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1: Marine microalga Rhodomonas sp. as a novel

live food for bivalves

Satoshi Yamamoto™', Masanori Okauchi*? and Takao

Yoshimatsu*'

*I Graduate School of Bioresources, Mie University,
Tsu, Mie, Japan; **National Research Institute of
Aquaculture, Fisheries Research Agency, Minamiise,
Mie, Japan

E-mail: takaoyos@bio.mie-u.ac.jp

Recently, many species of bivalves, including the
asari clam have become more popular as seafood all-
over the world. In spite of the increasing demands
of bivalves, the natural resources are becoming
scarce year by year. Therefore, stable aquaculture
production of bivalves is highly required to
substitute the natural resources. Marine microalga
Rhodomonas sp. is widely distributed in Japan’s
coastal waters. This species has a high content of
highly unsaturated fatty acids (HUFAs) that enhance
the survival and growth of bivalves. For this reason,
Rhodomonas sp. is expected to play an important
role as feed for bivalve aquaculture. In this study,
suitable conditions for mass culture of Rhodomonas
sp. in terms of temperature, salinity and light
intensity were investigated. A series of rearing
experiments was conducted with one of the three
factors altered at a time. In temperature, higher cell
increase rate was observed between 16 and 24°C,
and the maximum cell density (4358 X 10" cells ml")
was observed at 24°C. In salinity, higher cell increase
rate was observed between 14 and 35 psu, and the
maximum cell density (3739 x 10" cells ml?) was
observed at 21 psu. In light intensity, higher cell
increase rate was observed between 35 and 80 u
mol m? s, and the maximum cell density (360.1 X
10* cells mI") was observed at 80 g mol m* s™.

2. Observation and monitoring of asari clam
predators in a population-collapsed habitat
using Field Server

Naoaki Tezuka™', Naoto Kajihara™, Tokihiro

Fukatsu™?, Kazumasa Oguri™ and Takehisa
*3

Yamakita

*! National Research Institute of Fisheries and
Environment of Inland Sea, Fisheries Research
Agency, Hatsukaichi, Hiroshima, Japan; * National
Agriculture and Food Research Organization
Agricultural Research Center, Tsukuba, Japan;
*3 Japan Agency for Marine-Earth Science and
Technology, Yokosuka, Kanagawa, Japan

E-mail: tezukan9@fra.affrc.go.jp

The Nakatsu tidal flat, located in western Seto
Inland Sea, Japan, is known as an asari clam,
Ruditapes philippinarum, population-collapsed
habitat. A recent study observed low clam survival
rates, < 15%/yr, from post-settlement until fishable
size in this flat. Based on previous netting/caging
experiments, predation has been suggested as a
major cause of clam mortality. However, we do
not have enough information on predator species
composition or when and how often the predators
appear on the flat. We employed the Field Server,
originally developed for agricultural field monitoring
equipped with a web-camera and sensors, to observe
the asari clam predators on the Nakatsu tidal flat.
Field Server observations, comprised web-camera
images retrieved every 30 min via the internet,
revealed that ducks (Anas acuta) often appear on
the monitoring site during low tide in winter. These
results suggest that predation by ducks may be
a significant cause of asari clam mortality during
winter in the Nakatsu tidal flat.

This study was supported by the Ministry of
Agriculture, Forestry and Fisheries of Japan.
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3: Seasonal variations of carbon and nitrogen
stable isotope ratios in Manila clam, Ruditapes
philippinarum, in Wajiro intertidal sand flat,
Japan

Masashi Kodama™', Machiko Yamada*? Sayaka
Yamazaki*? and Norihiro Ikeda™*

*! Japan International Research Center for
Agricultural Sciences, Tsukuba Japan; ** Fukuoka
Women’s University, Fukuoka Japan

E-mail: mkodama@affrc.go.jp

Seasonal variations of carbon and nitrogen stable
isotope ratios, ¢ °C and & ®N, in soft body tissue
of the Manila clam, Ruditapes philippinarum, and
their potential food sources were investigated in
the Wajiro intertidal sand flat, Fukuoka, Japan. The
6 BC and 6 °N of R. philippinarum varied between
-15.0% and -19.1% and between 10.2%. and 14.0%o ,
respectively, and they showed a seasonal cycle that
was higher from summer to autumn and lower from
winter to spring. Carbon to nitrogen (C/N) ratio of
the soft body tissue, which is related to glycogen
content, also showed a seasonal cycle which became
higher in spring and lower in winter, and C/N ratio
exhibited a significant negative correlation with
6 BC. Comparison of the yearly mean stable isotopic
signatures of R. philippinarum and those of potential
food sources indicates that R. philippinarum utilize
particulate organic matter in the water column and
benthic micro algae as main food sources. These
results suggest that the stable isotopic signatures
of R. philippinarum reflect not only the isotopic
signature of assimilated food but also the fluctuation
of their body condition related to seasonal storage
cycle of glycogen.

4: Predator-prey relationship among three species
(Manila clam, kuruma prawn, tiger puffer)
for stock enhancement program at tidal flat in
Japan

Ayumi Yoshida™', Hikaru Yamane™', Hideki

Yamazaki™® Atsushi Itou™? Kazutaka Sakiyama™®

and Yoshitaka Sakakura™!

*I Graduate School of Fisheries Science &
Environmental Studies, Nagasaki University,
Nagasaki, Japan; ** National Research Institute of
Fisheries and Environment of Inland Sea, Fisheries
Research Agency, Hiroshima, Japan; *°Japan Sea
National Research Institute, Fisheries Research
Agency, Kyoto, Japan

E-mail: sakakura@nagasaki-u.ac.jp

Hatchery-reared Manila clam (Ruditapes
philippinarum), kuruma prawn (Marsupenaeus
japonicus) and tiger puffer juveniles (Takifugu
rubripes) are released into the same tidal flat,
however, they can be in predator-prey relationship
at the nursery area. If this is the case, we need
to reconsider a releasing strategy. However, it is
unclear whether predator-prey relationship occurs
among these seedlings. We examined Exp.l) size-
related predator-prey relationship between kuruma
prawn and Manila clam, Exp.2) size-related predator-
prey relationship between tiger puffer and kuruma
prawn and Exp.3) predator-prey relationships
among 3 species. Exp.1l) One kuruma prawn and
5 - 10 Manila clams were placed into a container.
We identified shell-length of Manila clam ingested
by kuruma prawn after collecting Manila clam
survivors after 24 hours. Kuruma prawn (23.1 -
141.2 mm BL) preyed on Manila clam (1.6 - 104 mm
shell length). Size ratio between prey and predator
ranged 1.3 - 9.5%. The size of second maxilliped
of kuruma prawn coincided with the maximum
size of ingested clam. Exp.2) One tiger puffer and
10 kuruma prawns were placed into a tank (43 cm
diameter, 30 cm water depth). After 24 hours, we
identified BL of kuruma prawn ingested by tiger
puffer after collecting survivors of kuruma prawn.
Tiger puffer juvenile (25.7 - 100.3 mm SL) preyed
on kuruma prawn (18.6 - 52.2 mm BL). Size ratio
between prey and predator was 20.7 - 118.4%. Tiger
puffer preyed on kuruma prawn 25 individuals at
maximum in 24 hours. Exp.3) Tiger puffer, kuruma
prawn and 2 size classes of Manila clam (9.0 cm and
3.2 cm shell length) were placed into a tank (167 X
75 c¢m, 30 cm water depth) and we counted survival
individuals twice a day for 5 days. Next, we set
5 partition nets (4 X 4 m) in a mesocosm, and 3

species were transferred into 3 compartments, and 3
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species and black seabream (Acanthopagrus schlegeli)
were transferred into 2 other compartments. We
counted survived individuals 5 days later. Kuruma
prawn and Manila clam survived at 43% and 69.5%
in the experimental tanks, respectively. In the
mesocosm, Manila clam (3.2 mm shell length) greatly
decreased in the 3 species mixed experiment. On the
other hand, kuruma prawn greatly decreased and
Manila clam (3.2 mm shell length) survived when 3
species and black seabream coexisted.

5. Correlation between water nutrient level and
catch of asari, Ruditapes philippinarum, in

fishing grounds in Japan

Motoharu Uchida™®!, Mutsumi Tsujino ™!, Naoaki
Tezuka™', Toshihiro Shigeta™', Yoshitake Takada™?

Kentaro Niwa*® and Yuka Ishihi**

*! National Research Institute of Fisheries and
Environment of Inland Sea, Fisheries Research
Agency, Hatsukaichi, Hiroshima, Japan; ** Japan
Sea National Research Institute, Fisheries Research
Agency, Chuo-ku, Niigata, Japan: ** Yokosuka
Station, National Research Institute of Aquaculture,
Fisheries Research Agency, Yokosuka, Kanagawa,
Japan; **National Research Institute of Aquaculture,
Fisheries Research Agency, Minamiise, Mie, Japan
E-mail: uchida@affrc.go.jp

Catastrophic decrease of catch of the asari clam,
Ruditapes philippinarum, has been observed for
the last three decades in Japan's coastal waters.
Many factors including overfishing, disease, habitat
loss, competition with invasive species, global
warming, and altered trophic cascade are suggested
to be involved. However, major factor is still not
well characterized to explain the widespread and
long-term decrease of the catch. We conducted
comprehensive comparison of environmental and
biological characteristics among 17 asari fishing
grounds. Significant relationship was observed
between water nutrient level (i.e., total nitrogen
and chlorophyll @) and the asari catch. Significant
relationship was also observed between the benthos

biomass (macrobenthos, meiobentos, and nematodes)

and the asari catch. Stable carbon isotope ratio of
asari was found to be a useful indicator representing
not only the primary production but also the asari

catch per unit area.

6: Long-term fluctuations in stock abundance of
the asari clam (Ruditapes philippinarum) in a
no-fishing area in the southern part of Ise Bay,
Japan

Kazuhiro Hanyu™"

*!' Mie Prefecture Fisheries Research Institute,
Suzuka, Mie, Japan
E-mail: hanyuk00@pref.mie.jp

Commercial catch of the asari clam (Ruditapes
philippinarum) decreased markedly in Japan after
the 1980’s, and catch in Mie prefecture decreased
after the 1990’s. In addition, catch in Ise region,
southern part of Ise Bay, Mie prefecture, decreased
after the 1990's. Mie Prefecture Fisheries Research
Institute conducted a survey on the abundance
of R. philippinarum in a no-fishing area in the
southern part of Ise Bay from 1954 to 2000 by direct
estimation. The present study identified cohorts of R.
philippinarum and analyzed long-term fluctuations
in the abundance of clams in two size classes (small,
shell length of 2 - 7 mm and large, shell length
of 220 mm) in each cohort in the no-fishing area
from 1957 to 2000 based on the data collected by
Mie Prefecture Fisheries Research Institute. Forty
cohorts were identified in the no-fishing area during
the period. The maximum density of small clam in
cohorts in the 1950's, 1960's, 1970's, 1980's, 1990’s,
and 2000's were 6408, 1120, 644, 514, 332 and 331
individuals/m? respectively, showing a gradually
decreasing decadal trend. The maximum density
of large clam in the 1950’s, 1960’s, 1970’s, 1980’s,
1990’s, and 2000’'s were 2.8, 5.0, 6.5, 2.7, 3.3 and
2.0 kg/m? respectively. The density of large clam
decreased markedly after the late 1970’s. Therefore,
the decreasing trend in the no-fishing area did
not synchronize with those in Ise region and Mie
prefecture (i.e., 1990’s). These results indicate that

fishery catch data may not correctly predict actual
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fluctuation pattern of stock abundance.

7: Effects of small clam abundance, rainfall and
sediment on recruitment success of the asari
clam (Ruditapes philippinarum) in a no-fishing
area in the southern part of Ise Bay, Japan

Kazuhiro Hanyu™!

“"Mie Prefecture Fisheries Research Institute,
Suzuka, Mie, Japan
E-mail: hanyuk00@pref.mie.jp

The abundance of large (shell length of > 20
mm) asari clam (Ruditapes philippinarum) in a no-
fishing area in the southern part of Ise Bay, Japan
decreased markedly after the 1970’s. The present
study examined effects of small clam (shell length of
2 - 7 mm) abundance, rainfall pattern and sediment
on the recruitment success of the cohorts in the
no-fishing area from 1957 to 2000 by using logistic
regression analysis. The recruitment success was
defined as large clam abundance being higher than
the median of the entire set of data (355 individuals/
m?. Small clam abundance and rainfall significantly
influenced the recruitment success of the cohort,
whereas the effect of sediment (i.e. ratio of very fine
silt, silt and clay to total weight) was not significant.
The logistic regression analysis revealed that the
recruitment success was most strongly affected by
the maximum monthly rainfall within three months
of the peak occurrence of the small clams. The
heavy rainfall and consequent river flood seemed to
decrease the recruitment success of the clam to the
no-fishing area. However, heavy rainfall and river
flood (e.g. maximum monthly precipitation of over
500 mm) were often observed not only after the
1970’s but also before the 1970’s, and the maximum
small clam abundance showed a decreasing decadal
trend from the 1960’s to 2000's, so the decline in
stock abundance after the 1970's was considered
to be primarily caused by a decrease in abundance
of small clams after the 1960’s. The very high
abundance of small clams in Shitomo River in the
western part of Ise Bay during the 1990’s was

determined to be a result of abundant larval supply

(Miyawaki and Sekiguchi 1999, 2000). Therefore,
larval supply from spawning grounds to the western
and southern part of Ise Bay may have decreased
since the 1960’s, and this may have contributed to
the decline in stock in the no-fishing area and the
entire Ise Bay after the 1970’s.

8: Sampling design for abundance estimation of
the asari clam (Ruditapes philippinarum) in
Ise Bay, Japan

Kazuhiro Hanyu™', Hideki Kokubu™, Naotsugu Hata™",

Tomomi Mizuno™', Takahiko Inoue*?, Tomoaki

Kudo™®, Natsuki Hasegawa™, Yuka Ishihi™*, Satoshi

Watanabe ™!, Yoshimi Fujioka™, Junya Higano™’,

Ryogen Nambu™®, and Hisami Kuwahara™®

*I Mie Prefecture Fisheries Research Institute,
Suzuka, Mie, Japan; *? Tokyo Kyuei, Kawaguchi,
Saitama, Japan; ** Kaiyo Engineering, Suzuka, Mie,
Japan; *!National Research Institute of Aquaculture,
Fisheries Research Agency, Minamiise, Mie,
Japan; *° National Research Institute of Fisheries
Engineering, Fisheries Research Agency, Kamisu,
Ibaraki, Japan; *° Fisheries Research Agency,
Yokohama, Kanagawa, Japan

E-mail: hanyuk0O@pref.mie.jp

To elucidate the formation process and to develop
maintenance techniques of populations of the asari
clam (Ruditapes philippinarum) in Ise Bay, Japan,
large-scale surveys were undertaken to estimate
the abundance of large and small clams in many
local populations in the bay. In order to design an
adequate sampling technique for estimating the clam
abundance on a large scale, we conducted surveys
in 7 fishing grounds in Ise Bay and analyzed the
data by using a two-stage sampling technique, which
is a common method used for estimating the mean,
standard deviation and standard error of fishery and
ecological data. In the present study, the standard
deviations positively correlated with the means both
in primary units (sampling points randomly selected
in a given fishing ground) and in secondary units
(replicates of each sampling point). In addition, the
standard deviations in the primary units were larger

than those in the secondary units. If we diminish
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the ratios of the standard error to the mean (ie,
coefficient of variation of the abundance, which is
one of the precision index), a sample size of 2 in the
secondary units may be sufficient and an as-large-
as-possible sample size in the primary units may be
adequate. In practice, in the present surveys with
a sample size of > 0.18 points per hectare in the
primary units and a sample size of 2 replicates per
point in secondary units, the coefficient of variations
were not small (e, 02 - 08), but we were able to
discriminate the fishing grounds and seasons with

large abundance from those with small abundance.

This study was supported in part by the Ministry

of Agriculture, Forestry, and Fisheries of Japan.

9: Discovery of a spawning ground of the asari
clam (Ruditapes philippinarum) in Ise Bay,
Japan

Kazuhiro Hanyu*', Hideki Kokubu™', Naotsugu Hata
*! Tomomi Mizuno™', Takahiko Inoue™® Yoshio
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Abundance of small (shell length of 2 - 7 mm)
asari clam (Ruditapes philippinarum) in the southern
part of Ise Bay, Japan, explosively increases once in
several years. However, the location of the spawning
grounds, as well as the reason for the large
fluctuation in abundance is yet to be discovered. In
order to locate the spawning grounds and elucidate

the mechanisms of the fluctuations, we conducted

surveys of the clam abundance in several regions of
Ise Bay, Japan from November 2012 to November
2014. We discovered a high abundance of large
clams (shell length of > 15 mm) at a water depth of
5 - 10 m in a non-fishing ground, offshore of Suzuka
region, northern part of Ise Bay in November 2013.
We subsequently observed a high abundance of
small clams inshore of Matsusaka region, southern
part of Ise Bay in May 2014. Therefore, this ground
may be a spawning ground for the populations in
the southern part. The occurrence of such ground
with high abundance in the northern part was
negatively correlated with the occurrence of inflow
of hypoxic water masses during the survey period.
The inflow of hypoxic water masses to the ground
was often observed by Mie Prefecture Fisheries
Research Institute from 2002 to 2009, during which
the occurrence of inflow negatively correlated with
commercial catch of the clam (shell length of > 32
mm) in the southern part two years later. This
supports the hypothesis that the ground discovered
in the northern region may be a spawning ground
for the populations in the southern part, and the
occurrence pattern of hypoxic water masses in the
northern region may help understand the population
dynamics of the clam in the southern part of Ise

Bay.

This study was supported in part by the Ministry

of Agriculture, Forestry, and Fisheries of Japan.

10: Ontogenetic changes in ingestion and digestion

abilities against diatom cells of the Manila clam

Shouji Houki*!, Tomohiko Kawamura™!, Nobuhiro
Ogawa™', Nam-Il Won™? and Yoshiro Watanabe ™!

*I Atmosphere and Ocean Research Institute,
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Planktonic diatoms have long been considered
as one of the main food sources for the Manila

clam. Whereas, recent studies using stable isotope
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analyses suggested that benthic diatoms, which
often grow at high densities on the tidal flat and
are suspended by waves or tidal currents into the
water column, were mainly assimilated by the clams.
To assimilate the diatom cell contents, clams need
to physically break the silica cell walls of diatoms.
In the preceding studies on the feeding of abalone
species, the physical strength of the cell walls is an
important factor determining the dietary value of
diatoms for juvenile abalone. Diatom cells cannot
be efficiently broken in the abalone gut, and only
highly breakable diatoms when they are eaten, such
as those with structurally weak cell walls, have
high dietary values for abalone. For the Manila
clam, detailed mechanisms in the ingestion and
digestion of diatoms have never been investigated,
and whether the clam can break the diatom cells
in the gut is still totally unknown. In the present
study, ontogenetic changes in the ingestion and
digestion abilities against diatoms of the Manila clam
were examined using several diatom species with
different hardness and size of cells. Two planktonic
and three benthic diatom species were isolated and
cultured from a tidal flat in Tokyo Bay, and the
physical strength of their cell walls was measured
using the Picolndenter® (Hysitron). Each diatom
species was fed to newly settled (200 - 300 pm)
and juvenile clams of 3, 5 and 10 mm shell length
(SL) respectively, and the cell walls of diatoms in
the tissue section of the digestive tract and feces
of the clams were observed using a SEM or TEM.
To evaluate the dietary value of each diatom
species for newly settled juvenile clams, growth
rates of juveniles were measured for a month. The
percentage of crushed diatom cells in the ingested
cells was measured. The physical strength of cell
walls was significantly different among the diatom
species, for example, that of the pelagic Chaetoceros
species was low, and that of the benthic Navicula
species was high. The newly settled juvenile
clams did not crush the benthic diatoms with
hard cell walls, and did not ingest large diatoms.
Consequently, small pelagic diatoms with fragile cell
walls were considered to be suitable foods for the
newly settled juveniles. The clams of 3 - 5 mm SL
partly crushed the benthic diatoms with hard cell

walls. Clams of 10 mm SL ingested large diatoms,

and crushed over 90% of ingested diatom cells
regardless of the physical strength of the cells.

11: Reproductive biology of Manila clam
Ruditapes philippinarum in the coastal waters
along eastern Hokkaido, Japan

Yasuko Konda™' and Masayoshi Sasaki**
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Funamicho, Muroran, Hokkaido

E-mail: konda-yasuko@hro.or.jp

In eastern Hokkaido, there is a potential for
a further increase in production of Manila clam,
Ruditapes philippinarum, but there is insufficient
information about the reproductive biology of
the clam necessary for appropriate resource
management. Therefore the reproductive biology
was studied from June to September 2011 in the
coastal waters off Takase, Nemuro in eastern
Hokkaido. The condition factor increased during
June, and the population maturity rate increased
from late June to mid-July. Both variables maintained
high value until late August to early September
and decreased thereafter. Gonads in active stage
and/or partially spawned stage of both females and
males were histologically observed in late June, and
gonads in these stages were continuously observed
during the spawning peak from late August to early
September. These results indicate that the spawning
of the Manila clam starts before late June and peaks
in late August in eastern Hokkaido. Shell length at
which 50% of individuals mature was estimated to
be 23.6 mm by visual observation of the molluscous
part, and to be 20.2 mm for females and 16.3 mm
for males by histological observation. Female
fecundity was estimated by counting the number
of eggs under the microscope, and it was positively
correlated to the shell length. The fecundity was
also positively correlated to the condition factor. The
maximum fecundity estimated in this study was
10" eggs for a female with the shell length of 50.9



Abstracts of Poster 85

mm. The current findings will be used to implement

resource management proposal in eastern Hokkaido.

12: Food environment for bivalves around Zostera
marina beds

Hideki Kokubu™', Hirokazu Hanyu™' and Naotsugu
Hata™!

*I'Mie Prefecture Fisheries Research Institute,
Suzuka, Mie, Japan.
E-mail: kokubh00@pref.mie.jp

Zostera marina is a common seagrass that can
be observed in Ise Bay, Japan. Zostera beds have
important functions as spawning and nursery
grounds for valuable marine resources. However,
the area of Zostera beds in bay area drastically
decreased from about 10,000 ha in 1955 to 100 ha
in 2000 (one hundredth of 1945) by reclamation
for industrial ground and devastation by fisheries
trolling device. At the same time the catch of
fisheries in Ise Bay has been decreased by about half
for 50 years. For this reason, restorations of Zostera
beds have recently been conducted in coastal
environment in Ise Bay. However, few studies have
focused on the function of fish-gathering around
Zostera beds. In this study, we studied the food
environment for bivalves around Zostera beds at
Gotenba and Matsunase beach in Ise Bay. Particulate
matter suspended in the water of Zostera beds
was collected in a sediment trap, and the amount
of bivalves was measured in both beaches every
season in 2013. Around the margin of the Zostera
beds, high amount of bivalves were found, and they
decreased with the increasing distance from Zostera
beds. The chlorophyll-¢ level in the particulate
matter was the highest at the center of Zostera beds
and also decreased with the increasing distance from
Zostera beds. The results suggest that the deposition
of particulate matter was increased by buffering of
waves and currents by Zostera beds. Thus, the food
environment for bivalves was improved toward the
Zostera beds, resulting in increased amount and

condition factor of bivalves around the Zostera beds.

13: Manila clam, Ruditapes philippinarum,
culture using Pyropia spheroplast in closed

recirculation system

Novi Arisman™!, Mohammad Nakib Dad Khan™',
A.M. Shahabuddin™', Takao Yoshimatsu™ and
Toshiyoshi Araki™'
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Tsu, Mie, Japan
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The Manila clam, Ruditapes philippinarum, were
reared in an indoor closed recirculation system,
using Pyropia spheroplast feed products, freeze dried
spheroplast (FDS), spray dried spheroplast (SDS),
and enzyme treated nori (ETN). The study aimed
to investigate the compatibility of the recirculation
system in order to sustain the Manila clam culture
using Pyropia spheroplast. Water quality parameters
and biological performances were evaluated within
thirty days. Experimental results showed that there
were no statistical differences among all treatments
in water quality parameters of ammonia, nitrite,
nitrate and phosphorus concentrations. Water
quality on each dietary treatment was under the
ambient water quality criteria for the Manila clam.
On the biological performance, there were no
significant different on survival, feed consumption
and growth among the Manila clam feed FDS, SDS
and ETN. This result shows that the recirculation
system is adequate in sustaining the Manila clam

culture in indoor tank.

14: Comparison of types of cages and substrates
in suspended culture of the Manila clam,
Ruditapes philippinarum

Naotsugu Hata™!, Natsuki Hasegawa™?, Tomomi

Mizuno™', Yoshimi Fujioka*?, Yuka Ishihi*? Satoshi
Watanabe ™ Daisuke Asao™, Megumu Yamaguchi*,
Yoshitaka Imai**, Kazuhide Morita®® and Junya

Higano™
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Mie, Japan; **Uramura Asari Study Group, Uramura
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Toba, Mie, Japan; *! Carshell Co., Ltd., Toba, Mie
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A series of experiments was conducted to
determine optimal rearing conditions for suspended
culture of the Manila clam, Ruditapes philippinarum,
in Ounoura Bay, Mie prefecture, Japan. Comparisons
of four types of cages (plastic container, cylindrical
net cage, small mesh cage, curing cage used for
pearl oyster) and two types of substrates (gravel
and pumice) showed that the combination of plastic
container with gravel and the combination of
cylindrical net cage with pumice had the fastest
growth rate of the clam. In terms of handling,
however, cylindrical net cage with pumice was
considered superior due to its lighter weight. A
rearing experiment with different amount of the
clam and pumice in the cylindrical net cage (45 cm
diameter) showed that installing two mesh bags each
containing 0.5 kg of the clam and 5 L of pumice had
the best growth rate. The growth of the clam was
faster in inner part of the bay than in the bay mouth
at the depth of 4 m among the three culturing
depths (I m, 2 m and 4 m), and chlorophyll a level
seemed to be one of the factors affecting the growth
rate. The condition factor (CF, soft tissue weight /
shell volume) of the clam cultured in cylindrical net
cages ranged from 18.0 to 22.9 from December to
March, which increased from 16.5 at the initiation of
the experiment in October.

15: Effects of feeding regimes on oocyte quality of
Manila clam Ruditapes philippinarum

Masahiko Awaji™!, Toshie Matsumoto™®' and Junya

Higano™!

*I National Research Institute of Aquaculture,
Fisheries Research Agency, Minamiise, Mie, Japan

E-mail: awajim@affrc.go.jp

In the seed production of Manila clam, Ruditapes
philippinarum, low survival and retarded growth
of the larvae sometimes occur. One of the possible
causes for these troubles is the inferior quality of
mature oocytes (eggs) spawned to be fertilized.
Insufficient feeding of the female brood stocks is
expected to deteriorate the oocyte quality, but
experimental studies to clarify the effects of feeding
on the oocyte quality are scarce. In this study, we
examined effects of three different feeding regimes
on the quality of mature oocytes in Manila clam.
Two hundred Manila clams (mean shell length 30
+ 1.7 mm) in the spawning season (October) were
divided into three groups (group H, M and L) and
reared in tanks at 22°C for 37 days. They were
continuously fed with Chaetoceros neogracile at 6.0
x 10" cells/ml for the first 7 days. On day 8, the
feed concentration was changed into three different
levels (H, 80;: M, 16; L, 0.3 x 10" cells/ml) and the
rearing was continued for the rest of the experiment
period. On days 28 and 37, a part of the clams from
three groups were induced to spawn by an exposure
to increasing water temperature. Females and
males that started gamete release were immediately
transferred to a small container individually. The
eggs collected from each female were inseminated
with the pooled sperm obtained from three males,
and the total number of eggs from each female was
counted. Then a part of the fertilized eggs from
each female was transferred to 3 wells of a 24-well
microplate at 60-100 eggs/well and to 24 wells of a
48-well microplate at 3-4 eggs/well, and kept at 25°C.
At 4-6 hours after the insemination, eggs in the 24-
well plate were fixed with 5% formalin/seawater
to obtain the fertilization rate. At 22-23 hours after
the insemination, larvae in the 48-well plate were
fixed in the same way, and the number of veliger
larvae was counted to obtain the metamorphosis
rate. In addition, hinge length of the fixed larvae
was measured. Average feed concentration in the
waste water (H, 1.7; M, 05; L, 0.17 x 10" cells/ml)
confirmed difference in feed availability among the
experimental groups. The difference in the feeding
regimes, however, did not show significant effects
on the number of the spawned eggs, the fertilization
rate, the metamorphosis rate, or the hinge length of

the veliger larvae. These results indicate that limited
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feeding (i.e. group L in this study) for about one
month during spawning season does not deteriorate
the oocyte quality in Manila clam. Large variation
of the observed parameters within each group
suggests presence of other factors that affect the
oocyte quality.

16: Low-salinity endurances of the penshell Atrina
sp. and clam Trapezium liratum

Takeo Kurihara™!, Shoji Nakano™, Yukihiko
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Fisheries Research Agency, Tairamachi, Nagasaki,
Japan; *? National Research Institute of Fisheries
and Environment of Inland Sea, Fisheries Research
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Species-specific and temperature-dependent
endurances against low salinity were revealed for
the bivalves Atrina sp. and Trapezium liratum in
a 4-day consecutive laboratory experiment with an
orthogonal design: 12 levels of salinity ranging from
0 to 100 psu X 2 bivalve species X 2 temperatures,
12 and 24°C. [Result 1] Atrina sp. was highly
vulnerable to low salinities compared to 7. liratum
(mean survival rate in salinities < 20 psu: 11% and
94%, respectively). This conforms to the interspecific
difference such that, of the two species, Atrina sp.
inhabits deeper water where abrupt decrease in
salinity is relatively rare. [Result 2] Both species
showed decreased survival rate and/or survival
time at a higher temperature. This accords with the
results of additional experiments that both species
increased clearance rate at higher temperatures
owing presumably to increased respiration and were
likely to expose their fragile soft tissue to more low-

salinity water.

17: Effect of netting on survival of Manila clam
Ruditapes philippinarum in an artificial

tideland in Okayama, Japan
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In Yorishima artificial tideland located in
Seto Inland Sea, small Manila clams (Ruditapes
philippinarum) tend to be found in spring but
disappear by autumn. Therefore, these clams might
suffer high mortality during summer. In this study,
the effect of netting of their habitat on survival of
Manila clam was examined in Yorishima artificial
tideland. Prior to netting treatments, spatial
distribution of Manila clam in Yorishima artificial
tideland was surveyed with line transect sampling. A
core sampler (10 cm in diameter and 8 ¢cm in depth)
was used to measure the density of clams. A total
of 160 plots were surveyed and clam density ranged
from 0 to 4318 clams/m® Five plots with high clam
densities (2159 to 4318 clams /m? were assigned as
netting treatment plots and covered with nets (2.5
X 25 m, 4 mm mesh openings) in May 2014. Net
edges were buried 20 cm deep. A no-net control plot
was placed adjacently to each netting treatment
plot. In October 2014, the clam densities in three
netting treatment plots were higher than those in
no-net control plots. These results suggested that
the netting treatment was effective to protect the
clams from waves and/or predators in Yorishima

artificial tideland.
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This study was supported by the Ministry of

Agriculture, Forestry and Fisheries of Japan.

18: Effects of water temperature on the
expression of heat shock protein (HSP) 22,
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Biomarkers are powerful tools to understand
optimal environmental conditions for the rearing
of target animals. The heat shock protein (HSP)
family is one of the biomarkers, which responds
to various stress factors. We examined HSP 22-
1, 22-2, 40, and 70 expressions in the Manila
clam (Ruditapes philippinarum) larvae in different
thermal conditions. In experiment (Exp.) 1 (short-
term stimulation), the fertilized eggs were collected
by thermal spawning induction and were hatched
at 23°C. D-shaped larvae [1 day after fertilization
(DAF)] were transferred into 3 tanks at 20-22, 25, or
30° C, and were sampled after 24 h. In Exp. 2 (long-
term stimulation), D-shaped larvae were reared in
the same thermal conditions as described for Exp.
1, and sampled at the ambo (5-7 DAF) and full-
grown stages (9-12 DAF). All samples were soaked
in RNA preservative solution and stored at -80°C.
Expressions of HSPs were quantified by real-time
PCR. In Exp. 1, HSP 22-1 and 22-2 expressions
significantly increased at 25 and 30°C. HSP 40

expression significantly decreased at 30°C, and HSP
70 expression showed no significant changes. In
Exp. 2, HSP 22-1 expression in full-grown larvae
at 25 and 30°C, and HSP 22-2 expression in the
ambo and full-grown larvae at 25 and 30°C increased
significantly. HSP 40 expression in ambo and full-
grown larvae in all temperature regimes decreased
significantly, and HSP 70 expression in ambo larvae
in all temperature regimes increased significantly.
These results suggest that HSP 22-1 and 22-2 are
suitable biomarkers of thermal stress in Manila clam

larvae.

19: Spatiotemporal population structure of the
asari clam Ruditapes philippinarum juvenile
in Ise Bay inferred by microsatellite marker

analysis
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The production of asari clam Ruditapes
philippinarum fishery has decreased severely
in Ise Bay. To distinguish the spatiotemporal
population structure of the clam for the better
resource management, we sampled juvenile clams
(shell length < 10 mm) in May and November
2013 and May 2014 at 6 to 7 sites in Ise Bay. For
microsatellite analysis, total DNA was extracted
from 23 to 32 individuals from each sampling
location at each sampling period. The microsatellite
analysis was performed on six loci (Asari 16, Asari
43, Asari 62, Asari 64, KTp8 and KTp31-1) to reveal
the genetical population structure of the clam in

Ise Bay. Calculations of molecular variance and
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pairwise Fg, test were done using the software
ARLEQUIN. No significant population subdivision
was detected between the May 2013 and May 2014
specimens in all of 49 pairs by pairwise Fy; test.
However, significant pairwise Fy; differences were
observed in 25 of 42 (0.015 - 0.048, p < 0.01) pairs
between May 2013 and November 2013 and 26 of
42 (0.015 - 0.055, p < 0.01) pairs between November
2013 and May 2014. Assignment analyses using the
software STRUCTURE identified K = 1 as the most
probable number of population. Genetic relationship
among the samples collected from different locations
at each sampling period was also estimated with
the software PHYLIP using the neighbor-joining
method. The samples were divided into 2 clusters
comprising 4 groups from November 2013 specimens
and the other 17 groups while the Bootstrap value
was 56. These results suggested the main sources
of the juvenile clams may differ between May and

November in Ise Bay.

This study was supported in part by the Ministry
of Agriculture, Forestry, and Fisheries of Japan.

20: Present situation of the asari clam Ruditapes
philippinarum resources in Mikawa Bay,
Japan
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The annual catch of the asari clam in Aichi
prefecture amounted approximately to 16,000 tons,
occupying about 70% of the national catch of Japan
in 2013. The national catch of Japan has decreased
by 80% in 30 years, whereas the catch in Aichi has
been maintained above 10,000 tons annually for
the last 30 years. We suggest the following factors

contribute to the stable asari clam resources in Aichi.

(1) Wider tidal flat and shallow areas for the asari
clam habitats. Fishing grounds of the asari clam
are reported in depths shallower than 10 m close to
the flats. (2) Availability of seeds on the tidal flats
around river mouths. (3) Transplantation of juvenile
clams for stocking from the seed areas into various
areas within the bay. (4) Planktonic larvae with high
density from spring to early winter. (5) Fishery
managements by the local fishery associations,
including the transplantation, restriction on the shell
size and amount of commercial catches, setting of
no-fishing periods and areas, removal of predatory
and competitive organisms, tilling of the fishing
grounds, and also prohibition of stocking juveniles
from the above areas. In particular, factors (1) to (4)
are important for the formation, maintenance, and
enhancement of the asari clam resources to maintain
population network of the asari clam within the bay
thorough the life cycle. The asari clam spends most
of its lifecycle on tidal flats and the neighboring
shallow areas, so we need to keep environmental
conditions suitable for the asari clam. Currently,
the supply of juvenile clams for the transplantation
is dependent upon limited seed areas. We assume
that juvenile clam aggregations in the seed areas
are generated largely by the characteristic bottom

water flow patterns at river mouth areas.

21: Seasonal dynamics of the parasitic larvae
and free-living adults of the sea spider
Nymphonella tapetis infecting the asari
Ruditapes philippinarum in the eastern coast
of Chita Peninsula.
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We investigated infection of the Manila clam
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Ruditapes philippinarum with larvae of the sea
spider Nymphonella tapetis and distribution density
of free-living adults of V. tapetis on the eastern coast
of the Chita Peninsula, Japan. The prevalence of
infection and mean abundance of parasitic larvae per
host decreased in May or June when many adults
were released from the host and peaked in June
or July when many young larvae had parasitized
R. philippinarum. Subsequently, the prevalence of
infection and mean abundance of parasitic larvae
per host decreased sharply between August and
October. After October, only a few larvae of N.
tapetis invaded R. philippinarum. Invasion after
October was considered to contribute to the main
reproductive cycle that occurred from May onward.
The prevalence of infection and mean abundance
of parasitic larvae per host fluctuated each year.
High survival rate of larvae in summer 2009, which
was caused by lower water temperature than in
other years, was considered to be the factor of the
increase in N. tapetis larval numbers from October
2009 to March 2010.

22: Shellfish production and new approaches in
Turkey

Serpil Serdar ™"

*I Faculty of Fisheries, Ege University, Bornova-
Izmir, Turkey

E-mail: serpil.serdar@ege.edu.tr

Turkey is a large, roughly rectangular peninsular
country bridging Europe and Asia. This peninsula is
surrounded by the Mediterranean Sea (south part),
the Black Sea (north part) and the Aegean Sea (west
part). The Sea of Marmara, the Bosphorus and the
Dardanelles which are the Turkish Straits demarcate
the boundary between Thrace and Anatolia. Turkey
has 8333 km of coastline with different ecological
properties, so it is one of the best countries having
suitable conditions for aquaculture and fisheries.
Fishery production consists of marine fisheries (56%),
marine and freshwater aquaculture (26%), inland
fisheries (11%) and other marine species fisheries

(7%) such as crustaceans and molluscs. Aquaculture

Serpil Serdar*', Hazal Pulat®' and Gulcin Gungor™

is a relatively new industry in Turkey. While the
total fisheries production has remained stable over
the last decade, aquaculture production has been
increasing rapidly. Rainbow trout (Oncorhynchus
mykiss), seabass (Dicentrarchus labrax), gilthead
seabream, (Sparus aurata) and carp (Cyprinus carpio)
are the main aquacultured fish species. Shellfish
production is mainly from capture fisheries except
mussel production in a few amounts within a short
period. An economical species are Venus gallina,
Ruditapes decussatus, Mytilus galloprovincialis,
Ostrea edulis, Venus verrucosa, Donax trunculus, and
Chlamys glabra. Moreover Ruditapes philippinarum
was recorded from Turkish waters in 2003. This
species is collected irregularly from Cardak Lagoon-
Canakkale, and the catch statistics is combined
with that of Ruditapes decussatus. Republic of
Turkey Ministry of Agriculture and Rural Affairs
arranges some legislations and guidelines for safety
and sustainable bivalve production in Turkey.
Also regulation and control cover from harvest to
process (process techniques), as well as transport
and marketing. Totally, 32 regions are monitored
regularly for bivalve production, and 8 regions
have been investigating in order to start bivalve
production in Turkish coastline. There are 12
commercial companies with a depuration plant that
export shellfish. Recently, several enterprises have
started to culture mussel and also some official
permission has been completed for the production
especially along the coast of the Marmara Sea. Clam
and oyster cultures are expected to be accelerated
in Turkey.

23: Variations of glycogen, protein and lipid
contents depend on size of Ruditapes
decussatus in Bostanli Seashore Izmir Bay,
Aegean Sea, Turkey
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Biochemical composition of bivalves is important
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factor for understanding physiological activities
such as feeding, growth and reproduction.
Energy is stored prior to gametogenesis in the
form of glycogen, lipid and protein. Furthermore,
environmental factors particularly food availability
play a dominant role in the level of biochemical
components. The aim of this study was to compare
biochemical contents of the Carpet shell clam,
Ruditapes decussatus, among different sizes. Carpet
shell clam samples were collected monthly between
May 2013 and April 2014 from Bostanli seashore,
Izmir Bay in Turkey. The samples were divided
into three size groups; Group I from 20.0 to 25.0
mm, Group II from 30.0 mm to 33.0 mm and Group
III from 45.0 mm to 51.0 mm. At the same time,
temperature, salinity, chlorophyll a, total particulate
matter were measured each month. Temperature
ranged between 11.0°C (in December) and 26.0°C
(in June and August) during the study. Salinity
was measured between 35.68 %o and 37.44 %, in the
study area. Total particulate matter and chlorophyll
a concentration changed from 1.7 mg/l to 8.4 mg/
I and from 0.21 pg/l to 19.68 ng/l, respectively.
The maximum glycogen value was determined in
all groups in September: 18.36% (Group I), 18.86%
(Group II) and 20.81% (Group III). Protein and lipid
contents in Group I had the highest value in May
71.66% and 8.21%. The maximum lipid level in Group
1T and Group III was found to be 6.74% and 5.98% in
April. The highest protein content in Group II and
Group III was 61.67% in April and 63.01% in March,
respectively. The results of this study showed that
the size and glycogen ratio increased synchronously,
whereas protein and lipid contents decreased to
relatively larger extents within sampling period. It
is thought that this situation is closely related to not
only water temperature and food availability but
also reproduction and spawning period.

24: Use of Pyropia spheroplasts as a live
food substitute for culturing Manila clam,
Ruditapes philippinarum

AM. Shahabuddin®', Mohammad Nakib Dad Khan*',
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An experiment was conducted to assess the
Pyropia spheroplasts as a live food substitute
for culturing Manila clam in indoor flow through
system. Pyropia yezoensis (red algae) is one of the
most important aquaculture species that contains a
higher percentage of protein, as well as minerals and
vitamins. Spheroplast is a cell from which cell wall is
removed by enzymatic treatments. Three different
kinds of cell wall degrading enzymes (ie., agarose, [
-1-3 mannan agar and f -1-3 xylanase) were used
to breakdown the cell wall. Four diets (PS inclusion
levels of 1%, 2% and 3% body weight basis, and live
diatom Chaetoceros calcitrans) were fed to the three
replicate groups of clams for 9 weeks. Significantly
higher survival was obtained in the PS diets than
the diatom group (P < 0.05). Manila clam cultured
with PS level 2% diet showed higher carcass weight
(soft tissue) compared to the other PS diets and was
not different than diatom (P > 0.05). Results of the
experiment indicated that PS is a good candidate for

a substitute to live diatom for culturing Manila clam.

25: Main ecological processes for the determination
of Ruditapes philippinarum population size
on an extensive intertidal sandflat in Ariake

Sound, Kyushu, Japan
Seiji Takeuchi*' and Akio Tamaki*?

*I JTapan Agency for Marine-Earth Science and
Technology, Kanagawa, Japan; * Graduate School
of Fisheries and Environmental Sciences, Nagasaki
University, Nagasaki, Japan

E-mail: stakeuchi@jamstec.go.jp

For the sustainable use of fishery resources under
a proper ecosystem management program, it is
necessary to understand the role of main ecological
processes in community organization in which the
target species population is involved. These include

predation, competition, adaptation and limitation
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by habitat carrying capacity. In the present study,
by combining field monitoring with field and
laboratory experiments, we attempted to extract
several ecological processes that can primarily
determine the population size of the Manila clam,
Ruditapes philippinarum, on an extensive intertidal
sandflat in Ariake Sound, western Kyushu. In 2004,
the macrobenthic community on the sandflat was
mainly composed of five phytoplankton-feeders,
two powerful bioturbating shrimps, Nihonotrypaea
japonica and Upogebia major, and three veneroid
clams, Ruditapes philippinarum, Mactra veneriformis
and Meretrix lusoria. The results of the field
survey suggested that the five species competed
for space, with superiorities exerted by shrimps to
clams through the former’s intense bioturbating
activities and by one or two species of clams to
the other in specific tide zones, and for food to
the limit of the carrying capacity provided by the
sound. The two shrimp species populations, which
predominated over the high- and mid-tide zone,
considerably declined almost to the extirpation
during 2004 to 2008. This event was followed by
the higher recruitment and biomass increment of
the three clam species populations than before,
most probably owing to competitive release from
the shrimp. Thereafter, only Me. lusoria and Ma.
veneriformis were successful in establishing their
adult populations in the newly vacated habitat (i.e.,
with no shrimps). The sediments there were more
unstable than that of the low-tide zone where R.
philippinarum population persisted. We hypothesized
that some high burrowing ability of juvenile clams
is required for their persistence in the unstable
sediment, especially in the wintertime. The results of
the field and laboratory experiments suggested that
burrowing ability can be one key trait for success/
failure in the population establishment of clam
species in the newly vacated habitat. These findings
could be used as a basis for the ecosystem-based
management of Manila clam populations in well-

mixed shallow estuaries.

26: Age determination of asari Rudilapes
philippinarum using growth rings on shell
surface and section in Mutsu Bay, northern
Japan
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Asari has scarcely been caught for commercial aim
in Mutsu Bay, northern Japan. Hence, productivity
of asari in the bay is largely unknown. In the recent
summers, Mutsu Bay has sometimes encountered
higher water temperatures than observed in the
past. To enhance fisheries production in such
environmental condition, the species tolerant for
the warm water should be efficiently used. As the
first step for stock assessment of asari in Mutsu
Bay, we explored the age characteristics on its shell
surface and section. The specimens were collected
between April 2014 and March 2015 from two
locales in Mutsu Bay: Ashizaki Bay and Noheji.
First, we observed the shell outer surface and found
dark-olive colored bands accompanied by notches.
Second, the shell was embedded in epoxy resin, and
then sectioned into ca. 300 um thick along its axis
of maximum growth. When the thin section was
observed under a light microscope, translucent lines
started from umbo and passed through middle layer
of shell. Each line finally reached a notch on shell
outer surface. Thus, the dark-olive colored bands
with notches on shell surface were assumed to be
“outer growth rings”. However, seasonal changes
in the structures of the ventral margins of shell
sections suggested that the translucent line was
mainly formed in August (summer) and also in
December (winter). Some translucent lines on shell
sections branched off in middle layer of shell and
reached nearby the shell outer surface. We used
only the ventral one of those as “inner growth rings”
to avoid overestimating age. The mean shell lengths
(SLs) at the first, second and third growth rings
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were estimated to be 10, 22, 30 mm based on the
outer growth ring and to be 14, 27, 32 mm based on
the inner one, respectively. The observed maximum
ages were 7 years old based on the outer growth
ring and 5 years old based on the inner one. The
results suggest asari reach SL 30 mm (commercial
size) in around 3 years in Mutsu Bay, although
further evidence should be collected to establish the
criterion of outer and inner “growth rings” as age

characteristics.

27: Abundance of planktonic larvae of the asari
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Densities of planktonic larvae of the asari clam
were monitored by fluorescent antibody method
in Mikawa Bay, which has the largest asari clam
resource in Japan, from 1999 to 2008. Monitoring
stations were set in 4 areas near Isshiki tidal flat,
Fukue Bay, Toyogawa river mouth and Yahagi river
mouth; the exact location of the stations differed
from year to year. Former 2 sites are the main
fishing grounds in Mikawa Bay and latter 2 sites
are known as high level juvenile occurring areas.
The larvae occurred between spring and autumn
every year with varying densities from 10% to 10"
individuals per m®, The occurrence peaks were
found in different time from year to year and area
to area. The years and areas with apparently two
occurrence peaks in spring and autumn were not
common. The D-shaped stage larvae occurred at
density of 10° individuals per m® on the average,
whereas full grown stage larvae at 10% and thus

the survival rate during planktonic stage was

estimated to be about 10%. Significant correlation
in D-shaped larvae densities was not found among
stations except for between Isshiki tidal flat and the
neighboring Yahagi river mouth. This fact indicates
that the spawning periods of the clam are different
among different habitats in Mikawa Bay. It was
considered that the high level of juvenile occurrence
in Toyogawa river mouth is attributable to the high
survival rate after settling rather than high larval
supply because abundance of the full grown stage
larvae in this area were not particularly higher than

in other areas.

28: Population status of Manila clam, Ruditapes
philippinarum, and physical environmental
conditions in the Natori River estuary in

northeastern Japan after the Great Tsunami
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The Great East Japan Earthquake and tsunami
in March, 2011, resulted in ground subsidence,
deposition of rubble and mud. Severe morphological
changes occurred in the Natori River estuary
in northeastern Japan, damaging bivalve fishing
grounds. To clarify the population status of the
manila clam, Ruditapes philippinarum, and physical
environmental conditions, surveys have been
proceeding regularly since the tsunami. Population
density was estimated based on a quadrat method.
Water temperature and salinity were measured in
the field whenever sampling was conducted. To
obtain accurate diurnal changes in salinity, data-
loggers have been installed since 2011. Bottom
sediments are also collected and analyzed at regular
intervals. Two years after the tsunami, the manila
clam population in the Natori River recovered
temporarily: many juveniles were collected during
the period from autumn, 2012, to the spring of 2013.

However, a marked reduction in the population
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was recorded after heavy rainfall in the summer of
2013. Manila clam recruitment has not yet occurred
successfully since the tsunami. It is suggested
that low salinity has induced the damage to the
manila clam population. The data logger recorded
salinity as low as 0 psu during flood tides. Heavy
rain and dam discharge to relieve high reservoir
levels have induced longer periods of fresh water
detention in this part of the river. Topographical
changes, especially the formation of sand spit
intrusions into the river, have reduced the width
of the river mouth. The destruction of a training
wall at the river mouth appears to be the cause of
sedimentation. In contrast, the abundance of another
clam species, Nuttallia olivacea, has returned to
approximately the same level as before the tsunami.
This bivalve is a euryhaline species, which inhabited
the same region in the Natori River estuary as R.

philippinarum before the tsunami.
29: Dynamics of the sea spider parasitism on asari
in Matsukawaura Lagoon, Fukushima, Japan

Takeshi Tomiyama™', Takashi Iwasaki™? Kunihiro
*4

%2 . .
Wakui*? Katsumasa Yamada™®, Masanori Tamaoki
and Katsumi Miyazaki™®

*! Graduate School of Biosphere Science, Hiroshima
University, Higashi-Hiroshima, Japan; ** Fukushima
Prefectural Fisheries Office, Iwaki, Japan; ** Seikai
National Fisheries Research Institute, Fisheries
Research Agency, Taira, Nagasaki, Japan: ** Center
for Environmental Biology and Ecosystem Studies,
National Institute for Environmental Studies,
Tsukuba, Ibaraki, Japan; ™ Seto Marine Biological
Laboratory, Field Science Education and Research
Center, Kyoto University, Shirahama, Wakayama,
Japan

E-mail: tomiyama®@hiroshima-u.ac.jp

The parasitic sea spider Nymphonella tapetis is
recognized as one of the harmful organisms for
Manila clam (asari) Ruditapes philippinarum in Japan.
In 2007, sudden outbreak of N. tapatis occurred
and probably caused mass mortality of Manila clam

in Tokyo Bay. Then, only three locations in Japan

(Tokyo, Aichi, and Fukushima) have been found
as the habitat of N. tapatis during 2007 - 2011.
In Matsukawaura Lagoon, Fukushima, N. tapatis
was first found in 2009 from wild Manila clam, and
thereafter rapidly spread into almost entire lagoon.
On 11 March 2011, a huge tsunami caused by the
Tohoku-Pacific Earthquake hit the lagoon and
greatly altered its environment and landscape. After
that incident, the prevalence of N. fapatis greatly
reduced from 2011 - 2012, and finally N. tapatis
disappeared from the lagoon in 2013 whereas the
Manila clam density has greatly increased. This
result implies that N. tapatis population may collapse
when environmental condition greatly changes

despite host clams densely inhabit.

30: Life history and distribution of a sea spider,
Nymphonella tapetis, parasitic on the Manila
clam, Ruditapes philippinarum, in Tokyo Bay,
Japan
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Nymphonella tapetis is a sea spider that is
endoparasitic on bivalves including the commercially
important Manila clam Ruditapes philippinarum.
In 2007, it showed a sudden outbreak in a narrow
area of Tokyo Bay and brought serious fishery
damage. Because the occurrence of this parasitic
sea spider from the shallow coastal areas of Japan
had scarcely been reported, knowledge on its
fundamental ecological characteristics was limited.
Under such circumstances, we first established the
monitoring methods for quantitative capture, length
measurement and identification of developmental
stages. In order to reveal the life history and
distribution pattern, monthly monitoring using
these methods was conducted on the Manila clams
and parasitic sea spiders in Banzu and Futtsu tidal
flat of Tokyo Bay from 2010 to 2011. The seasonal
occurrence pattern of the parasitic sea spider
showed a clear tendency, i.e., higher in summer
and lower in other seasons. Based on the monthly
changes in the composition of growth stages of
the parasite, its primary reproductive season was
considered to be in early summer. On the other
hand, low recruitment of larvae in hosts was
observed almost throughout the year, except for
May. We suggest that this year-round continuous
recruitment may contribute to a massive increase
of the parasite densities in Tokyo Bay and the other
regions (e.g., Mikawa Bay).

31: Distribution, morphology and mode of life in
the sea spider Nymphonella spp. (Arthropoda,
Pycnogonida): potential harmful endoparasitism
on asari outside Japan

Katsumi Miyazaki®™', Takeshi Tomiyama™?
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3 . .
Katsumasa Yamada™® and Masanori Tamaoki
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Education and Research Center, Kyoto University,
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Environmental Studies, Japan
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Sea spiders or pycnogonids are a distinct
monophyletic group of exclusively marine
arthropods, consisting of about 1,300 described
species (ca. 160 species are recorded from Japan’s
waters). The taxonomic position of sea spiders
has been controversial for a long period, but most
recent phylogenetic analyses support their class
status in the subphylum Chelicerata. Although the
information on their mode of life is still insufficient,
some species show a close association with soft-
bodied invertebrates such as sponges, cnidarians,
annelids and molluscs including apparent cases of
parasitism. Nymphonella is a curious form of sea
spider genus composed of the following three (or
two) species: N. tapetis Ohshima, 1927 recorded from
Japan, N. lambertensis Stock, 1959 from southern
Africa, and N. lecalvezi Guille and Soyer, 1967 (often
synonymized to N. tapetis) from the Mediterranean
and Namibia. The adult morphology is very similar
among these species, but the parasitism is known
only in Japanese N. tapetis, which caused serious
fishery damage on asari in recent years. In this
species, larvae show endoparasitism on bivalves
whereas adults live freely on or just under the
surface of sandy bottoms. Although the mode of life
in other species is not yet fully studied, the sharing
of some distinct apomorphies such as the markedly
modified second head appendages (palps) and first
walking legs raises a possibility of endoparasitism
on bivalves, and thus a potential harmful nature of
Nymphonella species outside Japan. Accordingly,
we would like to point out the possibility of
prospective fishery damage on asari and other
commercial bivalves by means of the endoparasitic
Nymphonella larvae especially in the eastern Asian
and the Mediterranean coastal countries where the

aquaculture of bivalves is highly active.

32: Larval and juvenile dynamics of the Manila
clam Ruditapes philippinarum in northeastern

Japan

Hirokazu Abe*', Masami Hamaguchi™® Naoto
Kajihara®? Yuichi Taniai*®, Akio Oshino™®, Takashi
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Fisheries Research Agency, Shiogama, Miyagi,
Japan; *? National Research Institute of Fisheries
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Investigations of the larval Manila clam Ruditapes
philippinarum were conducted weekly or fortnightly
in Matsushima Bay from 2012 to 2014 and
Mangoku-ura Inlet from 2013 to 2014. Monthly field
investigations of the juveniles were conducted at 13
stations in Matsukawa-ura Lagoon from June 2011
to December 2014. Results of larval investigations
showed considerable short-term variability of larval
densities from June to October. The peak of larval
density was observed usually from mid-July to early-
August and the second peak occasionally occurred
in September. The highest larval density observed
in the present study was comparable to that of
other major clam habitats in Japan. Therefore,
reproductive potential of the clam populations
in Matsushima Bay and Mangoku-ura Inlet was
considered to be high. Recruitment of juvenile clam
(>1 mm SL) was observed in Matsukawa-ura Inlet
in December 2011 and from August to February
in 2012 and 2013. Early juveniles grew slowly with
decreasing their density in winter season and their
growth rate rose sharply from spring. Mortality
of juvenile clam was observed in summer in 2012
and 2013. Although mortality was not observed in
2014, the growth of juveniles was very slow from
August to December. The juveniles which settled in
previous year reached almost 20 mm in December
2014. Larval supply and the recruitment of the clam
seemed to be basically favorable in the clam habitats
in northeastern Japan. However, substantial annual
variability in juvenile survival in summer would be
critical for the dynamics of the clam populations in

northeastern Japan.

33: Condition index and reproduction of the Manila
clam Ruditapes philippinarum in suspended

and bottom culture

Toshie Matsumoto™', Yuka Ishihi*!, Masahiko Awaji
*1 . *1
and Junya Higano

*I National Research Institute of Aquaculture,
Fisheries Research Agency, Minamiise, Mie, Japan
E-mail: mtosie@affrc.go.jp

Bivalve suspended culture offers a number of
advantages over bottom culture. In this study, we
compared the condition index and gametogenesis of
the Manila clam Ruditapes philippinarum between
suspend and bottom culture. We suspended the
clam in a plastic container with gravel at a depth of
2 m from a raft in Gokasho Bay, Mie and cultured
the clam in a mesh bag containing gravel placed in
a tidal flat adjacent to the raft. Samples from each
culture were collected monthly from September
2012 to May 2013. The soft tissues were removed
from their shells and fixed for histology in Davidson
fluid. The tissue samples were embedded in
paraffin wax and 5 um sections were stained with
hematoxylin and eosin. The prepared microscope
slides were examined to determine sex and stage
of reproductive development. Clam reproductive
maturity was categorized into six stages:
undifferentiated, early developing, late developing,
ripe, spawning, and spent. At the start of the study,
in September 2012 when clams reached shell length
of 159 mm (mean, n = 15), most individuals were
in a gonadal resting period. There was an increase
of the condition index from February to May 2013
in suspended culture, while the index of clams on
bottom culture reached the highest value in March
and decreased in April and May 2013. Spawning
on bottom culture appears to have occurred by
May 2013 as suggested by the presence of spent
individuals in the May sample. However, spawning
in suspended culture appeared to continue from
March to May 2013. By May 2013, the majority of
samples was in the ripe and spawning stages. It
appears from these observations that the spawning

period was extended in suspended culture.



Abstracts of Poster 97

34: Report of a novel flagellated parasite in the
Manila clam Ruditapes philippinarum on the
west coast of Korea

Kyung-Il Park™'

*'Department of Aquatic Life Medicine, Kunsan
National University, Korea
E-mail: pk1469@hanmail.net

The Manila clam Ruditapes philippinarum is
endemic to the Yellow Sea of Korea and China
and commercially important in this region. Mass
mortality of the Manila clam has occurred since mid
1990s, and the protozoan parasite Perkinsus olseni
has been regarded as one of the causative agents for
the mortality due to its rapid infection and severe
pathogenicity. In the present study, I report an
unidentified protozoan parasite (MPX) in the Manila
clam collected from west coast of Korea. Because
MPX was morphologically similar to P. olseni and
co-parasitizing Manila clam with P. olseni, MPX
was isolated and diagnostic methods for P. olseni
were applied to distinguish MPX from P. olseni.
When trophozoite of MPX were incubated in Ray’s
fluid thioglycollate medium (RFTM) for 2 weeks
and staining with Lugol’s iodine, cell enlargement
and dark brown spheres were observed as like P.
olseni but lysed with 2M NaOH, suggesting that cell-
wall composition of MPX is different from P. olseni.
The zoospore of MPX observed by SEM averaged
238 um in body length with 6.03 ux m of anterior
flagellum and 4.37 um of posterior flagellum.
Mastigonemes were found on the anterior flagellum
with bilateral array. In PCR diagnosis, MPX was
found to spread in the Manila clams collected from
the south and west coasts of Korea but not found in
the clams from east coast. Clams injected with MPX
trophozoites showed 50% of mortality within a week,
suggesting that MPX has high pathogenecity in the

Manila clam.

35: Geographical distribution of mitochondrial
COII haplotypes in the brackish water clam,
Corbicula japonica (Yamato-shijimi), around

the Japanese archipelago
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Genetic structure of the brackish water clam,
Corbicula japonica, around the Japanese archipelago
and adjacent areas were investigated using partial
mitochondrial COII (990 bp) gene sequences. 142
haplotypes were detected among 283 individuals
collected from 52 sites (260 individuals) in Japan,
one site (eight individuals) in Sakhalin Island
and three sites (15 individuals) in South Korea.
Both of neighbor-joining and maximum likelihood
phylogenetic trees revealed the presence of
two major groups (Group I and II). Group I was
monophyletic, and comprising five monophyletic
lineages (Lineages A-E) of C. japonica, while Group
IT including Corbicula sp. was paraphyletic. Mean
pairwise genetic distance between Group I and II
was 1.9%, and they were conspicuously distinct in
shell coloration. Lineages A-C were recognized in
Japan and Sakhalin Island, while Lineages D, E and
Corbicula sp. were found in the Korean peninsula.
Lineage A was dominant in Japan. Nested clade
analysis (NCA) revealed three sublineages in Lineage
A, which were distributed in Pacific Ocean, northern
and southern regions of Japan Sea, respectively.
In sublineages, ancestral haplotype was commonly
observed throughout their entire distribution,
with 110 haplotypes unique to single localities in
Japan and Sakhalin Island. Mismatch distribution
of Lineage A showed the population expansion in
the near past. Lineage B was restricted to a single
locality on the western coast of Kyushu. Lineage C
was mainly observed at the areas between Sendai
and Tokyo Bays. Lineages D and E were distributed

in the eastern and southern coasts of the Korean
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peninsula, respectively. Geographical distribution
of these lineages appears to have been influenced
by major ocean currents around the Japanese
archipelago. The ubiquity of ancestral haplotypes
and the pattern of mismatch distribution indicate
that early stages of range formation of C. japonica
were characterized by rapid dispersal influenced by
ocean currents. In contrast, the presence of many
haplotypes specific to single locality suggests that
current gene flow among extant populations is

rather limited.

36: Effect of different artificial sea waters on
survival and growth of adult Manila clam,
Ruditapes philippinarum

Mohammad Nakib Dad Khan™', AM. Shahabuddin™',
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and Takao Yoshimatsu™'

*! Graduate School of Bioresources, Mie University,
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We investigated the influence of water-types (T:
Sea water, T, Distilled water with 3% NaCl, T;:
Deionized water with 3% NaCl, T, Deionized water
containing 3% natural sea salt and T, Tap water
mixed with 3% NaCl) on survival of adult Manila
clam, R. philippinarum in a twenty-day experiment.
The adult clams were reared in plastic mesh cages
at 6 individuals per cage with three replicates. One
diet (PS: Pyropia spheroplasts) was fed to the test
clams two times a day (10:00 and 15:00) at the rate of
0.25% body weight per day in a closed water system.
Survival and growth of shell size were taken into
consideration for evaluating dietary performance. A
significantly (P < 0.05) higher survival was obtained
in T, followed by T, T, T; and T, indicating the
superiority of natural sea water over other forms of
water in spite of having the same basic nutritional
value and exhibiting the deficiencies of certain salts
considered to be indispensable for clams’ life and

survival.

37: Method for detection of colored sand using
image analysis and its application to monitoring

sediment movement on a tidal flat
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Field investigation of sediment movement in
estuarine area is necessary to elucidate not only the
sediment dynamics and tidal-flat geomorphology
but relation between estuarine morphology and
ecological environment. In coastal areas, there are
sand transport studies and observations by use of
colored and/or fluorescent sand as a tracer. For
detecting the colored tracer from sediment samples,
human visual inspection has been conventionally
used, thereby a huge cost is required to the tracer
survey. Frequent and multipoint tracer surveys to
understand coastal and estuarine morphodynamics
need a low-cost method for detection having
satisfactory the accuracy. In this study, we
developed a method of colored sand detection using
computer-assisted digital image analysis technique
and human visual inspection. These digital images
of sediment samples were taken by flatbed scanner
from papers which were pasted the sand. The
colored sand detection was carried out by image
analysis. In the final stage of this procedure, check
of trimmed-image outputs as the results of image
analysis by human visual inspection was employed
to eliminate the erroneous detection and to increase
its accuracy. This method was time-saving in the
tracer detection from a large number of the samples,
therefore it was suitable for the multipoint tracer
survey. In addition, we applied this method to field
observation in a tidal flat of the Toyo River estuarine
(Rokujo-gata), Aichi, Japan. This observation was
carried out for 9 months, from September 14, 2012
to June 18, 2013 to grasp characteristics of sediment
movement in the tidal flat. The sediment samples
were collected at 18 points within a spatial coverage
extended 1 km alongshore and 800 m cross-shore

direction on the tidal flat and once a month during
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the observation period. The analysis results from the
156 samples using the method indicated that colored
sand tracers were detected from samples of the
primary observation in the range of up to distance
of about 500 m from the location of the tracer
injection. After 6 months passed, the tracer had been
distributed throughout the survey area. Therefore,
the sediment in the tidal flat was estimated to move
widely but to remain in the tidal flat.

38: Four-year investigations into asari clam and
molluscan community in tidal flats after the
2011 Tohoku earthquake

Kenji Okoshi*', Wataru Shinohara™ and Saki
1

Shimizu®
*I Laboratory of Marine Ecology, Department of
Environmental Science, Graduate School of Science,
Toho University, Chiba, Japan

E-mail: kenji.okoshi@env.sci.toho-u.ac.jp

The 2011 Tohoku earthquake and tsunami caused
a lot of damage to the Tohoku region including
marine life and fisheries industry. Bivalves like
Mya arenaria oonogai normally distributed in deep
and asari clam Ruditapes philippinarum were dug
out to surface by liquefaction and by strong wave
action of massive tsunami. The “tsunami break”
was observed almost all shell surface of asari clam
collected in May 2011. The earthquake caused
sudden land subsidence of about 1m in maximum
where intertidal zone became subtidal zone. Spat of
oyster Crassostrea gigas was observed to attach to
new hard substances after summer 2011. Littorina
brevicula and Batillaria cumingi were found at
shores that were land before the earthquake.
What creatures advanced to new environment and
disappeared within four years after the tsunami?
The result suggests that sort of disturbance was
different by place. The species richness decreased
significantly at Matsukawa-ura Inlet, Fukushima, in
comparison to other two sites investigated in this
study. Larval recruitment of asari clam was found
every year after the tsunami, and they are surviving

and growing. Reed field were rushed by the tsunami,

and mollusks that depend on reed also disappeared.
Juveniles of deep burrowing bivalve Macoma
contacrata have not developed after the earthquake.
In Matsushima, Miyagi, juveniles and adults of
mollusks were found just after the tsunami at the
same place. The community structures have not
changed since the earthquake. Musculista senhousia
dominated in the place of subsidence in Mangoku-
ura Inlet after the earthquake. From the result of
nMDS analysis, molluscan community gradually
changed in Mangoku-ura Inlet. Dominant species
changed from species live in sandy bottom (asari
clam) to those live in muddy bottom (M. incongrua
and C. angustus). We have to clarify not only short-
term effect which may explain an initial recovery of
intertidal and subtidal animals but also a long-term
effect which may explain continuous changes in

population with land subsidence.

39: Effect of alien predator Euspira fortunei on
the distribution and abundance of asari clam
after the 2011 Tohoku earthquake and tsunami

Masahiro Suzuki™ and Kenji Okoshi™*!
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On 11 March 2011, the great earthquake occurred
in Japan. It caused huge damage to the asari clam
Ruditapes philippinarum along the Pacific coast of
northern Japan. The alien naticid gastropod Euspira
Sfortune, which was introduced with imported asari
clams from China and Korea, prey on asari clam
and other mollusks, has been found living after the
earthquake. The purpose of this study is to examine
the distribution and abundance of asari clam and
E. fortunei after the earthquake. Quantitative and
qualitative samplings were conducted in the tidal
flats at Mangoku-ura Inlet and Matsushima Bay
in Miyagi Prefecture and Matsukawa-ura Inlet in
Fukushima Prefecture from May 2011 to November
2014. The size and weight were measured in all

individuals collected. Population density of E.
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Jfortunei dramatically decreased after the earthquake
but many juveniles have collected in 2012. However,
it has been decreased since 2013. Over 500 dead
shells including about 150 shells with drill hole
were collected from a quadrat of Matsukawa-ura
Inlet in July 2011. E. fortunei ate at least 15 species
of mollusks and diets of the snail were heavily
dominated by the infaunal bivalves mainly of Asari
clam. Therefore, E. fortunei has given multiple
effects on asari clam stocks after the earthquake.

40: Asari clam lived in new intertidal flat after
subsidence of the 2011 Tohoku earthquake

Teppei Uemura™!' and Kenji Okoshi™!

*I Laboratory of Marine Ecology, Department of
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Mangoku-ura Inlet in Miyagi Prefecture, northern
Japan had a great catch of asari clam and had great
fields of shell gathering. Our study area “Ohama” in
Mangoku-ura Inlet was one of the famous fields of
shell gathering. The earthquake on March 11, 2011
caused land subsidence, and the land has sunk by
about 78 cm at this location where the intertidal
zone became subtidal zone. After that event,
the mussel Musculista senhousia has increased
dramatically and formed mats over the sediment
surface. The presence of these mats has altered
the benthic habitat. The mats have led to siltation
of the sediment and have resulted in hypoxia of
water just above the seabed. The mussel mats
have reduced the densities of asari clam, which
suggested that Ohama has become unsuitable for
habitation of asari clam. Parts of the land became
intertidal zone. In May 2013, habitat of asari clam
has been confirmed in the new tidal flats where the
land sank after the earthquake. It indicated asari
clam changed their habitat to the new tidal flats.
This examination proceeded by quadrat method
to find creatures and measured distance from the
shoreline. Finally, what creatures advanced to the

new environment, focusing on asari clams inhabit

conditions and growth condition were discussed.
It was found asari clam lives in landside up to 8
m from the shoreline at greater ebb. Although
the sexual maturation and reproduction was also
observed, almost all the asari clams in new tidal
flat had rounded shell morphology, indicating that
growth was bad. In addition, the spats (shell length:
1 - 2 mm) have been collected through the year
and few middle-sized individuals (shell length: 10 -
20 mm). The recruitment and growth of asari clams
were not constant by 2014. These suggested the
new environment was not suitable for clam growth
and survival. Since 2015, the number of spats and
middle-sized individuals has increased. It suggested

this new tidal flat is changing continuously.

41: Development of in situ measurement of
clearance rate of the Manila clam under

suspended culture conditions

Satoshi Watanabe*', Natsuki Hasegawa™*' and Junya
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Higano™

*I National Research Institute of Aquaculture,
Fisheries Research Agency, Minamiise, Mie, Japan
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Due to drastically declining production of the
Manila clam (Ruditapes philippinarum) fishery
caused by environmental degradation and other
anthropogenic effects, suspended culture of the
Manila clam has recently been receiving much
attention in Japan. Research institutes are trying
to improve the efficiency of suspended culture to
promote commercialization of this technique. Bivalve
suspended cultures are commonly operated on
sessile or epibenthic species, such as oysters and
scallops that do not require sediments. In the case
of the bottom burrowing Manila clam, however,
the suspended culture is done in a container (e.g.
plastic container or net cage) with substrate (e.g.
sand, gravel or pumice) hanging in the water
column. Manila clams in suspended culture thus face
environmental conditions quite different from those
in their natural habitat. In this study, a method for

in situ water clearance measurement was developed
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for monitoring physiological conditions of the
Manila clam under suspended culture conditions.
The device consisted of a semi-translucent plastic
chamber (55 L capacity) with two smaller plastic
boxes attached to both lateral sides. The smaller
boxes were equipped with optical chlorophyll/
turbidity loggers (Compact-CLW, JFE Advantech
Co. Ltd.), and the inside of each box was painted a
non-reflective matte black. One of the boxes had
a submersible water pump, which pumped water
out at a rate of 240 L/hr to the water surface via a
tube, drawing in water from the other smaller box
though the main chamber containing Manila clams.
Preliminary test runs with (600 pieces of Manila
clams, approx. 3 cm shell length) and without Mania
clams in the chamber were carried out at a depth of
2 m, suspended from a pier at the National Research
Institute of Aquaculture in Mie, Japan. Inflow
and outflow chlorophyll @ (chl @) concentrations
were simultaneously measured every 15 minutes
(i.e. complete water replacement in the chamber
occurred in about 15 minutes). Water clearance
rate (CR) was calculated as CR = F [(C, - C) / C,),
where F is flow rate, C, is inflow chl ¢ concentration
and C, is outflow chl @ concentration. The mean C,
and C, did not differ significantly without Manila
clams (p = 0.24). The mean C, (2.13 ug/L) was
significantly lower than the mean C; (3.04 ug/L)
with Manila clams (p < 0.001). With Manila clams,
the CR greatly fluctuated ranging from 0 to 616 mL/
hr/ind, and the mean CR (1781 *= 103.7 mL/hr/ind)
was 10 to 20 times lower than previously reported
values measured for similar sized clams at similar
temperatures in the laboratory (i.e. in beakers). The
CR changed gradually, and it seemed all the clams
in the chamber were acting similarly. However, the
pattern in the CR change was irregular and did not
correlate with tidal height, water temperature or
time of the day. The CR was positively correlated
with C (p < 0.001).

42: Growth and food environment of the Manila

clam in suspended culture

Yuka Ishihi™', Satoshi Watanabe™', Toshie
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*I National Research Institute of Aquaculture,
Fisheries Research Agency, Minamiise, Mie, Japan
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Suspended culture of the Manila clam (Ruditapes
philippinarum) has recently been developed due
to drastic decline of the fishery production. In this
study, we compered the growth of the clam between
suspend culture in a plastic container in the water
column and bottom culture in a mesh bag in a tidal
flat. We also determined the relationship between
the growth of the clam and food environment
by analyzing chlorophyll @ level and carbon and
nitrogen stable isotope ratios (6 C and 6 °N) of the
clam and particulate organic matter in water column
and sediment. We conducted an experimental
suspended culture of the clam at rafts in Gokasho
Bay and Ounoura Bay in Mie from September 2012
to May 2013 and from March to September 2013.
We suspended the clam in a plastic container with
gravel at a depth of 2 m from the rafts, and cultured
the clam in a mesh bag containing gravel placed in
a tidal flat adjacent to the rafts. We measured the
size, total wet weight and stable isotope ratios of the
clam every one to four weeks, and also monitored
the chlorophyll @ level continuously using a logger.
The fastest growth was observed in the suspended
culture in Gokasho Bay, where the clam grew from
12.8 mm shell length (0.3 g) to 345 mm (8.2 g) in 8
months. The growth was faster in suspended culture
than bottom culture by 2 to 4 times in shell length
and 2 to 6 times in wet weight. The maximum
mean growth rate was 0.26 mm/day (0.055 g/day)
in suspended culture, and there was a significant
positive correlation between the mean growth rate
and chlorophyll @ level. The stable isotopic signature
indicated that the clam with faster growth mainly
assimilated organic matter in the water column

rather than those in the sediment.
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The larval recruitment process has been focused
as a key aspect for understanding the population
dynamics of asari and improving stock enhancement
strategies of this symbolic fishery species in
coastal areas of Japan. In southern parts of Japan,
such as Honshu and Kyusyu islands, asari usually
spawn intermittently from spring to autumn, and
thus multiple cohorts occur in the same year. In
eastern Hokkaido contrastingly, asari show a single
synchronized spawning event during summer
because of a slow maturation process associated
with low-temperature water from the cold Oyashio
current. Additionally, they are distributed in semi-
closed estuaries with minor larval exchanges among
one another. Therefore, the population structures
are simple, and this makes it suitable to trace each
population and evaluate the dynamics during the
early life stages including planktonic larvae and
benthic juveniles. A research (2012 - 2015) on the
planktonic larvae and benthic juveniles of asari
in Akkeshi area consisting of estuary and bay,
which is one of the main asari production area in
eastern Hokkaido, showed that abundance and the
appearance frequency of planktonic larvae did not
have a clear relationship with the magnitude of
recruitment of benthic juveniles to the intertidal
fishing grounds in the estuary. Moreover, high level
of settlement of benthic juveniles was observed at
the fishing grounds only in 2012, wherein planktonic
larvae were collected only once during the 7
sampling days only in the bay area. These results
showed that a large number of the planktonic larvae
in the estuary drifted to the bay and then succeeded
in returning to the benthic habitats in the estuary
only in 2012. This may explain the highly variable
year class strength of asari in eastern Hokkaido.

This study was supported by the Ministry of

Education, Culture, Sports, Science, and Technology

of Japan (Coastal Ecosystem Complex Project).
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The Manila (asari) clam, Ruditapes philippinarum,
is an important fishery resource in Japan; however,
several factors have contributed to the decline of
its commercial fishery production over the past
two decades. Reclamation of tidal flats, overfishing,
hypoxic coastal waters and diminished food supply
as a result of eutrophication, heavy metal pollution,
outbreaks of flood events, strong winds, the
introduction of alien species including predators, and
inadequate fishery management practices have all
been identified as playing a major or a synergistic
role in the decrease of Manila clam stocks.
Pathogens, mainly bacterial and protozoans are also
responsible for mass mortalities or the reduction of
fitness of Manila clams so should do harmful algal
blooms (HAB). Among the HAB occurring in Japan,
Heterocapsa circularisquama is by far the most toxic
to Manila clams, and to shellfish in general. Mass
mortalities caused by this HAB are well-documented,
recurrent, and geographically-expanding events
around Japan. In spite of the relative decrease in the
frequency and intensity of its blooms after 2000, H.
circularisquama is highly lethal and/or detrimental
even at low cell-density, and has been going through
a revival period since 2008. The mortalities of Manila
clams in fishing grounds have been reported when

H. circularisquama blooms at several hundred cells



Abstracts of Poster 103

per ml. Nonetheless, the impacts of background
exposures to H. circularisquama on Manila clams,
and bivalves in general, have so far been overlooked.
Therefore, we assessed the energy budget and
neuroenzymatic activity of adult Manila clams
following short-term exposures to several realistic
cell densities of H. circularisquama, at two incubation
temperatures which are lower than the ones at
which H. circularisquama causes the reported
mortality in Asari. The Energy budget (J h' g?) was
significantly affected following a 2-h exposure to 50
and 5 cells ml* H. circularisquama at 15 and 20°C,
respectively. The Acetylcholinesterase activity (nmol
min’ mg total protein™) was also decreased following
3 - 48 h of exposure to 5 cells ml". The results of
this study demonstrate that even short exposures to
low cell densities of H. circularisquama could affect
the key neuroenzymatic activity acetylcholine and
the energetic performance of Manila clams without
necessarily causing mortalities. These findings imply
that H. circularisquama may play a role not only
in the survivability of Manila clam fishing grounds
but also on the reproductive success of Manila
clam in Japan. The management and restoration of
sustainable fishing grounds of Manila clam would
reply on proper understanding of the environmental
factors that contribute the most to stock depletion,
which should include HAB as background negative
effectors.
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Asari juveniles settle in estuary and often die
out due to freshwater discharges, resulting in failed
recruitment into commercial size (> 20 mm) in
the Matsunase area Mie, Japan. In this study, we
examined the growth and mortality of asari juveniles
transplanted to two subtidal areas (Matsunase
area: M1, Miwatari area: M2) with environments
different from those in the nearby estuary areas to
simultaneously monitor physical environments (i.e.,
wave-current flow, salinity, temperature, dissolved
oxygen and turbidity) above the bottom sediment.
Initial density of transplanted asari juveniles was
approximately 1200 ind/m? in both areas on 31 May
2013. The density of transplanted asari juveniles
at M1 drastically decreased during the first two
months to 35 ind/m* on 8 July and then to 2 ind/
m? on 19 August 2013. In contrast, the density at
M2 was 534 ind/m” on 8 July, 262 ind/m” on 10
September and 120 ind/m? on 2 October 2013. We
also examined the characteristics of mortality of
transplanted asari juveniles in relation to physical
environments, using generalized liner model (GLM).
A best-fitted model selected the maximum wave-
current velocity during the survey period as the
positive explanatory variable for the juvenile growth
although the velocity at M1 tended to be higher
than at M2 that had higher juvenile survival than
at M1. Thus, growth and survival are in trade-off
relationship, and in order to maximize the efficiency
of transplantation, a habitat with lower wave current

velocity such as M2 should be selected.

This study was supported in part by the Ministry

of Agriculture, Forestry, and Fisheries of Japan.
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Oxygen deficiency has often occurred in major
habitats of asari clam in Japan, such as Tokyo
Bay, Mikawa Bay, Ise Bay, and Isahaya Bay. It has
been considered that prolonged oxygen deficiency
brought about the mass mortality of the clam.
On the other hands, most bivalves can switch to
anaerobiosis to maintain their metabolism and
survive several days in anoxic conditions. Asari clam
also has tolerance for anoxic and hypoxic conditions
through the anaerobic biosis. Since the impact of
anoxia on the clam population is poorly understood,
it IS necessary to quantitatively assess the risk of
oxygen deficiency for survival of the clam. In order
to evaluate the effect of low oxygen concentration
on the survival of asari clam, exposure experiments
at different oxygen concentrations (1.0 mg/1, 0.5 mg/
I, 0 mg/l and Omg/1 with 10 mg-S/1 sodium sulfide)
were conducted in 700 ml volume containers. Ten
clams were placed in each container and water
temperature was set at 20, 25 and 30°C. The results
showed that mortality was higher at lower oxygen
levels and with the presence of sulfide. We obtained
the following linear regression curves to express the

median lethal time (LT, h) as a function of water
temperature (W7, °C). Oxygen concentration of 1.0
mg/l: LTy, = -177 WT + 5827 (R? = 1), 0.5 mg/L
LT, =-157 WT + 5239 (R? = 1), Anoxic: LT, =
-94 WT + 3184 (R? = 098), Anoxic + Na,S: LT
=-32 WT + 1292 (R? = 0.72). Particularly, the
mortality rate (Mo, %) in the anoxic condition was
expressed as a multiple regression equation with
WT and duration of anoxia (D). Mo = 263 WT + 2.6
D - 828.6. We further conducted experiments for
evaluating the long-term influence of experienced
anoxia on the survival of the clams. Asari clams
were exposed to anoxic water for 24, 48, and 72 h
at 20 and 25°C. After the exposure, the clams were
placed in oxygen-saturated water, and the survival
of the clams was subsequently monitored for two
weeks. The mortality rate in two weeks (Mo’ )
was expressed as the following equation. Mo’ =
60 WT + 19 D - 167.6. The results implied that
anoxia caused not only acute but more seriously
prolonged mortality. The equations would be useful
for predicting the mortality in combination with the

in situ measurement of oxygen deficiency.



