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Seasonal variation of meso- and macrozooplankton in Tokyo Bay, central Japan®

HIDEAKI NOMURA and MASAAKI MURANO™*

Abstract : Seasonal variation of meso- and macrozooplankton in Tokyo Bay was investi-
gated on net (0.3mm mesh) samples collected during an eight-year period from January
1981 to December 1988. Species identified consists of 2 Scyphozoa, 2 Ctenophora, 5
Cladocera, 43 Copepoda, 4 Chaetognatha, one Appendicularia and one Thaliacea in addi-
tion to many larval forms and several unidentified species. Among them, ten species,
Evadne tergestina, Penilia avirostris, Podon polyphemoides, Acartia omorii, Centropages
abdominalis, Paracalanus parvus, Pseudodiaptomus marinus, Temora turbinata, Sagitta
crassa and Otkopleura dioica, are native in Tokyo Bay and the others seem to be migrants
from outside of the bay. Zooplankton assemblage of each month is predominated by only
one species, A. omorii, from January to June, and after that it changes to be composed of
several dominant species such as E. tergestina, P. avirostris, P. parvus, P. marinus, T.
turbinata and S. crassa. The primary peak of species occurred was seen in August-October
on average of the eight-year period and the second peak in April, while those in number of
individuals were in January-June and October-November.

Native species of meso- and macrozooplankton, especially cladocerans and copepods, are
fewer in both species number and numerical abundance than in Seto Inland Sea, which has
also been eutrophied, although not so heavily as Tokyo Bay. On the other hand, a large
quantity of the microcopepod, Oithona davisae which can not be collected by the present net
occurs in Tokyo Bay with a density of 8 to 19 times as much as in Seto Inland Sea and this
species occupies a major part of zooplankton assemblage in Tokyo Bay. In recent years,
some data indicate that leading components of the phytoplankton community in Tokyo
Bay are changing into small-size flagellates from diatoms. This is favorable for O. davisae
which is a flagellate feeder but not for Acartia omorii which is a diatom feeder. In Tokyo
Bay, furthermore, oxygen deficient watermass is formed in the bottom layer during a pe-
riod of developed stratification. Eggs of meso- and macrozooplankton, which are released
into water, would be affected by oxygen deficient watermass, especially resting eggs of
cladocerans and copepods on the bottom surely suffer heavy loss. Under this condition, O.
davisae carrying egg sacs on adults can complete their life cycle in the oxygenated mixing
layer.
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Fig. 1 Sampling station (St. T-4) in Tokyo Bay.
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Table 1. List of meso- and macrozooplankton species collected at station T—4 in Tokyo Bay.

Phylum Cnidaria sp. 2
Class Hydrozoa Order Cyclopoida
Order Siphonophora Corycaeus affinis Mc MURRICH
spp. C. agilis DaNA
Subclass Ephyridae Oithona atlantica FARRAN
Order Semaeostomae 0. longispina NISHIDA
Aurelia aurita (LAMARCK) 0.  plumifera BAIRD
Dactylometra pacifica GOETTE 0. setigera DaNA
Phylum Ctenophora 0. similis CLAUS
Class Tentaculata 0. tenuts ROSENDORN
Order Lobata Oncaea contfera GIESBRECHT
Bolinopsis mikado MoSER 0. media GIESBRECHT
Order Beroidea 0. venusta PHILIPPI
Beroe cucumis FABRICIUS Order Harpacticoida
Phylum Arthropoda Macrosetella gracilis (DANA)
Class Crustacea sSpp.
Order Cladocera Subclass Malacostraca
Evadne tergestina CLAUS Order Amphipoda
E.  spinifera P.E. MULLER Spp.
Penilia avirostris DANA Order Euphausiacea
Podon leuckarti G.0O. SARS sp-
P. polyphemoides LAUCKART Phylum Chaetognatha
Subclass Ostracoda Class Sagittoidea
Spp. Suborder Ctenodontia
Subclass Copepoda Sagitta crassa ToRIOKA
Order Calanoida S. enflata GRASSI
Acartia negligens DANA S. nagae ALVARINO
A. omorii BRADFORD S. neglecta Aipa
Calanus pacificus BRODSKY Phylum Prochordata
C. stnicus BRODSKY Class Appendiculata
Candacia bipinnata GIESBRECHT Order Appendicularia
C. sp. Oikopleura dioica (FoL)
Centropages abdominalis SATO Class Thaliacea
C. bradyi WHEELER Order Doliolida
C. orsinii GIESBRECHT Doliolum gegenbauri f. tritonis HER-
C. yamadai MoR1 DMAN
Clausocalanus furcatus (BRADY) Spp.
Eucalanus crassus GIESBRECHT
E. mucronatus GIESBRECHT Larval form
E. ptleatus GIESBRECHT Phylum Cnidaria
E. subcrassus GIESBRECHT Ceriantharia; juvenile
E. subtenuis GIESBRECHT Phylum Mollusca
Euchaeta plane Mor1 Gastropoda; juvenile
E. sp. Bivalvia; veliger
Euchirella rostrata (CLaus) Phylum Annelida
Heterorhabdus papilliger (CLaus) Polychaeta; trochophora, mitraria,
Labidocera bipinnata TANAKA juvenile
L. Sp. Phylum Arthropoda
Lucicutia flavicornis (CLaUS) Balanomorpha; nauplius
Mecynocera claust THOMPSON Macrura; juvenile
Metridia sp. Brachyura; zoea, megalopa, juvenile
Neocalanus gracilis (DaNA) Stomatopoda; alima
Paracalanus parvus (CLAUS) Phylum Echinodermata
Pareuchaeta elogata (ESTERLY) Holothuroidea; auricularia
Pleuromamma gracilis (CLAUS) Echinoida; echinopluteus
Pseudodiaptomus marinus SATO Euasteroidea; bipinnaria
Rhincalanus cornutus DANA Ophiuroidea; ophiopluteus
R. nasutus GIESBRECHT Phylum Prochordata
Temora discaudata GIESBRECHT Ascidiacea; appendicularia
T. turbinata (DaNa) Phylum Vertebrata
Undinula vulgaris (DaNa) Fish; juvenile

sp. 1
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Fig. 2 Seasonal variation in species number
of meso- and macrozooplankton repre-
sented as an average of eightyears between
1981 and 1988 at station T-4 in Tokyo Bay.
Bars indicate standard deviations. “TO-
TAL” means the total number of species in-
cluded in the four taxa.
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Fig. 3 Seasonal variation in number of indi-
viduals of meso- and macrozooplankton
represented as an average of eightyears be-
tween 1981 and 1988 at station T-4 in Tokyo
Bay. Bars indicate standard deviations.
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Microzooplankton assemblage and its seasonal variation

in Tokyo Bay, Japan™*

Hideaki NOMURA * %, Takashi ISHIMARU ** and Masaaki MURANO™*

Abstract : During the period from April 1989 to May 1991, monthly collections of
microzooplankton were conducted at a station (st. T-4) in the central part of Tokyo Bay
which is the most eutrophied inlet in Japan. Microzooplankton were collected with a 20
#m mesh net by filtering 5 liters of seawater obtained from 6 layers between the surface

and 25 m deep at intervals of 5 m.

On average, microzooplankton assemblage was composed of tintinnids (69%), aloricate
ciliates (17%), copepod nauplii (12%) and other protozoans (2%). Among 46 species iden-
tified, 3 tintinnids (Amphorellopsis acuta, Helicostomella fusiformis and H. longa), an
aloricate ciliate (Tiarina fusus), and nauplius of Oithona davisae were found predomi-
nantly. Because one protistan species occupied a large part of microzooplankton assem-
blage in each observation, the diversity of the assemblage was low throughout the year.

The highest population density of microzooplankton on average over water column (ca.
2.2x10"inds/L) was observed in temporal scale in July 1989 and in spatial scale at the sur-
face (ca. 5.9%10"inds/L). Two peaks were observed in seasonal variation; the primary one
was from late spring to early summer and secondary one in autumn. Microzooplankton
tended to be abundant in the mixed layer so that the range of their vertical distribution var-
ied with the seasonal change of the mixed layer depth.

Eutrophication in Tokyo Bay proceeded drastically between 1960’s and early 1970’s. Al-
though the density of tintinnids increased during this period, the species composition did
not change. The trophic state and the abundance of tintinnids has been in the same level
since late 1970’s. However, the species composition has changed. Tintinnopsis having ag-
glutinated lorica predominated in tintinnids until early 1970’s, while diaphanous-loricated
species such as Amphorellopsis began to increase from late 1970’s and predominate re-

cently.

In comparison of the present result with the historical plankton records in Tokyo Bay

and with recent records in other inlets

in Japan, the population density of

microzooplankton and the proportion of a microcopepod, Oithona davisae, in netplankton
community seem to increase markedly during the process of hyper-eutrophication.
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Table 1. Species list of microzooplankton collected in central part of Tokyo Bay during a period from

April 1989 to May 1991.

Phylum Protozoa
Subclass Actinopodia
Order Radiolarida
Acanthometron pellucidum J. MULLER
Pleurspis costata (J. MULLER) ?
Sticholonche zanclea HERTWIG
sp. 1
sp. 2
Subclass Rhizopodia
Order Foraminiferida
Globigerina bulloides d’ORBIGNY
Sp.
Subclass Ciliatea
Order Gymnostomatida
Didinium gargantua MEUNIER
Tiarina fusus (CLAPAREDE &
L ACHMANN)
sp.
Order Oligotrichida
Lohmanniella spp.
Strombidium spp.
Strombilidium spp.
Order Tintinnida
Amphorellopsis acuta (SCHMIDT)
Codonellopsis morchella (CLEVE)
Coxliella ampla (JORGENSEN)

C. decipiens JORGENSEN

C. longa (BRANDT)

C. Sp.

Eutintinnus lusus-undae Extz

E. rectus WAILES

E. tubulosus OSTENFEID

E. tubus STOKES

E turris KOFOID & CAMPBELL

Favella brevis Koroip & CAMPBELL ?
F.  campanula (ScHMIDT)
F.  ehrenbergii (CLAPAREDE &
LACHMANN)
F. taraikaensis Hapa
Helicostomella fusiformis (MEUNIER)
H. longa (BRANDT)
H. subulata (EHRENBERG)
Metacylis mereschkowskii Korop &
CAMPBELL
Protorhabdonella simplex (CLEVE)
Salpingella lineata (EnTz. Sr.)

Stenosemella parvicollis (MARSHALL)
S. ventricosa (CLAPAREDE &
LACHMANN)
Tintinnidium mucicola (CLAPAREDE
& LACHAMANN)
Tintinnopsis ampla HAapa
T. angustior JORGENSEN
T. aperta var. tocantinensts
Koromp & CAMPBELL
beroidea STEIN
corniger HADA
directa HaDpA
gracilis Koroip & CAMPBELL
karajacensis var. rotundata
Koroip & CAMPBELL
kofoidi HaDA
lohmanni LAACKMANN
nana LOHMANN
radix (IMHOF)
strigosa MEUNIER
tubulosa LEVANDOR
tubulosoides MEUNIER
. sp.
Undella hyalinella Koroidp &
CAMPBELL

Phylum Rotifera
Subclass Monogonotia

Order Epiphanoida
Lepadella sp.

Order Notommatoida
Trichocerca spp.
Synchaeta spp.

Phylum Arthropoda
Subclass Copepoda

Order Calanoida
Acartia sp.

Calanus sp.
Centropages sp.
Labidocera sp.
Paracalanus sp.
Pseudodiaptomus sp.
Spp.

Order Cyclopoida
Oithona davisae FERRARI & ORSI
Spp.

&/ L), B(KIZ19904E 4 B (254f8(&/L) icd o re /L), BAKI319904E11 A (60MiA/L) TH -7 (Fig. 4o

(Fig. 4o FFE MBI 1332030 K/ L TH - 72 S HIREE X TI8MIE/ L T » 1o,
FRMERELERICE 2B (BELHRE) OGHE B -7V 92, FIK6A»S 8 AlcmEREIC

Wnsd o, IREEORSIZ1989FE5 A (4428fH (K S Lt fxm BB E19904E 6 A (2208f@iA/ L),
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Fig. 8. Copepod nauplii. Seasonal change of vertical distribution. Values are x10° INDSL.
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LBEOI0mLIEI 351 24200~9800fH &/ L it~ T b
<, BE, 1500/ LUTTH -1, & OREEHMUN
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Fig. 22. Favella taratkaensis. Seasonal distribution in vertical section. Values arex10 INDS, L.
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Two distinct growth stages of a deep-sea, giant white clam,
“Calyptogena”soyoae, and its allied species™*"

*

Masuoki HorIKOsHI"** and Jun HASHIMOTO****

Abstract: Two distinct growth stages, the immature- and the adult stages, are recognized
in a Japanese giant white clam, “Calyptogena” soyoae Okutani. In the immature stage the
mode of living is endobiotic, a “subumbonal pit” exists on the hinge plate, and the relative
length of hinge ligament to the shell length is small. In the adult stage, both valves become
detached in the umbonal region, so that the subumbonal pit cannot become enlarged in its
original position and is extended posteroventralwards showing a white chalky area on the
nymph. After the mode of living changes to semiepibiotic, the shell shape and the
ligamental length change abruptly. Nevertheless the growth of theligament slows until the
shell attains to near adult size, and then it grows rapidly with shell growth. Such abrupt
post neanic change in the shell morphpology and mode of living in the present species is
comparable to the metamorphosis in other invertebrate animal groups, and similar abrupt
post neanic changes can also be found in some other bivalves. The hinge structure of the
type species of the genus Calyptogena, C. pacifica, are quite different from those of “C.”
soyoae, and the present species is more closely related to Akebiconcha kawamurai and

“C.” laubiert.

1. Introduction

In a previous paper dealing with the identity of
two Japanese giant white clams, Akebiconcha
kawamurai Kuroda, 1943 and “Calyptogena”
soyoae Okutani, 1957, the presence or absence of
the “subumbonal pit”, which is a newly named,
hollow structure on the hinge plate, was recog-
nized as one of the discriminating characteris-
tics for these two species (HorikosHI, 1986). At
that time, both a small, young specimen
(Holotype) and larger, adult (and/or gerontic)
specimens were available for Akebiconcha
kawamurai, but only adult specimens of
“Calyptogena” soyoae were studied. Subse-
quently, the junior author (J.H.) collected

* Received May 1, 1992
*k Contributions to the molluscan fauna of
Southeast Asia and West Pacific (9).
*xkUniversity Museum, University of Tokyo, Re-
search associate ; and Technology Center,
Tokyo Kyuei Co., Technical adviser.
Home address(for correspondence): Pabiyon
Meguro 302, Meguro 1-3-31, Meguro-ku,
Tokyo, 153
*kkk Japan Marine Science and Technology Cen-
ter, 2-15, Natsushima-cho, Yokosuka, 237

several smaller, younger specimens of “C.”
soyoae, during a dive of the submersible
“Shinkai 2000” (JAMSTEC), and reported
briefly on their life habit (HASHIMOTO et al.,
1987;1989). These young specimens were col-
lected near a colony of adult shells of “C.”
soyoae. To our surprise, these smaller younger
specimens were found to bear a subumbonal pit
on their hinge plate.

The smaller, younger specimens are different
from larger, adult or gerontic specimens not
only in the hinge morphology and shell sizes, but
also in their mode of living, or life habit. The
life habit of younger individuals is entirely
endobiotic, protruding only the tip of their si-
phons from the sediment surface, in contrast to
that of the adult (gerontic) individuals which is
semi-epibiotic, exposing the posterior half of
their shells on the sea floor. Along with the
change of life habit, the length of the ligament
relative to the shell length becomes larger.

Such changes take place rather abruptly, and
are considered to be a kind of metamorphosis,
and two distinct growth stages can be recog-
nized as the immature- and the adult (gerontic)
stages.
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Fig.l. Mode of living (life habit) of immature shells of “Calyptogena” soyoae. Drawn frzjm a

e

colour photograph taken through a window of the Submersible “Shinkai 2000” at a station off

Hatsushima Island, Sagami Bay: 1150m.

Comparing the hinge morphology of the pre-
sent species with that of smaller specimens of
Calyptogena pacifica Dall, 1891, which is the
type species of the genus, we briefly discuss the
classification of “Calyptogena group” in the
family Vesicomyidae.

2. Materials and method

Four specimens of the smaller younger shell of
“Calyptogena” soyoae were collected by a grab
sampler (20 X 20cm) during the Dive 228(9/VI
/1986 : Jun Hashimoto) of the submersible,
“Shinkai 2000” Japan Marine Science and Tech-
nology Center (JAMSTEC). The location of the
collecting site was off Hatsu-shima (a small is-
land off Ito City, Shizuoka Prefecture), in the
northwestern part of Sagami Bay, and the pre-
cise position was 35°00.1’ N, 139°13.6" E
(1150m). Colour photographs showing the mode
of living of the smaller, young individuals were

taken through a window of the submersible.

Several adult specimens were collected by the
manupulator of the submersible during two
other dives, (Dive 225, 2/V1/1986: Suguru Ohta,
and Dive 226, 3/V1/1986: Hitoshi Sakai) in prac-
tically the same locality : 34°59.9" N, 139°13.6’
E(1170m).

A figure showing the mode of living of
endobiotic, smallsized individuals was sketched
from a colour photograph published by
Hashimoto et al., 1987 (photo 4 : p.49). A pen-
cil drawing of the hinge part was drawn using a
binocular microscope (NIKON SMZ-10) with a
camera lucida of drawing-tube type.

3. Life haibit of smaller, younger shells

It is now well known that larger individuals of
“Calyptogena” soyoae, inhabiting the sediment
bottom, always expose thier posterior portion
out of the sediment surface (OKUTANI and
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Ecawa, 1985; Horikoshi, 1986, 1989 : pl.1,
fig.1, etc.). In contrast, smaller, younger speci-
mens were found to be burried entirely within
the sediment, with only the tip of their siphons
protruding (Fig.1). Although both the inhalent
and exhalent siphons are recognized in some in-
dividuals, one of the two orifices is more promi-
nent with a circular shape in some others. This
1s thought to be the inhalent siphon, if we take
into account the general shape of siphons of the
larger, adult individuals observed in the labora-
tory on board the mother ship of submersible,
“Natsushima” (HORIKOSHI, unpublished obser-
vation).

The spatial distribution of smaller, younger
individuals is rather dense, if not gregarious,
within a small limited area. About ten individu-
als were found in an area of about 15 X 30cm,
and practically no other individual was found in
the surrounding area photographed (see Fig.1).
Judging from the photograph, the surface of the
sea-floor seems to be covered by fine grained
sediment at this site.

4. Shell shapes of immature and adult stages

The shape in outline of immature shells of
“Calyptogena’soyoae is rather elliptical, though
that of the second largest specimen among four
individuals becomes somewhat longer (Fig.2b)
than that of the smallest one (Fig.2a). On the
other hand, the outline of the smallest specimen
among semiepibiotic adult shells shows the
shape of the normal adult shell of this species
(Fig.2c), being elongate and slightly contracted
in the middle of the ventral margin.

The shape of the immature specimen of
Akebiconcha kawamurai is also elliptical in out-
line (Fig.2d), but it is higher than that of “C.”
soyoae, being more roundish.

5. Hinge structure of smaller, young specimens
Termindogy of the hinge elements: For the ter-
minology of hinge elements see Fig.3.
Subumbonal pit: In all of the four specimens
examined the “subumbonal pit”, a hollow struc-
ture just beneath the umbo (HorikosHi, 1987),
was found on the hinge plate directly behind the
posteriormost dental element in both the right
and left valves. In the smallest, or youngest, in-
dividual, the pit is small but deep, and is clearly

50mm

O

Fig.2. Outlines of shells of immature (a,b)
and adult (¢) stages of “Calyptogena”
soyoae, and that of immature stage
(Holotype) of Akebiconcha kawamurai.
Dotted lines indicate the hinge ligament.

demarcated from the hinge plate by its distinct
margin (P1.1, fig.1). The shape of the pit differs
somewhat from that of  Akebiconcha
Kawamurai of an equivalent growth stage (Ho-
RIKOSHI, 1987: fig.4a), being longer antero-
posteriorly and narrower dorso-ventrally in the
present species.

In the second largest or oldest individuals
among the four smaller, younger specimens,
however, the ventral margin of the pit spread
out ventralwards, and becomes shallower along
its ventral margin (P1.1, fig.2). In this respect,
the present species, “C.” soyoae, is quite differ-
ent from an allied species, Akebiconcha
kawamurai. In the latter species, the pit is still
deep and well demarcated even in full grown,
adult specimens (HorikosHI, 1987, fig.4b), and
it becomes larger and shallower with ill-defined
ventral margin, only when the shell attains
gerontic age (HorikosHi, 1. c., fig.4c).

In larger, adult and/or gerontic specimens of
“C.” soyoae, the right and left valves become de-
tached in their umbonal region (HORIKOSHI,
1987: fig.5). Consequently the subumbonal pit
can not become enlarged any more in its original
position on the hinge plate, and its postero-
ventral extension runs posteriorwards on the
nymph along the ventral boader of the hinge
ligament. Such an extended part of the pit can
be recognized as a white, chalky area covered by
yellowish membrane, as was pointed out in a
previous paper (HorIkosHI, 1988: p.254).

Dental elements: The morphology of dental
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r.l.m. subu.p.

Fig.3.

ext.3a

Terminology of hinge elements of “Calyptogena” (Horikoshi, 1989b: fig.1). Dental elements

of left valve (left side in the figure); 2a=ramus-2a =anterior ramus of subumbonal tooth; 2b
=ramus-2b=posterior ramus of the same tooth; 4b=tooth-4b=posterodorsal cardinal tooth;
Right valve (right side fig.); 1=tooth-1=ventral (central) tooth; 3a=ramus-3a=anterior ramus of
subumbonal (dorsal) cardinal tooth; 3b=ramus-3b=posterior ramus of the same tooth.
a.e.=anterior edge of ramus 3b; a.l.l.]1.=anterior lamellar layer of ligament(“cardinal liga-
ment”); d.p. =distal portion of dental element; ex.a.l.l.]. =extension of anoterior lamellar layer
of ligament, investing internal shell surface under the coverage of periostracum; ext.3a =extension
of ramus-3a; f.(i.)l. =fibrous (inner) layer of hinge ligament; h.l.=hinge ligament; h.pl. =hinge
plate; 1.(u.)l.=lamellar (outer) layer of hinge ligament; p.e.=posterior edge of ramus-3b;
per.=periostracum hanging freely from shell margin; p.fus. =point of fusion of periostracum;
p.p.=proximal portion of dental element; r.l.m.subu.p. =roofing of lamellar membrane covering
subumbonal pit; t.s. =top surface of dental element; v.s. =ventral surface of hinge ligament.

elements are also different in smaller, younger
specimens from those of larger, adult (gerontic)
specimens. In the right valve (see Pl.1.fig.1a,
2a), the top surface of the posterior ramus of
the subumbonal (dorsal) cardinal tooth (3b) is
clearly grooved, and furnished with a rather
sharp ridge along either edge, anterior and pos-
terior. Such features of this dental element (3b)
are similar to those of the same dental element
of Akebiconcha kawamurai, especially to those
of a smaller, young specimen (holotype) of that
species (HorikosHI, 1987: fig. 4a). On the other
hand, the shape of the anterior ramus (3a) is
rather similar to that of the larger, adult
(gelontic) specimens of the present species, “C”.
soyoae. It is extended anteriorwards from the
proximal part of the posterior ramus (3b)
nearly pararell to the dorsal margin of the hinge
plate, covering and concealing the proximal part
of the ventral (central) tooth (1).

In the left valve (P1.2, fig.1b), both anterior
and posterior rami of the subumbonal tooth
(2a,b) are also different from those of the

larger, adult specimens. The posterior edge of
the anterior ramus (2a) stands erect from the
hinge plate, so that it looks more ordinary hinge
tooth-like than plate-like, and it abuts against
the posterior ramus (2b) at more proximal part
of the rami than in the larger specimens, leaving
an open, spacious socket in between them. In
these respects, the morphology of the anterior
ramus (2a) of the smaller, young specimens is
somewhat more similar to that of Akebiconcha
kawamurai than that of adult specimens of the
same species “C.” soyoae.

The posterior ramus (2b) has a blunt point of
the posteroventral corner of the ramus and has
a small ridge that branches out towards the
anteroventral corner, so that the distal part of
the ramus looks as if the ramus is bifurcated at
its distal extremity.

The posterodorsal cardinal tooth (4), however,
i1s not much different from that of the larger
specimens. It is laminate or plate-like, and it
leans anteriorwards hanging over the socket be-
tween this tooth (4) and the ramus 2b.
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6. Abrupt changes in ligamental length during
growth

A remarkable change was found between rela-
tive lengths of the hinge ligament in the smaller,
younger specimens and those in the larger, adult
specimens.

In the case of the smaller,younger specimens
bearing the subumbonal pit on the hinge plate
(Fig. 4a: small solid circles), the ligamental
length shows a linear relationship to the shell
length, and the least squares line shows a good
fit (Regression line A in the same figure). In the
case of the larger, adult specimens without the
subumbonal pit (open circles), the regression
line shows entirely different trend (Line B). In
this case, however, the points show a much
wider scattering than in the case of smaller
specimens. Closer inspection of the graph re-
veals that there are two categorically different
groups among the individuals of the larger,
adult specimens. One group consists of rela-
tively small to larger individuals with short
ligament of around 30 mm in length, and the
other group includes still larger individuals with
longer ligament of around 35 mm. If we obtain
the least squares line separately for these two
groups (Lines B’ and B”), each of them shows a
good fit.

This means that, just after the mode of living
changes from endobiotic to semiepibiotic, both
the shell length and the ligamental length be-
come longer rather abruptly. So that a clear gap
is seen in the ligamental length between the larg-
est individual of the endobiotic, smaller speci-
mens (21,7mm in shell of 82.9mm long) and the
smallest individual of the semi epibiotic, larger
specimens (28.0mm in shell of 87.4mm). How-
ever, the growth of the hinge ligament slows
until the shell attains to near adult size, and
then it grows rapidly with shell growth.

Such abrupt changes in hinge morphologies
(dental elements, subumbonal pits and liga-
mental length) as well as a change in the mode
of living suggest that the smaller, younger
specimens and the larger adult specimens can be
recognized as two distinct growth stages, the
immature- and adult (plus gerontic) stages.

It is interensting to know that a similar fea-
tures in the growth of the hinge ligament can be

found in another species of the allied group of
“Calyptogena”, “C.” laubieri Okutani et Mé-
tivier, 1986, as described briefly elsewhere (Ho-
RIKOsHI, 1989). In that species, two distinct
growth stages were also recognized, and similar
regression lines of the hinge growth were ob-
tained (Fig. 4b). In this case, however, the re-
gression lines of both the immature and the
adult (gerontic) stages are clealy recognized (A
and B”), but the number of individuals of adult
(gerontic) stage examined was so few that the
transient regression line B’ could not be ob-
tained.

7. Hinge structures of Calyptogena pacifica

Dall

Ligamental structure: The type species of the
genus Calyptogena, C, pacifica Dall, lacks the
subumbonal pit, so that the proximal part of
the hinge ligament with calcified fibrous layer is
not destroyed by the formation of the pit and
still remains under the beak, if not fully func-
tional (Pl.1, fig.4a). A horny ligamental mem-
brane forms a roof-like bridge between both
valves in the subumbonal region posteriorly
from the point of fusion (anterior) of the
periostracum, covering and connecting the
anterodorsal margin of the right and left
valves. The membrane seems to become detached
progressivly from the proximal surface of the
hinge along with the growth of the shell asin C.
soyoae (HORIKOSHI, 1987,p. 254 and fig. 5). Dur-
ing this process of detachment, the membrane
invades the hinge area including the proximal
portions of the dental elements ventralwards
parallel to the dorsal margin as in C. kaikol
Okutani et Metivier, 1986 (HorikosHi, 1989b:
p.155, pl.4, figs.5,6), leaving a vacant area in
between the line of attachment of this mem-
brane and the ventral surface of the hinge liga-
ment. The posterior end of this membrane abuts
against the ventral surface of the hinge liga-
ment at some distance posterior from the prox-
imity of the hinge ligament situated beneath the
beak. Through such an invasion, the proximal
part of the dental elements are concealed by the
ligamental membrane, and the area of conceal-
ment is broader in the older, larger specimen in
the type materials (compare Boss’s (1986)
fig.16 to fig.17). Along the ventral border of
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Pls.1,2 Hinge structures of the right valve (P1.1) and the left valve (P1.2) of “Calyptogena” soyoae (la-
3a) and C. pacifica (4a,b). The smallest (1a,b) and the second largest (2a) specimens among im-
mature individuals, and the smallest specimen of mature shell (3a). For further explanation see
text. (For the terminology of the hinge elements see Fig.2). M.Horikoshi del. figs.
la, b, 2a: C. soyoae, “Shinkai 2000” Dive 228, 35°00.1’N, 139°13.6’E, 1150m (la,b: 62.7 X 33.9mm:
Fig.2a: 2a: 78.8 X41.0mm: Fig.2b), 3a: Dive 222, 34°59.9’N, 139°13.6’E, 1170m (87.0 X 38.2mm:
Fig.2c), 4a,b: C. (C.) pacifica, off Vancouver Island, Canada, 48°25.9'N, 126°14.3°W, 915m (31.8

X21.6mm: Okutani Coll.)

this area of invasion, a deposit of shelly sub-
stance forms a slightly raised edge along the
dorsal brim of the hinge plate, as in C. katkot
(HorIKOSHI, 1989b: p.155).

Dental elements of right valve: The dental ele-
ments in the present material (see pl.1, fig.4a)
are almost identical to those of the samller indi-
vidual in the type materials (OKUTANI, 1966 :
pl. 27,fig. 3 ; Boss, 1968 : figs.16,19). The poste-
rior ramus of the subumbonal (dorsal) cardinal
tooth (8b) is much broader than that of “C”.
soyoae. The top surface is slightly concave, but
both anterior and posterior edges are sharply
ridged. The anterior ramus (3a) is well devel-
oped, running parallel to the anterodorsal mar-
gin of the shell, and has a blunt point on its
distal end. Its ventral edge is rather sharp

forming a weak ridge, and is continuous to the
anterior edge of the posterior ramus (3b), de-
scribing a sharp curve at the corner of the junc-
tion of the anterior and posterior rami.

The ventral (central) tooth (1) runs obliquely
from beneath the beak. It has two blunt points
on its distal end, which looks as if it is
bifucated. The proximal part is obsolete, sink-
ing diagonaly into the hinge plate, and is con-
cealed by the dorsal tooth (3a,b). A posteriorly
radiating nymphal calosity looks as if it is a
subobsolete, ridge-like dental element (cf. Boss
and TURNER, 1980: p. 163). A space between the
posterior edge of the posterior ramus 3b and
this ridge-like nymphalo calosity forms a deep
groove with a flattish bottom.

Dental elements of left valve: The posterior
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Fig.4a,b. Relationships between the shell

length and the length of hinge ligament in
“Calyptogena” soyoae (a; above) and
“C” laubieri (b; below). Small solid cir-
cles indicate immature individuals and
large empty circles adult shells. For fur-
ther explanation see text.

ramus (2b) of the subumbonal cardinal teeth
(P1.2, fig.4), radiates ventralwards from be-
neath the beak perpendicularly, and is furnished
with two small points at its distal extremity.
The anterior ramus (2a) radiates obliquely
anteroventralwards, and abuts against the pos-
terior ramus at a distance of half its dorso-
ventral length.

A slender shelly callous runs along the ventral
edge of the anterior ramus (2a), crosses the top
surface of the posterior ramus (2b) and bends
ventralwards forming nearly a right angle along
the posterior edge of the posterior ramus. Such
a structure seems to be rather normal in this
species, since an almost indentical calous can be
recognized in a photograph showing the details
of the dentition of one of the type specimens
(syntype) (Boss, 1968, fig.19).

The posterodorsal cardinal tooth (4) radiates
from beneath the beak obliquely, but its proxi-
mal part is concealed by shelly substance depos-
ited along the dorsal brim of the hinge plate
mentioned above. This tooth (4) stands far
apart from the ramus (2b), forming a broad
socket in between these dental elements, so as to
form a spacious socket for the very broad poste-
rior ramus (3b) of the dorsal tooth of the right
valve.

8. Discussion

In “Calyptogena” soyoae, changes in the life
habit, in the morphology of hinge structures and
in the relative hinge length are rather abrupt,
and are thought to take place rapidly within a
rather short period of time. Such sudden changes
remind us metamorphosis during the growth of
some Invertebrates. In some bivalves, e.g.
mytilids, a distinct growth stage, called the
“nepioconch” stage, is known between the larval
stage (prodissoconch stages I, II) and the adult
(dissoconch) stage. The nepioconch of mytilids
is very small (ca. 1000 £ m) and often has been
confused with prodissoconch(OCKELMANN,
1983). In some other bivalves, such as corbulids,
the nepioconch can be recognized easily with the
nacked eye as a distinct apical shell (WRIGLEY,
1946; Cox,1969:fig.83). It is much larger than
the prodissoconch (protoconch), and its actual
length is 7-8 mm in a 24-25mm long shell of
Corbula (Anisocorbula) erythrodon Lamark
(Hor1kosHI, unpublished data).

According to WRIGLEY (1946), one more stage
can be recognized in between the nepioconch and
adult stages, and was named “mesoconch” in the
fossil Plicatula (Cox, 1.c.: fig.84, 1). In a living
species of the same genus, P. muricata Sowerby
(ca. 25 mm in hight), the mesoconch (7-8 mm in
hight) is considered to be the shell of the sessil
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stage, which is firmly attached or cemented to
the hard substratum, because it shows
xenomorphic sculptrue (cf. STENZEL, 1971, p.N
1021) especially on the mesoconch of the lower
(right) valve, which forms an attachment area.
The adult shell becomes virtually free-lying, and
shows idiomorphic or automorphic sculpture
furnished with spiny ridges (HoRIKOSHI, unpub-
lished observation).

The most striking example can be found in
pectinid genera Hinnites (Cox, l.c.: fig.84: 3b)
and its allied genus Classadoma (BARNARD,
1986). The early stage shells (ca. 20mm in hight
in H. coralinus Sowerby, and ca. 20-30 mm in C.
giganteus: HORIKOSHI, unpublished data) are
Chlamys-shaped until they become appressed or
attached to the substratum, and then in the
later stage the shell grows irregularly like
Spondylus. It is interesting to find that the size
of the early stages is similar in different species
or genera, regardless of different full grown
sizes in the later stage (The younger stage is
ca.2bmm in height even in an European, fossil
species, H. crispus (Brocchi): measured from
photographs illustrated in Cox, l.c., fig. 84: 3a,
b). The changes in shell morphology and life
habit between the two distinct stages, the im-
mature and adult stages of the present species,
“C.” soyoae, are another striking example of
abrupt postneanic changes in a bivalve. Changes
in the physiology and functional anatomy, if
any, are hoped to be studied in future.

As for the taxonomical relationship of the pre-
sent species, “Calyptogena” soyoae, it is now
clear that this species can not be regarded as a
member of Calyptogena Dall, 1891 in the strict
sense. It is rather closely related to Akebiconcha
Kuroda, 1943 as suggested by Okutani (1966).
Another close relative seems to be Archivesica,
and we are inclined to concur with Keen’s (1969:
p.N664) opinion to put together Archivesica
Dall, 1908 and Akebiconcha into a single group
outside Calyptogena in the family Vesicomy-
idae.

A new large-sized form (ca. 14 cm in length)
has recently been collected from Iheya Sea
Mount, west of Okinawa by dredging of German
Vessel “Sonne” (H. SAKAD and by diving of the
Japanese submersible “Shinkai 2000” (S. OHTA).
This is closely related to “C.” soyoae, lacking

the subumbonal pit in the adult stage and the
proximal parts of dental elements are exposed
on the outside of the shell. A newtaxon of the
genus group (perhaps a subgeneric one) should
be established for these two species.
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On thermohaline lens observed in a wide-open bay”

Shigehisa NAKAMURA **

Abstract : This reports on formation and movement of a thermohaline lens observed in a
wide-open bay. First, a conceptional model is introduced in order to show a real pattern of
the waters in the bay considering inflow of river discharge and influences of the offshore
waters from the open ocean. For the covenience, a part of the observed result in Tanabe Bay
is introduced to demonstrate the model to be reasonable. The author believes that this is the
first time of reporting the observed thermohaline lens in Tanabe Bay. This lens should be
understood as a result of interaction of the river discharge and the effects of the offshore
waters in the bay. The lens should be a three dimentional as that named Meddy in the east-
ern North Atlantic, though the scale of the former is completely different from the latter.
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Fig. 1. Conceptual model of patterns of waters in a wide-open bay.
(A) sea surface spread of river discharge,
(B) subsurface intrusion of river water to form a subsurface thermohaline lens, and
(C) creeping river water on the sea floor.
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Fig. 2. Stations and survey line in Tanabe Bay as a wide-open bay.
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Fig. 3. An estuarine inlet “Utinoura” at the head of Tanabe Bay.
A survey line consists of stations A to I, catch ment area of rainfall for Utonoura is the area be-
tween the coastline and the hill’s ridge indicated by a dot-dashed line, and wetland at the low
tides is located between the rivers and the waters at the head of Utinoura (marked with ‘0.
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Formation of aposporous gametophytes from dedifferentiated
young sporophyte cells of Laminaria japonica ARESCHOUG
(Laminariales, Phaeophyta) *

Masahiro NoTovyA™* and Yusho ARUGA™*

There have been reports on the aposporous
formation of male and female gametophytes
from the explant tissues in three species of
Laminariales. Frirs (1980) reported in Lami-
naria digitata and L. hyperborea that the callus
was formed from explants of the blade
meristematic zone, and the callus cells developed
aposporously to male and female gametophytes,
which formed sporophytes by fertilization. LEE
(1985) reported similar observations in L.
saccharina.

On the other hand, Saca et al. (1978) re-
ported in L. angustata that a single cell from
callus-like structure induced in long-term culti-
vation of the sporophyte directly formed a new
sporophyte. FANG et al. (1983) and YaN (1984)
reported in Laminaria japonica and Undaria
pinnatifida that young sporophytes developed
directly from explant tissues. We reported in
Ecklonia cava (NoTovyAa and ARUGA 1989) and
Eisenia bicyelis (NoTOYA and ARUGA 1990) that
callus-like cells developed from the explant and
they differentiated directly to new sporophytes.

In this paper we report aposporous formation
of gametophytes from dedifferentiated cells of
young sporophytes of Laminaria japonica under
a long period of culture in the laboratory.

A mature sporophyte of Laminaria japonica
was collected in Ohma, Shimokita Peninsula,
Aomori Prefecture, on October 30, 1988. Next
day, zoospores released from the sporophyte
were collected in laboratory. They were cultured
to obtain gametophytes at 15°C under a

* Received January 15, 1992
** Laboratoryof Phycology, Tokyo University of
Fisheries, Konan-4, Minato-ku, Tokyo, 108
Japan

photoperiod of 10L:14D, illuminated by cool
white fluorescent lamps at about 20 ¢ mol pho-
ton m~*s!in an incubator (Sanyo M-551).

The gametophytes matured and produced
sporophytes by fertilization. When young
sporophytes became about 1 c¢m long, blades
were separated from stipes. About 30 pieces of
the blade were cultured in a bottle with 100 ml
culture medium (PESI) under the same condi-
tions for about one and half a year. The culture
medium was changed at three- or four-month in-
tervals.

During the culture, the blade cells were partly
dead, whereas the living parts became a globular
lump (Fig. 1A). Small and large callus-like cells
were observed in the lump when it was lightly
squashed on the slide glass by cover slip. When
it was squashed more intensively, these cells
were separated from each other and became
small or large single spherical cells (Fig. 1B).
These cells were suspended and cultured in Petri
dishes with PESI medium. Germination and
filamentous uniseriate growth were observed
from each cell after a week (Fig. 1C). The nar-
row or wide filamentous germlings were grown
in culture (Fig. 1D-F), and these filamentous
plants matured to be male or female game-
tophytes in a month (Fig. 1G & H). After an-
other month in culture, the sporophyte devel-
oped on the female gametophyte (Fig. 1D).

Thus, the cells of young sporophytes of
Laminaria japonica were dedifferentiated and
became easily separated in long-term culture.
The culture system was not axenic, and it is not
evident whether the sporophyte cells were sepa-
rated by bacterial enzymes or not. The separated
cells developed aposporously into male and
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Fig. 1. Formation of aposporous gametophyte from dedifferentiated sporophyte cells of Laminaria
japonica ARESCHOUG. (A) Globular lump of sporophyte cells in long-term culture. (B) Small
and large cells in globular lump after squashed lightly. (C) Separated small and large cells
after squashed intensively. (D) Germinated cells suspended in liquid medium after a week in
culture. (E) Narrow filamentous germlings likely to be male gametophytes. (F) Broad
filmentous germlings likely to be female gametophytes. (G) Narrow filamentous germlings
matured and produced spermatial zoospores. (H) Broad filamentous germlings produced eggs.
(DD A sporophyte developed on female gametophytes.

female gametophyts, and sporophytes developed
on the female gametophytes. Although the cyto-
logical evidence was not observed on the devel-
oped gametophytes, the results are the same as
those reported by NAKAHARA and NAKAMURA
(1973) in which isolated single cells from Alaria

classifolia sporophyte developed into game-
tophytes. FriEs (1980) and LEE (1985) reported
that aposporous gametophytes developed from
the tissue of Laminaria spp. They found in long-
term cultured tissue that aposporous game-
tophytes developed in the same way as in this
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experiment. In L. angustata, however, a single
cell from callus-like structure induced from
young sporophyte in long-term culture devel-
oped directly to sporophyte (SAGA et al. 1978).
Therefore, it seems that aposporous gameto-
phyte formation is induced in the case of nutri-
ent depletion, while in sufficient nutrients is
induced direct development of the sporophyte.
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Underwater Sliding Vehicle System (USV)

OK Y R 57 L LRIt > 2 — RO MIE Towing Vessel 5 -
WISk CRIRAINE LA, =
OUSV (3/\BY »» DEE R THES TIBH /- 7K 3B &)

MEEEHBLTHY T, Horizontal Tail
OB EIEZRXFREMOZ LIS LM ED S
DUSVD BREBE SR U TIL 2 1 LES
EoA&—ULTERSICENTEET,
OMBF — % EFDRU/N— K5 ¢ X 725882 L
2 REEAEID(CH L.

Sensors

Faired Cable

Electrode

Inductive Couplling

2 - \'\i / | Tansformer
[ Hydrodynamic Depressor
|
; The USV system
a1 T,
| 38° 20N ? 50 (k) 37° 05'N
40 } % 144‘ 40.E 1 ! { I 144° 40°E
SECTION | ' %
3 T
| /
| ]
£ -
EECTlON 2
1 £
37 8
‘ o
b J
I

140 141 142 143 144 145 146

T.SZT1 FRBERMAIC L > TES h - ZEHOKBRE
SPECIFICATIONS STHDH S —HE&,

(BANERIN > 2 —B» SBR e MHRHEIES L L)

Towing Speed :0~8knots

Operation Dapth:Max.400m Holizontal Distance(m)
o 200 300 400 500 600 700 830 00 000
Tow Cable :8mm hydrodynamically fared stainless steel ¢  E ™ SR
wire rope with polyurethane coating

Sensor Range Accuracy 50

Conductivity 20~70ms +0.05ms T

Temperatune —2~35C +0.05C £ ow

Depth 0~400dbar 0.5%FS 3
Data Transport :Inductive Coupling Data Communication System 150
Sempling Rate  :5times per second
Sensor Battery :50hours 200
Life Trajectory of the USV
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