, 1907. All these records are considered not to conflict with the above-
mentioned general distributional aspects of the Pacific doliolids.

The doliolid fauna of the Shellback area seems to resemble closely that of
the eastern part of the South Atlantic in harbouring Doliopsoides and considerable
numbers of Doliolina intermedia, the distribution of the latter is alsc extended to
the northern hemisphere in the Pacific.

5) Distribution of salps.
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After THomsson listed previous works on Pacific salps in his book “Pelagic
Tunicates of Australia” in 1948, six subsequent papers on Pacific salps have
appeared, two by YounT (1954 and 1958) dealing with salps occurring in the
Central Pacific, two by BerNer (1954 and 1955) treating two new salps and a
newly discovered aggregated form of Ritteriella picteti, one by FaceTTt! (1959) on
salps occurring in the waters along the coast of North and Central Chile and one
by Bary (1960) on the collection made in south-eastern New Zealand waters.
Besides, there are Toxioxa’s fragmental notes and records of some salps came
from various parts of the Pacific (Tokioka 1951 a, b; 1954, 1955 b, 1960; HaANEDA
& Tokioka 1954, Tokioka & BEerNER 1958 b). Throughout the results of the

Thalia democratica 63%
Salpa fusiformis’ 43
Brooksia roslmtav ) 17
Cyclosalpa pinnata 13
Salph cylindrica 12
Cyclosalpa floridana , 54
Pegea confoederata 54+
lasis zonaria 5—
Thetys vagina -3
Traustedtia multitentaculata 3
Cyclosalpa affinis 2
Salpa fusiformis 1. aspera 2
Salpa maxima . 1
Ihlea punctata 1

Table 36. Frequency of occurrence of 14 Atlantic salps in 111
samples collected during the Plankton Expedition
(from APSTEIN 1894, pp. 42-43).

examination published here and all those papers mentioned above or listed in
TaoMmesoN’s book, it is evident that Thalia democratica is the commonest salp
occurring most frequently and abundantly in the warm water region of the
Pacific. In the tropical waters, Salpa cylindrica is abundant next to the preceding
species and followed by Brooksia rostrata, Salpa fusiformis and Iasis zonaria in sam-
ples towed in the surface 50-0 m layer ; Brooksia rostrata is, however, very fragile in
consistency and rarely found in a perfect condition. In samples hauled from
deeper layers, Salpa fusiformis, Ritteriella amboinensis and Metcalfina hexagona are
rather common. Salpa fusiformis increases in the temperate waters and con-
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stitutes the most important part of the salp population iﬁ the mixing area
between the cold subarctic water and the warm water in the North Pacific, while
in the southern mixing area between the cold subantarctic water and the warm
water Salpa fusiformis occurs commonly together with IThlea magalhanica. In both
northern and southern mixing areas, Salpa fusiformis is represented frequently
by echinated forma aspera. Roughly saying, the above-mentioned distributional
aspects of important salps seem to be common to the Pacific, the Atlantic and
also to the Indian Ocean (Table 36). _

As the occurrence of var. orienmtalis of Thalia democratica, characterized by
having distally furcated atrial palps instead of distally pointed ones, has been
reported only by SEwgLL (1953) from the Indian Ocean, by Yount (1954) from
the Central Pacific and by BernarD (1958) from the Bay of Alger, besides A
Tok1oKkA’s fragmental notes, this variety seems to be confined to the Indopacific
and the Mediterranean Sea, but quite missing in the Atlantic. Dealing with a
considerable number of samples and gathering the data about Thalia democratica,
I have tried to find out if the distribution of the typical form and that of var.
orientalis are segregated from each other. However, so far as the results of the
present examinations are concerned, the distributional aspect of the typical form
and that of var. oriemtalis are quite similar, generally both forms occurring
mingled with each other. It seems, however that var. orientalis is very common
in the Japanese waters ; this point will be made clear by further statistical studies
in the future. The variety orientalis is also known from the South Pacific
(Tok1oka 1960).

6) Concluding remarks.

Throughout these observations, distributions of dense populations of appen-
dicularins, values of F/L, Doliolum nationalis and Dolioletta gegenbauri var. tritonis
in the North Pacific seem to support the idea that the “bedot:”-and “friderici’-
waters, and probably also the enfleta-dominant water in the equatorial zone,
which were all proposed in my paper of 1959 on the basis of the distributional
aspects of chaetognaths of the North Pacific, are separable from the far oceanic
water of the North Pacific as distinct water masses. And this seems to prove
that Doliolum nationalis is not an ecological form of Doliolum denticulatum but a
distinct form differentiated in and confined to the special water mass.

At the same time, results of the observations on chaetognaths and pelagic
tunicates of the North Pacific seem to show that some of the plankton animals
living in the surface layer of the warm oceanic waters might be divided into the
following groups: '

1—Distribution confined to some (eutrophic) water masses

Sagitta bedoti, Sagitta friderici, Doliolum national{s and ? Dolioletta
gegenbauri var. tritonis

2—Distribution extending nearly to all parts of the ocean, but
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a—Population density heightened remarkably in the eutrophic waters
Sagitta enflata and Oikopleura longicauda
b—i) Contrarily the density rather lowered there

Sagitta serratodentata pacifica, Oikdpleura cophocerca, Oikopleura
albicans, Megalocercus huxleyi and Stegosoma magnum

ii) or Population density without any remarkable increase in the
eutrophic waters

Oikopleura fusiformis and Oikopleura rufescens

The eutrophic’ water masses harbouring Sagitta bedoti, Sagitta friderici, Doliolum
nationalis and Dolioletta gegenbauri var. tritonis are the “bedoti”- or “friderici’-
waters located near the coast, while the eutrophic waters harbouring rich Sagitia
enflata and Oikopleura longicauda include the “bedoti”- and friderici”-waters and
the equatorial zone.

MORPHOLOGICAL NOTES ON SOME APPENDICULARIANS
AND THALIAC EANS

(Text-figs. 14-16)

1) Colouration of some appendicularians. Although the whole body may rarely
be coloured violet, red or yellow in O. longicauda, the colouration most frequently
observable in this species is a faint purplish tint found on the stomach and
intestine, while the rectum is usually seen yellowish orange by its contents.
This colouration can often be seen on living specimens of many other species.
Rarely the anterior part of the trunk is coloured reddish brown in this species
as well as in O. fusiformis and O. dioica. The orange stomach of O. divica was
observed in the vicinity of Seto, Japan and at Station 2 in the blue-green water
along the southern Californian coast. On the other hand, the partial colouration
in rose red seems to be rather usual in some species : rose red oikoplast epithelium
was found once in a specimen of O. rufescens from St. 73 near the Palao Islands,
rose red pharynx bottom holding the endostyle was observed in a specimen of
O. rufescens from Palao, a specimen of O. fusiformis collected off Minabe, Kii
Japan, Transpac Expedition specimens of O. fusiformis . cornutogastra and a
Transpac Expedition specimen of O. intermedia, rose red stomach in many speci-
mens of O. rufescens, O. intermedia and O. fusiformis f. cornutogastra all collected
in the surrounding waters of the Palao Islands and lastly scarlet pigmentation on
the surface of testes was found in a single specimen of O. rufescens collected
near Seto, Japan. Very strange is the reddish contents of the intestine found in
a specimen of O. longicauda collected at the Transpac Expedition Station 135.
The tail of M. huxleyi may look faintly pinkish against the white background,
while bluish on the dark object; of course these are not the true colouration.
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A specimen of Frit. formica was found having a series of reddish orange

round pigment flecks along the middle of the tail (Tokioka 1951 b), and here is
presented a specimen of Frit. pellucida collected in the vicinity of Seto, Japan,
which is coloured dark reddish orange on the antero-ventral portion of the trunk,
while the stomach is yellow and transparent, the intestine yellow and opaque,
the gonad milky and spiracles are whitish.
2) Colouration of some thaliaceans. Living specimens of Dolioletia gegenbauri var.
tritonis are often coloured faintly in purplish, but those found in a swarm
appeared near our laboratory on January 25, 1939 were coloured faintly reddish
brown as a whole, the stomach being quite transparent like an oil drop and the
right postero-ventral side of the coil of the alimentary organ pigmented in reddish
orange.

The nucleus of Salpa fusiformis or Salpa cylindrica is yellowish white or
yellowish in smaller specimens, but it is coloured reddish orange and dark
greenish or greenish brown in larger specimens in both solitary and aggregated
forms. The nucleus of Thalia democratica is whitish in smaller individuals, but
yellowish or orange in the grown ups. Both the solitary and aggregated forms
collected at the Soyo-maru Station 30, 1939 near the southern end of Kyusyia
Island, Japan had nuclei unusually coloured in vermilion. The nucleus of Pegea
confoederata is usually purplish brown. The intestinal loop of the aggregated
form of Cyclosalpa affinis is yellowish brown or greenish yellow.

3) Subchordal cells in some species of Oikopleura (Vexillaria) (Fig. 14).

(a) O. cophocerca: The tail musculature of this species seems to be compara-
tively rigid so that the tail is found in a satisfactory state of preservation in
most samples. Subchordal cells varies much in number; usually they are +9 in
matured specimens, but they may be up to 12 in specimens collected near our
laboratory and attain 17 in a Palao specimen. The results of examination on 19 spe-
cimens came from Seto and Palao show the following numbers of subchordal cells.

3 cells......... 1 individual 11 cells......... 2 individuals
5 .. 1 12 .. 1

6 . 3 13 2

7 2 14 1

8 4 17 1

10 ... 1

In younger specimens they are most often 4, although they may be 3 (in addition
to the above-listed individual, a specimen from SB 145), 2 (a specimen from
MP 2) or completely missing (specimen from SB 166, Station 78 in the neigh-
bouring waters of the Palao Islands). Frequently they are found being divided
into two groups as mentioned already in my previous note (1955c). The tail
having four subchordal cells reminds us of that of O. najadis which has also four
subchordal cells and a comparatively wide musculature.
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(b) O. parva: Four subchordal cells may be arranged in two groups as in some
young specimens of O. cophocerca (Fig. 14D). The tail musculature is, however,
much narrower than in the preceding species. .

(c) O. albicans: Many individuals collected at the station SB 195 of the Shell-
back Expedition were remarkable in that subchordal cells were much fewer than
usual or quite obsolete, although it was quite unknown what the cause was.

4) Size of some appendicularians.

(a) O. fusiformis f. cornutogastra: Aipa (1907) mentioned that his specimen
was 1049z in trunk length and Traompson (1948) stated that maximal trunk length
was 2.0mm in south-eastern Australian waters. The specimens collected in the
lagoon waters of the Palao Islands were, however, somewhat smaller than in those

Fig. 14. Oikopleura cophocerca GEGENBAUR. Tails with various numbers of sub-
chordal cells. A.--specimen from MP2, B---MP20-J62 and J65, C---TP95;
D, E.--MP35-J 69, F---Palao specimen, G---SB145, H---Palao specimen. MP:--
Midpac Expedition station, SB.--Shellback Expedition station, TP--.

Transpac Expedition station.

described by previcus authors, they were mostly 600-800x in trunk length, the
maximum was 9854 and the minimum of the matured specimens was 362u.

(b) O. divica: While I was examining the specimens of this species collected
in the blue-green water along the southern Californian coast, I found a 325x long
(in trunk length) individual having the gonad in a half matured state and this
seemed to be the minimum of matured individuals in that collection.

(¢) M. huxleyi: The specimens found in the collection made in the neighbouring
waters of Korea were very large, ranging from 3.5 to 4.5 mm in body length and
15-18 mm in tail length, although these values are slightly less than those
recorded by Tuomrson (1948) in south-eastern Australian waters, 5.8 mm in body

length and 20 mm in tail length.
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(d) Bathochordaeus sp.: The tail specimen found in the sample from the Shell-
back Expedition Station SB 170 was 18 mm long, 6.5 mm wide at the broadest
level and with the 2 mm wide musculature and considered apparently to belong
to a certain appendicularia. The similar piece came from SB 68 was ca. 20 mm
in length and 8.0mm wide at the distal end where the tail fin seemed to have
its maximum breadth. It is quite impossible that such large and strangely shaped
tails belong to another form else than Bathochordaeus sp.; very probably these
are tails of B. charon.

.(e) Frit. formica: A specimen from the Shellback Expedition Station SB 40 was

=
s

<
'~

Tooa

R

Fig. 15. Pelagopleura verticalis (LoAMANN). Different arrangements of amphichordal
cells on the tail in specimens collected off southern California.

2.0 mm in trunk length and 4.1 mm in tail length. Probably this size is the new
record for the present species.

5) Morphology of some appendicularians (Text-fig. 15).

(a) O. rufescens: The vertically descending rectum is available as a very useful
character of this species when imperfectly preserved specimens are treated for
identification.

(b) Steg. magnum: The posterior end of the left stomach lobe is rounded in
younger individuals, but it becomes acute in old individuals.

(c) P. verticalis: Several specimens collected in June 1951, 160 miles off Baja
California near islands were offered me for examination by courtesy of Dr. Leo
BerNER. Gonads are arranged in just the same way as that found in those
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specimens described by Tokioxka (1955a) The width of chorda is 30 to 37.5%
of that of the musculature and 34.4% on an average. Amphichordal cells are
usually divided into several groups, but the grouping may become quite obsolete
in some specimens. I am inclined to consider that three LOHMANN’s species, P.
verticalis, P. oppressa and P. gracilis, are quite identical with one another and
belong to the single species represented by werticalis according to the page
priority. Very probably P. oppressa is the youngest form, then P. verticalis and
P. gracilis is the fully matured one.

(d) Frit. haplostoma: Frequent occurrences of individuals having broader tail
musculature in the eastern Pacific is mentioned already on p. 416 For example,
15 specimens from the Shellback Expedition Station SB 60 consisted of 9 indivi-
duals having wider musculature and five with very narrow musculature.
Generally speaking, specimens with wider musculature are provided with roundish
spiracles.

(e) Frit. fraudax: Superficially this species resembles Frit. gracilis and the
resemblance is especially remarkable in immature individuals. However, young
individuals of Frit. fraudax can be separated distinctly from those of Friz.
gracilis by having much broader tail musculature and relatively larger alimentary
organ. In Frit. fraudax there is a prominent triangular glandular projection on
the left side of stomach and a couple of minute gland cells are found along the
posterior margin of this projection.

(f) Frit. borealis f. sargassi: Usually the posterior side of the trunk is rounded
and has a small prominence at the middle (Tokioka 1950), while a specimen
from the Transpac Expedition Station TP 93 was found being truncate at the
posterior end of the trunk even in a perfectly preserved state.

(g) Frit. tenella: Some authors seem to be of the opinion thas this species
might be identical with Frif. megachile. In addition to that the latter has much
more elongate trunk and a pair of amphichordal cell groups of quite different
structure, there is further a more distinct difference between these two species
and this may be used as an easy clue distinguisning these two species from each
other. The stomach and intestine of Frit. magachile are surfaced very simply and
without any glandular appendages, while the intestine of Frif. fenella is always
provided with several appendages or prominences. The tail fin widely and
clearly cut in at the distal end may be accepted as a sign to show the specimen
may belong to Frit. megachile or Frit. tenella.

6) Characteristics of Thalia democratica var. orientalis (Text-fig. 16).

As I stated already in my short note dealing with the specimens collected
near Nouméa, New Caledonia, the bifurcate appearance of atrial palps of var.
orientalis can be seen even in a very earlier stage of development of solitary
form. For instance, a 2.5 mm long (excluding the protuberances) individual just
left the mother individual found in the sample collected at SB 187 was found

— 207 —



430 T. ToKIOKA

having already bifurcate palps. Intermediate forms are seldom found between
the typical and orientalis forms. As far as the specimens dealt with here in this
paper are concerned, only three individuals are considered to show intermediate
states. One of the three typical forms from SB 130 had the palps shown in B
of Fig. 16, and two of 310 typical forms from SB 137 were provided with palps
shown in C of the same figure. When the typical and orientalis forms are cap-
tured together, they are often separable from each other by their different
appearance of the body. For example, typical forms may be rather rigid in body
consistency and furnished with stouter muscles, while orientalis forms may be
somewhat soft and provided with narrower muscles. This seems to show evidently
that these two forms can not be merely insignificant intraspecific variants found
among the individuals belonging to the same stock, but they might belong
respectively to different stocks.

)]

Fig. 16. Thalia democratica (FORSKAL), solitary
form. Atrial palp of A---typical form,
D---var. orientalis TokiokaA, B and C---?
possible intermediate forms found in
stocks of the typical form. -

7) Parasitic organism of appendicularians. In the inner parts of Tanabe Bay
near our laboratory, O. dicica is often found infested by club-shaped spores of

Gromia sp. on the body surface.

SUMMARY AND CONCLUSIONS

1. Pelagic tunicates found in the same plankton collections with those
treated in my previous paper (1959) on the taxonomy and distribution of chaetog-
naths of the North Pacific were examined and the crude data are given in 13
appended tables Data from samples collected in the Japanese and adjacent
waters, the surrounding waters of the Palac Islands, the Arafura Sea and the
Indian Ocean are also given in 6 appended tables. Besides, available data from
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various publications were examined so that the distribution of pelagic tunicates
of the North Pacific could be compared with those of other seas.

2. In all 40 forms of appendicularians were found in the material, four of
these are known only from the Indo-Pacific, while the group of Frit. aequatorialis
is quite missing in the Indo-Pacific. The constitutions of the population of the
North Pacific warm-water appendicularians resembles roughly that of the Atlantic.
However, the occurrence of rich O. longicauda in the northern mixing area between
the subarctic and warm waters seems to be unique to the North Pacific.

3. Dense populations of appendicularians and lower values of F/L are seen
in the North Prcific in the “bedoti”- or “friderici”-waters and also in the equatorial
zone, while the density is low and the number of occurring species is few in the
north-eastern quarter of the North Pacific Central Water Mass.

4. Frit. haplostoma and App. sicula might belong to the neritic form rather
than to the oceanic form. A

5. Doliolum nationalis is a distinct form quite differentiated from Doliolum
denticulatum and its distribution seems to be confined to the “bedoti”- or “friderici’-
waters in the North Pacific. The distribntion of Dolioletta gegenbauri var. tritonis
is possibly related closely that of Doliolum nationalis.

6. The distributional aspects of dense appendicularian populations, values of
F/L and Doliolum nationalis seem to support that the “bedoti”- or “friderici”-waters
are separable from the far oceanic water mass as distinct water masses. The
first two of three items are considered to approve the existence of a special
eutrophic water mass in the equatorial zone.

7. The typical form and var. orientalis of Thalia democratica occur in the
North Pacific, being mingled with each other.

8. EsseNBERG’s appendicularian species are wholly reviewed, and some mor-
phological notes are given on some pelagic tunicates.
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SUPPLEMENT

After the manuscript of the present paper was sent out to be printed, three more papers on
pelagic tunicates were published and two other important papers were found overlooked. They
are :

(1) FURNESTIN, M. L. (1960): Zooplancton du Golfe du Lion et de la cote orientale de Corse.
Rev. Trav. Inst. Péches marit., Vol. 24, No. 2, pp. 153-252.

Descriptions about pelagic tunicates are given on pp. 160 and 202-203. Oikopleura longicauda
and Thalia democratica were the commonest forms in the surveyed area. Two doliolums were
recorded, Doliolum denticulatum was met with only exceptionally, while Doliolum nationalis was
found commonly in the Gulf of Lion in the range affected by the Rhone, but quite absent in
the offshore water out of the southern border of the gulf and in the waters off the eastern
coast of Corsica.

(2) BERNER, L. D. (1960): Unusual features in the distribution of pelagic tunicates in 1957
and 1958. California Cooperative Oceanic Fisheries Investigations Reports, Vol. 7, pp. 133-135.

Occurrences of Dolioletta gegenbauri and Doliolum denticulatum in the coastal water off Lower
California are mentioned. The former is considered as an indicator of the California Current
or subarctic water, while the latter is treated as that of the Central or sub-tropical water. '
(3) DEEVEY, G. B. (1960): The zooplankton of the surface waters of the Delaware Bay region.

Bull. Bingham Oceanogr. Collection, Vol. 17, pp. 5-53.

The occurrence of pelagic tunicates is mentioned on pp. 36-37. Oikopleura longicauda, O.
dioica, O. labradoriensis and Fritillaria borealis appeared in the bay and did also Doliolum
nationalis, Dolioletta gegenbauri, Saipa fusiformis and Thalia democratica. Among these, O. dioica
and D. nationalis were the two tunicates which appeared regularly each summer or fall, usually
during the same period. This seems to show evidently the occurrence of D. nationalis in the
inshore waters.

(4) Kapo, Y. (1954): The seasonal change of plankton and Hydrography of the neighbouring
sea of Mukaishima. Jour. Sci. Hiroshima Univ., Ser. B, Div. 1, Vol. 15, Art. 6, pp. 193-204.

Mukaishima is located slightly west to the middle part of the Inland Sea. Oikopleura dioica
was the commonest form of all pelagic tunicates. Besides, Fritillaria haplostoma occurred in
August-November, 1949, Dolioletta gegenbauri var. tritonis made an unexpectedly sudden appear-
ance on Dec. 7, 1949 and Salpa fusiformis on June 21, 1949.

(5) FURNESTIN, M. L. (1957): Chaetognathes et zooplancton du secteur atlantique Morocain.
Rev. Trav. Inst. Péches marit.,, Vol. 21, Nos. 1-2, pp. 1-356.

Occurrences of appendicularians are recorded on pp. 51 and 93-108. In this friderici-water,
Oikopleura dioica occupied the greatest part (70%) of the appendicularian fauna and next
Oikopleura longicauda (24.2%)
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STATION DATA

1. Station data for the sampling stations in the neighbouring waters
of the Palao Islands.

Station Number

14
15
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
% -
59
60
61
62
63
64
65
66
67
68
69
70
71
72

Position

8°00" N x 134°45' E
8°10° Nx 134°45' E
7°01’ N x134°27.0' E
6°52" N x134°20.3' E
6°48.5' Nx134°10.4' E
6°45.3' Nx 134°07.4' E
7°05.9° Nx 134°08.0' E
7°03.1’ Nx134°06.8' E
7°18.2' Nx134°07.7" E
7°17.7 N x 134°05.4' E
7°32.6" Nx134°18.8' E
7°35.0’ N x 134°20.6' E
7°44.2' Nx134°27.0' E
7°47.8' Nx 134°26.7 E

. 8°04.0' Nx134°36.2' E

8°03.2’ Nx134°32.5’ E
8°03.4' N x134°47.8' E
8°06.3' N x 134°45.5' E
7°30.7 N x 134°47.2' E
7°30.8' N x 134°46.0' E
7°15.7’ Nx 134°47.0' E
7°14.0’ N x 134°45.8' E
5°30" Nx 136°20' E
5°30' Nx 136°19 E
6°22’ Nx136°14' E
6°35 N x136°07' E
6°25 N x137°28' E
6°26.5 Nx137°21.5' E
7°30.5’ N x 137°29' E
7°31’ Nx137°27.5 E
7°30’ N % 136°26.5 E
7°30' N x 136°23' E
8°46’ Nx136°29.7 E
8°42' Nx136°26' E
8°39' N x 135°20.5 E
8°43' Nx135°14' E
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Data

Oct. 15, 1939

»

Apr. 9, 1940

b4

10,

bl

11,

”»

12,

b4

13,

»

14,

”

15,

”

16,

»

17,

’»

18,

2

Jan. 16, 1940

»

17,

1

18,

19,

”

20,

2

21,

»

22,

”»

Settling volume
of plankton

6.3 cc
2.7
1.2
1.1
1.0
0.7
1.8
3.8
2.4
1.3
1.3
14
2.5
14
1.5
2.6
1.3
1.2
14
1.2
2.2
0.8
0.3
0.4
0.3
0.6
0.6
0.9
0.7
0.8
0.2
0.5
0.3
0.3
01—
0.4
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Station

Station

Number

73
74
75
76
77
78
79
80
81
82
83
84
85
86

Position

7°43 Nx135°24 E
7°51" Nx135°23' E
5°38' Nx131°40 E
5°41" Nx131°43' E
4°30 Nx131°40'E
4°27 Nx132°05 E
3°24' Nx131°40' E
3°23 Nx132°05' E
2°08' Nx131°30' E
2°02" Nx131°30.5" E
3°08" N x132°40' E
3°09.5" Nx133°01' E
4°22" Nx133°58' E
4°12" Nx134°10' E

Data Settling volume
of plankton
Jan. 23, 1940 0.25cc
»” 0.3
Feb. 5, 0.2
» 0.1—
6, 2.5
» 38 -
7, 47
» 7.9
8, 6.9
” 6.2
9, 6.9
» 9.2
10, 34
» 54

Station datum for a sampling station during the Palao-New Guinea
Cruise, March 1940

1

6°58" Nx134°29 E

Mar. 17, 1940 08cc

Station data for the samples collected by the Syunpd-maru in

Number
7
9

10

11

12

13

14

26

27

36

37

56

57

58

64

65

68

69

Position

37°01’ Nx131°13'30”" E
37°41’ Nx130°21' E

37°59" N x129°51' E

38°16" N x129°22' E

38°34' N < 128°52'30” E
38°54' N x128°20' E
39°13 N x128°00' E
40°48'50” N x 129°47°40” E
41°14'20” N x129°48'05” E .
40°50" N x132°05 E

-40°12" N x132°4820” E

38°25' Nx138°32'E
37°21’45” Nx138°33'30” E
38°14'30” N 138°41'30” E
38°35' Nx138°51'E
38°52/50” Nx139°00' E
40°02'30” N x139°36'30” E
40°1830” N x139°42' E
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the Japan Sea and the Tugaru Straits in 1930

Date Haul Distance
July 3, 1930 40-0m
50-0
” } 50-0
4,
» } 50-0
13, } 100-0
23, } 100-0
Aug. 7,
9, } 100-0
16, } 50-0
17, } 50-0
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Station Number
72
73
74
75
76
79
80
82
83
88
89
90
94
95
96
97
98
99

100
101
102
104
105

T. ToxIOKA

Position

41°15’ N x140°10'20” E
41°28' N x140°31'30” E
41°47' Nx140°41' E
41°43'50” N x 140°39 E
41°39'20” N x 140°36'30” E
41°25' N x 140°40' E
41°20’50” N x 140°41' E
41°10’ N x 140°43'40” E
41°04740” N X 140°43' E
41°10°20” N X 140°43’40” E
41°10’30” N x 140°42'30” E
41°1030” N x 140°41'10” E
41°18’50” N x 140°30°15” E
41°2420” N x 140°28" E
41°27'30” N X 140°26'50” E
41°29/50” N x 140°24'10” E
41°42715” N x 140°57'10” E
41°39'50” N x 140°57°40” E
41°37/30” N X 140°57'20” E
41°3420” N X 140°57' E
41°32/30” N x140°57'E
41°29’10” N x 140°35'15” E
41°16’50” N x 140°34'10” E
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Date
Aug. 17, 1930
18,

20,
22,

I

24,

Haul Distance
100-0

50-0
60-0
50-0
100-0
?50-0
50-0
50-0

»
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INDEX
Althoffia pacifica .............cccocoviuniin 360, 400 Frit.
fUmida oo, 392, 419
Appendicularia sicula ............ 273, 378, 396
397, 406
Bathochordaeus SP.........oceevveeiiiieeniiennns 428
charon ............ 402, 419, 428
SEYGEUS coeevneeiieneeaeenininns 411
Brooksia rostrata............... 379, 396, 397, 423
Chunopleura microgaster.................. 399, 419
Cyclosalpa affinis .....cc.coccoveeveviieniiininn. 426
pinnata ..........ocoiiieninne 307, 400
Dolioletta gegenbauri......... 396, 397, 398, 401
407, 419, 422
var tritonis...... 359, 366
367, 369, 379, 380,
393, 399, 401, 407,
419, 421, 426
mirabilis  ..oooiivireii 398
valdiviae .......c.cocieveviiiiinininin, 398
Doliolina intermedia ............... 366, 369, 401,
407, 419, 422
krohni .....c.cooveieiiiiiiiiians 367, 422
MELLETT o, 359, 398
Doliolum denticulatum ...... 366, 369, 370, 371,
396, 380, 393, 396,
397, 398, 401, 406,
409, 410, 419, 420
Chrenbergit...cooeeneiviiniiaiininiannn, 359
nationalis ......... 359, 366, 367, 369,
379, 380, 385, 391,
393, 394, 401, 407,
410, 411, 420
EPIEOMES  wevniniieeiiiiiininnennenenianes
Doliopsotdes.....c.oevveveniiiieiiniiiiiiiiniiiiann,
Folia gracilis........c...coooovivuniinniiannns
Fritillaria aberrans ...........cooooenvenes
abjornseni......... 360, 361, 401, 402
aequatorials ..................
amygdala...............
angularis...............
aplostoma...............
arafoera ................
AYIUS. ceneiiniiiiiiininnns
bicornis ....c...coeen.
borealts ..................
[ 26177 27 S,
——— — prolifera............ 362
- ——tyhica ...coennnnnnn. 362
JE— var.
mediterranea  ............ 363, 409
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f. intermedia ...360, 362,
363, 406, 409

f. ritteri .......ceoonenns 362
f. sargassi............... 359,

361, 363, 366, 368,
369, 370, 373, 377,
380, 393, 394, 397,
398, 399, 400, 405,
410, 411, 415, 419,

429

—— f. typica............ 356, 358,
350, 363

—— troncata elongata ...... 409
———— lruncata .................. 362
_— allongata ...... 362
- - crassa ......... 362
— ——— intermedia ...362
—_— ————— ritteri ......... 362
—_ sargassi ...... 362
———— vat. allongata............ 362
var. mediterranea ...... 410

formica ......... 354, 360, 370, 393,
399, 405, 409, 410,

415, 426, 428
——— f. digitata...366, 369, 380,

396, 400
f. tuberculata...... 409, 411,

419
Sfraudax ...............o........ 410, 429
JUPCata ..oooeeieiiiiiannnns 402, 408
BIGAS  ieiiriiiiiiiiiie, 360
GPACILS. oo 429
haplostoma ...... 354, 361, 369, 373,
377, 385, 393, 396,
397, 400, 405, 414,

415, 429

helenae ........oovvvvvininn.n. 402, 419



Frit. inverta
Juncea
mptda .....oevvneeiiiinainnas 360, 400
lohmanni™........coeevuveeeenannenenan. 360
lucibila o.coeeeeniiiiiniinin. 360, 400
macrotrachela ...........coeuuen..... 361
megachilel............... 361, 402, 414,
429
MESSANENsIs ...... 362, 363, 402, 408
MEUAG  eeeeeieineneeiiireiiieeanas 361
DACLLICA.o.oceveenneaeaniiaiiiiiieann 419
pellucida ......... 354, 366, 368, 369,
370, 380, 385, 393,
396, 397, 399, 400,
405, 408, 409, 410,
411, 412, 415, 426
plana .....ooveveieiiiiiiieeieees 361
pulchrituda ........ococovvevveviinnes 361
€117 ¢ U 361, 362
SAYZASST «eevenevinrirnniinrininn 361, 362
scillae ............ 402, 408,7409, 411
419
|27 1 7 2PN 360
1eHEDYA ..o, 361
tenella ............ 368, 369, 385, 411,
414, 415, 419, 429
tereta ...........
trigonis
truncata
urticans ...
velocita.......
VENUSEA «oeveerenennenens 368, 370, 399,
406, 415
Haplopleura (BERRILL 1955).........
...Genus name proposed for
Oikopleura longicauda
Tasis 20Mari@ ......coovovvivninnennns 368, 397, 398,
399, 423
Ihiea magalhanica .................. 397, 398, 424
Kowalewskata mossi .........cc.oveviiivirninans 408
OCCANEA «...cvvveaenennnnnn. 408, 419
tenuis .......ccoee... 408, 414,419
Megalocercus abyssorum............402, 410, 419
atlanticus ....c.ccooveeieininenae. 402
diegensts ...c.oveuverninciniannn.. 360
huxleyi......... 368, 369, 370, 385,
393, 394, 396, 400,
415, 419, 425, 427
Metcalfina hexagona........................ 400, 423
Oskopleura albicans ......... 360, 364, 368, 392,

399, 404, 410, 427

T. TOKIOKA

Otk.
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californica

CRAMESSONLS .eevverereneenarareiinens

cophocerca

dioica .....

Susiformis

....... 358, 360, 364, 368,

373, 377, 378, 385,
391, 393, 395, 397,
398, 399, 400, 402,
404, 406, 409, 410,
411, 412, 416, 425,

...... 356, 350, 364, 368,
369, 370, 373, 380,
385, 393, 394, 395,
396, 398, 399, 400,
402, 404,7 405,406,
409, 410, 411, 412,

414, 415, 425
f. cornutogastra...

373, 877, 378, 379,

394, 396, 399, 412,
416, 419, 425, 427

graciloides ............occoouiiuinni. 368
intermedia .......cocvuvninnnnn 410, 425
labradoriensis ......... 356, 358, 360,
385, 406
longicauda ...... 356, 358, 359, 364,
368, 369, 370, 373,
377, 378, 380, 384,
385, 390, 391, 393,
394, 395, 396, 398,
399, 400, 402, 404,
405, 408, 409, 410,
411, 412, 414, 415,
416, 419, 425
F 7 O 402
mediterraneq .....ocoeevvvenininninns 419
NAJAALS 1eevveiinininninininnnns 408, 426
DaArva......covevivniannn. 399, 404, 408,
414, 427
YUSCSCENS .ovven.. 364, 368, 369, 370,
373, 375, 380, 385,
393, 394, 395, 396,
397, 398, 399, 402,
411, 412, 414, 415,
419, 425, 428
SDISSQ  weeeieiieiiiiiiii e, 408
LOrtUgensts ....cocooveuiniiininiann. 411
vanhiffens .....coevvvuvennnn.. 363, 406



Distribution of Appendicularians and Some Thaliaceans of the North Pacific

Ot1k. velifera ....ccocooeeevinvinininiennn.. 402
Pegea confoederata — ............... 397, 400, 426
Pegalopleura (= Pelagopleura)

Pelagopleura gracilis............... 360, 400, 402,
419, 429

haranti.......ccccoeeeeviviinnannnn. 419

OPPTESSA.eeenrnrenenn. 402, 419, 429

verticalls ............ 402, 419, 428

Pyrosoma atlanticum ............c.ooooiiiinnis 398

SPINOSUME ..oivnvrerineniiiinennenens 399

Ritteriella amboinensis..................... 400, 423

picteti .ooooiiiiiiiiiiiiie 423

Salpa cylindrica ..................... 368, 370, 379,

397, 423, 426

SUSLfOrmis....ocoovevenininnn. 370, 393, 397,

398, 423, 426

f. aspera............... 399, 424

MAXIMA e eeeiereenririenenenensiarenaenans 397

443

Sinisteroffia SCriPPst «.oveveveviriiieniniiiininnins 419
Stegosoma conogaster..........c.ooovveiiivinnnn. 398
magnum ......... 360, 368, 369, 370,
396, 398, 399, 415,

428
Tectillaria taeniogona ..................... 416, 419
Thalia democratica ......... 368, 369, 370, 371,
379, 380, 385, 391,
396, 397, 399, 401,
405, 409, 410, 423,

426
— var. orientalis ......... 368,
369, 370, 371, 379,
380, 391, 399, 401,
405, 410, 424, 429
Thetys VBGING....c.....ovvuveniiiivnnniniinneann, 398
Traustedtia multitentaculata .................. 397

(For other species see Tables 1 and 34, and also appended tables.)
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1—1

Stations TP 19 | TP 20 ‘ TP 21 ‘\‘ TP 22 7 Ti’ 23 | TP 24 7 TP 25 | TP 2? ’;[‘P 28 T]:"V’V 297 ) ’fP éO TP 31 'i‘P ?;2 7 7TP 34 |”TP 35 ! TP 36 TP 37 TP 38
Oik. labradoriensis 27 2 24 11 19 13 299 11 7 26 120 2 3 7 8 69 202 25
0iﬁ?rfl?§§d?§écimens or juv. 1 8 7 4 16 4 5 1 2
Frit. borealis f. typica 1 5 2 7 12 1 16 1
Total number 27 4 * 32 13 33 17 ‘ 327 i 11 8 ’ 26 124 2 3 12 8 85 204 27
1—2
Stations TP 39 | TP 40 | TP 41 I TP 42 | TP 43 | TP 44 | TP 45 | TP 46 ‘ TP 47 | TP 48 | TP 49 | TP50 | TP 63 | TP 64 | TP 65 | TP 66 F.O. pel}\c&:;; adl
Oik. labradoriensis 35 11 10 15 20 129 73 24 75 55 27 39 31 64 29 10 100 83
Oikopleura Spp. . 2 1 2 2 8 36 4 6 6 53 13
Damaged specimens or juv.
Frit. borealis f. typica 2 54 119 5 4 2 16 1 11 1 53 20
Total number 39 12 64 136 27 137 113 24 i 81 77 34 50 31 64 30 10
Appendix Table 1 (I-2). Appendicularians found in the Transpac Expedition samples from the subarctic waters.
2
Stations o | Newportl 1 J w2 3| a5 \ 6 | 7 ) 8 \ 9 | 10 10 | 11 12 13 14 15 | RO | e
Oik. longicauda 1 17 9 2 4 1 1 1 1 1 64 7 63 1
Oik. fusiformis 1 5 *
Oik. dioica 698 13 541 1 670 | 532 | 608 | 581 | 648 | 763 | 887 | 341 | 410 579 577 534 687 910 552 641 100 84
Oik. parva 2 1 1 16 *
Oik. labradoriensis 2 1 1 1 1 3 3 37 *
Frit. pellucida 1 2 11 ®
Frit. borealis f. typica 16 1 104 92 84 63 62 791 300} 203 57 90 202 331 153 83 182 33 56 100 15
Kow. tenuis ?1 5 ®
Total number 715 14 664 | 771 | 6181 674 | 647 | 729 | 1064 | 1092 | 398 | 501 783 909 687 771 1093 656 707 | x..-less than 0.5%
Number of species 3 2 4 3 3 i 4 3 4 3 4 2 3 4 3 2 3 3 7 4

Appendix Table 2. Appendicularians from the blue-green water along the southern Californian coast.



3—1

Stations (01%)

10

13

14

15

16

17

18

19

20

21

Doliolum nationalis

Dolioletta gegenbauri var.
tritonis

Doliolina spp.

Oik. longicauda

117

185

112

44

55

40

48

180

23

237

355

50

218

Oik. fusiformis

Oik. dioica

11

27

16

21

31

Otkopleura spp.
Damaged specimens or juv.

27

14

15

11

31

37

60

60

18

21

20

146

167

32

52

Frit. abjornseni

Frit. borealis f. typica

71

Frit. borealis . sargassi
Smaller individuals

Fritillaria spp.
Damaged specimens or juv.

App. sicula

Total number

13

34

17

19

17

119

220

149

115

148

74

60

204

48

405

554

89

280

Number of species

3—2

Stations (01%)

24

25

26

27

28

29

30

31‘

32

33

34

35

36

37

38

39

F.O.

Doliolum nationalis

31

36

12

29

Doliolette gegenbauri var.
tritonis

Doliolina spp.

Mean

percentage

Oik. longicauda

52

16

23

17

44

15

14

44

31

16

103

41

34

20

31

91

45

Oik. fusiformis

17

24

10

34

4

Oik. diovica

32

17

42

21

12

14

30

26

10

73

71

28

34

28

44

94

20

Qikopleura spp.
Damaged specimens or juv.

51

14

18

13

21

12

17

11

10

38

113

109

53

61

54

97

39

Frit. abjornseni

Frit. borealis f. typica

17

Frit. borealis 1. sargassi
Smaller individuals

14

Fritillaria spp.
Damaged specimens or juv.

App. sicula

Total number

138

48

83

51

85

30

41

92

69

36

214

250

199

118

110

137

Number of species

2

2

4

3

3

3

3

2

2

4

Appendix Table 3 (I-2). Pelagic tunicates collected in the waters off San Diego.




4—1

Stations SB | SB | SB | SB | SB | SB | SB|SB | SB | SB | SB | SB | SB| SB | SB|SB|SB|{SB | SB | SB| SB| SB| SB| SB | SB
1 5 10 15 20 25 30 35 40 44 50 55 60 64 68 71 75 80 85 90 95 100 | 105 | 109 | 112
Oik. longicauda 21 171 154 | 156 81| 13 214 | 138 20 | 319 40 | 139 60 | 107 42 54 631 200 | 104 | 104 38 80 291 12 338
Oik. intermedia 1 3] 27| 1 1 ‘ 3 1 3 ] 2 7 1 11 2
Oik. fusiformis 35 28 | 157 4 15 1 21 9 6 21 60 89 5 12 26 53 1 2 8 7 2 13
Oik. fusiformis 2
f. cornutogastra
Oik. gracilis 18 1 1 1
Oik. graciloides 91 29 1 1 1
Qik. dioica 2 1 3 2 12
Oik. rufescens 5 13 2 7 1 36 7 6 13 6 13 3 2 2 3 3 8 3 14 14 1
Oik. parva 1 13 43 9 6 1 3 1
Oik. cophocerca 7 42 33 8 3 4 1 49 2 2 5 13 27 15 9 28 3 4 4 2 9 3 6
Oik. albicans 8 9 3, 3 3 15 1 2 7 9 9 6 1 5 1] 71 2 4 6 15 2 8
Ozﬁ‘;ﬁrfg”g’:d P imens or juv. L3Sl 67| 143 283 | 146 15 | 51| 62| 35| 81| 28| 502 208| 167 | 71| 105 170| 44| 120 | 143 | 200 | 385 187 | 11 | 52
Meg. huxleyi 4 13 16 | 6 2 7 8| 19 5 4 3 1
Meg. abyssorum
Steg. magnum 1 5 33 3 1 3 17 ?1 9 1| 265 4 9 8 2 ?2
Folia gracilis ]
Pel. verticalis 69 1 1 ?4 1 1 3
Alth. tumida 10 12
Stn. scrippsi -
Bathochordaeus sp. Tail 1 [
Frit. haplostoma 3, W.312; W.2 1 W. 1 2 2 16;W.9 3, W.22;W.2 6 2 8;W.1 2 T
Frit. aberrvans 1 1 1 2 2
Frit. formica {. digitata 10 11 1 2 1 3 2 1 3 5 5 4 2 1
Frit. fraudax 1 18 1 1 1 1 3 7 1 1 1
Frit. gracilis 2 7 2 1 1 3 1
Frit. charybdae 1
Frit. pacifica 71 2 4 1
Frit. pellucida 13 9 18 5 4 3 4 28 32 6| 2| 17 20 81 2
Frit. borealis f. intermedia 2
Frit. borealis f. sargassi
Larger individuals 40 13 4 24 — — — 3 7 3
Smaller individuals 16 — 2 3 1 — —
Frit. megachile 3 1 1 1 6 2 2 2 1
Frit. tenella 2 4| 65 1 8 2 1 1
Frit. venusta 24 1 19 3 2 5 1 2 5 5
Fritillaria spp.
Damaged ggecimens or juv. 1 8 2 2 1 3 5 3 1
Tec. fertilis 21 1 2
Tec. taemiogona 1 1 3
App. sicula 1 1
Kow. tenuis 3 1
Total number 654 | 525 | 7921 528 | 305 | 55 361 292 | 106 | 486 | 105 | 1061 | 495 | 322 | 162 | 271 | 333 | 347 . 232 | 278 | 279 509 200 23 454
Number of species 13 15 27 16 12 8 16 9 13 17 9 19 18 10 12 16 14 11 ' 5 7 13 8 7 1 11

L.---larger and S...-smaller specimens, W.---wide tail musculature

Appendix Table 4-1. Appendicularians of the Shellback Expedition.
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SB

SB

SB

SB

SB

SB

SB

SB

SB

W.---wide tail musculature

Appendix Table 4-2. Appendicularians of the Shellback Expedition.

Stations SB | SB | SB SB SB SB SB SB SB SB SB SB SB SB F.O Mean
115 118 122 125 130 132 | 137 142 145 150 155 160 166 i70 175 180 181 187 | 195 | 200 210 | 215 217 * 7" Ipercentage
Oik. longicauda 379 102 15 16 141 357 48 101 79 44 36 104 60 139 | 222 72 | 609 121 16 | 108 119 377 100 100 34
Oik. intermedia 11 7 8 5 4 1 3 16 9 10 48 2
Oik. fusiformis 1 3 1 2 2 1 3 16 29 15 2 61 34 | 500 42 79 6
Oik. fusiformis

f. g:)rm{tagastra 4 1 4 1 10 1

Oik. gracilis 8 1
Oik. graciloides 1 4 4 17 3
Oik. dioica 2 2 2 7 19 1
Oik. rufescens 56 50 22 41 10 21 3 14 1 46 268 14 17 91 73 7
Oik. parva ?3 71 21 2
Oik cophocerca 11 24 65 26 17 151 112 6 38 14 9 72 3 44 3 79 7
Oik. albicans 15 4 2 2 ?1 13 4 7 4 18 1 1 13 4 10 36 64 37 2 21 88 3
Olgzﬁliz“g’gdsggédmens or juv. | 229| 55| 48 | 57 | 106 | 172 123| 57\ 75| 43| 59| 41| 14 69| 121 183 | 102| 94| 113 113| 103 | 348 | 178 100 37
Meg. huxleyi T 1 1 3 1 4 1 11 21 42 3
Meg. abyssorum 1 2 *
Steg. magnum 5 4 1 4 4 1 41 10 8 7 4 13 58 3
Folia gracilis i 1 2 *
Pel. verticalis P11 7?1 1 21 2
" Alth. tumida 2 1 3 9 13 3
Sin._scrippsi 2 Pl 1 juv. 3| 3 1
| Bathochordaeus sp. Tail ?1 __ 71 8 x
Frit. haplostoma 71 - 5; W.2 31 1
. Frit. aberrans 1 6 1 2 3 8 2 1 14 29 1
| Frit. formica f. digitata 1 1 1 1 4 5 2 3 1 5 4 52 1
Frit. fraudax 3 25 %
Frit. gracilis - ] 2 17 =
Frit. charybdae 2 *
Frit. pacifica 3 1 3 15 1
Frit. pellucide 1 4 1 i2 1 1 11 18 10 50 3
Frit. borealis f. intermedia T i7 4 i
Frit. borealis . sargassi

Larger ipdiyigiuals — — 4 7 7 9 33 3

Smaller individuals 1 1 1 — 1 1
Frit. megachile 2 1 1 1 1 1 31 *
Frit. tenella B 3 2 2 3 11 27 2
Frit. venusta 4 3 11 1 1 2 1 4 6 1 44 1
Fritillaria spp.

Damaged I;gecimens or juv. 1 3 1 1 3 7 16 40 1
Tec. fertilis 2 21 19 i 15 1
Tec. taeniogona 1 5 1 24 15 1
App. sicula i 4 *
Kow. tenuis R 2 6 *

Total number 643 174 71 87 248 535 | 298 | 251 257 171 138 195 | 214 | 276 478 | 278 805 490 | 169 | 577 | 409 | 1338 | 448 | * less than 0.5
F.O.---Frequency
Number of species 8 6 4 5 1 3 13 10 10 11 8 11 7 14 11 14 8 20 4 10 16 16 9 of Occurrence
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Stations

SB

SB

SB
10

SB
20

SB | SB
25 30

SB
35

SB
40

SB
50

SB
55

SB
60

SB

64

SB
68

SB
75

SB
80

SB
85

SB
90

SB
95

SB
100

SB
105

SB

109

SB
112

Pyrosoma atlanticum atlanticum

small colonies

Cyclosalpa pinnata

R »
[

Cyclosalpa flovidana

Cyclosalpa bakeri

s. 1

Cyclosalpa strongyrenteron

g.27

g.26

g1

g.4

Brooksia rvostrata

Ritteriella amboinensis

R e
N w

w @
YN

Metcalfina hexagona

Salpa fusiformia

2.3

2.9

g1

s. 1

g7

Salpa cylindrica

s. 1

e mo
[ F g

= v
w

g.4

Tasis zonaria

g1

g1

Thalia democratica sol.
sol. var. orientalis

12
g.19

74
g. 240

g.93

12
g.29

26
g.42

N

18
g. 64

g1

=@ p
00

g.5

g1

Bl
oﬂk

Pegea confoederata

g 14

Traustedtia multitentaculata

Doliolum denticulatum

Doliolum nationalis

10

20

17

11

33

17

12

w

15

10

Dolioletta gegenbauri var.
tritonis

11

102

Doliolina intermedia

Doliolina undulata

15

70

26

63

Doliolina obscura

Doliolina separata

[0

Doliolina spp.*

71

1

Doliolid Amme

50

38

142

100

42 24

14

37

114

92

112

31

23

29

94

17

47

33

183

105

10

130

Doliolid trophozooid

17

Doliolids, damaged individuals

or juv.

Doliopsoides horizoni

Doliopsis rubescens

1

* Unidentified phorozooid, juv. or damaged individuals; s---solitary form, g---aggregated form

Appendix Table 5-1. Thaliaceans of the Shellback Expedition.
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Stations SB | SB | SB | SB | SB | SB SB SB|SB | SB | SB | SB | SB|!SB|SB | SB|SB | SB | SB|SB | SB| SB | SB F.O
115 | 118 | 122 | 125 | 130 | 132 137 142 | 145 | 150 | 155 | 160 | 166 | 170 | 175 | 180 | 181 | 187 | 195 | 200 | 210 | 215 | 217 o
Pyrosoma atlanticum atlanticum
small colonies 13 2 2 6 1 40
Cyclosalpa pinnata 8
Cyclosalpa floridana 4
Cyclosalpa bakeri g2 s. 2 g1 6
Cyclosalpa strongyrenteron g.2 13
Brooksia rostrata 6
. . . s. 7 s. 1 s. 10 s. 1
Ritteriella amboinensis g 14 g1 g 2 2.6 15
Metcalfina hexagona 8.2 8
Salpa fusiformis s. 1 21
L s. 7 s. 6
Salpa cylindrica g.2 s. 3 2.5 g 21 s.3 | g3 s.1 | s.1 ] s.6 s.1 | s.5 44
Iasis zonaria g.2 | sl g.6 | g1 2.3 | s 1 g. 1 g1 g.4 | g2 38
Thalia democratica_sol. f ‘;2? 1—6 1% 1 i g 1 12 - g _ 1_6 j gg } 67
sol. var. orientalis 228 |  |g.4088 |g. 41 |g.9a| — g19| — | — |g3 g2 | 839 2.25 | 2.33 g.5 | 58
Pegea confoederata 6
Traustedtia multitentaculata s. 2 2
Doliolum denticulatum 127 2 3 33 41 34 81| 103 35 4 24 32 32 | 229 40 11| 138 19 1 81
Doliolum nationalis 133 2 1 °5 3 598 24| 2 11 13 1 1 1 2 2 14 9 42
Dolioletta gegenbauri var. 6| 38| 150 19 3 99 | 1 1 4 : 27
tritonis —
Doliolina intermedia 23 15 79 741 19 5 9 10 1 1 10 1 42
Doliolina undulata 5 2 35 3 1 1 71 ?1 2 19
Doliolina obscura 50 2 1 16 71 3 6 17
Doliolina separata ’ -+ + + 6
Doliolina spp. * 14 1 Pl 17
Doliolid Amme 48 34 65 20 5 1 86 110 | 172 | 110 | 252 | 101 | 24 65 105 | 284 | 171 187 |- 156 | 279 20 | 14 43 100
Doliolid trophozooid 1 1 2 1 2 1 29
Doliolids, damaged individuals
or juv. 7 1 4 1 4 19 1 4 3 1 1 3 33
Doliopsoides horizoni 3 1 4] 12 13 51 2 1 1 19
Doliopsis rubescens ‘ 4
* Unidentified phorozooid, juv. or damaged individuals; s---solitary form, g---aggregated form F.O.---Frequency of Occurrence

Appendix Table 5-2. Thaliaceans of the Shellback Expedition.




6—1

Stations

TP1

TP3

TP4

TP6

TP7

TP8

TP9

TP10

TP11

TP12

TP13

TP14

TP15

TP16

TP17

TP18

TP 26

TP33

TP51

TP 52

TP53

TP55B

TP 56

TP57A

TP58A

Oik. longicauda

491

33

11

49

51

110

273

209

246

12

11

21

Oik. intermedia

Oik. fusiformis

25

43

14

203

31

87

61

10

15

10

Oik. fusiformis
f. cornutogastra

Oik. gracilis

Oik. graciloides

Oik. dioica

155

Oik. rufescens

Oik. parva

Qik. cophocerca

Oik. albicans

Oik. labradoriensis

25

14

13

Oikopleura spp.

Damaged specimens or juv.

73

43

Meg. huxleyi

Steg. magnum

Alth. tumida

Frit. haplostoma

Frit. abjornseni

Frit. aberrans

Frit. formica f. digitata

Frit. pacifica

Frit. pellucida

18

Frit. borealis 1. typica

14

576

Frit. borealis {. sargassi
Larger individuals
Smaller individuals

12

16

-3

31

[<4)

[le]

-~

w

13

Frit. megachile

Fritillaria spp.

Damaged specimens or juv.

Tect. fertilis

App. sicula

Kow. tenuis

‘Total number

542

- 327

17

48

18

295

45

91

77

51

116

273

213

254 |

22

53

4

37

596

Number of species

4

3

3

2

4

1

2

1

3

2

2

Appendix Table 6-1. Appendicularians of the Transpac Expedition.




6—2

Stations TP59A | TP6L| TP67 | TP68| TP69| TE70| TP71| TP72 TP73| 6 74| TP76| TP78| TP79| TP80| TPSY | TPG1| TP2| TF83| TP 81| TP85| TP8Y| TP92 A | TP93| TP 94| TP95
Oik. longicauda 9 10 38 28 266 58 71 24 36 132 | 307 | 942 | 198 | 23 6 38 52 31 6 47 44 98 139 51| 197
Oik. intermedia 1
Oik. fusiformis 10 311 18 36 6 75 | 146 | 163 8 1 29 80 37| 10 29 23 38 44 44 40
O e e B : 1 :
Oik. gracilis 2
Oik. graciloides 2 1 2 1 3 e
Oik. dioica 2 2 21 3 9 ) 4 7 20
Oik. rufescens 7 15 16 17 | 10 3 8 5 6 9 11 22 50
Oik. parva
Oik. cophocerca 1 B 1 1 1 3 14
Oik. albicans
Oik. labradoriensis 5 5 1 2
O S cimens or juv. | 3 9| 1| 5| 8 | 3 1] 8| 31| 10| 8| 19 19| 14 3| 8| 10 9| 12 71 7| 69
Meg. huxleyi 1 2 3 i 1 3 2 5
Steg. magnum 5 1 1 9 3 9 2 1 4
Alth. tumida
Frit. haplostoma 3 3 1 6 1 1 - 1
Frit. abjornseni - 1 1
Frit. aberrans
Frit. formica f. digitata 5 2 6 1 2 1 1 3 2 4 2 13
Frit. pacifica
Frit. pellucida 1 9 3 5 2 3 1 1
Frit. borealis 1. typica 52 B 1 1 1 2
Frit. borealis §. sargassi
Larger individuals — — — — 2 3] — 3 1 1 3 — 1 — —
Smaller individuals 2 3 1 14 — 32 3 6 4 11 29 9 8 14 9 7
Frit. megachile
ng;{flaaggdsgg.ecimens or juv. 2 ! ! :
Tect. fertilis ? 5 1 1 3
App. sicula 1 1 3 1 13 1 1
Kow. tenuis 2
Total number 74 15 43 29 588 | 111 | 114 | 32 62 152 | 433 | 1147 | 457 | 55 27 103 | 181 | 127 | 60 122 | 101 177 248 | 137 | 415
Number of species 3 2 2 2 3 11 3 1 3 6 11 7 14 5 3 8 9 11 5 12 8 6 12 9 12

Appendix Table 6-2. Appendicularians of the Transpac Expedition.
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Entrance ]
Stations TP 96 | TP97 { TP 98 | TP 99 | TP 99’ to TP100TP101TP 102"TP103TP104TP105TP106TP‘107TP108TP109TP111TP112TP113TP114 TP114’ (TP 115 TP 116/TP117{TP 118
Yokosuka .
Oik. longicauda 30 75 | 13 123 | 141 57 31 179 7 32 42 68 3 48 92| 21 9 2 7 10 15 1 53
Oik. intermedia 4
Oik. fusiformis 8 19| 20 44 31 13 9 69 7 9 12 3 1 11, 10 24 39 3 1 10 2 18 7
Oik. fusiformis 1 1
f. cornutogastra B
Oik. gracilis
Oik. graciloides 4 2 6 1 2 2 1
Oik. divica 3 2 8 1 2 4 2 1 1 3 7
Oik. rufescens 7 2 31 10 10 5 30 2 5 3 16 30 2 6 2 3 3 7
Oik. parva 1
Qik. cophocerca 4 3 1 1 2
Oik. albicans 1 1
OQik. labradoriensis
Oikopleura spp.
Damaged specimens or juv. 5 7 2 11 ] 139 18 8 23 8 30 2 17 3 4 5 2 1 2 8 6 7
Meg. huxleyi 3 2 2 1
Steg. magnum 2 5 2 2 7 1 1 2
Alth. tumida 1
Frit. haplostoma 2 1 1
Frit. abjornseni
Frit. aberrans
Frit. formica f. digitata 3 4 1 1 2 1
Frit. pacifica
Frit. pellucida 1 1 2 2
Frit. borealis f. typica 2
Frit. borealis . sargassi
Larger individuals - 1| — — 4 1 — — — -— — - — — — — — —
Smaller individuals 9 — 1 12 12 4 22 4 3 4 8 1 1 3 1 1 2
Frit. megachile
Fritillaria spp. 1 1 1! 1
Damaged specimens or juv. B
Tect. fertilis 2 1 2 1 3 1 4 2 2
App. sicula 1 2 1 3 1 4 1 2
Kow. tenuis
Total number 58 117 | 42 245 | 332 8 121 | 61 344 | 25 86 59 104 3 79 157 | 42 27 63 9 13 32 20 32 90
Number of species 5 8 5 13 9 1 11 6 11 4 8 4 8 1 8 8 7 2 7 4 3 4 4 5 9

Appendix Table 6-3. Appendicularians of the Transpac Expedition.




' 1 i ‘ [ | | ’ | )
Stations TP 119/TP 120TP 121 TP 122/ TP 123/TP 124 TP 125, , [o2r 1TP 126 TP 127'TP IZSN‘TP 129/TP 130.TP 131 *TP131B TP 132 TP 133/TP 134 TP 135 TP 137 TP 141 *ST89 | F.O. Mean
Midway | ( i | ‘ | ! ‘ } | percentage
1 |
Oik. longicauda 13 3| 1 R 1] 1] 20 | 6] 1] 11| 6| 3] 2 | 44
Oik. intermedia I | J ‘i 2 3
S— - O — - — . ! — ——
Oik. fusiformis 4 1 1 1 1 7 9 4] 2 8 71 2 5 9| 4 6 | 9 5 ; 80 26
"Oik. fusiformis - - B o B 7 N
f. cornutogastra 1 _ ~ ]
Oik. gracilis ! 11| 2 4 4
Oik. gracilioides 1 1 2 1 2 1 | 1 2 2 ; 2 24 5
Oik. dioica 24 10
Oik. rufescens 2 4 6 6 9 8 1 4 4 1 1 1 12 48 11
Oik. parva 1 3 i 1 4 6
Oik. cophocerca 6 1 1 4 2 2 4 111 1 2 1 i 2 29 6
Oik. albicans 3 1 2 6 10 | 9 10 12
Oik. labradoriensis 1: 12 31
Oikopleura spp. - NI R T — SN S R
u Damaged specimens or juv. 647}773 7717 7k4(37 741 ,,,,,,, 1, . 7,1,f 3 2 sfiis,f ! % 12 4 772,7 12 73(,), _ ! 84 _77#7712
Meg. huxleyi | 1 [ ?1 16 1
Steg. magnum 1 8 3 ‘ 2 2 2 1 1 2 8 29 5
_ - - - — — o S - _
Alth. tumida | 1 1
Frit. haplostoma P12 1 2 31 16 5
Frit. abjornseni ! 2 1
Frit. aberrans ! 3 1 4
Frit. formica 1. digitata 1 | P2 2 1 2 2 2 27 3
Frit. pacifica ! 1 1 1
Frit. pellucida 1 2 1 2 3 22 7
Frit. borealis f. typica ?2 18 14
Frit. borealis {. sargassi R T _— N N
Larger individuals — - — 3 - - — — 1 1 2 — — 61 10
Smaller individuals 11 1 i 3 4 3 1 1 7 — 6 2 9 111
|
Frit. megachile ! 3 2 8
Fritillaria spp. o N - - — o I f
Damaged specimens or juv. | | I R R 1 L o 1 i 1 3 4 7 ‘ 18 B 8
Tect. fertilis 1 17 2
App. sicula 1 1 | 21 3
Kow. tenuis | 1 ®
i w ‘ ‘
Total number 0 | 6| 10| 7| 6| 43 ‘ 19 1 |41 |18 321 16 | 22 | 12| 8 | 4 | 17 | 26 | 54 “ 116 3 | Fo... Frequency
i, - ‘ ' of Occurrence
Number of species w/| 5 4| 5 ‘ 3 ‘ 78 w0 8| of 5] 6 4| u 77 9 7|10 1 | sless than 05%

*TP131B large net hauled from 450 m. *ST89 Stranger: North Pacific 5509-2nd, 23.00.

Appendix Table 6-4. Appendicularians of the Transpac Expedition.
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Stations TP1| TP 3| TP 4 |TP 10|TP 12| TP 13| TP 14{TP 16| TP 17| TP 59A | TP 69| TP 70| TP 74|TP 76| TP 78| TP 79| TP 80| TP 81| TP 82| TP 83| TP 84| TP 85| TP 83 TP 92A | TP 93

Pyrosoma atlanticum atlanticum 1
small colonies

Cyclosalpa floridana

Brooksia rostrata ' g.19

Salpa cylindrica g.1 g.3 | g1

Thalia democratica sol. -
sol. var. orientalis

P
\
l

Doliolum denticulatum 5 2 1 3 1 2

Doliolum nationalis 6 1 58 46 59

Dolioletta gegenbauri
var. tritonts 416 5 5 7 2 1 19 2 3 3

Doliolina spp. 2| 418 12 4 9 1 1 2

Doliolid Amme 98 53 5 4 2 1 1 2 1 1 1

Doliolid trophozooid 29 1 7 9 5 1 i 1

Doliolids, damaged individuals
or juv. 24 40 5 ‘ 3 1

7—2

Stations TP 94 TP 95| TP 97| TP 99| TP 99'/TP 100/TP 101{TP 102)TP 105/TP 106|TP 108/TP 109 TP 113/TP 115/TP 116/TP 117|TP 118/TP 120/TP 124/TP 125/TP 128/ TP 131B|TP 134 F.O.

Pyrosoma atlanticum allanticum 1
small colonijes

Cyclosalpa floridana g1 1

Brooksia vostrata 1

Salpa cylindvica s. 1 g9 5

Thalia democratica sol.

sol. var. orientalis 24

Ll
J

|

\

l

~ |
o b
[\
]

|

!

|

|

w

gl | g9 gl — g 10| — g.

Doliolum denticulatum 14 1 7 3 1 1 1 1 1 1 16

Doliolum wnationalis 5

Dolioletta gegenbauri )
var. tritonis 72 1 12

Doliolina spp. 2 1 1 2 12

Doliolid Amme 2 1 1 1 15

Doliolid - trophozooid 1 5 2 1 C 13

Doliolids, damaged individuals 1 6
or juv.,

C.---common, g.---aggregated form, s.---solitary form, - ---present F.0.---Frequency of Occurrence

Appendix Table 7 (I-2). Thaliaceans of the Transpac Expedition.
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MP1 MP 2 MP 3 MP5 MP7 MP 8 MP 10
Stations
J1|T72!734T4|76{J7|78,J9(J10{J11|J12{J13!J14|J15§J16|J18|F21{J23|J25)726/J28|]30(J30|J32,F33|J34|J35/J37|J38J39
Oik. longicauda 167| 377) 624 11| 22 1 17, 17 6 1] 4 ‘ 2 8 3 54| 55 13| 22
Oik. intermedia ' 2 1
Oik. fusiformis 4 230 4 2 11 29 13| 36| 83 1 1 2 1 40, 1 1] 2
Oik. fusiformis - 1 1
f. cornutogastra |
Oik. graciloides 1 71 3 1
Oik. dioica 1
Oik. rufescens 20 19] 24 21 2 59| 48 22 27 2 1 3 3 9 16
Oik. parva 4
Oik. cophocerca 30 53] 5 14 2 1 1 1 1 10 20 2
Oik. albicans 3| 5 2
Oikopleura spp.
Damaged specimens or juv. 157| 163 58] 1) 3 28 25 125 71 1 15 7 1 5| 9 157 1 727 1 3| b 107 297, 69| 50
Meg. huxleyi i 2l 6 3 2
Meg. abyssorum ' 1
Steg. magnum 11 1 2 21 2 24
Alth. tumida 71
Frit. haplostoma 1 3 1
Frit. aberrans 1 1
Frit. formica f. digitata 16 21 18, 8 1 3
Frit. fraudax 1
Frit. gracilis 1 2
Frit. pellucida 1 9 1 1
Frit. borealis f. sargassi
Larger individuals — 2 — — — —| 1 — — 1] — —
Smaller individuals 3 —| 4 4 71 63| 486 1 1 2 1 1
Frit. megachile
Frit. tenella 1
Frit. venusta
Fritillaria spp. 2
Damaged specimens or juv. ] _ S —
Tec. fertilis
App. sicula 1 1
Total Number 381] 677| 145 31| 30f 121] 93| 284 699‘ 41 0| 31 120 100 0| 0| 1} 14] 18 194 0| 1| 2§ 7 11’ 14; 237| 354) 92 76
Number of species 8 11) 10 5 4 4 3 8§ 9' 31— 6 5 44— —| — 6 3 5 —|——1 3 4 1| 8 3 6 3

Appendix Table 8-1. Appendicularians of the Midpac Expedition.
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MP 12 MP14fMP 15} MP16 MP17 MP 18 MP 20 MP35] MP36 MP 41
Stations \ F.O. erl\c/{aenatzl e
J40(741|742\J431744] J46 | J47 {748 J50 J51|J52 J55|J56|J57|J57}762|764|J64|J65(J66|J67] J69 §J70|J714J73|J74 p g
Oik. longicanda 22| 1 3 64 13 46 14 1 2| 50 6 23 59 16/ 30 8 14 10 7 4) 67 27
Oik. intermedia 4 1 1 1 11 3
Oik. fusiformis 6 1 32 2 10 8 10, 53] 29 1 8 4 7 2, 54 9
Oik. fusiformis B

f. cornutogastra 1 1 1 9 !
Oik. gaciloides 7 9 1
Oik. dioica 5 4 3
Qik. rufescens 3 13 7 21 1 14 2 16 12| 1 1 3 4 4 3 53 13
Oik. parva 1 3 1 7 1
Oik, cophocerca 2 3 291 1 1 1 12 6 5 19 4 1y 14 3 14 1 49 12
Oik. albicans 2 1 1] 11 7
Oikopleura spp. —

Damaged specimens or juy. 15| 1 2 28 17 38 —27 7 2 271 103] 22 4 34| 43 65| 45 16 12| 251 54 13 82 45
Meg. huxleyi 1 11 1 2 1 5 1 1 1 25 8
Meg. abyssorum 2 9
Steg. magnum ?1] 2 5 2 3 14 4 1 3 2 1 32 6
Alth. tumida 2 1
Frit. haplostoma 14 7 2 1 2 16 2
Frit. aberrans 4 7
Frit. formica f. digitata 1 3 2 3 1 4 21 3
Frit. fraudax 2 1 1 1 n 1 12 2
Frit. gracilis 1 5 %
Frit. pellucida 9 1 1 2l 4 1 20 20 11 1 25 4
Frit. borealis f. sargassi 1

Larger individuals — — — 44 —| 18 3 —

Smaller individuals 1 8 1 1 Lo L7108 4| o o o 4 ¥ 10
Frit. megachile 2 3
Frit. tenella 1 2 2 7 7
Frit. venusta 3 2 3
Fritillaria spp.

Damaged specimens or juv. 2 L 1 5 3 1 4 3 2 1 3 21 4
Tec. fertilis 1 2 ®
App. sicula 4 *

Total number 471 2| ol 5117 53] 2190 1| of 5| o) 25 3| 36/ 225 60 5| 96 226/ 152 84 58] 47 74 93 31 F.0....Frequency
of Occurrence
Number of species 4 1| — 1 9 5 15 1) — 2| — 4 1 5 14 b5 1 120 10 120 § 8 9 9 8 7 x---less than 0.5

Appendix Table 8-2. Appendicularians of the Midpac Expedition.
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9—1

Stations

MP 1

MP 2

MP 3 MP 5

MP7

MP 10

J1 J3

J4

J6

J11

Ji13 | J14| J16 | J18

J2l1 4§ J23

J25

J 26

J30

J30

J32 | J33 | J34 | J35 | J38

Pyrosoma atlanticum atlanticum
small colonies

18

33

Cyclosalpa pinnata

g1

Cyclosalpa stromgyrenteron

Cyclosalpa sp.

Brooksia rostrata

Ritteriella amboinensis

?s.1

s. 1

Metcalfina hexagona

 Salpa Fusiformis

g.2

Salpa cylindrica

s.3, 2.6

Ihiea sp.

lasis zonaria

g. 10

s.2, g.15

2.7

g.1

Thalia democratica sol.
sol. var. orientalis

|

[y

w
<%
wH

10

\N]

Pegea confoederata

Doliolum denticulatum

Doliolina intermedia

14

Doliolina spp.

—_

Doliolid Amme

10

15

Doliolid trophozooid

Doliolids, damaged individuals
or juv.

9—2

MP 12

MP 14

MP15

MP 16

MP 18

MP 20

MP 35

MP 36 MP 41

Stations

J40 | J41

J 44

J46

J 47

J48 J50 J 65

J57

J 57

Je62

J 64

J 65

J 66

J67

J 69

=
o

J70 | J71§ J73

Pyrosoma atlanticum atlanticum
small colonies

-
'S

Cyclosalpa pinnata

s.2, 2.6

Cyclosalpa strongyrventeron

Cyclosalpa sp.

Brooksia rostrata
Ritteriella amboinensis

s. 5

s.180, g. 134s.15, g.4

Metcalfina haxagona

Salpa fusiformis

Salpa cylindrica

s.8, 2.9

Ihiea sp.

Iasis zonaria

s.2, g.21

Ju
B DND| O B DO DN DD U1

[ay

Thalia democratica sol.
sol. var. orientalis

14

| 2o 1o
)
|
|

ol

N

[ay

I eo

\S}

—
=
[v¥]
=

Pegea confoederata

2

Doliolum denticulatum

18

Doliolina intermedia

10

Doliolina spp.

1 7

Doliolid Amme

149

16

2 12 3 54

Doliolid trophozooid

2

Doliolids, damaged individuals

or juv.

4

g.---aggregated from, s.---solitary form, +----present.

Appendix Table 9 (7-2). Thaliaceans of the Midpac Expedition.

F.O.---Frequency of Occurrence



10

Appendix Table 10. Appendicularians of the Equapac Expedition.

T i Mean
. EQP | EQP | EQP EQP EQP
. Stations 528 ‘ H3 H7 H11 H17 F.O. | percen-
tage
Oik. longicauda 354 ] 19 5 414 64 100 22
Oik. intermedia 3 15 40 1
Oik. fusiformis 40 14 3 88 38 100 7
Oik. fusiformis T 1 20 .
f. cornutogastra o _
Oik. graciloides 1 1 40 1
Oik. rufescens 20 3 2 44 131 100 7 11
Oik. cophocerca 3 3 3 32 80 2
. — . - . EQP EQP EQP EQP EQP
Oik. albicans 5 20 1 Stations s28 | H3 | mwr | H1 | Hiz | FO
“Oikopleura spp. o 75 Pyrosoma athntz'cum atlanticum
| Damaged specimens or juv. B 1 61 356 139 100 % __small colonies _ _ | o 1 40
Meg. huxleyi 1 5 9 11 80 2 Pyrosoma verticillatum 3 20
————————— e s — .
Steg. magnum 1 22 44 60 3 Cyclosalpa bakeri g 2 20
Pelagopleura sp. 1 1 40 * Salpa maxima s. 2 g 6 40
Alth. tumida 1 20 * | Salpa fusiformis 5 2 g 1 40
Bathochordaeus sp. tail 1 20 * ; )
B 1 Saipa cylindrica S S 40
Frit. haplostoma 1 1 40 1 g 2 g 3
7Frit. aberrans 2 20 * lasis zonaria g1 20
. ) - - 9 2 o 5 s | 80 1 Thalia democratica sol. — 3 — 4
,FML Sformica f. d’glmmig T - i sol. var. orientalis 1 — — 10 80
Frit. fraudax 11 2 40 1 B g 2 ) g 7 g3 | g 46
;i tj;;ciéisiig T 1 3 B I 40 1 Traustedtia multitentaculata g1 20
Fm:;,‘épaci fica o T - a5 40 P Doliolum denticulatum 1 19 11 60
Frit. pellucida 124 73 23 15 80 23 Doliolina undulata 1 20
Frit. borealis {. intermedia 1 20 * Doliolid Amme 2 3 7 17 25 100
Frit. borealis f. sargassi i o B T ~ ] Dogioﬁtﬂ,s: damaged individuals 1 20
Larger individuals 36 - 2 22 80 4 :
Smaller individuals 1 6 - Doliopsis rubescens 1 20
Frit. megachile B 1 1 s 40 N 1 g.---aggregated form, s.---solitary form
Frit. tenella 246 1 5 19 80 8 Appendix Table 11. Thaliaceans of the Equapac Expedition.
Frit. venusta 23 2 1 25 80 2
Fritillaria spp. B
Damaged specimens or juv. 10 2 1 5 B 80 - 1
Tec. fertilis 9 20 1
Total number 959 132 114 957 604
. | F.O.--Frequency
Number of species 17 1 10 12 19 of Occurrence




12

10

12

13

16

19

20

22

24

Stations 1 2 3 4 5 6 7 8 11 14 15 17 18 21 23 26 27 28 29 | F.O.
Pyrosoma atlanticum atlanticum 1 2
small colonies 7
. .1 .
Cyclosalpa pinnata g. 1* ; il & 2% 2 é* g. 2 g 1 g 1% 25
Cyclosalpa affinis g5 - g 6 7
Cyclosalpa floridana g 1 4
Cyclosalpa sp. s 1 1
Brooksia rostrata s. 1 g 1 s 6 11
_Ritteriella sp. s 2 i
Salpa fusiformis g 1 s. 2 ] g. 6 g 2 11
. s. 1] s 4 s. 2] s. 1
Salpa cylindrica g. 1] g1 ) s. 1 g 12 g 4 g5 g 2 |g 10 g1 g5 g3 39
Ihilea asymmetrica L g 2 1
lasis zonaria g 1 g 2 7
Thetys vagina g 1 1
Thalia democratica sol. 2 2 - — — — — — — 3 2 — — — — — — - 1 — — 20 B
sol. var. orientalis — — - 1 5 13 5 2 14 — — — 2 — 5 — 1 — 3 1 13 1 4 150582
22| —1 g7 g.4lg. 12| g.81 g.5! g.51g.23| g.91g. 11| g.5|g.25 g8 g2 g 3 — | g1 g. 156 g. 9 51 |g. 29 | g. 5|75
Pegea confoederata s. 3 g. 3 7
Traustedtia multitentaculata s. 1 - i - i
Traustedtia multitentaculata s 1
var. bicristata i ) 4
Doliolum denticulatum 1 39 2 2 7 4 1 8 3 37
| Doliolid Amme 16 25 5 1 1 3 11 3 8 33 32 1 7 2 7 4 10 8 1 20 35 75
Doliopsis rubescens 1 6 7
* var. polae Appendix Table 12. Thaliaceans collected by the Syunkotu-maru in the Central Pacific.
13
Stations 4 6 7 9 10 11 18 19 28 34 35 37 40 41 42 45 46 48 49 51 54 55 56 | F.O.
Cyclosalpa pinnata =% -~
Thalia democratica var. s. 1 —
orientalis — 9 ) 4
Doliolum denticulatum 1 2 1 2 1 1 1 1 15
Dolioleita gegenbauri 1 2 2 1 11 1 5 3 1 1 1 1 1 1 25
Doliolina sp. 1 4 3 5 7
Doliolid Amme 1 1 2 1 5 1 11
Doliolid trophozooid 1 3 1 5
Appendix Table 13. Thaliaceans from the Arafura Sea.
14
Stations 22 24 33 34 35 38 40 | F.O.
Doliolum nationalis 1 1 1 12
Doliolina sp. ?2 1 8
Doliolids, damaged specimens 5 L s F.O...-Frequency of Occurrence
or juv. g.---aggregated form
Doliolid Amme 1 1 8 s.---solitary form
Doliolid trophozooid 1 1 8

Appendix Table 14. Thaliaceans from the central part of the tropical Indian Ocean.




15—1

Division O Rytga Inlet, Division P Division L Arumizu
Stations :
25/V |15/VI|3/VIL | 14/VIL | 10/1X| 25/X | 18/V | 28/v |3/VIE|6/VITT 30/ VIl | 27/1X | 25/X | {050 Y e o BV ARG 22/V11[ 30/V111{17/1x’ 25/% | 15/v | 15/v | 31/v 9587\57?1 22/VIIl | 27/1% | 25/% [ 13/v | 21/ | 3/vI
Doliolum denticulatum
joletta gegenbauri ;
Do\f;r. trz'toé;li% O O O C C o
| Doliolid Amme @) O O
| Doliolid trophozooid O O O
1 Oik. longicauda O C O C O O C C O C C Q O C O O O O C C O C CC|CC O @) C O [} C ¢} C
¥ Oik. fusiformis o :
| 0% Tusiformis | ol ojlolololololo]l ¢c |o|o]o o {o|lolo|cc|lo|clolojolo| o |ololol|lo]o
1 oir. divica O Q O O O] c [@) O O O O O C O @ O O O @ O O @ O O e O @)
Oik. rufescens O O O O C O O @) O O O O O @) O O O
1 Oik. cophocerca |
| Steg. magnum }
\ Frit. haplostoma O O O O O O O O o O O O O C O O O O
y Frit. abjornseni O
Frit. formica f. digitata
Frit. pellucida _
Frit. borealis f. sargassi
Larger individuals — — — — _ _ .
Smaller individuals O O O O O Ol o O
Fritillaria sp.
Damaged specimen
App. sicula O O O O @ O O @) O O 1ccl O @ @) O C ) O @) O
15—2
. . Oropusyakaru West | South
Stations Arumizu (continued) Arappu Arakabesan Anchorage Ba}f Gasupan Am(l)lflf1 . Lagoon of o,
27/V1i|e2/V| 14/V1I | 17/1X | 25/% 5271/‘%.? 13/V | 21/v \30/\711 25/X Glg‘}t‘t,o 18/V | 31/V |15/VI| 6/VIII |10/1X | 27/X | 15/V | 25/V | 6/VI 22/VIll 33/VIIl [17/1X | 27/x | [\ | Immere | Bay fiengyry Gasol;ffpan Urulku-
Doliolum denticulatum O \ 2
Dolioletta gegenbauri
var. tritogmgs O O O © O O O O O 24
Doliolid Amme O - @) 8
Doliolid trophozooid O 6
Oik. longicauda C C C O C O O O CC O O C C O C O C C CcC C CC C O O C O C O 97
Oik. fusiformis 2
Oik. fusiformis
i g:)rniz‘ogastra O C O O O O O C O C C C O O C O O O C C O C O O O 87
Oik. divica O O O O O O O O i O O O O O O C O @) O O O C O O 81
Oik. rufescens O O O C O O @) O O O O O O O C C O O O 58
Oik. cophocerca . O 2
Steg. magnum O O 3
FErit. haplostoma O O O O C cCCc| O O O O @) O C O C O @) O O 60
Frit. abjornseni O O 5
Frit. formica f. digitata O 3
Frit. pellucida @) [@) B O O 6
Frit. borealis . sargassi
Larger individuals — — — O — — — — — — — — 32
Smaller individuals C O @ O O O O ®) O O @ O
Fritillaria sp. ) O 2
Damaged specimen
App. sicula L O @) @) @) O O @ @) O O @) @) @) @ O O O O O @] O 66

C..-common, CC---very common

Appendix Table 15 (I-2). Pelagic tunicates occurred in Iwayama Bay, Palao.

F.O.---Frequency of Occurrence
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Stations

North Equatorial Current

17

18

19

20

21‘22‘23

24

25

26

27

28

29

30

31

32

33

35

36

59

60

61

62

63

64

Brooksia rostrata

" Salpa cylindrica

Thalia democratica sol.
sol. var. orientalis

g O

O

O[00 |

OOl

Doliolum denticulatum

O

Doliolum nationalis

@)[@)

Dolioletia gegenbauri
var. tritonis

Doliolina spp.

Doliolids, damaged specimens
or juv.

Doliolid Amme

O

Doliolid trophozooid

Oik. longicauda

O

Oik. intermedia

Oik. fusiformis

o 1A O] O

Oik. fusiformis
f. cornutogastra

OB O/ Ie)

O

Oik. graciloides

Oik. dioica

Oik. rufescens

O

o0

OO0 O |10 O] O (O

o0

OO

oo

Q0

O] 10O

l@)

@)@

oo

OO

ole;

Oik. cophocerca

O

O0

@)

OO

Olo

O|o

Oikopleura spp.
Damaged specimens or juv.

Meg. huxleyi

oo

O

Steg. magnum

Q0

Pel. verticalis

-

Frit. haplostoma

Frit. abjornsent

—

{®)

Frit. formica . digitata

O 1000

OO0 0|0

Fyit. gracilis

O] 1O O] 0

O 0] 1O 00

O 1000 |0

o lololol lo

ol O 10 10

OO0

O] O 10000 © OO

OO

O0|0] |0 1010

Ol 1O |0 |O

Frit. pellucida

O] O] O 0o

O 1O o IO

O 10 10 100

O 0] 1O O

Frit. borealis £. intermedia

-

Slol ololo] lolo

Fritborealis f. sargassi
Larger individuals
Smaller individuals

Ol

Ol

Ol

1O

OO

O

OO

OO

00

OO

OO

OO

OO

OO

OO

OO

OO0

QO

1O

Ol

Ol

Ol

Ol

1O

Frit. venusta

Tec. fertilis

Kow. tenuis

App. sicula

Q

Number of species

11

10

10

8

8

11

11

10

11

10

11

11

11

13

10

x of Appendicularians

C--.common ,g.---aggregated form
Appendix Table 16-1. Pelagic tunicates occurred in the neighbouring waters of the Palao Islands.




16—2

North Equatorial Current Counter Equatorial Current ?grlg}llci?‘gr?‘;
Stations ' F.0.
65 66 67 68 69 70 71 72 73 74 75 76 14 15 77 78 79 80 83 84 85 86 81 82
Brooksia rostrata g. 8. g s. 8
Salpa cylindrica - g 2
Thalia democratica sol. — O O — — O — — — —
sol. var. orientalis — — — — - @ — — — — 28
g O — — 8 0]|g 0|8 O g O g O g O g O
Doliolum denticulatum O O O O O O O O 42
Doliolum nationalis - 4
Dolioletta gegenbauri
var. tritfnfs ‘0 ) © o O © © © © 2
Doliolina spp. @ Q 120 ©) 20 12
Doliol_ids, damaged specimens 2
or juv.
Doliolid Amme @) @) O 101010 @) 28
Doliolid trophozooid O @) @) 6
Oik. longicauda O @) O Ojpcci c |ccy| ¢ O O O O @ O 70
Oik. intermedia O O O 2 *
Oik. fusiformis O O Ol o] O, 0100 O |_O Ol o0 l0 | O @) 70
Oik. fusiformis
f. c'grmgogastm © © _C_)— © o o O O o O - 8 ]
Oik. graciloides O @) 6
Oik. dioica O O O Q 12
Oik. rufescens O @ O O O O o | O O O O O O] O O O O O O 88
Oik. cophocerca O O O @) IR Ie) O O O O O O O O 64
Oikopleura spp. 2
Damaged specimens or juv.
Meg. huxleyi - O C Q O O O O O O 46
Steg. magnum @) @) O O O O O O Q O O O O O O O @ 82
Pel. verticalis O O O 14 ]
Frit. haplostoma O O O O O O O @) O O @) O O O O 66
Frit. abjornseni 10
Frit. formica . digitata O @ O O Q O O O O O O @ O O 68
Frit. gracilis . | 8
Frit. pellucida O O ©] O | O o O @) @) O @ O O O 62
Frit. borealis £. intermedia - ——:_ 2
Frit borealis f. sargassi
Larger individuals — — — — e — — — — — O — — ) O — - _ . _ _ 92
Smaller individuals O O O o O O O O O O O @) O — O o | O O O O O
Frit. venusta O 2
Tec. fertilis e O O 6
Kow. tenuis | e . | O 2 |
App. sicula @ O O O 12
Number of species* 8 | 9| 4 5| 3| 2| 6| 5| 5| 4 5 31 7 ol 11|15 1012 8| 10] 1 | 10 |FO: Freuency
| of Occurrence

x of Appendicularians

C---common, CC

..-yery common, g.---aggregated form, s.---solitary form

Appendix Table 16-2. Pelagic tunicates occurred in the neighbouring waters of the Palao Islands.




+ of Appendicularians

- % Doliopsis rubescens (F.O.---3%)

Appendix Table 17. Pelagic tunicates occurred in samples collected during the Palao—New Guinea cruises, 1940.

17 (C-+-common, CC:-+ very common, g.---aggregated form, s.--- solitary form)
North Equatorial Current Counter Equatorial Current South Equatorial Current
Stations F.O.
1 2| 3| 452|533 5 6 7 8|54 |55|56|57|58 59|60 9110111 1213 |14 |15|61 | 62|63 |64 | 65|66 ]| 67
= - (%)

rooksia rostrata L s. s. 6
Salpa cylindrica s. | s I g g 13
Thalia democratica g. O s. g | 8 :__ g. g. s. g | g g 35
Doliolum denticulatum O OO0 |0 |0 |1010]|0 ggﬁ‘*‘ Q1010 o 10 OO0 |10 0|0 74
Doliolum nationalis - A 5 :

| Dolioletta gegenbauri — R T

var. tritonis O 010 O 10 16
Doliolina_sp. e O “ i T 6
Doliolid Amme O OO0/ 0|0 o _— O
Doliolid trophozooid 8 O @) O S _%_ 8 O 5132
Oik. longicauda @) OJOICCIO O C|OITO]OIO 0100 cclcclc]cicicclO]O 101010 87
Oik. intermedia O 3
Oik. fusiformis O 10 C 10|10 OO0, 0100 |0 Ol ool c|OolOolc|Oo|lOolOo|lOIOlOIO[0O]0 94
Oik. fusiformis T

f. cornutogastra _— | ?O O 6
Oik. diovica O oo - O e O O 23
Oik. rufescens 10100 CIO|OCIOIOIO0]C] |00 Olc i o|lCc|O|lO|I0|lCc]OC|IO]lOlO0|0l0]10O 90
Oik. cophose;:ca O 1010 Ol 10 OO olOololCc|0O10 01010 52
Meg. huxley: O O 8 O]l 101010 O O ©) OlO0 10|10 48
Steg. magnum - 01010 1010 010 O

Pel. verticalis OO Q200 010101000 < 62
Frit. haplostoma O O O10]10 |10 0|0 - - O T

Frit. abjornseni O o 10 Q Lo O 0010 040 8 © © ;351)
Frit. aberrans O | O O 10
Frit. formica f. digitata o110 0101 Cc10]0 01010 Ol 0JCi OO0 I0l0| 0010|000 |O 81
Frit. fraudax ] O PO T 6
Frit. pellucida C|lO OO0 |0 e

Frit. borealis f.dsargassz' .0 Ll O %

Larger individuals — N N .

Smaller individuals © 01010 OlQ]0]0 0 0l°1% o]0 olol2ls clo 0905 84
Frit. megachile - @) e _ 3
Frit. tenella 10O i - 3
Fritillaria spp.

Damaged specimens or juv. O 3
Tec. fertilis - @) 3
Kow. tenuis O T 3
App. sicula O o110 C1010 O @) Q10 32

Number of species* 8| 4| 5| 6| 9|11 9| 9| 8/15|14 10| 2| 2| 5| 5| 8}13 10| 9, 7| 9| 8|11| 9| 8| 9 /12{12| 8| 5| F.O-Frequency
of Occurrence
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Mean
Stations J1 J2 J3 J4 J5 J6 J7 J8 J9 J10 J11 J12 J13 J14 | J15 | J16 | J17 Ji8 J19 F.O. percen-
tage
Brooksia rostrata s. 1 5
Thalia democratica sol. 1 — 1 i 16

sol. var. orientalis — 1 — — 5}21
Doliolum_denticulatum 1 5
Doliolum nationalis 62 13 18 2 14 5 33 37
Dolioletta gegenbauri var. 1 1 1 1 21

tritonis
Doliolina spp. 3 1 1 16
Doliolid Amme 1 5
Oik. longicauda 137 [ 1 40 180 9 78 176 92 48 38 117 85 54 29 15 15 3 7 49 100 69
Oik. fusiformis 13 40 35 84 11 1 4 7 13 6 1 1 3 17 74 13
Oik. fusiformis

f. g:)mi:z‘agastm ! 1 ! 16 1
Otk. graciloides 1 1 1 16 2
Oik. divica 1 1 1 7 21 3
Qik. rufescens 3 1 6 2 6 5 8 4 1 3 53 7
Oik. cophocerca 1 5 2
Oik. labradoriensis 2 5 5
Oikopleura spp.

Dfmaged é)gecimens or juv. 2 1 4 8 1 4 8 ! 5 3 2 8 1 8 7 6
Steg. magnum 1 1 26 3
Frit. haplostoma 2 1 11 2
Frit. arafoera 1 5 1
Frit, formica f. digitata 1 4 1 6 1 2 32 7
Frit. frandax 1 5 1
Frit. pellucida 2 1 2 1 1 26 1
Frit. borealis f. typica 1 5 2
Frit. borealis f. sargassi

Larger individuals — 6 — — — 3 3 — 1 — —

Smaller individuals 4 1 5 8| — 2| 1| 8| 4| 2 58 11
Frit. megachile 2 5 2
Fritillarvia spp.

Damaged ggecimens or juv. 1 : 1 1 3
Tec. fertilis 1 7 8 1 21 3
App. sicula 1 3 1 1 i 1 32 3
Kow. tenuis 1 5 *

Total number 155 1| 43| 225| 26| 131 | 200 | 106 | 51| 39| 133| 125 81| 55| 26| 34| 11| 18| 70| F.O. Frequency
] of Gccurrence
Number of species 4 1 2 3 5 7 9 2 4 2 7 11 7 9 6 6 4 6 4 | *-less than

s.o-solitary form

Appendix Table 18. Pelagic tunicates occurred in samples from the North—Eastern waters of Japan.

0.5%



191

Stations

More northern waters than
]

Waters oft ﬁérfﬁ-éﬁstérﬁ Honsy1,

south to 40°N.

Sagami Bay

Waters off south-western Honsyt

20%
(1934)

17
(1934)

15
(1934

13
(1934)

(1937)/(1938)

13 13 11

(1934)

77 77 78 9 5
(1938)/(1939)/(1937)

(1938)|(1938)

T

11/Sept.| 13/Dec. | F2
(1934) | (1934) [(1934)

near
Niizima
(1934)

2
(1938)

5
(1939)

7
(1938)

18 23

(1939)|(1938)

10

(1939)

29
(1938)

21
8/VI
(1939)

Pyrosoma atlanticum atlanticum

4 1

Pyrosoma atlanticum atlanticum
Larval or small colonies

17

ccC C CcC

29

C

15

Pyrosoma agassizi

Cyclosalpa pinnata

Cyclosalpa flovidana

Brooksia rostrata

Metcalfina hexagona

Salpa maxima

g 1

9

Salpa fusiformis

g 11

s. 2
8. 34x

= »

(o2 )

g. 70% g. 10

s. 25

|g. 38

n »
o

Salpa fusiformis
f. aspera

®R»
W 00

Salpa cylindrica

ITasis zonaria

Thetys vagina

R o
Or

Thalia democratica

® o

3

C14 | S

® p
Relld)]
e}

's. 10
g. 17

0Q o
o

= e
- N

w e
DO =

=

ao

Pegea confoederata

Traustedtia multitentaculata

Doliolum denticulatum

11

21

Doliolum nationalis

14

Dolioletia gegenbauri var.
tritonis

11

13

Doliolid Amme

Doliolids, damaged individuals
or juv.

Oik. longicauda

12 42 7 4

18

10

Oik. fusiformis

10

Oik. rufescens

11

Oik. parvax

Qik. cophocerca

"Oik. albicans

Qik. labradoriensis

Oikopleura spp.
Damaged specimens or juv.

Meg. huxleyi

3

8

Steg. magnum
}Trit. borealis f. sargassi

* Tail musculature wide as in Oik. najadis.

% St. 20-+-42°N. X 160°E.
Appendix Table 19-1. Pelagic tunicates collected by the So6yé-maru in the neighbouring waters of Japan.

x a few of f. aspera included.

g.---aggregated form, s.---solitary form, C---common, CC---very common,

+---present




192 g.---aggregated form, s.---solitary form, C---common, CC---very common, + ---present, r---rare. FO...o Frequency of Occurrence

Waters off south-western

Honsyt (continued) Southern waters off Kyasya East China Sea (1939) Ta‘w(a‘l‘},F,%t)ra‘tS South China Sea (1939)

Stations 21 47 48 25 72 30 | 103 | 98 35 35
40 | 120 125} 50 55 }70| 75 | 80 84 88 | 92

84 95 52
2(91/9‘3751)1 (1938)((1938)|(1939)|(1938) A (1939((1938) (1938){(1938) (1938)|(1988)] 1/VI | 18/VI

Pyrosoma atlanticum atlanticum

Pyrosoma atlanticum atlanticum
Larval or small colonies

Pyrosoma agassizi

Cyclosalpa pinnata s.1, g.2

| Cyclosalpa floridana s. 1

Brooksia rostrata

Metcalfina hexagona

m @
ot

Salpa maxima

B DD DN | DN

R P
o w

Salpa fusiformis

Salpa fusiformis
f. aspera

Salpa cylindrica

m »
[Zo N und

Iasis zonaria g.5

Thetys vagina

-
»
[\
—=

- O

g1l | 83 |sl7| g1 ;:}cc ;}cc S'} .13 161 s. 4 é'}cc

(¢

Thalia democratica

. »
QY =
w e
0
—
[e2)
0 »

Pegea confoederata ) g1 g1 s.1, g8

Traustedtia multitentaculata gl l? 7

Doliolum denticulatum 1 94 1 3 2 1 1 3 C

Doliolum nationalis

Dolioletta gegenbauri var. ]
tritonis C

Doliolid Amme 1 1 1

Doliolids, damaged individuals
or juv.

"Oik longicauda 11 i i 2 38 | 4 r 1 7

Oik. fusiformis i 1 17

Oik. rufescens 1 1 1 3 1 6 1 + 15+

Oik. parva*

Oik. cophocerca

Oik. albicans
Oik. labradoriensis

Oikopleura spp.
Damaged specimens or juv. 1 21 | 8 4

. Meg. huxleyi 7 3 5 15 5 58 3 3

Steg. magnum

Frit. borealis f. sargassi 5 1

% Tail musculature wide as in Oik. najadis.

Appendix Table 19-2. Pelagic tunicates collected by the Séyé-maru in the neighbouring waters of Japan.





