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Present Status of the Halfbeak Fisheries in Japan*!

Toshihiro Tsuji*2 and Tsutomu Sadakata* 3

Japanese halfbeak Hyporhampus sajori is important species for inshore fisheries and is widely
distributed throughout coastal waters in Japan. However, there are no comprehensive reports on the status
of halfbeak fisheries in Japan. In order to investigate the status, the author sent a questionnaire to 46
prefectural fisheries experimental ingtitutions, and received replies from al institutions. The halfbeak
fisheries were operated in the 33 out of the 46 areas investigated. The halfbeak fisheries were operated
using boat seines, set net, gill net, angling, and dip net. In these fisheries, two-boat seine was most widely
operated in the 29 areas out of all, and treated as the governor licensed fisheries. The most fisheries were
operated in coastal water expect for a few which are operated in brackish water. The catch of halfbeak in
Japan was estimated at 1,129~1,406 tons/year in amount. The main fishing grounds of halfbeak were the
following 4 areas: Nihonkai-chubu, Joban-Hitachi, Tokai, and Setouchi area. The fish were mainly caught
in spring and winter. However, the peak month of catch was dlightly different among areas, because the
operating period of halfbeak fishery was depend on prefectural fishery management system and was also
influenced by economical factors. With exception of those, the following knowledge was also obtained in
the present research: fishing gears, market price, destination, local name, study on Japanese halfbeak and
Japanese brackish halfbeak Hyporhampus intermedius.

Key words: halfbeak, fishery, catch of fish
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Fig. 3. Main fishing gear for halfbeak fisheriesin 46 areas.
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Fig. 4. Annual catch of halfbeak in 46 areas.
Annual catch is average of estimated catch in Table 1.



BAEICHT HY 3 Vg0 FE

Table 1. Estimated catch of halfbeak in Japan

AreaName Source*! Source data of the catch (t) Recovery rate Estimated catch (t)*3
1995 1996 1997 Av. Min.  Max. Min. Max. Av.

Otaru None
Hakodate None
Kushiro None
Abashiri Inst. 44 4.4 0.7 0.9 4.9 6.3 5.6
Wakkanai None
Aomori Reply 10.0 15.0 125
Iwate None
Miyagi Inst. 115 13.7 8.7 11.3 0.7 0.9 12.6 16.1 14.3
Akita None
Yamagata Inst 0.008 0.000 0.003 0.004 0.7 0.9 0.004 0.005 0.005
Fukushima Inst. 41.8 10.6 75.8 2.7 0.7 0.9 475 61.0 54.3
I baraki Inst. 19.0 36.0 275 0.7 0.9 30.6 39.3 34.9
Chiba Inst. 1275 528 150.1 1101 0.7 0.9 1224 1573 139.9
Tokyo None
Kanagawa SAFF 77.0 16.0 8.0 337 1.0 1.0 337 337 337
Nigata Inst. 28.6 36.8 327 0.7 0.9 36.3 46.7 415
Toyama SAFF 33.0 31.0 33.0 323 1.0 1.0 323 323 32.3
Ishikawa SAFF 1740 121.0 143.0 146.0 1.0 1.0 146.0 146.0 146.0
Fukui SAFF 49.0 49.0 1350 77.7 1.0 1.0 77.7 77.7 71.7
Shizuoka Inst. 234 9.2 12.0 14.9 0.7 0.9 16.5 21.2 18.9
Aichi SAFF 110.0 71.0 63.0 81.3 1.0 1.0 81.3 81.3 81.3
Mie Part 14.2 20 8.1 0.2 0.5 16.2 40.5 284
Kyoto Inst. 11.8 16.0 251 17.6 0.7 0.9 19.6 252 224
Osaka None
Hyogo Setouchi Inst. 425 425 0.7 0.9 47.2 60.7 54.0
Tajima Inst. 45 11.7 7.0 7.7 0.7 0.9 8.6 11.0 9.8
Wakayama Unknown
Tottori Inst. 89 7.0 84 8.1 0.7 0.9 9.0 11.6 10.3
Shimane Part 0.3 0.3 0.2 0.5 0.6 15 11
Okayama SAFF 7.0 7.0 11.0 8.3 1.0 1.0 8.3 8.3 8.3
Hiroshima SAFF 116.0 139.0 1150 123.3 1.0 1.0 1233 1233 1233
Yamaguchi Gaikai Part 4.8 4.8 0.2 0.5 9.6 24.0 16.8
Yamaguchi Uchiumi Part 0.0 0.0 35 12 0.2 0.5 2.4 5.9 41
Tokushima Part 0.0 0.0 0.0 0.0 0.2 0.5 0.0 0.0 0.0
Kagawa Reply 540 1520 103.0
Ehime SAFF 125.0 64.0 64.0 84.3 1.0 1.0 84.3 84.3 84.3
Ehime Chuyo *2
Kochi None
Fukuoka Reply 1.0 10.0 55
Saga Unknown
Nagasaki Unknown
Kumamoto Reply 10.0 10.0 10.0
Oita SAFF 1.0 6.0 35 1.0 1.0 35 35 35
Miyazaki Unknown
Kagoshima Reply 80.0 100.0 90.0
Okinawa None

TOTAL 1,129.4 1,406.0 1,267.7

*1  None: Halfbeak fisheries were not operated.

SAFF: Prefectural Statistical Yearbook of Agriculture Forestry and Fisheries.

Inst.: Collected by prefectural fisheries experimental institution.

Reply: Estimated catch on reply to the questionnaires.
*2 Combined data of Ehime and Ehime Chuyo.
*3  Estimated catch = Av. of source data/ Recovery rate.
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Table 2. Local hame of Japanese halfbeak

Area Local name

Fukushima MNAE Kannuki

Kanagawa PAdE Kannuki

I shikawa 49, #&99°  Suzu, Musuzu

Shizuoka Ag) Yori

Hyogo Setouchi R uzu

Hyogo Tajima £AT Yorozu

Wakayama 49, HUVIED  Suzu, Seibou
REXY Yamakiri

Tottori F<W, £AT Sukubi, Yorozu

Shimane XA, KON Sairu, Sukubi

Tokushima ENE Suzu

Kagawa YA Saira

Ehime Chuyo SWVIA Sairen

Kagoshima Sk Sayoi
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Changes in Body Weight, Fork Length, Body Composition, and Hepatic Enzyme
Activitiesin Masu Salmon Oncorhynchus masou during Long-term Starvation

Takafumi Shikata,*1 Kohtaro Takakado,*2 Jun Shinobori,*2 and Satoshi Shibata*3

This study was conducted to investigate the changes in body weight, fork length, body composition,
and several hepatic enzyme activities in masu salmon Oncorhynchus masou during long-term starvation.
The fish starved for 60 days lost 29 % of initial body weight, while their fork length remained unchanged.
The condition factor decreased rapidly during starvation period. Many fish could survive without food for
173 days, indicating their great hunger tolerance. The contents of fat and protein in the whole body
showed a tendency to decrease during starvation period. The activities of hepatic glucose-6-phosphate
dehydrogenase and 6-phosphogluconate dehydrogenase markedly decreased during starvation period of
60 days, while the activities of aanine aminotransferase, aspartate aminotransferase, and
fructose-1,6-diphosphatase remained unchanged or increased slightly. These results suggest that fatty acid
synthesis in the liver of masu salmon was markedly depressed and amino acid degradation and
gluconeogenesis were maintained or dightly enhanced during long-term starvation.

K ey words: masu salmon, starvation, body weight, body composition, hepatic enzyme, hunger tolerance
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Table 1. Hepatic enzymes assayed in the present study

Enzyme name Abbreviation EC No.

Glucose-6-phosphate dehydrogenase  G6PDH  1.1.1.49
Phosphogluconate dehydrogenase PGDH 1.1.1.44
Alanine aminotransferase Ala-AT  2.6.1.2
Aspartate aminotransferase Asp-AT  2.6.1.1
Fructose-1,6-diphosphatase FDPase  3.1.3.11
Phosphofructokinase PFK 2.7.1.11

10

Water temperatu

N & O

0 25 50 75 100 125 150 175 200
Rearing period (days)

Fig. 1. Changes in water temperature during the experimental
period.
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Mean: 12.4cm
Range: 9.0-15.7cm
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Fig. 2. Compositions of the fork length, body weight, and
condition factor of masu samon at the start of the
experiment.
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Fig. 3. Changes in the body weight, fork length, condition
factor, and hepatosomatic index of the male (l) and female
() fish during starvation.

Table 2. Proximate composition of whole body (%)

Rearing period: Initial 31days 98 days
Moisture 74.8 79.4 78.8
Crude protein 17.1 15.6 16.2
Crude fat 4.3 1.8 1.6
Crude ash 2.7 2.8 2.9
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Diminution of Sea Cucumber Stichopus japonicus Juveniles
Released on Artificial Reefs
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In order to elucidate the cause of diminution of sea cucumber Stichopus japonicus juveniles released on
artificial reefs, some experiments were performed at a breeding laboratory and a sea area with the
six-months old juveniles classified into three classes asto size.

While the juveniles were picked up and carried to the release point, the handling hardly influenced their
survival, regardless of body size. After the release of the juveniles into the sea, however, the small-sized

juveniles (body length < 10 mm) inclined to die.

The juveniles were released on two artificial reefs that were covered or uncovered with a net fence in
the sea, and the juveniles on the reefs decreased exponentially in number. The most principal cause of
diminution of the juveniles released on both reefs was estimated to be mortality of the juveniles,
especialy small-sized individuals. The spontaneous migration of the juveniles during the long-term
period, together with washout by tide, were related to the high degree of diminution of the juveniles on

the uncovered reef.

Key words: sea cucumber, release, artificia reef, juvenile size, diminution, mortality, washout, migration

Sea cucumber Stichopus japonicus is one of the useful
coastal fishery resources in various places including
Ishikawa Prefecture.)) As the catch of sea cucumber has
recently tended to decrease, the release of artificialy
produced seeds have been carried out to increase the
resources.? Many studies on the production techniques
of sea cucumber juveniles were conducted,318) which
enabled us to produce a great deal of seed. However,
little information has been reported on state of the
juveniles after the release, such as growth, survival and
behavior.314.19)

The follow-up survey of the juveniles after the release
is difficult, because the appropriate tag or a mark is not
found yet. Yanagisawa et al.?? reported on the marking
of sea cucumber juveniles by branding their epidermis
with a hot Nichrome wire. According to the report, most
of the marked juveniles could be distinguished three
months later, but it seemed to be difficult to discern their

marks four months later; this experiment was carried out
in a laboratory but not in the sea. Fluorescent marking
by dyeing the ossicle of the juveniles with tetracycline
might be useful, which was distinguished half an year
later.12 12 However, these marking are time-consuming,
and it is also difficult to discern the mark after the catch.

The phenomena that a fair number of sea cucumber
juveniles were not found in a short period after the
release have been observed in some follow-up investi-
gations.312 We also observed the gradual diminution of
the juveniles within a few days after the release on an
artificial reef in the sea. Some reports indicated that the
predation by sea star Asterina pectinifera led to the rapid
disappearance of the juveniles.3 4 6-10.12.21) On the other
hand, Hamano et al.!® suggested that the principal
causes of the rapid disappearance were the oversight by
the survey divers and the migration of the juveniles
rather than the mortality by predators.
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Diminution of released sea cucumber juveniles

In the course of our investigation, we observed that
the epidermis of juveniles released on the reef (especial-
ly of small-sized individuals: < 7 mm body length) were
dissolving.’® 1 Those juveniles had little ability to
adhere to substances because their tube feet were
damaged. Therefore, a high mortality of the juveniles
caused by dissolution of their epidermis and injury to
their tube feet was assumed to be one of the causes of
rapid diminution. Generally, when sea cucumber juve-
niles are transferred from nursery aguaria to the release
point by truck, the juveniles are shaken. During the
process, the juveniles might be damaged by handling. In
order to ascertain whether a high mortality of the
juveniles was produced by the handling before the
release or the environmental factors after the release, a
few experiments were performed at a breeding labora-
tory and in the sea, considering the body size of
juveniles. Furthermore, to examine the main cause of the
diminution, the follow-up investigation of the juveniles
was carried out after the release on two artificia reefs
that were covered or uncovered with a net fence.

Materialsand Methods

Sea Cucumber Juveniles

Sea cucumber juveniles were raised in some agquaria
at Ishikawa Prefectural Fisheries Research Center for
about six months after artificial spawning from May 13
to June 2, 1997. The juveniles were picked up with a
soft brush from the surface of polycarbonate corrugated
plates (size: 30 x 40 cm, 1 set: 20 plates) used for
attaching substance and from the wall and bottom of two
different types of aquaria (1,000 | polycarbonate tank
and 5,000 | FRP tank) from November 12 to 14. They
were classified into three classes as to body size through
two sieves (opening: 2 and 4 mm in diameter). One
hundred juveniles were sampled from each class, and the
body length was measured under anesthesia using 0.5 %
menthol solution.22 The others were held in 180 |
aquaria under flowing sea water with aeration until
experiments.

Experimental Methods
The juveniles were divided into 3 groups of 50
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juvenile for each class, and they were put into each 1 |
beaker with sea water fixed on the shaker (Yamato-
kagaku Co. Ltd., IK41). The beakers were shaken in the
following 3 periods: continual shaking of 60 min (60
min x 1); intermittent shaking of 40 min at intervals of
20 min (20 min x 2); intermittent shaking of 30 min at
intervals of 10 min (10 min x 3). Thereafter each group
was transferred into 180 | aquarium separately. After 15
days of raising period, the survivors were counted, and
the mortality of each group was statistically compared
with those of control group that were not under
shaking.??

The juveniles that were held in 180 | aguaria for 3
days were picked up on November 18. Part of them were
divided into 5 groups of 100 juvenile for each class and
restored to the aquaria (Room group). They were picked
up after 1, 3, 9, 16, and 24 days of raising, successively.
The rest of them were held in 80 | polyethylene barrel
containing sea water with aeration, and were carried to
the seaside in Nanao North Bay at the middle of Noto
Peninsula where it was about 40 kilometers from the
fisheries research center for about 1 hour's driving
(Fig.1). Part of them were divided into 5 groups of 100
juvenile for each class, and were put in baskets
containing fist-sized stones that were provided from a
quarry (Sea group). Each basket was enclosed with 18-

(l) 5(|)0 IOIOO

Pen. Noto

Nanao North Bay

Fig. 1. Map showing the locality of Aoshima Island in Nanao
North Bay. Solid line indicates the experimental site.
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Asterisk in both reefs shows the release points. Figure is given in centimeter.

mesh polyethylene net (ca. 1.2 mm mesh) and placed
into the sea, and the survival number was checked 1, 3,
9, 16, and 24 days after. Another part of them were
carried back to the breeding laboratory and divided into
5 groups of 100 juvenile for each class (Carry group).
They were held in the aquaria again and picked up after
the same raising periods as Room group. The data of the
survival on each group were dtatistically compared
regarding each class.?®

Two artificial reefs were built to conduct a follow-up
survey on the survival of sea cucumber juvenilesin the
sea in Anamizu Bay on October 23, 1997 (Fig.l).
Twenty four baskets (60 x 40 x 20 cm) containing
above-mentioned stones were arranged in 4 files and 6
ranks upon vinyl plastic seats (450 x 450 cm) at a depth
of 1 meter or less (Fig.2). One of them was enclosed
with a net fence (150 cm high, ca. 1 mm mesh) bound to
8 iron props with rope (Covered reef). The other was
opened, and a number of stones were piled up 50 cm
wide outside the reef (Uncovered reef). The juveniles
carried to the seaside as mentioned above on November
18 were divided into 2 groups of 2,400 juvenile
consisting of 800 juvenile each for 3 size classes (large,
middle, and small). They were transferred to the reefs
and released softly upon 4 baskets in the middle of each
reef with a net. Half of the baskets in each reef were
lifted up alternately on aworking raft 1, 3, 9, 16, 24, and
50 days later. The juveniles stuck on stones in each
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basket and on the bottom of reefs after removing of the
baskets were gathered into buckets separately. Surface of
the vinyl plastic seats was checked by diving with a
mask and a snorkel so as not to overlook the juveniles.
They were transferred to a workplace by the seaside and
anesthetized with 0.5 % menthol solution to measure
their body length for each basket. The baskets were
returned to the original positions, and the juveniles were
released again on the same baskets as they had existed.
The outside stones of the uncovered reef were also
checked whether the juveniles moved out from the reef.
Since the observation after 9 days, the juveniles stuck on
the outside stones were also picked up and their body
length were measured in the same manner as mentioned
above. Based on the results of the follow-up survey, the
survival process and the cause of the diminution of
juveniles were estimated.

Results

Body Length of Sea Cucumber Juveniles

The compositions of body length of sea cucumber
juveniles used in this study were shown in Fig.3. The
average body length of large, middle, and small classes,
was 32.9 mm, 14.4 mm, and 6.9 mm, respectively. The
large, middle, and small classes consisted of individuals
with the body length of 10 mm and upward, 5 to 25 mm,
and 15 mm or less, respectively. The mode was 25 to 30
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Fig. 3. Body length composition of three groups of sea

cucumber juveniles.

mm in large class, 10 to 15 mm in middle class, and 5 to
10 mmin small class.

Influence of Shaking and Handling on Mortality

The survival numbers of three classes under each
shaking conditions were compared with those of control
that were not under shaking (Fig.4). The survival
number decreased in small group under 60 min x 1
shaking, and the significant difference against control
was indicated at 1 % level. The other groups showed
high survival rates, and the significant differences
against control were not indicated.

Figure 5 shows the changes of survival number
classified into the body size and handling way for 16
days from the beginning of the experiment. The results
of the statistic analysis were also shown in Table 1.

In large class, al the juveniles survived regardless of
the handling ways. In middle class, though the
significant differences were indicated between sea group
and carry group, and between sea group and room group
on day 1, the survival rate was generaly high. In small
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50 , Py

Survival Number

10 4

0,7 7

60minX1  20minX2  10minX3 Control

Shaking Period X Times

Fig. 4. Survival number of sea cucumber juveniles which
received each shaking operation. The number was counted
after 15 days. [1: large, #: middle, B: small.

* Significant difference between survival in small group of
60 min x 1 and those of control is shown (p < 0.01).

class, the number of survival on sea group was less than
those on carry group or room group during the
experimental period of 16 days.

In sea group, the number of survival on small class
was less than those on large class and middle class for
16 days. There were significant differences indicated
between small class and large class, and between small
class and middle class on al observation days. In carry
group, the number of survival on small class was less
than those on large class and middle class on day 3, 9,
and 16, and the significant differences were indicated
between small class and large class at the same days. In
room group, the number of survival on small class were
significantly less than those on large class and middle
class on day 16.

Follow-up Survey of Juveniles Released on Artificial
Reefs

Figure 6 shows the number and average body length
of the juveniles found in each position of the baskets and
outside stones of two artificial reefs. Though most of the
juveniles were found in the center of the reefs on day 1,
they were found in all positions within a few days.
Thereafter, more juveniles became observed in the
direction of the idand with the elapse of day in the
covered reef. Total numbers of the juveniles found in the
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(right figure).

covered reef were more than those in the uncovered reef
on all observation days, and the numbers decreased as
the day progressed in both reefs. The average body
length of the juveniles found in the covered reef was
high compared with that in the uncovered reef on all
observation days. The average body length of the
juveniles on the outside stones was higher than that in
the inside baskets in the uncovered reef since the
observation after 9 days.

Figure 7 shows the changes in the body length
composition of the juveniles during the survey. The ratio
of the individuals with the body length of 5 mm or less
and that of 10 mm or less on the release day was 8.0 %
and 34.0 %, respectively. The ratio of the individuals
with the body length of 10 mm or less, which almost
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consisted of small class (Fig.3), showed a tendency to
decrease as the day progressed in both reefs. On the
other hand, the ratio of the individuals with the body
length of 15 mm or more, which consisted of middle and
large classes (Fig.3), had a increasing tendency as the
day progressed in both reefs.

The estimated survival number on each observation
day on both reefs were plotted on Fig.8. Data in this
figure were shown as the value which doubled actual
counted numbers on day 1, 3, 9, and 14 in the uncovered
reef and on all observation days in the covered reef, and
as the value which multiplied actual counted numbers by
4 on day 24 and 50 in the uncovered reef, because the
buckets in which juveniles were put from the uncovered
reef were swept away by a high wave in the midst of the
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observation on day 14. The diminution processes of the
released juveniles on both reefs were approximated by
exponential function with high correlations.

Table 2 shows the estimated survival and diminished
which were revised by the exponential function curve on
two reefs. During 50 days after the release, the survival
number was estimated to decrease to ca. 1/4 in the
covered reef and to ca. 1/10 in the uncovered reef.

Discussion

The phenomena that a fair number of sea cucumber
juveniles were not found in a short time after the release
have been observed in some follow-up investiga-
tions.312 We observed some juveniles, especially small
ones, whose epidermis was dissolving and tube feet
were injured after release in the course of our previous
survey.101)  Therefore, we supposed that a high
mortality of small-sized juveniles resulting from a
decline in their vitality mainly caused the diminution.
Moreover, it seemed that the juveniles were healthy
during the breeding period and were damaged after the
release. Thus we considered that the handling of the
juveniles before the release was related to high
mortality.

We examined the extent of mortality resulting from
the damage of their tube feet by shaking the beaker
keeping juveniles at the laboratory, assuming that the
vibration in transit to areleasing point led to lowering of
their ability to adhere. The survival numbers of small
class under 60 min x 1 shaking were significantly less
than those of control. However, a number of
Harpacticoida, order of copepod, bred in the aquarium
in the latter of the examination. This copepod is
informed to be harmful to sea cucumber, because the
copepod attaches to the epidermis of sea cucumber and
bites the surface2® Therefore, the above-mentioned
decrease is possibly due to the breeding of the copepod
but not to the damage of their tube feet under vibration.
The vibration in transit presumably did not influence the
subsequent survival of the juveniles.

As a result, the decline of vitality of juveniles after
release was probably caused by the environmenta
influence of the sea irrespective of handling before
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Table 1. Significant differences test between two data of
the survival on each elapsed day in each class of body
size of the juvenile (A) and in each group of handling of
the juvenile (B)

Time Elapsed (day)
1 3 9 16
Class Relation (A)
Large S-C N.S. N.S. N.S. N.S.
S-R N.S. N.S. N.S. N.S.
C-R N.S. N.S. N.S. N.S.
Middle S-C ¥ N.S. N.S. N.S.
S-R ¥ N.S. N.S. N.S.
C-R N.S. N.S. N.S. N.S.
Small S-C *x N.S. *¥ *%
S-R *x *% % N.S.
C-R N.S. *¥ N.S. ¥
Group Relation (B)
Sea L-M 33 N.S. N.S. N.S.
L-Sm % ¥ X% ¥
M-Sm ¥ ¥x % L]
Carry L-M N.S. N.S. N.S. N.S.
L-Sm N.S. ¥% % %
M-Sm N.S. N.S. N.S. *¥
Room L-M N.S. N.S. ¥ N.S.
L-Sm N.S. N.S. *¥ $¥
M-Sm N.S. N.S. N.S. **

S: sea, C: carry, R: room, L: large, M: middle, Sm: small.
* Significant at p < 0.05.

*¥ Significant at p < 0.01.

N.S.: not significant (p > 0.05).

release. Using the juveniles which were picked up from
rearing aquaria and transported by a truck, we compared
the survival of the juveniles in the sea with that in the
aguaria in consideration of body size. The large- and
middle-sized juveniles survived in the sea during the
experimental period of 16 days, while the survival
number of the small-sized juveniles decreased to 70 %
after 16 days. The mortality of the juveniles which were
restored to the agquaria after the pickup or were carried
back from release point to the breeding laboratory was
lower than that of the juveniles put in the sea
Accordingly, it seemed that the pickup from breeding
aquaria and the truck conveyance with vibration did not
influence survival of the juveniles after the release,
regardless of body size. For small-sized juveniles,
however, some factors to drive them to death would be
in the natural environment after the release.
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Fig. 6. Distribution of sea cucumber juveniles after release on
the covered and uncovered reefs. Large figure indicates the
number of juveniles found in each basket or outside. Small
figure indicates the average body |ength (mm) in each basket
or outside. Large and small figures outside the frames
indicate total number and total average body length (mm),
respectively.
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Through the practical follow-up survey after release
in the artificial reefs, the diminution of the juveniles
found after the release was shown to be mainly due to
the death of juveniles. Approximately 100 % of the
juveniles were found in the covered and uncovered reefs
in the 1 day after the release. Therefore, oversight of the
juveniles by survey diverst® was negligible under the
present experimental conditions. Nevertheless, the
number of the juveniles found after release decreased
rapidly in the covered reef. The diminution was
presumed to be due to a high mortality of the
small-sized juveniles on the basis of the results that the
small-sized juveniles tended to die in the sea. According
to the histogram on the body length of juveniles found
out in both reefs, the rate of the juveniles with the body
length of less than 10 mm decreased gradually after the
release in both reefs. It is reasonable to consider that the
disappearance of small-sized juveniles was the major
cause of decrease of total numbers in the reefs. The
difference between the number of juveniles found in the
covered reef and that in the uncovered reef indicates the
existence of the juveniles which were washed out by tide
or migrated outside spontaneously in the uncovered reef.
In the present study, (1) average body length of the
juveniles in the uncovered reef was higher in the outside
stones than in the inside of the reef, (2) average body
length of juveniles was higher in the covered reef thanin
the uncovered reef, and (3) the average body length was
higher in the exterior baskets than in the central baskets.
Those results suggest that larger juveniles tended to
migrate outside the reefs. On the other hand, the
juveniles washed out with tide were thought to be
mostly composed of small-sized individuals, because the
small-sized individuals had a low ability to adhere on
substances.

Hatanaka et al.?) suggested that predation of the
juveniles by sea star Asterina pectinifera was one of the
causes of rapid disappearance. Some sea stars captured
inside of the uncovered reef were fixed in 10 % formalin
and carried to our laboratory on this follow-up survey.
However, sea cucumber and their ossicle were not found
in their stomachs (data not shown). This finding
indicates that the predation by sea star might be one of
the causes of diminution during long-term period, but
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Table 2. Changes in estimated survival and diminished numbers in the covered and uncovered reefs

Covered Reef

Uncovered Reef

Time (day) Diminished ) Diminished
Survival Survival - —
Total Mortality Total Mortality ~ Migration Washout
0 2400 0 0 2400 0 0 0 0
1 2338 62 62 2288 112 62 0 49
3 2218 182 182 2081 319 180 11 129
9 1894 506 506 1564 836 483 94 259
14 1661 739 739 1233 1167 676 146 346
24 1277 1123 1123 766 1634 961 187 486
50 644 1756 1756 222 2178 1340 219 619

The numbers are revised by the exponential function curve in Fig.8. The number of mortality in the uncovered reef is
aggregate of the calculated value by the following expression: A/BxC (A: the number of mortality obtained from the previous
observation in the covered reef, B: the number of estimated survival of the previous observation in the covered reef, C: the
number of estimated survival of the previous observation in the uncovered reef). The number of spontaneous migration in the
uncovered reef is aggregate of the actual counted number on the outside stones of the reef. The rest of diminished number except
mortality and migration in the uncovered reef is conjectured to be the number of washout.

Covered

y = 2400807

g 1500 R? = 0.9464

31000

3

§ 0

LR : . : : ‘
0 10 20 30 &0 50

Time (day)
£ 250 Uncovered

= 2000

<
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g 500
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Fig. 8. Changes in estimated number on the covered and
uncovered reefs. Curved lines on both reefs show exponen-

tial approximate curves.

not amajor cause of diminution.

According to the results of this survey, the high
mortality of small juveniles (less than 10 mm in body
length) which had a low vitality in the sea and the
washout of the small juveniles by tide were highly
associated with the diminution of the sea cucumber
juveniles in the early period after the release. In order to
increase the survival rate, it is necessary to release large
juveniles whose body length is more than 15 mm
because comparatively large juveniles hardly die in the
early period after the release. At present, however, it is
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technically difficult to produce a number of large
juveniles in a short-term, because about half a year is
needed for the juveniles to reach the average body
length of more than 15 mm, and the variety in size of
juveniles is remarkable.r? Incidentally, in this study, the
juveniles were repeatedly picked up from the reef,
anesthetized, and returned to the reef after measure-
ments. Moreover, though the place where the juveniles
were released was seemed to be appropriate as Hamano
et al.?> %) pointed out that the tidal zone was suitable
area for the juveniles, the net of the covered reef was
gradually changed to be muddy. Namely, the conditions
of the juveniles and the reefs in the latter period were
considered to be quite different from those in the initial
stage. The effects of some artificial factors on the results
of this survey were presumably unavoidable, nonethe-
less the mortality of the juveniles was notable. We need
to investigate internal factors such as physiological
properties besides external factors in the sea to elucidate
the causes of mortality of the juveniles after release.
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Effects of Body Size, Additives for Processing, and Heating Method
on Gel Properties of Kamaboko from Squid Todarodes pacificus+?

Shuusaku Takamoto*2

The effects of body size, additives (frozen surimi from walleye pollack, water, NaCl, starch, and egg
white), and heating method on the gelation of squid paste (Todarodes pacificus) was investigated. The
breaking strength and breaking strain of kamaboko gel from squid increased with an increase in the body
size of squid. The addition of 0.5~2.5 % NaCl to the squid paste did not show a reinforcement effect of
ashi (elasticity) of the kamaboko gel. When 25% walleye pollack surimi was mixed to the squid paste, the
reinforcement effect of ashi of the kamaboko gel by two-step heating was hardly observed. However,
when 75% walleye pollack surimi was mixed, the reinforcement effect was observed and the breaking
strength and breaking strain markedly increased. In various concentrations of starch and egg white,
negative correlations were found between breaking strength and moisture content with a high correlation

coefficient.

These results indicate that the body size of squid and moisture content are important factors for the

gelation of squid paste.

K ey words: Todarodes pacificus, Kamaboko gel, gel properties
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Fig. 1. Effect of mantle length and body weight on breaking strength and breaking strain of the kamaboko gel from squid.
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Fig. 3. Effect of frozen surimi content on breaking strength and breaking strain of the kamaboko gel from squid.
A, B: the salt-ground meat was heated at 90 °C for 30 minutes. C, D: the salt-ground meat was preheated at
30 °C for 2 hours, followed by heating at 90 °C for 30 minutes. —— moisture 72% —- moisture 74%.
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Fig. 4. Effect of preheating temperature and preheating time on bresking strength and bresking strain of the
kamaboko gel from squid. -0 °C, <>-10 °C, -l 20 °C, {130 °C.
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Fig. 5. Effect of moisture content on breaking strength and breaking strain of the kamaboko gel containing starch.
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Fig. 6. Effect of moisture content on breaking strength and breaking strain of the kamaboko gel containing egg white.
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The Maturity of Adult Yellowtail in the Coastal Waters around Noto Peninsula

Toshihiro Tsuji*

The fork length, body weight, and gonad weight of
adult yellowtail Seriola quingqueradiata caught in the
coastal waters around Noto Peninsula in 1996 and 1997
were measured. The gonad index of the fish caught from
November to December was less than 1, and they were
much lower than those of the fish caught from May to
June. Moreover, the gonad index showed a tendency to
increase from May to June, and several fish caught in
June were visually spent individuals. Those results seem
to indicate that yellowtail spawn in the sea near the Noto
Peninsulain summer.

Key words: yellowtail, gonad index, spawning, maturity
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Table 1. Results of the biological measurements of yellowtail

Date Sex No. of Range of FL Range of BW  Average of GW (range) Average of GI (range)
specimens (cm) (kg) (2)
May, 1996 Male 3 72~78 52~ 170 39.6 (16.7 ~ 60.4) 0.94 (0.44 ~ 1.27)
Female 3 72 ~74 51~ 53 37.7(35.5~ 39.1) 0.98 (0.94 ~ 1.01)
Jun., 1996 Male 8 69 ~76 47~ 6.2 104.7 (15.5 ~ 208.1) 2.68 (0.42 ~5.77)
Female 6 69 ~ 73 51~ 6.1 105.7 (41.4 ~ 195.7) 2.83 (1.11 ~ 5.24)
Nov., 1996 Female 8 73 ~ 88 5.7~10.0 37.8 (24.4 ~ 48.3) 0.71 (0.56 ~ 1.04)
Dec., 1996 Female 18 75 ~78 50~ 70 22.6 (10.5 ~ 38.6) 0.52 (0.24 ~ 0.88)
May, 1997 Male 16 72 ~92 52~ 89 144.0 (38.1 ~ 379.1) 3.20 (0.51 ~ 7.40)
Female 14 69 ~79 46~ 82 94.9 (45.1 ~177.9) 2.28 (1.11 ~ 3.94)
Jun., 1997 Male 14 67 ~ 82 50~ 79 150.6 ( 2.8 ~ 306.8) 3.40 (0.08 ~ 6.77)
Female 8 67 ~ 85 45~ 95 166.8 (60.6 ~ 259.7) 4.00 (1.00 ~ 6.33)

FL: fork length, BW: body weight, GW: gonad weight, GI: gonad index (BW/FL*x10 ).
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Fig. 3. Changes in the gonad index of yellowtail.
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&2 REASHT TSRS Sl fE- (1)

i H a8 fill =R (e LiEEa
HER oA B PR Heterodontus japonicus (Duméril)
RAIHFA FAIFA =4Y Alopias pelagicus Nakamura
AR YEH A Carchardon carcharias (Linnaeus)
TAYA Isurus oxyrinchus Rafinesque
FAIYA Lamna ditropis Hubbs et Follett
R4 2 F B A Cephaloscyllium umbratile Jordan et Fowler
A Scyliorhinus torazame (Tanaka)
AR AVuHF R Carcharhinus plumbeus (Nardo)
R A Mustelus manazo Blecker
ENERRN Prionace glauca (Linnaeus)
DEETA P DAEEL VAP Sphyrna zygaena (Linnaeus)
VA )R TTTY )P A Squalus acanthias Linnaeus
VPR Squalus fernandinus Molina
FAY A FAYA Squatina japonica Bleeker
R Squatina nebulosa Regan
oA o¥xA vairxxzA Bathyraja bergi Dolganov
R7H AN Bathyraja smirnovi (Soldatov et Pavlenko)
AR HANR Rjia kenojei Miiller et Henle
N Raja kawangtungensis Chu
THhxA THhxA Dasyatis akajei (Muller et Henle)
v74xA Urolophus aurantiacus Miller et Henle
[N [Nt Myliobatis tobijei Bleeker
AbvFzA Mobula japonica (Mller et Henle)
EERA W7AUV HTATY HIATY Elops hawaiensis Regan
=t ArIA Megalops cyprinoides (Broussonet)
7¥ ¥ ¥ Anguilla japonica Temminck et Schlegel
JINE BAFUIINE Ophisurus macrorhynchus ~ Bleeker
IFIRLTUINE Pisodonophis cancrivorus (Richardson)
T <7 Conger myriaster (Brevoort)
X7 Gnathophis nystromi nystromi (Jordan et Snyder)
NE Muraenesox cinereus (Forsskal)
= = INAT Y Etrumeus microps T &S
a/)vn Konosirus punctatus (Temminck et Schlegel)
~ATY Sardinops melanosticta (Temminck et Schlegel)
AZIFATY NEIFATY Engraulis japonica (Houttuyn)
aA aA Yy Acheilognathus lanceolatus (Temminck et Schlegel)
X7t Carassius auratus langsdorfii Temminck et Schlegel
aA Cyprinus carpio Linnaeus
= Paracheilognathus moriokae (Jordan et Thompson)
TTINY Phoxinus lagowskii steindachneri (Sauvage)
ZRANY Phoxinus oxycephalus jouyi (Jordan et Snyder)
A Tribolodon hakonensis (Gunther)
FAHT Zacco platypus (Temminck et Schlegel)
VRN Zacco temmincki (Temminck et Schlegel)
NV Kvay Misgurnus anguillicaudatus  (Cantor)
F=wxX F=X F=vx Slurus asotus Linnaeus
Fr ¥ NTTRA Oncorhynchus gorbuscha (Walbaum)
DA=vava Oncorhynchus keta (Walbaum)
Xy Oncorhynchus kisutch (Walbaum)
FITvA Oncorhynchus  masou masou Brevoort
T~ A Oncorhynchus masou masou Brevoort
XA Oncorhynchus tshawytscha (Walbaum)
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&2 RERHT TSRS Sl fE-(2)

i H a8 fill JES (e LiEEa
EER 7 =F2 =FR Glossanodon semifasciatus (Kishinouye)
Fayui T¥ Hypomesus nipponensis McAllister
7 7 Plecoglossus altivelis Temminck et Schigel
I YITH Salangichtys microdon Bleeker
J=NFEA Faxy o)z Maurolicus muelleri (Gmélin)
EX A EX Aulopus japonicus Gnther
= ~x) Saurida undosguamis (Richrdson)
47 FI¥7 AT AT A Lotella phycis (Temminck et Schlegel)
PAUL M~ AvA Bregmaceros nectabanus Whitley
57 <57 Gadus macrocephalus  Tilesius
AITNILT Theragra chalcogramma (Pallas)
Tvua Tva YAABFIA Neobythites sivicola (Jordan et Snyder)
Tvay Tay X7vay Lophius litulon (Jordan)
APV A NFAa® Histrio histrio (Linnaeus)
AH T N> IR Cypselurus heterurus doederleini (Steindachner)
RYNETA Cypselurus hiraii Abe
NYRETF Cypselurus pinnatibarbatus japonicus (Franz)
#ay Y Hyporhamphus sajori (Temminck et Schlegel)
V4 4 Strongylura anastomella (Valenciennes)
Fo~ Fov Cololabis sarira (Brevoort)
AT AR Oryzias latipes (Temminck et Schlegel)
THARRY  THVRY T I RY Lampris quttatus (Brunnich)
VT FrAv7 Trachipterus ishikawae Jordan et Snyder
Vag 9 )IhA  Vaulv )Y hA Regalecus russellii (Shaw)
XUAFA >V IYTA <~V AYTA Monocentris japonica (Houttuyn)
FAEA FUATA Beryx splendens Lowe
A I FA TEREA Ostichthys japonicus (Cuvier)
Szt Yav g A Szt Zeus faber Linnaeus
AHIIFA Zenopsis nebulosa (Temminck et Schlegel)
N A IHEXHT IEXNZ Aulichthys japonicus Brevoort
YA Aha Gasterosteus  aculeatus aculeatus Linnaeus
EVSUES YHZ TAYHZ Fistularia commer sonii Ruppel
TAYHNZ Fistularia petimba Lacepede
PXT7T FF7T Macrohamphosus scolopax (Linnaéus)
E/N /¥ 5 A b A Hippocampus coronatus Temminck et Schlegel
Foary Hippocampus japonicus Kaup
EN ¥ Syngnathus schlegeli Kaup
BIRUARY R IRTARY EIRTRY Dactyloptena orientalis (Cuvier)
s T TRV AP Ebosia bleekeri (Doderlein)
Nl Pterois lunulata Temminck et Schlegel
TR Scorpaena onaria Jordan et Snyder
F=HH= Scorpaenopsis cirrhosa (Thumberg)
El=Xp V% Sebastes hubbsi (Matsubara)
ANV Sebastes inermis Cuvier
YA Sebastes itinus (Jordan et Starks)
by RA L Sebastes joyneri Gunther
TakgA Sehastes matsubarae Hilgendorf
S )ars ) Sebastes oblongus Glnther
NI R Sebastes owstoni (Jordan et Thompson)
/A Sebastes schlegeli Hilgendorf
TAAIR I Sebastes thompsoni (Jordan et Hubbs)
yvIA Sebastes trivittatus Hilgendorf
FYRANIL Schastes vulpes Doderlein
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&2 REASHT TGRS ST fE- (3)

i H a8 fill =R (e LiEEa
EER v 74 HYa TYARYE Sebastiscus albofasciatus (Lacepede)
iRt Sebastiscus marmoratus (Cuvier)
F=Fat A=Fa® Inimicus japonicus (Cuvier)
| =i Minous monodactylus (Bloch et Schneider)
ARA=E 77%4at Erisphex potti (Steindachner)
A Azt Hypodytes rubripinnis (Temminck et Schlegel)
RYARY RYRY Chelidonichthys spinosus (McClleland)
Jahrivg Lepidotrigla abyssalis Jordan et Starks
ATR Lepidotrigla guentheri Hilgendorf
NFHYT Lepidotrigla microptera Giinther
aF AT Cociella crocodila (Tilesius)
aFf Platycephalus indicus (Linnaeus)
AAF Suggrundus meerdervoorti (Bleeker)
TATA IR Hexagrammos agrammus (Temminck et Schlegel)
TAF A Hexagrammos otakii Jordan et Starks
T Pleurogrammus azonus Jordan et Metz
AT =UHTH Alcichthys alcicornis (Herzenstein)
~n Bero elegans (Steindachner)
AVAEY v Artediellus fuscimentus Nelson
FXCANV T Cottiusculus gonez Schmidt
A~FY Cottus kazika Jordan et Starks
AV Cottus pollux Glnther
F=HTH Enophrys diceraus (Pallas)
XXHVH Furcina osimae Jordan et Starks
= Iahyh Gymnocanthus herzensteini Jordan et Starks
AL TVHV T Ocynectes maschalis Jordan et Starks
TIE Pseudoblennius percoides Glinther
=YHTH Ricuzenius pinetorum Jordan et Starks
ZA \ellitor centropomus (Richardson)
UTFANTH Aa Dasycottus setiger Bean
BB Malacocottus gibber Sakamoto
MEV I AATF Agonomalus jordani Schmidt
V)X FUF Hypsagonus quadricornis (Cuvier)
YXUA Pallasina barbata (Steindachner)
| Pallasina eryngia Jordan et Richardson
Mevr Podothecus sachi (Jordan et Snyder)
Yrher Podothecus thompsoni Jordan et Gilbert
Foavt TAF v Crystallias matsushimae Jordan et Snyder
I~ Aty Eumicrotremus birulai Popov
IYF Liparis tanakai (Gilbert et Burke)
vr= Liparis tessellatus (Gilbert et Burke)
ARF ARF THEY Doederleinia berycoides (Hilgendorf)
AR Lateolabrax japonicus (Cuvier)
AFIFAVTF Sereolepis doederleini Lindbery et Krasjukova
v FUNL Epinephelus akaara (Temminck et Schlegel)
FATNG Epinephelus areolatus (Forsskal)
TANG Epinephelus awoara (Temminck et Schlegel)
J)IF Epinephelus fario (Thunberg)
T HNG Epinephelus fasciatus (Forsskal)
StV Epinephelus septemfasciatus  (Thunberg)
77 Niphon spinosus Cuvier
PAGEAS UvAYF Rhyncopel ates oxyrhynchus (Temminck et Schlegel)
FURAA F AN Cookeolus boops (Schneider)
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EEA AXF FUVIEA FUVIEA Apogon lineatus (Temminck et Schlegel)
2T VEA Apogon semilineatus Temminck et Schlegel
FA TEFA Sllago japonica Temminck et Schlegel
XYRT A ThT <5 A Branchiostegus japonicus (Houttuyn)
LY LY Scombrops boops (Houttuyn)
AX ¥ Rachycentron canadum (Linnaeus)
IR aNUHPR Echeneis naucrates Linnaeus
TV <NTY Decapterus maruadsi (Temminck et Schlegel)
UN=y o Decapterus muroadsi (Temminck et Schlegel)
AT Hbm Decapterus tabl Berry
YL Elagatis bipinnulata (Quoy et Gaimard)
AATY Kaiwarinus equula (Temminck et Schlegel)
F=TY Megalaspis cordyla (Linnaeus)
ATRIF Scomberoides lysan (Forsskal)
N INTF Seriola dumerili (Risso)
[aasaa eriola lalandi Valenciennes
7Y Seriola quinqueradiata ~ Temminck et Schlegel
T Trachurus japonicus (Temminck et Schlegel)
TXTY Uraspis helvola (Forster)
A7 AT Coryphaena hippurus Linnaeus
LA7F LA7% Leiognathus nuchalis (Temminck et Schlegel)
Ve P U HYA(LFAET) Brama japonica Hilgendorf
INXZFAET Taractes rubescens (Jordan et Evermann)
NFEF NFEXFLD) Erythrocles schlegelii (Richardson)
~VEA ~VEA Lobotes surinamensis (Bloch)
A% vyVE A Hapalogenys nitens Richardson
A¥F Parapristipoma trilineatum (Thunberg)
avayd4 Plectorhinchus cinctus (Temminck et Schlegel)
24 FFX Acanthopagrus latus (Houttuyn)
yaiA Acanthopagrus schlegeli (Blecker)
v Dentex tumifrons (Temminck et Schlegel)
FEA Evynnis japonica Tanaka
<54 Pagrus major (Temminck et Schlegel)
~EA Sparus sarba (Temminck et Schlegel)
=~ =~ Nibea mitsukurii (Jordan et Snyder)
LAY BAY Upeneus bensasi (Temminck et Schlegel)
AARI AT Girella punctata Gray
AAXI Kyphosus lembus (Cuvier)
JIAAZS Kyphosus bigibbus Lacepede
A HXEA Microcanthus strigatus (Cuvier)
AFVEA YIRAYF Platatx orbicularis (Forsskal)
FayFayut FonaygA Chaetodon modestus Temminck et Schlegel
HIE ¥ TYIEA Evistias acutirostris (Temminck et Schlegel)
LA AVEA Oplegnathus fasciatus (Temminck et Schlegel)
AVHFEA Oplegnathus punctatus (Temminck et Schlegel)
A=l A =i Ditrema temmincki Bleeker
ARy Neoditrema ransonneti Steindachner
ARAEA ARAEA Chromis rotatus notatus  (Temminck et Schlegel)
VIARAGA Pomacentrus coelestis Jordan et Starks
B3 )N XX Goniistius zebra (Doderlein)
BHINTA Goniistius zonatus (Cuvier)
THAETF ATV T AT Acanthocepola limbata (Vaenciennes)
AIVXRT AET Cepola schlegeli (Bleeker)
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BEA AXF N AFH Liza haematocheila ~ (Temminck et Schlegel)
N Mugil cephalus cephalus Linnaeus
<A T I A Sphyraena pinguis Gunther
VIAY =Yg YR Ra )n Polydactylus plebejus (Broussonet)
~7 A7 Choerodon azurio (Jordan et Snyder)
Fayty Halichoeres poecilopterus (Temminck et Schlegel)
RR7 Halichoeres tenuispinnis Gunther
YA I ART Pseudolabrus japonicus (Houttuyn)
VAV A" Pteragogus flagellifera (Vaenciennes)
a7 x4 Semicossyphus reticulatus (Valenciennes)
ARRZ Suezichthys gracilis (Steindachner)
Vb Za V=0 Allolepis hollandi Jordan et Hubbs
FIHAY Davidijordania poecilimon (Jordan et Fowler)
ga Lycodes nakamurai (Tanaka)
Vo L Lycodes tanakai Jordan et Thompson
T Petroschmidtia tyamensis Katayama
BT HY BAF XK Dictyosoma burgeri Van der Hoeven
TFXHY Lumpenus sagitta Wilimovsky
FHIH Stichaeus grigorjemi Herzenstein
=X VR FUR Pholis nebulosa (Temminck et Schlegel)
FAHITA FAHI A4 Anarhichas orientalis Pollas
INEINE ININA Arctoscopus japonicus (Steindachner)
N n=tid THIV~ Gnathagnus elongatus (Temminck et Schlegel)
v Aat Uranoscopus japonicus Houttuyn
7% A ¥R Parapercis pulchella (Temminck et Schlegel)
TN NTEA Parapercis sexfasciata (Temminck et Schlegel)
AEF VR AEXUR Tripterygion etheostoma Jordan et Snyder
AVXUR F_Ap Omobranchus elegans (Steindachner)
AhF= AHF= Ammodytes personatus Girard
IRV FEXAY Repomucenus beniteguri (Jordan et Snyder)
KAYIF (A Repomucenus lunatus (Temminck et Schlegel)
FAIAF Repomucenus richardsonii (Bleeker)
INIBT IR Repomucenus valenciennel (Temminck et Schlegel)
a4 ~nt Acanthogobius flavimanus (Temminck et Schlegel)
=INY Chaenogobius heptacanthus (Hilgendorf)
yEs=0) Chaenogobius urotaenia (Hilgendorf)
AREF AT Cryptocentrus filifer (Valenciennes)
vt Glossogobius olivaceus (Temminck et Schlegel)
vavg Leucopsarion petersi Hilgendorf
ANE Luciogobius guttatus Gill
F2NY Pterogobius elapoides (Gunther)
=UFNY Pterogobius virgo (Temminck et Schlegel)
FxXH7 Pterogobius zonoleucus Jordan et Snyder
ENILN) Rhinogobius brunneus (Temminck et Schlegel)
HENE Sagamia geneionema (Hilgendorf)
FF7 Tridentiger obscurus (Temminck et Schlegel)
et Tridentiger trigonocephalus  (Gill)
=¥EA FUTNE Naso unicornis (Forsskal)
=HEA Prionurus scalprus Valenciennes
TA= TA Sganus fuscescens (Houttuyn)
AF4 AFA Trichiurus Lepturus linnaeus
A HAYTZ Acanthocybium solandri (Cuvier)
S2%v24 Auxis thazard (Lacepéde)
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BWER AXX P HIF Katsuwonus pelamis Linnaeus
NIIFH Sarda orientalis (Temminck et Schlegel)
TR Scomber australasicus Cuvier
PN Scomber japonicus Houttuyn
+U7 Scomberomorus niphonius (Cuvier)
[ Thunnus alalunga (Bonnaterre)
Ja~ya(<)n) Thunnus thynnus (Linnaeus)
~HTX BVEVY S Istiophorus platypterus (Shaw et Nodder)
~hVF Tetrapturus audax (Philippi)
AREA AEA Hyperoglyphe japonica (Doderlein)
AREA Psenopsis anomala (Temminck et Schlegel)
TRVEA NFEIUA Psenes pellucidus L iitken
<AV ~ VA Pampus argenteus (Euphrasen)
A eI A ETA Paralichthys olivaceus (Temminck et Schlegel)
W IETA Pseudorhombus cinnamoneus (Temminck et Schlegel)
BT TET R Pseudorhombus pentophthalmus  Glinther
TIAHA Tarphops oligolepis (Bleeker)
B HA YUHLA Laeops kitaharae (Smith et Pope)
A irZava Cleisthenes  pinetorum her zensteini (Schmidt)
PATVA Clidoderma asperrimum (Temminck et Schlegel)
IFXAHA Dexistes rikuzenius Jordan et Starks
LvHA Eopsetta grigorjewi (Herzenstein)
[=2074=: Glyptocephalus stelleri (Schmidt)
ThHA Hippoglossoides dubius Schmidt
AV HA Kareius bicoloratus (Basilewsky)
~HA Limanda herzensteini Jordan et Snyder
A HVA Limanda punctatissima (Steindachner)
~aiA Limanda yokohamae (Gunther)
PNTjA Microstomus achne (Jordan et Starks)
XA Platichthys stellatus (Pallas)
AMETVA Pleuronichthys cornutus (Temminck et Schlegel)
NTAT VA Reinhardtius hippoglossoides  (Walbaum)
YFELHLA Tanakius kitaharai (Jordan et Starks)
~YHT Verasper moseri Jordan et Gilbert
RUAVA Verasper variegatus (Temminck et Schlegel)
S TR BETR Cynoglossus joyneri Glnther
Iayy )uH Paraplagusia japonica (Temminck et Schlegel)
RIS NS AR Aseraggodes kobensis (Steindachner)
NN INT 4 Heteromycteris japonica (Temminck et Schlegel)
NI Pseudaesopia japonica (Bleeker)
VAR Zebrias zebra (Bloch et Schneider)
77 BUATHINE  TI®RVHNT Canthidermis maculatus (Bloch)
HINE JAINNF Aluterus monoceros (Linnagus)
TIANF Rudarius ercodes Jordan et Fowler
ATNF Stephanolepis cirrhifer (Temminck et Schlegel)
TRATNF Thamnaconus modestus (Giinther)
nazy nazy Ostracion immaculatus Temminck et Schlegel
77 A Arothron firmamentum (Temminck et Schlegel)
THATT Fugu chrysops (Hilgendorf)
Vawes Fugu niphobles (Jordan et Snyder)
| N Fugu pardalis (Temminck et Schlegel)
a7y Fugu poecilonotus (Temminck et Schlegel)
77 Fugu rubripes (Temminck et Schlegel)
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EER 7/ 77 Iv77 Fugu stictonotus (Temminck et Schlegel)
~77 Fugu vermicularis porphyreus (Temminck et Schlegel)
vayhA7 7 Fugu vermicularis vermicularis (Temminck et Schlegel)
=7y Fugu xanthopterus (Temminck et Schlegel)
P Ay Lagocephalus wheeleri Abe Tabeta et Kitahama
EVIA Sphoeroides pachygaster (Muller et Troschel)
NJEURY NJEURY Diodon holocanthus Linnaeus
<Ry < UARY Mola mola (Linnaeus)
B OB YvAyE pYArF BTV A Lampetra japonica (Martens)
AT IR Lampetra reissneri (Dybowski)
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