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Japanese flounder Paralichthys olivaceus is widely distributed around coastal areas of Japan,
Korea and China. Food organisms and feeding habits of juvenile Japanese flounder are different
by area, and juveniles probably adopt feeding tactics to accommodate to abiotic and biotic fac-
tors at various sandy beaches. In the Seto Inland Sea, the annual catch of this species comprised
approximately 15% of the total catch in Japan (6,500 t) in recent years, and more than 4 mil-
lion hatchery-reared juveniles have been released annually. In order to determine release timing
and size of hatchery-reared flounder, it is essential to elucidate mechanism of forming nursery
grounds. For the purpose of clarifying the mechanism in the Seto Inland Sea, I examined den-
sity of larval and juvenile Japanese flounder, catch efficiency of a sampling gear, feeding ecology
of dominant fish species, their food organisms and growth rate of juvenile flounder at the sandy
beaches in eastern Hiuchi-Nada, the Seto Inland Sea.

Density and catch efficiency of a 2-m beam trawl net of juvenile Japanese flounder

To estimate density and catch efficiency of a two-meter beam trawl net(Seikai National Fisher-
ies Research Institute [SNFRI] type net)for juvenile Japanese flounder, I carried out diving and
fishing surveys at Ohama Beach. Direct counting was conducted by divers and then a density of
flounder was estimated. A fishing survey in which SNFRI net was towed along 200 m at a speed
of 05-1.0 knot was conducted. Catch efficiency was calculated by number of fish collected by the
net (individuals [inds]/100 m®) /density of fish(inds/100 m®) x 100. The density ranged from 05 to
42 inds/100 m” and then the mean density in June was 12,6 inds/100 m”. The mean catch efficiency
(95% confidence interval) was 16.1% (11.0-21.2 %).

Occurrence and feeding ecology of Japanese flounder and food organisms

Distribution of Japanese flounder and demersal fish species were examined at the seven sandy
beaches. A total of 6,412 individuals of 17 species representing 12 families were collected with
242 hauls of the 2-m beam trawl net. Larval and juvenile flounder occurred from late May to Au-
gust, and were mainly collected at a depth of 2-5 m. The dominant fish species were Favonigobius
gymnauchen(56.0% in number), Tarphops oligolepis(8.1%), Rudarius ercodes(78%), Japanese
flounder P. olivaceus(7.3%), Repomucenus spp.(7.0%)and Heteromycteris japonica(3.3%). The
number of flounder per haul differed among the beaches and months, but the trend of variations
was similar among the beaches.

Abundance of food organisms and feeding habits of flounder were examined from May to
August at Ohama Beach. The food organisms collected by a sledge net consisted of 40 families
from 18 orders, dominated by muysids, crangonids and gammarids. The mean density of mysids,
crangonids, gammarids and fishes was 2.74 inds/m®, 6.74 inds/m’ 291 inds/m’ and 0.15 inds/m’,
respectively. Most of crangonids were small(< 14 mm in body length), and so large crangonids,
which could prey on newly settled flounder, were not abundant. Larval metamorphosing floun-
der settled at Ohama Beach from late May to late June when mysids were abundant. Juveniles
mainly consumed mysids and small crangonids. Crangonids were not important as a predator for
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flounder but as prey. Fishes were observed in the stomach of flounder larger than 50 mm in total
length, but cannibalism was not found. Flounder preferred epifaunal mysids, Nipponomysis ornata
and Anisomysis ijimai, to sand-burrowing mysids, liella ohshimai, and avoided crangonids.

Feeding ecology of dominant fish species

Feeding habits of the dominant fish species F. gymnauchen, Repomucenus spp. and T. oligo-
lepis were examined at Ohama Beach. All the fish species consumed mainly small crustaceans,
and not fishes and polychaetes. F. gymnauchen and Repomucenus spp. consumed mainly mysids
and small crangonids. In contrast, 7. oligolepis actively selected only epifaunal mysids N. ornata
and avoided crangonids. Newly settled Japanese flounder were not observed in the guts of the
three fish species. The diet of juvenile Japanese flounder was similar to those of the three spe-
cies. From these results, it appears that these three fish species are not predator but competing
species for juvenile flounder in this area.

To estimate the daily ration of Japanese flounder P. olivaceus, T. oligolepis and F. gymnauchen
and to clarify diel variation in food availability, I conducted diel sampling over a 24-hour period.
Demersal fishes and small crustaceans were collected with the 2-m beam trawl net and a two-
layer sledge net, respectively. The exponential model established by Elliot and Persson was used
to calculate daily ration. Gastric evacuation rates for the three fish species were estimated from
the decrease in the stomach content index (SCI: wet stomach weight per wet body weight)from
21:00 to 3:00, assuming no feeding activity at night. The mean total length and mean wet body
weight BW of P. olivaceus, T. oligolepis, and F. gymnauchen were 32.6 mm (0.35 g), 237 mm(0.13
g)and 50.2 mm(1.03 g), respectively. The mean SCI and percentage of stomachs with food were
high during the day and low at night, indicating that the species are daytime-feeders. The mean
daily ration estimate (95% confidence intervals)for P. olivaceus, T. oligolepis and F. gymnauchen
made with the bootstrap method was 18.1(9.3-31.3) %BW, 13.2(7.9-24.3) %BW and 3.7(1.7-74) %
BW, respectively. The daily mysids consumption was greater in P. olivaceus(78 mg/m’)than in T.
oligolepis(3.1 mg/m®)and F. gymnauchen (2.2 mg/m’). The density of mysids in the near-bottom
layer was higher during the day than at night, whereas in crangonids an opposite trend was ob-
served. Gammarids and isopods were abundant at night.

Daily growth estimation of juvenile Japanese flounder

Daily growth rate of juvenile Japanese flounder was analyzed using an otolith microstructure.
The absolute growth rate (AGR)and the relative growth rate (RGR)of the juveniles(18.3-56.0 mm
in total length [TL])range from 041 to 1.84 mm/day and from 0.86 to 512 %/day. With simple
regression analysis, the relationship was found between AGR and TL, whereas there was not the
significant relationship between RGR and TL. The mean RGR was greatest in early June, and
gradually decreased after late June. It seems that large juveniles migrate form nursery grounds,
when their RGR falls below a threshold.

Tactics of Juvenile Japanese flounder in the nursery grounds in eastern Hiuchi-Nada

The settling of Japanese flounder was synchronized with abundance of mysids. Juveniles se-
lected mysids, but consumed also small crangonids because of low density of mysids. The daily
ration for Japanese flounder was lower than that observed in rich food condition, indicating that
the mysids availability might be not sufficient for juveniles in this area. In this area, the size of
shift from mysids to fishes as their main food and emigrant to offshore area was small compared
with Igarashihama Beach, where mysids were abundant. Judging from these results, juveniles
might adopt a feeding tactics, in which they do not depend on mysids as much as possible in the
nursery grounds in this area.

Key words :  Japanese flounder, feeding ecology, food organisms, food web, daily growth rate,
sandy beach, the Seto Inland Sea
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Chapter 1. General introduction

Japanese flounder Paralichthys olivaceus, one of
the highest-priced commercial fish in Japan coastal
fisheries, 1s mainly caught by trawl nets, gill nets
and set nets, and has yield approximately 6,500 t
in 2003". The production of the hatchery-reared
Japanese flounder increased with improvements of
rearing technique, and more than 26 million juvenile
flounder have been released annually into shallow
waters”™. For establishment of more effective stock
enhancement, many researchers have studied the
occurrence, density, feeding habits, food organisms,
daily growth rate and recruitment mechanisms of
larval and juvenile flounder in the nursery grounds
(e. g. Minami, 1982": Goto et al, 1989”: Tanaka et al,,
1989”; Hirota et al, 1990”; Fujii and Noguchi, 1996”;
Noichi, 1997"; Tanaka et al, 1997 : Tanaka et al,
1998""). Therefore, the outline of the early life his-
tory was clarified as follows. Spawning starts in
early spring and continues until early summer. The
duration of pelagic stage as eggs and larvae varies
between one and two months depending on water
teraperatures’”, and metamorphosing larvae then
settle at sandy beaches'”. Main prey of juvenile
flounder were only mysids and fishes in the nursery
grounds

13-16)

. The daily growth varied between ap-

810119 and fluctuated

proximately 0.5 and 2.0 mm/day
according to abundance and species composition of
food organisms, especially density of mysids*”. Large
juveniles migrate to offshore area a few months later
from settlement.

As stated before, Japanese flounder is widely
distributing including in subtropical and subarctic

* then the physical environmental condi-

zones'
tions are greatly different between the northern
and southern area. In addition, food organisms and
feeding habits of juveniles were different by area™"”
For example, in the Sea of Japan, the abundance of
mysids was different between northern and south-
ern areas and the density of settled juveniles in the
north was one-digit smaller than that in the south.
At Igarashihama Beach in the northern Sea of Japan,
juveniles fed chiefly on mysids until 80-100 mm in
total length (TL) and then shifted to fishes in their
diet”. In contrast, the shift from mysids to fishes oc-
curred at 30-50 mm in TL"and juveniles larger than
60 mm emigrated to offshore area”’at Wada Beach in

the central Sea of Japan. The size of flounder emigra-

tion became smaller in the nursery grounds where
abundance of mysids was lower than those in the
northern Pacific Ocean coast'”. Moreover, the daily
ration fluctuated according to food availability es-
pecially mysids biomass”. The daily growth of wild
juveniles was approximately 2.0 mm/day at Igarashi-
hama Beach where mysids were abundant”, in con-
trast, that was approximately 0.6 mm/day at Wada
Beach'”. From these observations, I expected settled
flounder juveniles adopted feeding tactics to accom-
modate to food availability at various sandy beaches.

The cause of the depletion of juvenile Japanese
flounder is partially depending on predation in shal-
low waters®®”, while starvation is considered to have
great influence on predation®. Starved fish would be
preyed by predators easily and slow growth rate im-
plies prolonged exposure to predation. Thus, feeding
condition probably is a major factor, which determine
the survival rates during juvenile period.

Many fish species including Japanese flounder and
crustaceans utilize sandy beaches as their habitats
(e. g Senta and Kinoshita, 1985”; Senta et al, 1988”;
Brown and McLachlan, 1990”; Gibson et al., 1993;
Takahashi and Kawaguchi, 1997"; Senta and Kinoshi-
ta, 1998": Layman, 2000”; Hanamura and Matsuoka,
2003"). Previous studies have revealed that flat-
fishes and gobies predominated at the beaches in Ja-
pan”** . Most of the dominant fish species consumed
mainly small crustaceans such as mysids, copepods,

22.39-42)

gammarids and decapods , and also preyed on

newly settled flounder at beaches where flounder

“% Therefore, dominant fish

were greatly abundant
species influence on the vulnerability of newly settled
flounder as a competitor and/or predator. However,
little information on feeding ecology of dominant
fish species is still available. Especially, quantitative
analyses of food organisms consumed by dominant
fish species including flounder are limited. Estimation
of daily food consumption is essential to elucidate a
role of these fish species in ecosystem and construct
a model of the ecosystem in nursery grounds.

In Kagawa Prefecture, the central Seto Inland Sea,
release of hatchery-reared flounder started since
1984, and the annual landing increased with number
of released flounder (Fig. 1-1). In the Seto Inland Sea,
approximately 4 million hatchery-reared juveniles
have been released, and the annual catch of Japanese
flounder is approximately 15% of the total catch in
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Fig. 1-1 Changes in annual landings and numbers of hatchery-reared juveniles released for Japanese flounder

in Kagawa Prefecture.

Japan. It is necessary to estimate the optimum re-
lease number of hatchery-reared flounder. For this
purpose, feeding ecology during juvenile stage and
density of juvenile are the important element to
estimate carrying capacity. Maeharahave studied
the biology of juvenile Japanese flounder in south-
western Hiuchi-Nada, the Seto Inland Sea, and noted
that newly settled flounder occurred from late May
to early July at the sandy beaches, mysids were not
abundant and the dominant prey were small crango-
nids and larval Japanese anchovy beside for mysids
in the nursery grounds. These results suggested
that the food condition in the nursery grounds was
worse in the Seto Inland Sea than those in the Sea
of Japan, the East China Sea and the Pacific Ocean
where most of the previous study on early life his-
tory of Japanese flounder were carried out. Never-
theless the stock of Japanese flounder is abundant
also in the Seto Inland Sea™ " I think there may be
a peculiar mechanism of forming nursery grounds in
the Seto Inland Sea. For clarifying the mechanism, it
is essential to elucidate feeding condition of settled
Japanese flounder. Thus, I make the main object of
my doctoral thesis to be a study on feeding ecology
of settled Japanese flounder in nursery grounds in
eastern Hiuchi-Nada, the Seto Inland Sea.

In order to reveal the mechanism of forming
nursery in eastern Hiuchi-Nada, I refer to previous

studies (e. g. Fujii and Noguchi, 1996”; Yamashita et
al. 1996 Noichi 1997”; Maehara, 1997"”; Tanaka et
al, 1997": Tanaka et al, 1999"; Tominaga 2001°")
and set up hypotheses of the early life history as
follows: 1)larval and juvenile Japanese flounder im-
migrate from offshore to shallow waters and settle
at sandy beaches in early summer when availability
of food items especially mysids is high (hypothesis
1); 2)newly settled flounder prefer mysids, however,
decrease in density of mysids with increasing tem-
perature makes juveniles diet diversify (hypothesis
2); 3)dominant fish species and crangonids are not
predators for juvenile Japanese flounder (hypothesis
3); 4)Daily food consumption of flounder is the great-
est among those in dominant fishes, namely juvenile
Japanese flounder can use the large amount of my-
sids among the members of the sympatric demersal
fishes (hypothesis 4); 5) When juvenile flounder settle
in their nursery grounds in early June, their food or-
ganisms are abundant and consequently their growth
rate is relative high. However, their food availabil-
ity becomes bad in late June, they can not take the
enough amount of food and migrate from their nurs-
ery grounds to offshore area, where they can shift
their food to abundant fish juveniles, mainly Japanese
anchovy (hypothesis 5).

To establish these hypotheses, I examined occur-
rence, feeding ecology and growth rate of larval
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and juvenile Japanese flounder, food organisms and
feeding ecology of dominant demersal fishes from
spring to summer at the sandy beaches in eastern
Hiuchi-Nada, the Seto Inland Sea. In addition, catch
efficlency of a 2-m beam trawl net was estimated.
This thesis is divided into four parts(chapters 2-5).
In chapter 2, density of Japanese flounder and catch
efficiency of the Seikai National Fisheries Research
Institute (SNFRI) type net for juveniles is estimated.
In chapter 3, occurrence and feeding habits of Japa-
nese flounder and food organisms is revealed for the
verification of hypothesis 1 and 2. Chapter 4, which
describes feeding ecology of dominant fish species,
consists of two sections: feeding habits of Favonigobi-
us gymnauchen, Repomucenus spp. and Tarphops
oligolepis are shown for the verification of hypothesis
3, and daily rations of P. olivaceus, T. oligolepis and
F. gymnauchen and diel variation in food availability
to them for the verification of hypothesis 4. Finally,
in chapter 5, daily growth is measured using otolith
microstructure analysis for the verification of hypoth-
esis 5.



Chapter 2. Estimation of density and
catch efficiency of a two-me-
ter beam trawl for Japanese
flounder

Introduction

For stock enhancement, mass releases of hatchery-
reared Japanese flounder juveniles have been con-
ducted in shallow waters since the 1980”. Estimation
of juvenile density is indispensable in order to clarify
mechanism of forming nursery grounds. However,
there is little information on density of juveniles in
the Seto Inland Sea. Moreover, it was reported that
few catch efficiency of the Seikai National Fisheries
Research Institute (SNFRI) type net”, with which I
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collected demersal fish species.

In this chapter, I estimate catch efficiency of the
SNFRI type net at Ohama Beach in eastern Hiuchi-
Nada, the Seto Inland Sea.

Materials and methods

Fishing surveys for juvenile Japanese flounder
were carried out together with diving surveys for
12 days from June to August in 1998, 1999 and 2000
at Ohama Beach, where juvenile were abundant in
eastern Hiuchi-Nada(Fig. 2-1; see Chapter 3A). The
maximum tidal range is approximately 3 m and the
sediment at depths greater than approximately 10 m
is silty clay™.

Depth: 10m.l 5m

N
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Fig. 2-1 Lines for fishing and diving surveys at Ohama Beach in eastern Hiuchi-Nada, the Seto Inland Sea.
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Table 2-1 Number of fish collected by the trawl net, density of fish by diving survey and catch efficiency

Fishing survey

Diving survey

Catch
Date No. of Depth No.of Mean TL CPUE®" = Swept area Né) '}? f Density of fish efficiency
haul (m) fish  (mm) (inds/ 100m®) m)  ounted (1nds/100m°) (%)
1998
June 25 2 32,55 34 30.0 425 100 42 420 10.1
Juy 8 2 34,49 7 40.1 0.88 100 22 220 40
July 22 2 36,50 3 40.8 0.38 100 6 6.0 6.3
1999
June 29 2 25,39 8 470 1.00 150 7 47 214
Juy 7 2 16,25 4 470 050 200 6 30 16.7
July 22 2 19,29 1 524 0.13 200 1 05 26.0
Aug. 6 2 1.7, 28 1 68.8 0.13 200 3 15 8.3
2000
June 15 2 32,49 7 254 0.88 200 10 50 175
June 21 3 18-38 13 296 1.08 200 12 6.0 18.1
June 29 4 11-39 32 321 2.00 200 11 5.5 364
Juy 6 3 23-44 9 39.7 0.75 250 19 76 99
July 17 3 32-438 7 46.9 0.58 100 3 30 194
Mean 16.1

* Number of fish collected per swept area

The fishing survey was conducted with the SNFRI
type net(net mouth 0.3 m high and 2 m width, mesh
size 2.1 mm; weight in air, approximately 22 kg®)
during the daytime. The net with 30 m towing rope
was towed 200 m by a boat along the beach on Line
2 and Line 3 at a speed of 0.5-1.0 knot based on land-
marks, and start and end time of the operation was
recorded. The mean depth on Line 2 and Line 3 was
24 m(range: 1.1-30 m)and 4.1 m(3.0-50 m), respec-
tively (Table 2-1). Collected fishes were immediately
fixed in 10% seawater formalin. Wild Japanese floun-
der were measured their total length (TL)to nearest
0.1 mm with a caliper. Assuming that the net per-
fectly touched the bottom (swept area: 400 m’, catch
per unit effort (CPUE: number of flounder collected
per swept area, individuals [inds]/100 m’ was calcu-
lated. Additionally, to compare the density in the 12
nursery grounds by Tanaka et al””with my result, I
converted the density indexes by Tanaka et al™ (num-
ber of flounder collected by a 1.5-m beam trawl net per
minute, inds/min)into CPUE (inds/100 m®)based on
towing speed (36 m/min).

The diving survey was conducted on Line A (Fig.
2-1). Two divers with threatening instruments (Fig.
2-2)swam along rope installed on the ground (swept
area: 100-250m” and counted directly escaping floun-
der”. Density of flounder (inds/100 m*)was calcu-

lated by swept area and number of fish counted.

“®%have estimated the catch ef-

Previous studies
ficiencies of the 2-m beam trawl net base on assump-
tion that the net caught the flounder irrespective of
their density. However, there is a possibility of un-
derestimation in catch efficiency because of density-
dependent effects at high density. I therefore com-
pared two models of density-independent(model 1)
and density-dependent (model 2 )models as follows:

Model 1 : Y= aP,

Model 2 : Y=(a + bP)P = aP + bF,
where Y is CPUE and P is density of fish. The pa-
rameters, ¢ and b, were determined by the least
squares method using solver on Microsoft-EXCEL. A
better-fit model was statistically selected by Akaike

weight
)
/ y 4
nail
50cm {

Fig. 2-2 Threatening instruments for diving survey.



Information Criterion(AIC)”. The model with the
smaller AIC is the better-fit model. Then, based on
the accepted model, catch efficiency of the SNFRI
type net(CE, %)was obtained using the following
equation: CE= Y/P x 100.

Two samples of bottom sediments were collected
at Line 2 and Line 3 by SCUBA on 17 July 2000 for
grain size analysis. The sample was classified into
five classes(gravel and coarse, particle diameter [Pd]
> 0.5 mm; medium sand, 0.5 > Pd > 0.25 mm; fine
sand, 0.25 > Pd > 0.125 mm; very fine sand, 0.125 >
Pd > 0.063 mm; mud, Pd < 0.063 mm)with sieves,
and then medium particle diameter was calculated
by the weight composition™’.

Results

The medium particle diameter of the sediments
were 0.23 mm at Line 2 and 0.20 mm at Line 3, re-
spectively (Table 2-2), showing the bottom sediments
mainly consisted of sand, especially fine sand at Oha-
ma Beach.

The CPUE(Y)varied between 0.13 and 4.25
inds/100 m’, and was higher in June than in July
and August(Table 2-1). The CPUE in June was
1.84 inds/100 m". The mean total lengths of flounder
ranged from 254 to 688 mm. The densities of fish (P)
by the diving surveys varied between 0.5 and 42.0
inds/100 m°, and the mean density in June was 12.6
inds/100 m’. The divers seldom observed juveniles
larger than 60 mm.
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Table 2-2 Particle diameters(Pd)at Line 2 and Line 3

(%)
Line2 Line3
Gravel and coarse (Pd>0.5 mm) 1.0 1.2

Medium sand (0.5 > Pd > 0.25 mm) 428 207
Fine sand (0.25 > Pd > 0.125 mm) 535 737
Very fine sand (0.125 > Pd > 0063 mm) 04 2.2
Mud (Pd < 0.063 mm) 2.3 22

Table 2-3 Relationship between density of juvenile
Japanese flounder and number of flounder
collected by the net

a b AIC

Model 1 (Y=aP) 0.0953 = 28.6

Model 2 (Y=aP+bF*) 01018 -0.00187 306

Y, number of fish collected by the net per swept area
P, density of fish by diving survey

The parameter estimates obtained by the two
models are shown in Table 2-3. The values of AIC
were calculated to be 286 in the model 1 and 30.6
in the model 2, indicating that the model 1 was the
better-fit model. Thus, I calculated catch efficiency of
the SNFRI type net(CE)based on the density-inde-
pendent model (model 1)and then the catch efficiency
of each day varied between 4.0 and 36.4% (n=12;
Table 2-1). The mean estimate (95% confidence in-
tervals) was 16.1% (11.0-21.2%).

The density indexes by Tanaka et al.(2006; inds/
min)were converted into CPUE (inds/100 m®), and
then the results are shown in Table 2-4. The CPUE
varied between 0.76 and 855 inds/100 m’.

Table 244 CPUE derive from the data® by Tanaka et al. (2006)

Site Prefecture Area i dg) 1%8: m?)
Miyako Iwate The northern Pacific Ocean 044
Onagawa Miyagi The northern Pacific Ocean 1.80
Yoichi Hokkaido The northern Sea of Japan 0.76
Ajigasawa Aomori The northern Sea of Japan 131
Igarashi Niigata The northern Sea of Japan 041
Naoetsu Niigata The northern Sea of Japan 1.24
Kokubu Toyama The central Sea of Japan 4.28
Mikuni Fukui The central Sea of Japan 235
Funaiso Tottori The southern Sea of Japan 2.70
Hagi Yamaguchi The southern Sea of Japan 8.56
Oseto Nagasaki The East China Sea 278
Kazusa Nagasaki The East China Sea 3.80

* I number of collected by a 1.5-m beam trawl net per minute
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Discussion

Tanda” observed that ability of burring into sand
by hatchery-reared juvenile flounder (size: approxi-
mately 20-100mm in TL)was higher on medium and
fine sand(0.125 < Pd < 0.5 mm)than on mud and
coarse sand in the laboratory experiment. Wild juve-
niles occurred mainly on fine sand area in the coast
of Chiba Prefecture”. Therefore, this study beach
has comfortable bottom sediments for larvae and ju-
veniles.

At Ohama Beach, the mean CPUE and density of
flounder was 1.84 inds/100 m® and 12.6 inds/100 m’,
respectively. The CPUE at Ohama Beach was higher
than those at Miyako and Onagawa in the northern
Pacific Ocean and at Yoichi, Ajigasawa, Igarashi and
Naoetsu in the northern Sea of Japan, but lower than
those at other sites in the central and southern Sea
of Japan and the East China Sea(Table 2-4). The
density was lower at Ohama than in the coast of To-
tori Prefecture (14-81 inds/100 m*)"™, at Yanagihama
Beach (86-420 inds/100 m’)*®and at Taniura Beach
(40-222 inds/100 m*)*in Nagasaki Prefecture. These
results indicated that the abundance of juveniles at
Ohama Beach was higher than those in the northern
Pacific Ocean and the northern Sea of Japan, but
lower than those in the central and southern Sea of
Japan and the East China Sea.

The mean catch efficiencies of the SNFRI type net
have been estimated to be 26.7% (range: 24.5-30.8%)
in Sijiki Bay, Nagasaki Prefecture®, and 21.6%
(96-41.4%)in the coast of Tottori Prefecture™. These
values were higher than the mean estimate in this
chapter. Catch efficiency should be influenced by size
of flounder and towing speed”’. Catch efficiency de-
creases with an increase in size of flounder collected,
because swimming ability increase with an increase
in size. The mean total length of flounder was small-
er in Shijiki Bay (mode: 11 mm in standard length)®*
than in this study.

Few juveniles larger than 60 mm TL were col-
lected by the SNFRI type net. In the diving survey,
few juveniles larger than 60 mm were also observed.
At the sandy beach in southwestern Hiuchi-Nada, the
same type net collected juvenile approximately 100
mm. These results suggest that there might be not
net avoidance of large juveniles.

Kimoto at el.”improved catch efficiency of the

National Research Institute of Fisheries Engineering
(NRIFE) 1 type net by lengthening a tickler chain
and ground chain and added weight to the net. The
catch efficiency of the modified net(the NRIFE I
type net)was higher than that of the SNFRI type
net”. However, the NRIFE 1I type net could not
be towed in the Seto Inland Sea, because NRIFE I
type net was too heavy (weight in air, approximately
36 kg)”and then buried into bottom™. Therefore
SNFRI type net would be useful for collecting demer-
sal fishes at sandy beaches in the Seto Inland Sea.



Chapter 3. Occurrence and feeding hab-
its of settled Japanese floun-
der and food organisms

A : Distribution of larval and juvenile Jap-

anese flounder

Introduction

Japanese flounder is an important species in com-
mercial fisheries and stock enhancement in Japan. To
establish a more effective fisheries management and
stock enhancement, studies on the early life history
have been carried out in the Sea of Japan and the
East Chaina Sea(e.g. Kato, 1987"; Fujii et al, 1989":
Ikewaki and Tanaka, 1993"; Furuta, 1999”), and
the Pacific Ocean(e.g. Ishida et al, 1977"; Yamada
et al, 1998"; Takahashi et al, 1999""). Previous re-
ports demonstrated that the occurrence, distribution
and size of migrating from nursery grounds differed
among survey areas(e.g. Minami, 1989"; Tanaka et
al, 1997"; Noichi, 1997"). Information on general bi-
ology for flounder in the Seto Inland Sea, where the
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annual catch comprised approximately 15% of the
total catch in Japan, has been accumulated”, but the
early life history is still not fully understood with the
exception of the seasonal occurrence of pelagic lar-
Vae(ifi.(}fl ) )

The objective of this chapter was to describe oc-
currence, distribution and size of larval and juvenile
Japanese flounder at sandy beaches in the eastern

Hiuchi-Nada.

Materials and methods

Sampling area

Eastern Hiuchi-Nada, the central Seto Inland Sea,
has sandy tidal flats of approximately 220 ha(Fig.
3-1). Although the bottom sediment at Line 4 at
Ohama Beach (Fig. 3-1C)consisted of silty clay (me-
dian particle diameter [Md¢ ]: 44), those at other
sampling stations were fine sand(Md ¢ : 20-32). A
residual current circulates counterclockwise around
Ibuki-jima Island at a constant velocity of 10-20 cm/

51

S .

o

Ibuki-jima Is.

B) Hiuchi-Nada

Ariakehama

0 Skm

Fig. 3-1 Sampling stations for larval and juvenile Japanese flounder.
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Geographical distribution of Japanese flounder and out 22 times from May to September in 1995-1997
other demersal fishes at the seven beaches(Fig. 3-1B; Table 3-1). The
Sampling surveys of demersal fishes were carried sampling line at Ohama Beach was only Line 2

Table 3-1 Collection records of larval and juvenile Japanese flounder at the sandy beaches in the central Seto
Inland Sea from 1995 to 2001

Geographical distribution O O O O O O O
Depth distribution O O O O
Water depth (m)* cal0 cal0 ca04 calld ca24 cab63 ca09 calld calld cald

Measured water depth (m)** and tide
Nr Nm Linel Line2 Line3 Line4 Nb Sh Mr Ar

Year Month Day

1995 May 30 ND,e ND, e ND, e ND,e ND,e ND,e ND, e
June 14 ND, f ND, f ND, f ND, e ND e ND e ND, e
June 26,27 ND, e ND, e ND, e ND. e ND,e ND,e ND, e
July 10,13 ND, e ND, e ND, e ND, f ND,e ND,e ND, e
July 26,27 ND, f ND, f ND, e ND, e ND,e ND, e ND, e
Aug. 7.8 ND,e ND, e ND, e ND, e ND,e ND, e ND, e
Sep. 7.8 ND, f ND, f ND, e ND, e ND,e ND,e ND, e
1996 May 16,17 ND, e ND, e ND,e ND,e ND, e ND, e NDe ND, e ND, e
May 30,31 4.0, e 1.8, e 1.5, e 41, e 65 e 16, e 30e 27 e 38 e
June 11,12 2.4, e 2.4, e 1.1, f 38, f 6.3, f 1.1, f 28e 15 e 3.0 e
June 24,25 18, e 1.0, e 1.7, f 30, f 73, f 32, f 22e 11, e 18 e
July 89 1.2, f 1.1, f 1.0, £ 32, f 6.3 f 13.F 32¢f 204 3.d;+
July 22,23 15, f 1.3, f 22, f 56, f 83, f 25e 2.3 f 28, f
Aug. 5 1.3, f 0.9, f 1.4, f 34, f 65 f 33, f 27f 25 e 39 e
Aug. 20 2.0, f 1.5, f 2.3, f 50, f 9.0, f 26,f 2.1, e 32 e
1997 May 12,13 2.7, f 1.5, f 27.e 40, e 75, e 20,f 1.4, f 3.8, f
June 34 27, e 19 e 1.0, e 26, e 6.3 e 14, e 26, e
June 16,17 2.2, e 1.1, e 1.3, f 3.3, f 6.6, f 22,e 2.1, e 18, e
June 30 13, e 1.0, e 1.3, e 3.0, e 64, e L3.f 2l ff 3.l
July 14 1.1, e 1.0, e 1.8, e 4.1, e 12.f 1.7, f
- July 29 21, e 15 e 15, e 28 e 6.5 ¢ 20,f 1.5, f
Aug. 19 34, f 2.7, f 4.0,e 47, e 9.0, e 22.f 2.6, f
1998 May 21 20, e 32, e 96, e
June 11 3.0, f 50, e 84, e
June 25 3.2, f 55 e 9.0, e
July 8 34, e 49, e 93, e
July 22 3.6, e 50, e 95 e
1999 May 25 20, e 3.2, ¢
June 11 23, e 35, ¢
June 29 25 f 39 e
July 7 16, f 23, f
July 22 19, e 29, e
Aug. 6 1.7, e 2.8, e
Aug. 26 3.4, e 51, e
2000 May 31 05 e 25 e 32 e
June 15 05 e 32, e 49 e
June 21 20, f 3.7, f
June 29 05. e 21, e 39 e
July 6 2.3, f 4.4 f
July 17 3.2, e 45, ¢
July 26 1.5, e 31, e
2001 May 22 05 e 1.3, e 31, e
June 6 05, e 16.e 34, e
June 19 05.e 13, e 24, ¢
July 3 05, e 11, e 24, e
July 24 3.9, e 4.6, ¢
Aug. 28 0.5, f 1.4, f 35, f

Nr, Nirohama; Line 1-Line 4, Ohama; Nb, Nabuto; Sh, Soho; Mr, Muromoto; Ar, Ariakehama; ND, No data on
measured water depth; e, ebb tide; f, flood tide

*  the distance from the mean low water springs to the bottom

* [ the distance from the surface to the bottom in the beach at sampling



(Fig. 3-1C). The mean measured water depth of the
beaches was 2.1 m(depth range of 0.9-40 m; Table
3-1). Demersal fishes were collected by the SNFRI
type net(Chapter 1). The net was towed approxi-
mately 200 m by a boat along the beach at a speed of
0.5-1.0 knot during the daytime. The water tempera-
ture at the surface and water depth were recorded
every sampling station.

To compare abundance of flounder among depth,
sampling were carried out in 1996-2001 at Ohama
Beach (Fig. 3-1C; Table 3-1). The mean measured
depths in Line 1, Line 2, Line 3 and Line 4 was 0.5,
2.1, 3.8 and 7.8 m, respectively. On Line 2, Line 3 and
Line 4, the 2-m net was towed 200 m along the beach
based on landmarks(swept area: 400 m’, whereas,
on Line 1, samplings were conducted using a 1.5-m
beam trawl net (net mouth 0.3 m high and mesh

65)

size 20 mm)”during low tide, as most of larval and
juvenile flounder were caught near the shoreline
during low tide at Yanagihama Beach, Nagasaki Pre-
fecture”. The 1.5-m net was towed 150 m by two
persons along the beach at a speed of approximately
1.0knot (swept area: 225 m®). To compare catch per
unit effort (CPUE, individuals [inds]/haul)of the
2-m net, I modified the CPUE by multiplying 1.78 in

CPUE of the 1.5-m nets.

Sample treatments

Fishes were sorted from samples preserved in
10% formalin. Japanese flounder were divided into
wild and hatchery-reared fish based on abnormal pig-
mentation on the blind side. Data from the hatchery-
reared fish was not used for analysis in this chapter.
Total length(TL)of wild flounder was measured to
the nearest 0.1 mm except in 1995 and 1998. The de-
velopmental stages of flounder were classified after
Minami”and Goto et al’.

Statistical analysis

For comparisons of CPUE among sampling sta-
tions, data were log transformed and then analyzed
using Tukey-Kramer multiple comparison tests. Dif-
ference in size among sampling lines was examined
using Mann-Whitney U test or Tukey-Kramer tests” .

Results

Number of larval and juvenile Japanese flounder
collected

A total of 963 individuals were collected from 242
hauls at the seven beaches from 1995 to 2001. The
number of wild and hatchery-reared Japanese floun-
der was 959 and 4, respectively.

Occurrence and distribution of Japanese flounder
The mean surface water temperature at the seven
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Fig. 3-2 Seasonal changes in (A) mean sea surface
temperature and (B-H) catch per unit effort
(CPUE) of Japanese flounder at the seven
beaches.
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beaches ranged between 20.0 and 305 C (Fig. 3-2).
Larval and juvenile flounder were collected from
late May to early September. The CPUE of flounder
was high in June at all the beaches, but was different
among the beaches. The CPUE at Ohama Beach was
greater than those at the other beaches. At Ohama
Beach, the mean CPUE was 22.6 inds/haul (standard
deviation: 18.3)in June, whereas those at the other
beaches were less than 6.1 inds/haul. The CPUE fluc-
tuated by year, and was higher in 1995 than in 1996
and 1997.

Demersal fishes in nursery grounds
A total of 6,412 individuals including more than
17 species in 12 families were collected by the 2-m

80

e D
o o

]
o

CPUE (inds/ haul)

beam from 1995 to 1997(Table 3-2). Most of the
fishes were juveniles. The CPUE was significantly
higher at Nabuto than at Muromoto(Tukey-Kramer
test, P < 0.05; Fig. 3-3). The dominant fish species
were Favonigobius gymnauchen, Repomucenus spp.
and Tarphops oligolepis at all beaches. Especially, at
Nirohama, Nabuto and Ariakehama, the percentage
of F. gymnauchen was higher than 70%. The domi-
nant species was Rudarius ercodes at Ohama Beach
and Soho. Acanthopagrus schlegeli was abundant only
at Soho.

Size and stage composition of Japanese flounder
Seasonal changes in total length and stage com-
position of flounder collected in 1996 and 1997 are
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Fig. 3-3 CPUE (top) and composition of demersal fishes (bottom) by beach from 1995 to 1997. Data
connected line and vertical lines indicate significant difference (Tukey-Kramer test, P < 0.05)
and standard error, respectively. Ar, Ariakehama; Mr, Muromoto; Nb, Nabuto; Nm, Namari; Nr,

Nirouhama; Oh, Ohama; Sh; Siho.
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Table 3-2 Demersal fish species collected by the 2-m trawl at the seven beaches from 1995 to 1997

Nirohama Namari Ohama Nabuto Soho  Muromoto  Ariake
Number of hauls 22 22 22 13 22 22 18

Family Species
Sparidae Acanthopagrus schlegeli 0 9 0 7 73 8 5
Pagrus major 0 5 1 0 10 2 2
Labridae Halichoeres poecilopterus 5 10 0 1 4 36 2
Ammodytidae Ammodytes personatus 0 1 0 19 0 3 0
Gobiidae Favonigobius gymnauchen 574 418 237 826 234 482 821
Gobiidae 8 14 3 129 8 5 10
Tetrarogidae Hypodytes rubripinnis 16 8 1 0 4 2 16
Hexagrammidae  Hexagrammos agrammus 0 1 0 0 0 0 0
Cottidae Pseudoblennius cottoides 3 21 1 0 0 0 9
Callionymidae Repomucenus spp. 67 108 96 38 47 53 42
Pleuronectidae Paralichthys olivaceus 40 55 220 21 61 55 9
(wild) (40) (55) (220) (20) (59) (54) )
(hatchery-reared) 0) (0) 0) (1) (2) (1) 0)
Tarphops oligolepis 35 59 104 24 229 60 7
Kareius bicoloratus 0 0 0 2 1 2 1
Limanda yokohamae 1 1 1 10 1 2 6
Soleidae Heteromycteris japonica 31 68 35 7 22 39 7
Monacanthidae Rudarius ercodes 18 30 145 19 163 81 47
Tetraodontidae Tetraodontidae sp. 0 0 1 1 0 0 4
Others 26 32 17 13 25 30 39
Total 824 840 862 1,117 882 860 1,027

shown in Fig. 3-4. Size ranged from 9.8mm to 92.6
mm TL. The number of large juveniles(> 60 mm
TL)was small (4.3%). There were 29 and 226 individ-
uals in the H-I, stages(from late metamorphosing to
nearly metamorphosed stage) and I, stage (completely
metamorphosed stage), respectively. Settling larvae
(H-I, stages)occurred from late May to late June.
The two modes shifted from 10-15 and 25-30 mm TL
in early June, through 25-30 and 3540 mm TL in late
June, to 30-35 and 45-50 mm TL in early July, respec-
tively. Judging from these results, the daily growth
rate was estimated to be 04-1.0 mm/day.

Difference in abundance by depth of Japanese flounder
at Ohama Beach

Fig. 3-5 shows the CPUE by depth (mean wa-
ter depth: Line 1 [0.5 m] < Line 2 [2.1 m] < Line
3 [38 m] < Line 4 [7.7 m])at Ohama Beach from
1996 to 2001. The CPUE was significantly greater on
Line 2 and Line 3 than on Line 4 (Tukey-Kramer test,
P < 005). Significant differences in CPUE were not
found among Line 1, Line 2 and Line 3, but CPUE on
Line 2(9.23 inds/haul)and on Line 3(9.26 inds/haul)
was more than sixfold that on Line 1(1.26 inds/haul).
These results demonstrate that settled flounder was
abundant on Line 2 and Line 3.

Size distributions by depth at Ohama Beach in
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Fig. 3-4 Seasonal changes in size and stage composi-
tion of Japanese flounder collected at the
seven beaches in 1995 and 1996. Stages:
H-I, from the late metamorp hosing to the
nearly metamorphosed stage; I, completely
metamorphosed stage.
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Fig. 3-5 CPUE by depth at Ohama Beach from 1996
to 2001. Mean depths on Line 1, Line 2, Line
3 and Line 4 was 05, 21, 38 and 7.7 m, re-
spectively.

1996, 1997, 1999, 2000 and 2001 is shown in Fig. 3-6.
In July 2001, mean total length(33.5 mm TL)on Line
2 was significantly larger than that on Line 3(20.6 mm
TL; Mann-Whitney U-test, P < 0.05), whereas in
other months, significant differences in size were not
observed among water depths. The range of sizes
was wide on the both Line 2 and Line 3. The major
part of distribution did not move to shallower/deeper
waters with growth.
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Fig. 3-6 Size distribution of larval and juvenile Japa-
nese flounder in total length (TL) by water
depth at Ohama Beach in 1996, 1997, 1999,
2000 and 2001. Mean depth on Line 1, Line 2,
Line 3 and Line 4 was 05, 2.1, 38, and 7.7 m,
respectively.

Discussion

Time of settlement of larval Japanese flounder
Metamorphosing flounder larvae settled at the sandy
beaches at a depth of 2-5 m from late May to late June
(water temperature: 19-23 C). The seasons of settle-
ment in Japan are as follows: March-June (water tem-
perature: 15-25 C)in the eastern East China Sea, Na-
gasaki Prefecture®’; May-June (1524 C)in the central
Sea of Japan, Wakasa Bay'": June-July (18-25 C)in the
northern Sea of Japan, Niigata Prefecture’; late July-



September (19-23 C)in the northern Pacific Ocean,
Iwate Prefecture'”. Although season of settlement
differs among the areas, metamorphosing flounder
larvae would occur in spring/summer when water
temperature ranges from 15 to 25 C in the nursery

grounds.

Demersal fishes in nursery grounds

F. gymnauchen, Repomucenus spp. and 7. olzgol
epis were abundant at the beaches. Noichi et al**'r
ported that these three fish species consumed newly
settled flounder, mysids, amphipods, polychaetes and
decapods. Therefore, these fish species might be a
competitive species or predator for larval and juve-
nile Japanese flounder. In Chapter 4, I examined their
feeding ecology and discuss food web in this area.

Growth of Japanese flounder
The daily growth rate of juveniles is high in rich

*” In the nursery ground, where my-

867)

food conditions
sids were abundant, large juveniles were collected
At Igarashihama Beach, the northern Sea of ]apan,
where mysids were abundant, large juveniles(> 100
mm TL)were collected and the daily growth rate
was high(1.5-20 mm/day)®. However, at beaches
with poor food conditions, large juveniles were sel-
dom collected”and the daily growth rate was low™"
At Ohama Beach, a few large juveniles were colleted
and the daily growth rate was less than 1.0(mm/
day). These results suggest that food availability
was lower in the Seto Inland Sea than in the north-
ern Sea of Japan. Therefore I examined abundance
of food organisms and feeding habit of flounder in
next chapter (Chapter 3B), moreover, in Chapter 5,
the daily growth rate was estimated using an otolith
microstructure in detail.

Distribution of Japanese flounder by depth

Kinoshita® proposed that tidal range was closely
related to habitat depth of larval and juvenile floun-
der at sandy beaches. Larval and juvenile Japanese
flounder were abundant at a depth of 3-10m in the
Sea of Japan"™™"”, where tidal range is low(< 1 m),
whereas fish was observed at 0.5-1.0 m of Yanagi-
hama Beach®, Nagasaki Prefecture, and Yatsushiro
Sea”™, where tidal range is high(> 3 m). Because,
in eastern Hiuchi-Nada, the maximum tidal range is

approximately 3 m”’, I expected that flounder might
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be abundant near the shoreline at Ohama Beach.
However, the main nursery ground was found at a
depth from 2 to 5 m at Ohama Beach. At beaches in
eastern Hiuchi-Nada, abundance of mysids was very
low near the shoreline, but mysids were relatively
abundant at depths greater than 2 m”. These obser-
vations suggest that abundance of mysids might be
closely associated with the main habitat of flounder.

Migration from nursery grounds

There were few juveniles larger than 60 mm after
late June at the sandy beach. According to the tag-
ging experiments in this area from late June and early
July™, the tagged flounder ranging from 80 to 160 mm
in TL were not collected at the release beach, but re-
captured offshore on the day subsequent to the re-
lease. Besides, wild juveniles approximately 100 mm
TL were caught offshore in Hiuchi-Nada in middle
July™. These observations suggest that large juve-
niles (> approximately 60 mm TL)began to emigrate
from nursery grounds after late June.
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B : Food organisms and feeding habits of
Japanese flounder

Introduction

Generally, larval metamorphosing Japanese floun-
der settled at sandy beaches in early summer, when
mysids were abundant, and juvenile flounder feed
chiefly on mysids and shift to fishes as their main
food source with growth(e. g. Imabayashi, 1980";
Ishida et al, 1977"”; Noichi, 1997”; Tanaka et al.
1997": Tanaka et al, 1999"”). However, the major
item of diet became amphipods and copepods in the
nursery grounds, where mysids were not abundant™ .
In Chapter 3A, the result of daily growth rate pro-
posed that food availability was low at the sandy
beaches in eastern Hiuchi-Nada. Taking into consid-
eration of these reports, I hypothesized that the peak
in settlement of flounder is synchronized with that in
abundance of mysids (hypothesis 1)and flounder juve-
niles eat a variety of diet in this area(hypothesis 2).

In order to make the verification of the hypoth-
eses, | examined density of food organisms and feed-
ing habits of larval and juvenile flounder at the sandy
beach in eastern Hiuchi-Nada. Besides, the predator-
prey relationship between juveniles and crangonids (a
part of hypothesis 3 as follows: dominant fish species

and crangonids are not predators for flounder)was
discussed.

Materials and methods

Field Sampling

Sampling was carried from May to August in
1999-2001 at Ohama Beach (Fig. 3-7). Japanese flounder
and food organisms were collected with the 2-m SNFRI
type net(Chapter 2)and a sledge net(net mouth 0.3 m
high and 06 m wide, mesh size 076 mm) ¥, respective-
ly. The beam trawl and sledge net were towed 200 m
and 50 m by a boat during the daytime along the beach,
respectively. Juveniles collected by the beam trawl
net were preserved in 70% ethanol after 10% forma-
lin fixation, and food organisms collected by the sledge
net were preserved in 10% formalin.

Laboratory analysis

The food organisms in 1999 and 2000 were identi-
fied to the lowest taxonomic level as possible as I
could, but the samples in 2001 were classified into
major taxa, and the number of individuals and weight
of each major taxa were recorded. Crangonids were
composed of three species, Crangon affinis, C. cas-
siope and C. uritai in the Seto Inland Sea™. The
dominant species was C. uritai at the sandy beaches
in Hiuchi-Nada®. Density was calculated as weight
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Fig. 3-7 Survey line for larval and juvenile Japanese flounder (Line 2 and Line 3) and food organisms (Line B)

from 1999 to 2001.



and/or number of individuals in each major taxa per
swept area(30 m®). Here, I did not take into consid-
eration of catch efficiency. Body length of mysids and
crangonids was measured with a caliper. When more
than 100 individuals were obtained, we measured 100
individuals extracted at random from the sample.
Additionally, in order to compare body width of my-
sids with that of crangonids in the same body size,
body length (BL: the level of the posterior margin
of the orbit to the tip of the telson)and body width
(greatest body width)of both mysids and crangonids
were measured, and regression lines between body
length and body width were calculated.

Japanese flounder were sorted from the samples
collected by the beam trawl net. Total length(TL)
was measured to the nearest 0.05 mm with a caliper.
Stomachs of flounder were dissected under a stereo-
microscope. Stomach contents were classified into
major taxa and mysids were identified to the level
of species. Prey were enumerated and their wet
weights were measured. The body lengths of mysids,
crangonids and gammarids were measured.

Analyses of stomach contents

The relative importance (%IRI)“of a prey item
was determined by frequency occurrence (%), num-
ber(%)and weight(%). An IRI value for each prey
item was calculated as follows:

IRI, = (%nn, + %uww,) X %BF,,
where %mn#n, is the number of each prey item 7 as
a percentage of the total number of all prey items
identified, %ww, is the percentage in wet weight of
each prey item 7 to the total wet weight of all prey
items identified, and %F, is the frequency occurrence
for each prey item 7 in the total number of guts ex-
amined. The IR/ of each prey was standardized to %
IRI :

%IRI, = 100X IRI,/ X IRI,

Diet breadth was analyzed with the Simpson di-
versity”, since this index, 1 - D, is not only unbiased,
but also has a small standard deviation in the case
of small samples™. The Simpson diversity of each
predator was computed as follows:

1-D=1-XN(N,-1)/NN-1),
where N, is the number of each prey item 7 and N is
the total number of all prey items.

To assess preference, an selective index, Chesson’
s a selectivity”' for main prey items, was calculated
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for each day. The selectivity, a,, was as follows:
a, =(r/n)/Z(r/n), i=1;m,

where 7, and #, are the proportions by number of
prey 7 in the diet and in the environment, respec-
tively. This index varies between 0 and 1 with val-
ues above 1/m indicating a positive preference, and
those less than 1/ indicating a negative preference.
The value of a that represents a neutral preference
is 0.125 for m =8.

Results

Abundance of food organisms in the nursery area
The food organisms in 1999 and 2000 consisted of
18 orders in 10 classes, being dominated by muysids,

Mean water temperature(°C):
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Fig. 3-8 Seasonal changes in CUPE of Japanese
flounder (top) and density of mysids (bot-
tom) at Ohama Beach. Vertical lines indi-
cate standard error.
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gonids collected by the sledge net at Ohama
Beach from 1999 to 2000.
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Table 3-3 List of food organisms collected by the sledge net at Ohama Beach in 1999 and 2000

No. of Weight %F
Class Order Family Species Individuals  (g) ?
GASTROPODA DISCODODA Naticidae Glassaulax didyma 3 0.16 20
CEPHALASPIDEA Philinidae Philine argentata 22 0.09 40
BIVALVIA VENEROIDA Mactridae Mactra chinensis 47 1.55 90
Veneridae Ruditapes philippinarum 1 0.01 10
CEPHALOPODA SEPIOIDEA Sepiolodae Euprymna morsei 3 005 30
POLYCHAETA PHYLLODOCIDA Glyceridae Glycera sp. 4 0.01 20
Nereididae Platynereis bicanaliculata 7 005 30
Nephtyidae Nephtys neopolybranchia 19 0.12 60
Polynoidae Harmothoe imbricata 2 0.02 10
SPIONIDA Spionidae Spiophanes bombyx 1 + 10
OSTRACODA MYODOCOPIDA Vargula hilgendorfii 41 007 80
OSTRACODA spp. 17 005 20
MALACOSTRACA MYSIDACEA Mysidae liella ohshimai 300 0.88 100
Nipponnimysis ornata 418 1.00 100
Anisomysis yimai 1 + 10
AMPHIPODA Amphithoidae Ampithoe lacertosa 14 007 30
Aoridae Aoroides sp. 11 + 20
Corophiidae Corophium acherusicum 4 + 30
Ischyroceridae  Ericthonius pugnax 24 0.01 50
Jassa slatteryi 3 + 20
Dexaminidae Paradexamine 8 + 40
micronesica

Pontogeneiidae  Pontogeneia sp. 39 002 50
Pleustidae Pleustes panoplus 1 + 10
Lysianassidae Anonyx sp. 12 004 60
Melitidae Melita japonica 1 0.01 10
Oedicerotidae Synchelidium 612 062 100

lenorostralum
Urothoidae Urothoe sp. 12 0.02 70
Hyalidae Hyale sp. 1 # 10
Phtisicidae Protomima imitatrix 2 + 20
Csprellidae Caprella scaura 7 0.01 10
C. subtilis 5 + 10
C. gigantochir 3 + 10
ISOPODA Cirolanidae Metacirolana sp. 35 0.08 80
CUMARIDA Bodotriidae Bodotria sp. 19 0.01 40
Diastylidae Diastylis tricincta 3 + 30
D. sp. 3 + 30
DECAPODA Pasiphaeidae Leptochela gracilis 14 022 20
Hippolytidae Eualus sp. 60 0.08 20
Crangonidea Crangon spp. 858 1818 100
Callianassidae Callianassa japonica 26 0.04 70
Diogenidae Diogenes nitidimanus 1 0.12 10
Portunidae Portunus pelagicus 2 008 20
ASTEROZOA FORCIPULATIDA Asteriidae Asterias amurensis 1 0.03 10
OPHIUROIDEA MYOPHIURIDA Ophiuridae Ophiuridae sp. 336 112 50
ECHINOIDEA CLYPEASTEROIDA Astriclypeidae  Astriclypeus manni 284 377 100
OSTEICHTHYES PERCIFORMES Gobiidae Gobiidae sp. 32 036 60
GOBIESOCIFORMES Callionymidae Repomucenus sp. 5 091 30
PLEURONECTIFORMES Paralichthyidae  Paralichthys olivaceus 5 1.07 30

Total 3,329

%F, frequency occurrence; +, less than 0.005



amphipods, decapods, myophiurids and clypeaster-
oids(Table 3-3). Nipponomysis ornata, liella ohshimai,
Synchelidium lenorostralum (gammarids), crangonids
(Crangon spp.)and Asterias amurensis were always
collected and these species were abundant. The
mean density of mysids, gammarids, crangonids and
fishes was 2.74, 291, 6.74 and 0.15 individuals [inds]
/m’, respectively (Table 3-4). The density of mysids
was higher in late May and early June than after late
June, although there was not significant difference
among seasons (Fig. 3-8). Mysids were not abundant
at a temperature higher than 23 T .

The body length of mysids and crangonids ranged
from 24 to 106 mm and from 3.3 to 34.2 mm, respective-
ly (Fig. 39). The mean length of crangonids (10.6 mm)
was significantly greater than that of mysids(5.8 mm;
t-test, P < 0.01). However, most of crangonids were
smaller than 18mm in BL, and there was few crango-
nids larger than 25 mm, which could prey on newly
settled flounder.” The liner regression equations
for relationship between body length(L: in mm)and
body width(W: in mm)are expressed as follows (Fig.
3-10) :

Mysids : W=0.13L +0.23(#=50 : F-test, P<0.01),

Crangonids: W=0.19L +0.20 (#»=50: F-test, P<0.01).

Table 3-4 Mean density of food organisms at Oha-
ma Beach from 1999 to 2001

~ Mean body
Contents inds/m° mg/m° weigh
(mg/ind)
Mysidacea 2.74 7.56 2.76
(Tiella ohshimai) (1.38) (453) (33)
(Nipponomysis ornata)  (1.28) (2.87) (2.2)
(Anisomysis ijimar) (0.08) (0.16) (20)
(unidentified Mysides) (=) (=)
Gammaridea 291 442 1.52
Crangonidea 6.74 106.49 15.78
Callianassidae 0.06 0.16 27
Brachyura 0.09 047 52
Fishes 0.15 6.20
Others 3:12 2962

—, less than 0.005
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Fig.3-10 Relationship between body length and body
width of mysids and crangonids.

The regression lines were significantly different be-
tween species(F-test, P < 0.01), and then the body
width of crangonids was larger than that of mysids.

Seasonal changes in CPUE of Japanese flounder

The catch per unit effort (CPUE, inds/haul)of
Japanese flounder is shown in Fig. 3-8. The CPUE
increased from late May, peaked in late June, and de-
creased after July. Metamorphosing flounder larvae
were collected from late May to late June.

Stomach content of flounder

The stomach contents of 202 wild flounder ranging
from 9.80 to 75.95 mm in TL were examined. The
feeding incidence (percentage of stomachs with food)
was 82.7% (Table 3-5). The prey items consisted of
copepods, mysids, gammarids, decapods and fishes,
and the dietary diversity was 0.77. The most domi-
nant prey items were mysids(%nn, 76.7, %ww, 51.7;
%F. 589; %IRI, 73.8)including N. ornata, I. ohshi-

100
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& - Others
o
= :
5 60 D Fishes
g E Crangonidea
S 40 )
= . Gammar idea
B0
2 2 Mysidacea
0

-20 -30 -40 -50 50<
Total length (mm)
Fig.3-11 Stomach content composition in weight
(%ww) by the size of larval and juvenile
Japanese flounder collected at Ohama Beach

from 1999 to 2001.
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Fig.3-12 Size relationship between prey (body
length) and flounder (total length).

mai and Anisomysis ijimai. Crangonids were the sec-
ond most dominant prey taxon(%nn, 9.1; %ww, 27.0;
%F, 12.6; %IRI, 17.2). Gammarids were the third
most dominant prey taxon by number and frequency
of occurrence(%nn, 7.7, %ww. 4.1; %F, 12.2; %IR],
4.7). Conversely, fishes were the third most domi-
nant prey taxon by weight, but were low in numeri-
cal importance (%nn, 1.3; %ww, 85, %F, 40, %IRI,
0.3). Copepods and brachyura were minor prey. My-
sids and gammarids predominated in the stomachs
of flounder smaller than 20 mm TL, but with growth,
the percentage of gammarids decreased, whereas
that of crangonids increased (Fig. 3-11). Flounder ju-
veniles larger than 50 mm TL consumed fishes.

The size relationship between Japanese flounder
and their prey is shown in Fig. 3-12. Body length of
mysids consumed by flounder increased with the
total length of the predator up to 30 mm. Then, the
maximum size of the prey did not increase to larger
than approximately 10 mm BL. The maximum size
of crangonids consumed increased with growth of
the predator, and the flounder 52.6 mm TL fed on
prey 145 mm BL. The size of gammarids consumed
ranged from 1.8 to 40 mm BL (mean: 33 mm). The
mean body lengths were 50 mm (range: 1.5-10.5 mm)
in mysids and 8.0 mm (3.7-145 mm)in crangons. The
mean individual body weights of mysids and crango-
nids (BW: in mg)calculated from body length(L: in
mm) using the following equations” were 1.00 mg and
9.29 mg, respectively:

Mysids (N. ornata) : BW=0010L"",
Crangonids (C. uritai) : BW=0013L"".

Table 3-5 Feeding incidence, dietary diversity,
number (%nn), weight (%ww), frequency
occurrence (%F) and index of the relative
importance (IRI) of prey items of larvae
and juvenile Japanese flounder collected at
Ohama Beach from 1999 to 2001

Number 202
Range of total length (mm) 9.80—75.95
Feeding Incidence (%) 827
Dietary diversity 0.77
Contents %nn ww %F  %IRI
Copepoda 01 01 04 =
Mysidae 767 517 589 738
(Iiella oshimai) 153 78 122 106
(Nipponomysis ornata) 413 268 165 425
(Anisomysis ijimai) 119 68 57 40
(Misidae fragments) 82 103 239 167
Gammaridea 77 41 122 47
Crangonidea 91 270 126 172
Callianassidae 18 27 39 07
Brachyura 01 01 04 -
Fishes 13 85 40 03
(Callionymidae) 03 22 09 o0l
(Gobiidae) 06 39 09 01
(Fish fragments) 04 24 13 01
unidentified 31 61 91 32

—, less than 0.05

Selective predation

The selectivity (Chesson’s a )on major prey items
is shown in Table 3-6. Only the selectivity on N. or-
nata was significantly higher than neutral preference
( a =1/m=0.125; m, number of the major food item;
Willcoxon signed-rank test, P < 0.05). The mean
selectivities on A. #jimai(0.567)and gobiidae (0.167)
were higher than neutral preference, but significant
differences were not observed. The mean selectiv-
ity on I. ohshimai was 0.106. Japanese flounder pre-
ferred N. ornata and A. ijimai to I. ohshimai. Cran-
gonids were avoided (Willcoxon signed-rank test, P <
0.05).



Table 3-6 Selectivities (Chesson’s a ) on the major

food items *
Contents Mean Range

Mysidae

Liella ohshimai 0.106 0.003-0.0377

Nipponomysis ornata  0.753 0.383-1

Anisomysis yjimai 0.567 0.137-0.997
Gammarids 0.076 0.001-0.223
Crangonidea 0.011 0.0001-0.032
Callianassidae 0.097 0.008-0.234
Fishes

Callionymidae 0.076 0.363-0.117

Gobiidae 0.167 0.012-0.322

*The neutral preference was 0.125

Discussion

Abundance of food organisms in the nursery area

The mean density of mysids and crangonids was
274 and 6.74 inds/m’ respectively. The density of
mysids in the Sea of Japan™*", Ono Bay and Miyako
in the northern Pacific Ocean” were 100-200, 800-2700
and 90 inds/m’ respectively. The density of cran-
gonids in the Sea of Japan was 0.5-4.0 inds/m®"*™.
These results indicate that mysids were not more
abundant in this area than in the Sea of Japan and
the Pacific Ocean, while crangonids were more abun-
dant in this area than in the Sea of Japan.

The density of fishes in this area was 6.20 mg/
m® and was lower than that(16.2-124.4 mg/m®)in
exposed areas of Iwate Prefecture'. In addition,
Japanese anchovy Engraulis japonicus was dominant
prey of flounder in Iwate Prefecture', Chiba Prefec-
ture” and the Sea of Japan®®, but were not found in
the stomachs of flounder in this area. This species
was dominant in the shallow waters of Tottori Pre-
fecture” and Iwate Prefecture®, and in the surf zone
of Kashima-Nada”'. However, the abundance of the
species would be low at sandy beaches in this area,
because they were not observed in food organisms
and the samples collected by a small triangle net in
the surf zone of Hiuchi-Nada™.
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Characteristics diet of juveniles in this area

The IRI of the prey taxa ranked in the order my-
sids > crangonids > gammarids > fishes. Generally,
the main prey of juvenile flounder were only mysids
and fishes, and the abundance of crangonids is re-
markably low in the nursery grounds(e. g. Imabayas-
hi, 1980": Fujii and Noguchi, 1996”; Tanaka et al,
1999"). However, in this area, the major prey was
characterized by crangonids, and flounder juveniles
ate a variety of diet. This result supports the hypoth-
esis on the diet (hypothesis 2).

Relationship between settlement of metamorphosing
larvae and abundance of mysids

Metamorphosing flounder larvae occurred from
late May to late June, when abundance of mysids
was high. These results indicate that settlement of
larvae was synchronized with abundance of mysids.
This observation is consistent with the hypothesis 1.
Predation pressure on larval and juvenile Japanese
Aounder from large crangonids

Most of crangonids were at less than 18mm BL,
and few large crangonids (> 25 mm BL)were collect-
ed. This result suggests that there might be not high
predation pressure on newly settled flounder from
large crangonids, and supports only part on crango-
nids in the hypothesis 3.

Verification of hypotheses
In this chapter, I proved the hypothesis 1, hypoth-
esis 2 and a part of the hypothesis 3 true.
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Chapter 4. Feeding ecology of dominant
fish species
A :Feeding habits of Favonigobius gym-
nauchen, Repomucenus spp. and Tar-
bhops oligolepis

Introduction

At the beaches in the present study, flatfishes,
gobies and dragonets predominated (Chapter 3A).
These dominant fish species preyed on newly settled
flounder at Yanagihama Beach in Nagasaki Prefec-
ture®”. Thus, predation by these fishes might influ-
ence the stock of Japanese flounder”. However, in
the Seto Inland Sea, the stock of Japanese flounder is
abundant™"’, nevertheless the abundance of juvenile
flounder was relative low (Chapter 3A). Therefore,
In order to examine predation pressure on newly
settled flounder from dominant fishes in this area, I
hypothesized as follows: dominant fish species and
crangonids are not predators for juvenile Japanese
flounder (hypothesis 3). Here, only part on crango-

nids in this hypothesis was proved true in Chapter
3B.

For the verification of the hypothesis 3, the present
chapter describes the feeding ecology of Favonigobi-
us gymnauchen, Repomucenus spp. and Tarphops
oligolepis at the sandy beach in eastern Hiuchi-Nada.
In addition, I discussed the interspecific relationships
among the dominant demersal fishes.

Materials and methods

Field sampling

Sampling surveys were carried out for 15 days
during the period from May to August in 1999, 2000
and 2001 at Ohama Beach (Fig. 4-1). The SNFRI type
net was towed 200 m by a boat along the shoreline.
The samples were immediately fixed in 10% forma-
lin. The sampling procedure is described in more de-
tail in Chapter 3B.

Sample treatments

Fishes, mysids and crangonids were sorted from
the samples in the laboratory. Numbers of individu-
als and wet weights in each species were measured,
and subsequently these samples were preserved in
70% ethanol. Two species of dragonets, Repomuce-

Shikoku

(134°

Sampling area

1

Ohama Beach

200m /

Fig.4-1 Eastern Hiuchi-Nada showing the sampling area. Water depths indicate the distance from the surface

to the bottom at the mean low spring tide.



nus richardsonii and R. beniteguri, were treated as
Repomucenus spp. due to difficulty in the identifica-
tion of small fishes.

Total length (TL)and upper jaw length (UJL: linear
distance from anteriormost point of premaxilla to
posteriormost point of maxilla)or mouth width (MW
linear distance between right and left most posterior
points of maxilla)of F. gymnauchen, Repomucenus
spp. and 7. oligolepis were measured to the nearest
0.1 mm with a caliper. When more than 10 individu-
als of F. gymnauchen and Repomucenus spp. were
obtained in a sampling day, we measured 10 individu-
als(>20 mm in TL)chosen at random from the sam-
ples. Additionally, to compare of mouth size between
Japanese flounder and 7. oligolepis, I measured total
length and upper jaw length of Japanese flounder
collected with these three fish species, and then
deference of correlation coefficients of the regres-
sion line was determined by analysis of covariance
(ANCOVA).

Gut contents(F. gymnauchen and T. oligolepis:
stomach; Repomucenus spp.. fore quarter of gut)of
the specimens were classified into major taxa and
mysids were identified to the species level under a
stereomicroscope. Number of individuals in each prey
were counted and their wet weights were measured
to the nearest 0.1 mg(AEX-200B, Shimadzu Corpora-
tion, Japan). Body lengths (mysids and shrimp: from
the level of the posterior margin of the orbit to the
tip of the telson; gammarids: from the rostrum to the
tip of the tellson)of undigested mysids, crangonids
and gammarids were measured to the nearest 0.1
mm under a stereomicroscope.

Data analysis

Relationship between feeding incidence (percentage
of stomach with food)and fish total length examined
using Spearman’s rank correlation coefficient test.
The relative importance of each prey item(%/RI;
Cortes) “'was calculated using the following equation:

IRI,= (%nn, + %ww,) X %F,

where %nn, is the percentage in number of each
%ww, is the percentage in wet weight
of each prey item 7 , and %F, is the percentage fre-
quency occurrence for each prey item 7. The IRI of

prey item 7 ,

each prey item was standardized to %/RI:
%IRI,=100% [RI/ ¥ IRI.
Diet breadth was analyzed with the Simpson di-

4]

versity'’ as follows:
1-D=1-3INN-1)/NWN-1),
where N, is the number of each prey item 7/ and N is
the total number of all prey items.
To assess preference, an selective index, Chesson’s
a selectivity’'for main prey items, was calculated.
The selectivity, a,, was as follows:
a,=wn/r)/ S n/r), i=1"m,
where #n, and 7, are the proportions of the number
of prey 7 in the diet and in the environment, respec-
tively. The 7, values used data of Chapter 3B. The
selective index varies between 0 and 1 with values
greater than 1/m indicating a positive preference,
and those less than 1/m indicating a negative prefer-
ence. The value of a that represents neutral prefer-
ence is 0.20 for m = 5.

Dietary overlaps among dominant species includ-
ing Japanese flounder at Ohama Beach were mea-
sured for each sampling day with Pianka's O index®,
which was as follows:

On=Zpipu/Z ( 19112 p2'z )(w‘
where p,, and p,, are the proportions of the number
of prey item 7 in predator 1 and predator 2, respec-
tively. This index ranges from 0(no overlap)to 1
(complete overlap). Here, I used the data on the
stomach contents of Japanese flounder in Chapter 3B
(Table 3-5).

Results

Abundance of fishes, mysids and crangonids

A total of 4,460 individual fishes including more
than 25 species in 15 families were collected by 35
operations of the trawl net at Ohama Beach (Table
4-1). In terms of individual numbers, F. gymnauchen
(50.7%), Rudarius ercodes(26.1%), Repomucenus
spp.(7.0%), Heteromycteris japonica(4.7%), Japanese
flounder P. olivaceus(4.3%)and T. oligolepis(2.7%)
were dominant. Of which F. gymnauchen, Repomu-
cenus spp., P. olivaceus and T. oligolepis comprised
64.7% of the total number and 95.6% of the total
weight of fishes collected. Since sizes of R. ercodes
and H. japonica were small(major size: <15 mm in
TL), the stomachs of two species were not examined.
Although large dragonets(> approximately 40 mm
TL)were composed of R. richardsonii and R. benite-
guri(mostly R. beniteguri), smaller individuals were
not identified.
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Table 4-1 Demersal fish species collected at Ohama Beach from May to August in 1999, 2000 and 2001

Family Species No. of Inds.  Weight (g)

Clupeidae Konosirus punctatus 3 0.1
Syngnathidae Syngathus schlegeli 3 0.2
Hippocampus mohnikei 3 04

Scorpaenidae Sebastes inermis 1 1.8
Inimicus japonicus 2 6.8

Congiopodidae Hypodytes rubripinnis 18 39
Platycephalidae Platycephalidae spp. 80 32
Cottidae Pseudoblennius cottoides 2 16
Sparidae Pagrus major 7 05
Acanthopagrus schlegeli 31 22

Labridae Halichoeres poectlopterus 3 942
Blenniidae Scartella emarginata 2 0.1
Callionymidae Repomucenus spp. 313 2147
Gobiidae Sagamia genetonema 5 20
Favonigobius gymnauchen 2262 5612.7

Tridentiger trigonocephalus 2 0.1

Gobiidae spp. 24 04

Paralichthyidae Paralichthys olivaceus 190 732
Tarphops oligolepis 122 724

Soleidae Heteromycteris japonica 211 1220
Pseudaesopia japonica 1 =

Monacanthidae Rudarius ercodes 1166 339
Thamnaconus modestus 1 0.6

Tetraodontidae Takifugu niphobles 2 0.1
Unidentified 6 0.7
Total 4460 62479

— ! less than 0.05g

Besides fishes, 32,235 mysids(wet weight: 166.1 g)
and 120,491 crangonids(3591.9g) were also collected.
The dominant mysids were liella ohshimai and Nip-
ponomysis ornata.

Gut contents

Of 150 individuals of F. gymnauchen examined,
which ranged from 20.7 to 71.4 mm in TL, 76.7% con-
tained food(Table 4-2). In Repomucenus spp., 84.4%
of 90 individuals examined contained food. Although
size of this species(n#= 313)ranged from 20.1 to 1074
mm TL, there was few individuals ranging from 30
to 40 mm (nz= 5). The feeding incidence of 122 indi-
viduals of 7. oligolepis ranging from 9.0 to 754 mm
TL was 87.7%. The feeding incidences of these three
fish species were not significantly correlated with
body size(Spearman’s rank correlation coefficient
test, P > 0.3).

The main prey items of the three fish species were
small crustaceans such as mysids, gammarids, and

decapods, but larvae and juvenile Japanese flounder
were not observed in the guts of any fishes examined
(Table 4-2). F. gymnauchen consumed mysids(%IRI:
67.9%)and crangonids (26.0%). The %IRI of I. ohshi-
mai(305% ) was higher than that of N. ornata(204%).
Other prey items were gammarids, brachyurans,
fishes and eggs of Hemiramphus sajori, but these %
IRI values were very low. In the gut of Repomucenus
spp.. mysids and crangonids predominated, and sand
grains were often observed (frequency occurrence:
approximately 40%). T. oligolepis consumed mainly
mysids, particularly N. ornata. The dietary diversity
(Simpson diversity index, 1-D)of F. gymnauchen and
Repomucenus spp.of 0.81 and 0.80, respectively, were
higher than that of 7" oligolepis, 0.66.

Relationship between mouth size and fish length
Mouth size (upper jaw length and/or mouth width)

was significantly correlated with total length (Table

4-3). The slopes of the regression lines were signifi-
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Table 42 Feeding incidence, dietary diversity, number (%nn) , weight (%ww) , frequency occurrence (%F)
and index of relative importance (%IRI) of the three dominant fish species at Ohama Beach in
1999, 2000 and 2001

Favonigobius gymnauchen Repomucenus spp. Tarphops oligoleprs
Number 150 90 122
Range of TL (mm) 20.7-714 20.1-1074 90-754
Feeding Incidence (%) 76.7 84.4 877
Dietary diversity 081 0.80 0.66
Contents %un %ww %F %IRI %nn %ww %F %IRI %nn %ww %F %IRI
Polychaeta 10 93 33 09
Ostracoda
[ Vargula hilgendorfii] 09 01 13 -
Copepoda 23 04 57 02
Mysidae 692 488 493 679 684 440 467 711 843 715 672 926
(Liella ohshimar) 302 230 187 305 186 141 133 113 188 175 246 140
(Nipponomysis ornata) 220 163 173 204 113 75 122 59 544 476 459 734
(Anisomysis ijimat) 18 14 20 02 13 13 33 02 25 20 66 05
(Mysidae fragments) 153 82 233 168 372 211 356 537 85 44 238 48
Gammaridea 53 23 80 19 70 14 100 22 52 37 98 14
Caprellidea 06 03 13 — 20 05 11 01
Flabellifera 07 02 22 -
Tanaidacea 06 00 07 -
Cumacea 03 04 08 -
Penaeidea 03 02 07 =
Crangonidea 141 412 153 260 110 272 167 165 37 155 123 37
Callianassidae 03 06 11 = 20 35 90 08
Brachyura 18 13 20 02 13 08 44 02
Fishes 12 16 27 01 07 46 22 02 03 10 16 =
(Repomucenus spp.) 03 15 11 01 01 01 08 -
(Favonigobius gymnauchen) 09 13 20 01 03 31 11 01 01 09 08 -
(Tarphops oligolepis) 03 03 07 -
Egg of Hemiramphus sajori 06 04 07 - 17 10 44 03
Unidentified 56 40 127 37 60 104 200 85 20 41 131 13

— ; less than 0.05%

Table 4-3 Relationships between upper jaw length (UJL : in mm)/ mouth width (MW : in mm) and total
length (7L : in mm) of Favonigobius gymnauchen, Repomucenus spp., Tarphops oligolepis and
Paralichthys olivaceus

Equation® df 7 F P

F. gymnauchen UJL=0.0523 TL+0.209 49 081 207 <0.01
MW=0.0913TL —0.00068 49 083 251 <0.01

Repomucenus spp. MW=0.0646 TL+0.149 49 094 766 <001
T. oligolepis UJL=0.0678 TL+0.600 29 0.90 273 <0.01
P. olivaceus UJL=0.103TL —0.0704 29 0.97 1034 <001

*Regression equations and significance levels were shown

cantly different between P. olivaceus and T. oligol- Diet shift with growth

epis(ANCOVA, P < 001), and the mouth size of P. The reverse trends of diet shift with growth were
olivaceus was larger than that of 7. oligolepis at the observed in mysids and crangonids in Diets of F.
same total length larger than 15.0 mm. gymnauchen shifted from mysids to crangonids in

weight composition as its growth(Fig. 4-2). The diet
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Fig.4-2 Wet weight composition of stomach con-
tents by size for Favonigobius gymnauchen,
Repomucenus spp. and Tarphops oligolepis.
Numerals above bars indicate the number
of individuals examined.

of small Repomucenus spp.(>40 mm TL)was com-
posed of mysids, gammarids and crangonids. With
an increase in size, the percentage of gammarids
decreased, whereas that of fishes increased. Large
Repomucenus spp. consumed mysids, crangonids and
fishes. The stomach contents of 7. oligolepis consist-
ed primarily of mysids at all sizes and no ontogenetic
shift in the feeding habits was observed.

The size relationships among the three fish species
and their major prey items are shown in Fig. 4-3.
In F. gymnauchen until 40 mm, Repomucenus spp.
until 50 mm and 7. oligolepis until 30 mm, the body
length (BL)of mysids consumed increased with the
total length of the predators. The maximum size of
mysids eaten by F. gymnauchen, Repomucenus spp.
and T oligolepis was 9.3 mm (mean: 59 mm in BL),
100 mm (6.4 mm)and 83 mm (4.7 mm), respectively.
These maximum sizes(approximately 9 mm BL)
was consistent with that of mysids in the environ-
ment (Chapter 3B). The maximum size of crangonids
eaten increased with the growth of the predators,
and the mean body lengths observed in the guts of
F. gymnauchen, Repomucenus spp. and T. oligolepis
were 8.3 mm (range: 52-11.8 mm), 85 mm (50-11.3 mm)
and 7.7 mm(38-10.2 mm), respectively. In gammarids,
it was not possible to analyze the size relationship
between predator and their prey due to lack of prey
body length. However, the mean body length of gam-
marids eaten by F. gymnauchen, Repomucenus spp.
and 7. oligolepis were 2.3 mm (range: 0.8-3.8 mm),
1.3 mm(0.8-1.8 mm)and 2.2 mm(0.8-4.2 mm), respec-
tively.

Prey selection

The selectivity, Chesson’s a, on the major prey

E 14 Favonigobius gymnauchen Repomucenus spp. Tarphops oligolepis
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Fig.4-3 Size relationship between major prey taxa (body length) and predator (total length) for Favonig-
bius gymnuchen, Repomuceus spp. and Tarphops oligoleis.
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Table 4-4 Selectivity (Chessons a ) on the major food items for Favonigobius gymnauchen, Repomucenus spp.
and Tarphops oligolepis at Ohama Beach in 1999, 2000 and 2001*

F. gymnauchen

Repomucenus spp. T. oligolepis

Contents Mean (range) Mean (range) Mean (range)
Mysidae
Tiella ohshimai 0.303 (0.004-0.899) 0.242 (0-0.84) 0.156 (0.006-0.558)
Nipponomysis ornata 0.576 (0.083-1) 0.524 (0.247-0.732) 0.747 (0.241-1)
Anisomysis yjimai 0.402 (0.153-0.847) 0.460 (0.180-0.740) 0.203 (0-0541)
Gammaridea 0.093 (0-0.217) 0.203 (0-1) 0.037 (0-0.178)
Crangonidea 0.221 (0-1) 0.150 (0-0.637) 0.015 (0-0.089)

*The neutral preference was 0.20

items is shown in Table 4-4. In F. gymnauchen, only
the selectivity on N. ornata was significantly higher
than neutral preference (Wilcoxon signed-ranks test,
P < 0.05), although those for the other mysids, 7.
ohshimai(0.30)and A. ijimai(0.40), and crangonids
(0.22) were greater than neutral preference (0.20).
Repomucenus spp. selected N. ornata significantly (P
< 0.05), and consumed other prey items at random
(P> 0.1). T. oligolepis had positive selectivity on N.
ornata and negative selectivity on gammarids and
crangonids (P < 0.01). The trends of the selectivity of
Repomucenus spp. and F. gymnauchen were similar
each other, whereas 7. oligolepis differed from the
other two fishes, with a higher preference for N. or-
nata. T. oligolepis had the most strong diet selectiv-
ity and specialized diet among the three fish species.

Diet overlap

All of the mean overlap values, Pianka's O index,
for pair species from F. gymnauchen, Repomucenus
spp. 7. oligolepis and P. olivaceus ranged from 048
to 0.66, although the value of each sampling day
greatly fluctuated (Fig. 4-4). Those for pairs of F.
gymnauchen and Repomucenus spp., 1. oligolepis and
P. olivaceus showed relatively higher values.

Discussion

Gut contents and prey selection

F. gymnauchen consumed mysids, crangonids and
small fishes including this species. At Yanagihama
Beach in Nagasaki Prefecture, the eastern East Chi-
na Sea, the prey items of F. gymnauchen were deca-
pods, gammarids, polychaetes, mysids and fishes™.
These results indicate that this species was carnivo-

rous and a benthos feeder.

T. oligolepis actively selected the epifaunal mysids
N. ornata. P. olivaceus also preferred N. ornata than
sand-burrowing mysids(Chapter 3B). The impor-
tance of mysids as food for P. olivaceus, however,
was relatively low in this area compared to Japan
Sea due to the low density of mysids(Chapter 3B),
although newly settled flounder generally fed chiefly
on mysids*"”. In contrast, 7. oligolepis mainly con-
sumed mysids of all sizes in this area. The results

Mean: 0. 66
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Fig.4-4 The overlap values, Pianka's O index, be-
tween pair of two fish species from Favo-
nigobius gymnauchen, Repomuceus spp.,
Tarphops oligileprs and Paralichys olivaceus.
Open and closed circles indicate the value
of each dampling day and the mean values,
resp ectively. Data on the Japanese flounder
after Chapter 3B.
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indicate that the preference for mysids was higher
in 7. oligolepis than in P. olivaceus irrespective of
abundance of mysids.

Diet overlap

The mean overlap values among F. gymnauchen,
Repomucenus spp., T. oligolepis and P. olivaceus
were relatively high, since the four fish species fed
on crustaceans such as mysids and crangonids (Fig.
4-5). The mean body length of mysids, crangonids and
gammarids in the stomach of P. olivaceus in this area
was 50 mm (range: 1.5-105 mm), 80 mm (3.7-14.5 mm)
and 3.3 mm(1.8-40 mm), respectively (Chapter 3B),
showing the size of prey in P. olivaceus to be similar
to that of the three fish species. From these results, I
propose that there would be interspecific competition
among the four fish species. Additionally, since cran-
* there might
be exploitative competition between crangonids and

gonids consumed muysids in this area

the four fish species. A more detail study on daily
rations and feeding rhythms of these species is nec-
essary in order to estimate food condition in nursery
grounds (Chapter 4B).

Predation on newly settled Japanese flounder by the
three dominant fish species

Generally, the major cause of mortality of larval
and juvenile Japanese flounder would be predation

Prey
Mysid

Mysid
Nipponomysis ornata

Crangonid shrimp
Crangon spp.

liella oshimar [

by fishes and crustaceans’. Noichi et al.**have re-
ported that many fishes including the three fish spe-
cies preyed on newly settled flounder at Yanagihama
Beach in Nagasaki Prefecture. However, far more
serious predators™“®, Trachinocephalus myops, Pseu-
doblennius percoides, P. cottoides and Chelidonichthy
spinsus, were not abundant in this area(Table 4-1).
The three dominant fishes preyed on small F. gym-
nauchen, Repomucenus spp. and T. oligolepis, but
these %IRI values were very low. Moreover, newly
settled flounder was not found in the guts of the
fishes examined. These results suggest that preda-
tion pressure on newly settled Japanese flounder by
the three fish species might not be high in this area,
and support a part of the hypothesis 3 on the inter-
specific composition between dominant fish species.

Verification of hypothesis

In this chapter, the result is consistent with a part
of the hypothesis 3 on the interspecific composition
between dominant fishes. Then, the results in this
chapter and chapter 3B proved the hypothesis 3
true.

Predator

Goby
Favonigobius gymnauchen

Dragnet
Repomucenus

Japanese flounder

Paralichthys olivaceus

%R 5-10:4— 10-30: €— 30-60: <@ 60-: <um
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Fig.4-5 Schematic diagram of food habits of Favonigobius gymnauchen, Repomucenus spp., Tarphops oligolepis
and Paralichthys olivaceus. Diet overlaps and predator-prey relationship are shown.



B : Daily rations of Paralichthys olivaceus,
Tarphops oligolepis and Favonigobius
gymnauchen and diel variation in food
availability

Introduction

Daily ration of juvenile Japanese flounder was af-
fected by food availability"™®’, and is one of the im-
portant elements to estimate feeding conditions in
nursery ground. Flatfishes, gobies and dragonet were
sympatrically distributed with Japanese flounder
in eastern Hiuchi-Nada(Chapter 3A and 4A). The
dominant fishes including flounder consumed mysids
(Chapter 3B and 4A). of which density was low in
this area(Chapter 3B), suggesting that sufficient
mysids might not be available for flounder. However,
growth rate of flounder is probably greatest among
those in demersal juvenile fishes at sandy beaches.
In consideration on these observations, I set up a hy-
pothesis concerning daily ration as follows: daily food
consumption of flounder is greatest among those in
dominant fishes, namely juvenile Japanese flounder
can use the largest amount of mysids among the
members of the inmate demersal fishes (hypothesis
4).

In this chapter, to establish the hypothesis 4, I es-
timated the daily rations of the three dominant fish
species, Paralichthys olivaceus, Tarphops oligolepis
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and Favonigobius gymnauchen using the Elliott and
Person model™, and also clarified diel variation in
food availability at the sandy beach.

Materials and methods

Sampling

A total of 11 sampling surveys were carried out
at 1.5 or 3-hours interval over a 24-hours period be-
ginning at 12:00 on 26 June, 2003 at Ohmana Beach
(Table 4-5, Fig. 4-1). In this chapter, ‘day’ and ‘night’
refer to the period between 6:00 and 18:00, and be-
tween 21:00 and 3:00, respectively (sunset, 19:20;
sunrise, 4:35). For collection of fishes, the 2-m beam
trawl net was towed 200 m(swept area: 400 m”)by
a boat along the beach at a speed of approximately
1.0 knot. One to two hauls of the beam trawl net were
taken during each sampling to obtain sufficient sam-
ples. The collected fishes were packed on ice imme-
diately and frozen at -20C within 30 minutes. Food
organisms were collected with a two-layered sledge
net(net mouth 0.3 + 0.3 m high and 0.6 m wide,
mesh size 0.33 mm)for 30 m, and was immediately
preserved in 10% seawater formalin. Surface water
temperature was measured with a digital thermom-
eter (SK-250WP, Sato Keiryoki Corporation, Japan)
and water depth with a digital sounder (PS-7, Honda
electronics Corporation).

Table 4-5 Collection records of fishes and food organisms at Ohama Beach on 26-27 June 2003

. WT o Sledge net Beam trawl Number of sample
i () T I;lIgﬁ?sf D(g’)tp Il?xlgﬁi)sf D@Eth P.olivaceus T. oligolepis F. gymnauchen
12:00 257 ebb 1 28 2 28 17 21 16
15:00 26.0 ebb 1 28 2 24 30 26 13
18:00 257 flood 1 16 1 30 32 21 4
19:30 292 flood 1 26 1 4.1 13 6 12
21:00 250 flood 1 44 2 4.2 32 21 22
0:00 240 ebb 1 25 1 30 16 10 22
3:00 234 ebb 1 20 2 2.1 29 40 20
4:30 230 flood 1 25 1 20 18 22 9
6:00 232 flood 1 24 1 3.3 13 10 4
9:00 247 flood 1 3.3 2 36 18 14 10
12:00 24.3 ebb 1 24 2 33 14 20 23
mean 24.6 - 2.7 - 30 Total 232 211 155

* The moon age was 259 (low tide, 15:04 and 4:15; high tide, 22:04 and 9:08).
’ The distance from the surface to the bottom at sampling
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Sample treatments

Fishes collected by the beam trawl net were clas-
sified into species. Total length (TL)was measured
to the nearest 0.1 mm with a caliper and wet body
weight (BW)to the nearest 0.1 mg with a digital bal-
ance (AEX-200B, Shimadzu Corporation, Japan), re-
spectively. Stomachs of the three dominant fish spe-
cies, P. olivaceus(n = 232), T. oligolepis(n = 211)and
F. gymnauchen(n = 155), were extracted and pre-
served in 10% buffered formalin (Table 4-5). Stomach
contents were identified to the lowest possible taxo-
nomic level and number of individuals in each prey
taxa was determined under binoculars. Wet weight
of prey taxa(G)was measured to the nearest 0.1 mg
after blotting with filter paper. The mean stomach
content index (SCI)for each prey group ¢ at sampling
time 7 (S,) was calculated as follows:

S, =2 (Gy/W,;)/nx100 (4-1),

where G, is the wet weight of each prey group ¢
of each fish sampled at time j, W, is the wet body
weight excluding total stomach content weight of
each fish sampled at time 7 and # is the number of
individuals sampled at time ;.
Food organisms were identified to the lowest pos-
sible taxonomic level. Wet weight in each taxon was
measured, and density was calculated as weight
per swept area(18 m®). Here, catch efficiency of the
sledge net was not considered.

Point estimates of datly ration and instantaneous gas-
tric evacuation rate

Daily rations of the three fish species were esti-
mated in terms of percent wet body weight(%BW)
from the Elliot and Persson model®”:

C.=(S;=See “RT/(1 - ™) (4-2),
where C,is the consumption of major prey group ¢
during the time interval from 0 to 7 (hours), S, and
S;r are the mean S of major prey group ¢ at time 0
and 7T, and R, is the instantaneous gastric evacua-
tion rate(R)of major prey group i. The daily ration
for each fish(C)expressed as a percentage of body
weight is determined by

C=X2C, (4-3),
where j is the number of sampling surveys (j=11)and
7 is the number of major prey groups(:=2 or 3).
Assuming that feeding does not occur from ¢ to t+7,
depletion of S from ¢ to t+7 was described by the
exponential model:

Sur=Se (4-4),
which, in its logarithm form, is
LnS,.,=LnS,—-RT (4-5).

where S, and S,., are the mean stomach content
indexes of major prey group ¢ at the beginning and
end of time interval T'(hours), respectively. The in-
stantaneous gastric evacuation rate R of major prey
group ¢ for each fish was estimated as the slope of
the relationship between Ln S, and time.

Sitmulated daily ration and estimated gastric evacua-
tion rate

To estimate the mean and 95% confidence inter-
vals (CI)associated with the instantaneous gastric
evacuation rate R and daily ration C of each major
prey group, we used a simulation technique based on
the bootstrap method®®.
The bootstrap method designed to estimate the
mean and 95% CI associated with the R and C val-
ues proceeded in two steps. First, we computed
pseudo-values of the mean stomach content index S
of each major prey group in each sampling survey J
(7=11). The S values were selected at random by
sampling with replacement from the observed sam-
ples. When the sample size was 7, these procedures
were repeated # times. Second, we calculated R and
C by using the slope of equation(4-5)and equations
(4-2) and (4-3), respectively, with the pseudo-values of
SCI. When the R value estimated with equation (4-5)
was a negative value, daily ration C was calculated
using the point estimates of R. This procedure was
repeated 1,000 times and produced 1,000 pseudo-val-
ues of the R and C values. The pseudo-values were
log transformed because of skewed distribution, and
the results are expressed as geometric mean values.
The 95% CI of the two values were taken as the 2.5
and 975 percentiles of the corresponding sets of 1,000
pseudo-values. Estimates of daily rations and the
Instantaneous gastric evacuation rate obtained with
the bootstrap method were declared significant when
their 95% CI did not overlap.

Daily food consumption

The daily ration estimate was converted into daily
food consumption (mg/ind)using wet body weight of
the fish. The densities (inds/m”)of the three fish spe-
cies were estimated using the catch per unit effort
(CPUE; inds/haul [400 m’])and the estimated catch



efficiency (16.1%; Chapter 2)of the beam trawl net.
Then, daily food consumption of fish per square me-
ter (mg/m’°) was estimated using the daily food con-
sumption of fish and the density values of fish.

Results

Abundance of food organisms and fishes

The abundance of food organisms was much greater
in the near-bottom layer (within 30 cm from the bottom)
than in the middle layer (30 to 60 cm above the bottom;
Table 4-6). Mysids, gammarids and crangonids were
dominant prey, and their density in the near-bottom lay-
er was 78 mg/m’, 58 mg/m’and 153.0 mg/m’, respec-
tively, during the day. The dominant mysids species
was I. ohshimai, whereas N. ornata, which flounder
prefer (Chapter 3B), was not abundant. Most crango-
nids were less than 15 mm in body length(BL)and
no crangonids larger than 25 mm in BL, which could
prey on juvenile flounder™’, were caught. The density
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of I. ohshimai in the near-bottom layer was signifi-
cantly higher during the day than at night, while the
opposite was true in the middle layer (Mann-Whitney
U test, p<0.05). The abundance of crangonids, iso-
pods and gammarids was relatively high at night in
both layers. Ghost shrimp (Callianassa sp.) appeared
at night.

A total of 908 individuals of fishes were collected
by 17 hauls of the beam trawl(Table 4-7). The num-
bers of individuals (density, inds/m®)were 252(0.23
inds/m®)in F. gymnauchen, 232(0.21 inds/m*)in P. ol-
ivaceus, 211(0.19 inds/m®)in 7. oligolepis and 112(0.10
inds/m®)in Repomucenus spp. Since Repomucenus
spp. were small(mean TL: 16.1 mm), their stomachs

were not examined.

Diet and diel feeding periodicity

P. olivaceus and F. gymnauchen consumed mainly
mysids, crangonids and gammarids(Table 4-8, Fig.
4-6). Fishes and polychaetes was also important prey

Table 4-6 Mean density (=*standard error) of food organisms collected by the two-layer sledge net at Ohama

Beach
Middle layera Near-bottom layer”
Contents (mg/m (mg/m")
Day Night Day Night
Philine argentata 0.59+0.39 6.21 £241
Polychaeta 0.03+0.03 0.18+0.18
Ostracoda 025025
Copepoda 0.02+0.01
Mysidacea 0.15+0.07 1.84+084 778092 365+0.87
(Archaeomysis japonica) 0.05+0.05
(Iiella ohshimai) 0.10+0.07 1.79+0.78 759 +0.88 3.33+0.87
(Nipponnimysis ornata) 0.06 +0.06 0.12+0.07 0.16 =0.07
(unidentified mysids) 0.04+0.03 0.03=0.03 016+0.14
Gammaridea 0.14=0.08 083+0.38 5.79=060 1121394
Cappellida 001001 0.05+0.02 0.04+0.04
Isopoda 001x0.01 313x1.76 0.10+0.10 204+204
Caridea 001001 083027 0.07£0.05 0.30+0.30
Crangonidea 0.05x0.05 1.23+0.86 15298 +30.06 251.10+16.14
(-5 mm BL) 0.77+037 0.25+0.05
(-10 mm BL) 0.05+0.05 042+0.23 3712695 59.17+11.22
(-15 mm BL) 0.80+0.80 102.86 = 21.25 181.81 901
(-25 mm BL) 1222+523 987+405
Callianassa sp. 1.48+043 0.15%0.15
Brachyura 0.11+0.04 1.16+0.31 0.10+£0.07 0.04+0.04
Fishes 0.08 +0.04 060+0.19 760 = 6.35 848 807
(-10 mm TL) 0.08 £0.04 030+0.11 0.14£0.07 0.16+0.09
(>10 mm TL) 0.30+0.30 7.46+6.38 832807
Total 057+0.12 11.08 =248 17508 + 33.18 28364+ 1461

t

* 30 to 60 cm above the bottom;

" within 30 cm from the bottom
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Table 4-7 Demersal fish species collected by the beam trawl net at Ohama Beach on 26-27 June 2003

Family Species No. of inds. Weight (g) Size (mm TL)
Syngnathidae Syngathus schlegeli 5 0.53 55591.7
Scorpaenidae Sebastes inermis 2 3.20 43.3-50.0
Congiopodidae Hypodytes rubripinnis 7 16.56 6.9-72.2
Triglidae Chelidonichthys spinosus 1 021 26.5
Cottidae Pseudoblennius cottoides 1 1.27 H2.2
Sparidae Pagrus major 12 214 10.8-28.3

Acanthopagrus schlegeli 22 057 123-164
Sillaginidae Sillago japonica 1 0.02 20.3
Labridae Halichoeres poecilopterus 1 20.50 1198
Ammodytidae Ammodytes personatus 2 2.26 73.4-780
Blenniidae Omobranchus elegans 1 0.07 236
Callionymidae Repomucenus beniteguri 3 4284 1126-160.3

Repomucenus spp. 112 3.77 85-270
Gobiidae Favonigobius gymnauchen 252 24432 333715
Paralichthyidae  Paralichthys olivaceus 232 80.05 17.1-59.6

Tarphops oligolepis 211 2753 10.1-28.7
Soleidae Heteromycteris japonica 25 35.54 74-115.1
Monacanthidae ~ Rudarius ercodes 10 0.04 6.0-10.3
Tetraodontidae  Takifugu niphobles 8 161.52 7.3-1250

Total 908 64293

Table 4-8 Feeding incidence (percentage of stomachs with food) and percentage in weight (%ww) of prey
items for Paralichthys olivaceus, Tarphops oligolepis and Favonigobius gymnauchen at Ohama

Beach
P. olivaceus T. oligolepis F. gymnauchen
Number 232 211 155
Mean total length (mm) 326 237 50.2
Mean body weight (mg) 345.1 1305 1031.6
Feeding incidence (%) 746 75.8 80.3
Contents Y%ww Y%ww Y%ww

Polychaeta 117
Copepoda 29 0.1
Mysidacea 26.0 68.5 134

(Ziella oshimai) 40 36 44

(Nipponomysis ornata) 149 91 23

(Misidacea fragments) 71 55.8 6.7
Gammaridea 71 26 116
Isopoda 0.2
Crangonidae 274 45 40.0
Callianassa sp. 02 21.6 79
Caridea 0.6
Fishes 386 6.6
Egg of Hemiramphus sajort 8.6

for P. olivaceus and F. gymnauchen, respectively.

The diet of T oligolepis consisted exclusively of my-
sids. I regarded mysids and crangonids as important
prey items for these fish species, and estimated the
food consumption of these and other prey groups.

Generally, the mean stomach content indexes for
the three fish species were high during the day and
low at night(Fig. 4-7). Clear peaks in the SCIs of my-
sids and others for P. olivaceus were found around

dusk and/or dawn, whereas two peaks in the SCI
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Fig.4-6 Diel changes in wet composition of each
prey item of the three fish species, Paralich-
thys olivaceus, Tarphos oligoleps and Favo-
nigobius gymnauchen and, at Ohama Beach
on 26-27 June 2003.

of crangonids were found at noon and after dusk. In
T. oligolepis, both of the SCIs increased from dawn,
reached a maximum at noon and decreased through-
out the afternoon and night to reach a minimum at
around dawn. In F. gymnauchen, the peaks of the
three SCIs were observed at around dusk and/or
dawn. Diel variation in feeding incidences (percentage
of stomachs with food) were similar among the three
species (Fig. 4-8), increasing during the day, reaching
a maximum at dusk and decreasing throughout the
nigh to reach a minimum at dawn.
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Fig.4-7 Diel changes in the mean stomach content
index (SCI) of major prey groups in the
three fish species, Paralichthys olivaceus,
Tarphops oligolepis and F. gymnauchen at
Ohama Beach on 26-27 June 2003. Different
superscript are significantly different at P<
0.05 (Scheffs F test). Vertical bars indicate
standard error.

Estimation values of gastric evacuation rates and
daily ration

All the three fish species demonstrated a gradual
decrease in SCI throughout the night (Fig. 4-7). I
therefore considered that these species feed only
during the day, and thus calculated the instantaneous
gastric evacuation rate R as the slope of depletion
Ln S, from 21:00 to 3:00. Although there were no sig-
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"' jjficant differences among the simulated estimates

Sunset Sunrise

of R in three fish species, the R value of mysids was

the highest among that of the major prey groups and
that of crangonids was most lowest in P. olivaceus
g and F. gymnauchen(Table 4-9). In contrast, in T. oli-
% golepis, R of mysids was slightly lower than that of
§ the other prey group.
w0 ' X The estimates of instantaneous consumption of
3 == Paraliobthve vlivee " § each time interval(C,; %BW per hour)were high
[ . ; "N 5 i
204 X Tarphops oligolepis X during the day and negligible at night in all the three
-/ - Favonigobius gymnauchen species (Fig. 4-9). Instantaneous consumption present-
0- ! : . ; : ! : ) ' ed negative, as well as positive, values. However, the
12 15 18 2 0 3 6 9 12 . ' o ’ ’
Time of day (hour) negative values were considerably lower than the

Fig4-8 Diel changes in feeding incidences positive values and the numbers of occurrences was

(percentage of stomachs with food) in the small. Therefore, estimated daily ration were derived
three species, Paralichys olivaceus, Tarphops

ligolept. d F gobi h . . . . .
géj?/ e]ilgeagoog SIESEEE SIS Sl each interval, including negative values. The estimat-

ed total daily ration for P. olivaceus(16.7 %BW)was
higher than that for 7' oligolepis(13.6 %BW)and F.

by summing the amount of food consumed during

Table 49 Point and simulated estimates of evacuation rates for three fish species, Paralichthys olivaceus,
Tarphops oligoleprs and Favonigobius gymnauchen

Point estimates Simulation estimates
. . Mysidacea Crangonidea Others
Species Mysidacea Crangonidea Others —pr° ™ orofeT Wfean 95%CI  Mean  95%CI
P. olivaceus 0.59 0.15 031 059 019094 025 001-092 033 0.11-065
T. oligolepis 0.49 - 0.62 050 0.37-0.65 = 055 0.08-1.82
F. gymnauchen 0.50 0.09 017 039 003098 018 001-060 019 0.03-050

Table 4-10 Point and simulated estimates of daily rations (%BW) for three fish species, Paralichthys olivaceus,
Tarphops oligolepis and Favonigobius gymnauchen

Point estimates Simulation estimates
. . Mysidacea Crangonidea Others Total
Species Mysidacen Crangonidex Others: Total —r ™ orel Mean 95%CT Mean %%CI  Mean 950K
P. olivaceus 11.25 1.16 433 1674 1067° 3782135 209 01039 417 103994 1814" 9.26-31.26
T. oligolepis 843 - 519 1362 876" 574-1245 : 384 0-1503 1323 7.94-24.30
F. gymnauchen 205 0.09 162 376 131" 0.33-331 051 0253 162 028452 365 166-7.43

Different superscripts within the same column are significantly different at P < 0.05(Scheffe’s F test).

Table 4-11 Daily consumption (mg/m®) in the three fish species, Paralichthys olivaceus, Tarphops oligolepis
and Favonigobius gymnauchen

Mysidacea Crangonidea Others Total
Species Mean 95%CI Mean 95%CI1 Mean  95%CI Mean  95%CI
P. olivaceus 7.75 27-155 151 0-75 092 0872 1315a 6.7-22.7
T. oligolepis 221 0.1-31 = . 0.97 0-38 3.36b 0.1-6.1
F. gymnauchen 3.13 0879 123 0-6.1 387 0.7-10.8 8.75 40-17.8

Different superscripts within the same column are significantly different at P < 0.05(Scheffe’ s F test).
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Fig.4-9 Diel changes in instantaneous consumption
(%wet body weght per h) of the three fish
species, P. olivaceus, Tarphops oligolepis
and F. gymnauchen collected at Ohama on
26-27 June 2003.

gymnauchen (3.8 %BW; Table 4-10). The geometric
mean total daily ration(95 %CIl)for P. olivaceus, T.
oligolepis and F. gymnauchen determined by simula-
tion were 18.1(9.3-31.3) %BW, 13.2(7.9-24.3) %BW
and 37(1.7-74) %BW, and those in P. olivaceus and T.
oligolepis were significantly higher than in F. gym-
nauchen (P < 0.05). The daily rations of mysids were
high in all three fish species, although significant dif-
ferences were not observed among prey groups.

The mean daily food consumption(95%CI, mg/m®)
was 13.2(6.7-22.7) in P. olivaceus, 34 (0.1-6.1) in T.
oligolepis and 88(4.0-17.8) in F. gymnauchen, that in
P. olivaceus was significantly higher than in 7" oligo-
lepis(P < 005, Table 4-11). The mysids consumption
in P. olivaceus(78 mg/m’)was approximately three
times greater than in 7. oligolepis(3.1 mg/m’)and F.
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gymnauchen (2.2 mg/m®) although there were no sig-
nificant differences, indicating that P. olivaceus might
be the major consumer of mysids in the food web of
the sandy beach. The total daily mysids consumption
in the three fish species was 13.1 mg/m”.

Discussion

Abundance of food organisms

Many isopods and gammarids have circadian
rhythms in their swimming activities, more active at
night®”. This chapter found that isopods and gam-
marids were more abundant at night than during the
day, which supports the findings of the previous re-
ports™™. The abundance of . ohshimai in the near-
bottom layer decreased at night, demonstrating a
counter-trend in the middle layer. These results indi-
cate that /. ohshimai emerged into the water column
from sand bottom at night. A similar diel migration
of this species is known to occur at a beach in Otsu-

chi Bay, northeastern Japan”.

Diel periodic feeding rhythm

The difference in the instantaneous food con-
sumption for P. olivaceus between day and night
was obvious, indicating that juvenile P. olivaceus
was day-feeders in this area. In this species, larvae
and juvenile in the laboratory experiment®*"and
juvenile™* “*%in the field also actively
consumed during the day. Therefore, P. olivaceus is
a day-feeder through the larval, juvenile and young
stages. Diel changes in feeding incidences and instan-

taneous food consumption for T. oligolepis and F.

"and young

gymnauchen were similar to those for P. olivaceus,
suggesting that the three fish species are day-feeders
and have the same feeding rhythms.

Gastric evacuation rate and daily ration
The relationship between instantaneous gastric
evacuation rate R and water temperature was de-

95.96)
¥ and

scribed by exponential or linear models
the R value for winter flounder Pseudopleuronectes
americanus *, bluefish Pomatomus saltatrix”" and
Japanese Spanish mackerel Scomberomorus nipho-
nius” decreased as water temperature decrease. In
this study, assuming no feeding during night time, I
estimated R at night when the water temperature

was lower (Table 4-5). Therefore, the R value might
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have been underestimated. The instantaneous gas-
tric evacuation rate R may be underestimated under
fasting conditions”.

I calculated means and 95% CI of daily ration C
and instantaneous gastric evacuation rate R esti-
mates using a simulation technique derived from
the bootstrap method. Worobec™, and Boisclair and

*estimated the

Leggett* and Boisclair and Marchand
C and R value using algebraic formulae and simula-
tion techniques, respectively. The former technique is
logically difficult, while the later is easy but requires
many calculations. However, because one can reduce
the workload with a personal computer (Microsoft
EXCEL including Visual Basic 6.0 for application), I
recommend the simulation techniques for estimating
variation.

The prey availability - especially mysids biomass
- had a profound effect on the daily ration for P. oli-
vaceu” . Tominaga et al*’demonstrated that the daily
ration of food, that was mostly composed of mysids,
for juvenile P. olivaceus(range of mean total length:
384-559 mm)ranged between 1.5 %BW and 222 %
BW at Wada Beach where the density of mysids var-
ied between 20 and 220 mg/m”. Seikai et al.” reported
that when juvenile P. olivaceus were fed sufficient my-
sids in the laboratory experiments(water temperature,
22 T), the daily ration in dry weight was 64 %BW.
We converted the dry weight of 64 %BW into wet
weight of 320 %BW based on moisture content (80%
7). In this chapter, although the daily ration for P.
olivaceus was 18.1%BW, that of mysids was 10.7%
BW, was lower than that observed in those stud-
ies”. Besides, the density of mysids in this study
beach was lower than in Wada Beach®. Judging
from these results, the mysids availability was a lim-
iting factor of the daily ration.

Yamada et al.”demonstrated that it was advan-
tage that juveniles larger than 50 mm TL consumed
fishes rather than mysids for growth when the latter
were not abundant. The size of P. olivaceus moving
out from the nursery grounds was 120 mm TL and
juveniles smaller than 100 mm TL mainly consumed
mysids at Igarashihama Beach where mysids were
abundant®”. In contrast, juveniles larger than 50 mm
TL shifted their main food from mysids to fishes and
then migrated to offshore after late June in this area
(Chapter 3). Therefore, the importance of mysids
in the diet for juveniles was lower in this area than

at Igarashihama Beach. Thus, feeding habits of juve-
niles varies geographically, probably with the change
of the density of mysids in nursery grounds. Plastic-
ity in juvenile feeding characteristic of this species
may be the outcome of feeding tactics depending on
mysids local availability.

Verification of hypothesis

The daily mysids consumption of Japanese floun-
der was the greatest among those in the three fish
species, although sufficient mysids were not available
for flounder in this area. The result proved the hy-
pothesis 4 true.



Daily growth estimation of
juvenile Japanese flounder
using otolith microstructure
analysis

Chapter 5.

Introduction

The previous chapters(Chapter 3B and 4B)have
described that abundance of mysids was low and
the daily ration of mysids was also low for juvenile
Japanese flounder in the nursery grounds in eastern
Hiuchi-Nada. There was the positive relationship be-
tween daily growth rate and daily ration, and then
feeding condition could be estimated using daily
growth rate”’. From these observations, the daily
growth rate is expected to be low in this area. In ad-
dition, since emigration from nursery grounds was
caused by a drop of daily food consumption'”, I set
up a hypothesis as follows: when juvenile flounder
settle in their nursery grounds in early June, their
food organisms are abundant and consequently their
growth rate is relative high. However, their food
availability becomes bad in late June, they can not
take the enough amount of food and migrate from
their nursery grounds to offshore area, where they
can shift their food to abundant fish juveniles, mainly
Japanese anchovy (hypothesis 5).
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This chapter describes the seasonal variations in the
daily growth rate and the relative daily growth rate
of wild juveniles using otolith microstructure analy-

99)

sis™ .

Materials and methods

Field sampling

Juvenile Japanese flounder were collected by the
2-m beam trawl net from June to July in 2003 at
Ohama Beach(Table 5-1; Fig. 5-1). All samples ex-
cept for 26 June were fixed in 5% neutral formalin
within 2 hours and preserved in 90% ethanol. The
flounder collected on 26 June were packed in ice im-
mediately and frozen at -20 C within 30 minutes.
Water temperature at surface range from 22.0 to
250 C (Table 5-1).

. Table 5-1 Collection records and size of juvenile Jap-

anese flounder collected at Ohama Beach

|
34°N30'

i M OQ_

The Seto Inland Sea

Honshu

in 2003
D Water temperature Mean total length
ate
(T) (mm)

9 June 220 19.8
23 June 235 30.6
26 June 246 32.6

7 July 250 386

I

10m

0 200m

Fig. 5-1 Sampling site for juvenile Japanese flounder in eastern Hiuchi-Nada, the Seto Inland Sea.
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Growth analysis

Total length(TL)of flounder was measured with
a caliper. Otolith (lapillus)of the ocular side was ex-
tracted and mounted in epoxy resin(N.T. epoxy-coat,
TOHO, Japan)with its lateral side, and then were
observed under a microscope at 400 X magnification.
When we could not recognize the microstructure
(rings and nucleus)of otolith clearly, the lapillus
was polished using fine abrasive paper and diamond
paste. The ring of lapillus formed daily in this spe-
cies™*"™. The increments on lapillus were traced on
paper with a camera lucida, and then the otolith ra-
dius at capture and fifth outermost increment were
measured along the longest axis.

The relationship between otolith radius and total
length at capture obtained from a total of 105 indi-
viduals could be expressed by allometric formula
(Fig. 5-2). I used the biological Intercept method”
for back-calculation of total length at age(day). The
equation is given by the expression:

Ls=(L.,-L) (05 -0,)-(0,-0,)"+Lc,
where L., = In(TL at 5 days before capture), L, = In
(TL at capture), L, = In(TL at the biological inter-
cept), O.; = otolith radius at 5 days before capture,
O. = otolith radius at capture and O, = otolith radius
at biological intercept. In this chapter, I used the TL
(148 £ 14 mm)and otolith radius(68.8 * 88 um)of
the smallest fish collected at Ohama Beach in 2003
as L,(In 14.8)and O,(68.8), respectively.

Recent growth rate for 5 days before capture was
express as the absolute growth rate (AGR; mm/day)
and the relative growth rate (RGR; %/day):

AGR =(TL.-TL,;)/5,

RGR=AGR /TL,=(TL.- TL.;)/5TL,,

(=23
o
1

7L =0.107xOR""® o

Hoo
o o
T
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Fig.5-2 Relationship between total length and

otolish radius of juvenile Japanese flounder
collected at Ohama Beach in 2003.

where TL. and TL.; are total length at capture and
at 5 days before capture.

The relation between the growth rate (AGR or
RGR)and total was examined using simple regres-
sion analysis. To compare mean daily growth rates
among sampling days, the data were analyzed by
Scheff s F test.

Results

Relation between growth rate and total length

The total length(TL), the absolute growth rate
(AGR)and the relative growth rate(RGR)ranged
from 183 to 56.0 mm, from 041 to 1.84 mm/day and
from 086 to 512 %/day, respectively (Fig. 5-3). The
average of the AGR and RGR was 092 mm/day and
2.88 % /day, respectively. The AGR related positively
with TL on 9, 23 and 26 June(Table 5-2; P < 0.05),
but not related on 7 July(P > 05). On the other
hand, there were no significant relationships between
TL and RGR in all the sampling days (P > 0.1).
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Fig.5-3 Absolute growth rate (a) and relative
growth rate (b) of jvenile flounder collected
in 2003.



Table 5-2 Relationships between total length and
absolute growth rate or between total
length and relative growth rate of juve-
nile Japanese flounder in 2003

n Absolute growth rate Relative growth rate
r=002 P=047
r=018 P =019
r=012 P=0.17
r=-068 P =090

Date
9 June 11 »r=052 P <005
23 June 24 r=085 P <001
26 June 57 » =077 P <001
7 Juy 5 »=-024 P=065

Seasonal changes in growth rate

The seasonal changes in the mean AGR and
RGR are shown in Fig. 5-4. The mean total length
increased from 22.2 to 434 mm. The mean AGR
ranged between 0.86 and 1.01 mm/day, whose ranges
were relatively narrow (mean * standard deviation
[SD] : 9 June, 0.86 = 0.28 mm/day; 23 June, 1.01 +
0.35 mm/day; 26 June, 0.90=0.25 mm/day; 7 July,
099 + 0.11 mm/day). Significant differences in
AGR were not observed among the days(P > 0.1,
Scheff's F test). However, the mean RGR gradually
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Fig.5-4 Seasonal changes in absolute growth rate
(a) and relative growth rate (b) of juve-
nile Japanese flounder at Ohama Beach in
2003. Vertical bars and asterisks indicate
standard deviation and significant difference
(Sheffe's F test, P < 0.01), respectively.
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decreased (mean=SD : 9 June, 3.85+1.07 %/day; 23
June, 292 £ 053 %/day; 26 June, 2.72 = 049 %/day;
7 July, 229 =0.35 %/day). Moreover, the RGR on
9 June was significantly greater than those on the
other days (P < 0.01, Scheff's F test)and was approxi-
mately 1.5 times as large as that in 7 July.

Discussion

Index for comparing growth rate

There was not the relationship between RGR and
TL, whereas the positive relationship between AGR
and TL. In this chapter. because size of juveniles was
not taken into consideration, significant difference in
AGR was not shown among the sampling days (Fig.
5-3). Comparison of AGR should be examined using
the same size of juveniles. However, it is difficult to
obtain the sufficient flounder of same size throughout
several months, due to rapid growth of juvenile floun-
der. Therefore, RGR would be suitable as an index
for comparing seasonal variation in the growth rate.

Relationship between daily growth rate and daily ra-
tion

The average AGR was 092 mm/day, and was half
of 2.0 mm/day Igarashihama Beach, the northern
part of Japan Sea, where mysids were abundant”.
The mean RGR(2.7 %/day)on 26 June was lower
than that(34 %/day)in the laboratory experiments,
where juveniles consumed sufficient live mysids'.
Equally, the daily ration of mysids was lower on 26
June (10.7 %BW)than in the laboratory experiment
(320 %BW: Chapter 4B). The low daily growth rate
may be explained by the low daily ration.

Factor of the depletion of the RGR

The RGR peaked on 9 June and then gradually
decreased after late June. Growth rate generally has
a close relation to food quality and quantity, water
temperature, dissolved oxygen(DO)and salinity"".
Decreases in DO below a critical threshold reduce
growth of flatfishes, and Japanese flounder grow bet-
' The optimum temperature
1% The abundance of

ter at high salinities
was reported to be 20-25 T
food organisms especially mysids had a significantly
positive correlation with growth rate of juvenile
flounder®. The DO at Ohama Beach is probably
high, because this beach is exposed to open inshore
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area. The fluctuation of the salinity was relatively
small (28.7-33.7 psu; Yamamoto, unpublished), since
there is no big river near the beach. The tempera-
ture ranged from 20 to 25 C . It is suggested that
the DO, salinity and temperature therefore did not
affected greatly on the depletion of the RGR. At
Ohama Beach, density of mysids decreased with the
increaseding temperature after June(Chapter 3B).
From these results, it appears that a main factor of
the depletion of RGR is repressesd food consumption
due to decrease of mysids availability.

Cue for emigration to offshore

Juveniles larger than 60 mm TL migrated from the
sandy beach to offshore area after late June (Chapter
3A). The RGR after late June was lower than that in
early June. Thus, large juveniles might leave for the
nursery grounds, when RGR falls below a threshold.
The decrease of the food intake might be one of the
triggers of the flounder emigration. However, envi-
ronmental factors including salinity, DO, predator
and light intensity, development of organs such as
muscle and digestive system and hormonal secre-
tion must also affect their emigration, the emigrant
mechanism from sandy beach is complex. Because
fish size and timing of emigration affect on survival
rate and recruitment success to adult stocks, studies
on emigrant mechanism of juveniles are crucial.

Deference of food condition between sandy beach and
offshore area

On one hand, food availability was not sufficient
for flounder juveniles in the nursery ground in this
are after late June, because abundance of mysids
was low (Chapter 4B). On the other hand, in off-
shore area, juveniles consumed mainly fishes such as
Japanese anchovy™”™, of which abundance are very
high™"”. Moreover, daily growth rate was relatively
high (1.0-1.6 mm/day)*"". Therefore, feeding condi-
tion might be better in the offshore area than that at

the sandy beach.

Vertification of hypothesis

The RGR of newly settled flounder was the high-
est, but when food consumption becomes insufficient
under poor feeding conditions, the RGR decreases
and juveniles emigrate from the nursery grounds to
offshore area. In offshore area, large juveniles con-

sumed mainly abundant fishes. These results proved
the hypothesis 5 true.



Chapter 6. General discussion

Recruitment of larval flounder to sandy beaches
Metamorphosing Japanese flounder larvae settled
at the 2-5 m depths sandy beaches from late May to
late June when mysids were relatively abundant(wa-
ter temperature: 19-23 T). This result is consistent
with the hypothesis on that the settlement timing of
larval flounder occurs under mysids rich conditions
(hypothesis 1). Metamorphosing flounder larvae
have been reported to immigrate from offshore area
to sandy beaches when mysids were abundant”’, and
the survival rate of newly settled flounder increased
with the increase of mysids”. Because newly settled
flounder prefer mysids to crangonids and gamma-
rids (Chapter 3B), and mysids are better food items

6.1767)

for them"""”, recruitment to nursery ground that is
synchronized with the peak in abundance of mysids
would be advantageous for growth and survival of

flounder.

Relationship between stomach contents of Japanese
flounder juveniles and their food organisms in the
field or in situ food organisms

Mysids in this area are less abundant than those in
the coasts of the Sea of Japan and the Pacific Ocean,
whereas crangonids are more abundant in this area.
Generally, the main prey items of juveniles were only
mysids and fishes, and the importance of crango-

9 However, in this

nids was very low in their diet
area, the index of the relative importance (IRI)of the
prey taxa ranked in the order mysids > crangonids
> gammarids > fishes, and flounder juveniles ate a
variety of diets in this area(Chapter 3B). This result

proved the hypothesis 2 true.

Predation on newly settled flounder

Generally, the major cause of mortality among larval
and juvenile Japanese flounder is predation by fishes
and crustaceans’. Newly settled flounder have been re-
ported to be preyed by many fishes including, Japanese
flounder, F. gymnauchen, Repomucenus spp. and 7. oli-
golepis at Yanagihama Beach, Nagasaki Prefecture®”’
In addition, large crangonids, Crangon crangon and C.
affinis, consumed newly settled flatfishes and then the
predation have a strong effect on the their stocks™®.
In the present study, the four dominant fish species

preyed on small fishes, but the IRI values were very
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low. Few large crangonids(>25 mm BL)were caught
from May to August. Thus, there may be low preda-
tion pressure on newly settled flounder by the four
dominant fishes and crangonids in this area. This re-
sult supports the hypothesis as follows dominant fish
species and crangonids are not predator for juveniles
(hypothesis 3). Recently, cuttlefish and crustaceans
such as swimming crab Charybadis japonica were
listed as serious predators for hatchery-reared floun-
der™"”. The more study of predator will be neces-
sary to reveal the cause of mortality.

Interaction among four dominant fish species in this
study area

Mean daily food consumption in Japanese flounder,
T. oligolepis and F. gymnauchen was 13.2, 34 and 838
mg/m’, respectively (Chapter 4B). This result indi-
cated that the consumption in juvenile flounder was
the greatest among those of the dominant fishes, and
then these evidences proved the hypothesis 4 (juve-
niles can consume the greatest amounts of diets in
this area among dominant fishes) true.
The mean overlap values among the four dominant
fish species were relatively high, because the four
fishes consumed mainly small crustaceans such as
mysids and/or crangonids(Chapter 4A). Further-
more, because the size of major prey items of the
flounder was similar to those of other dominant
fishes, there exist an interspecific competition among
the four fish species.

Advantage of emigration to offshore

In this area, juveniles larger than 60 mm TL mi-
grated to offshore area(Chapter 3A), when the RGR
was less than the certain value (Chapter 5). In addi-
tion, the shift to fishes in their food occurred at size
larger than 50 mm in TL in this area, where mysids
were not abundant. In contrast, the size of emigra-
tion from the nursery grounds was 120 mm TL"and
juveniles smaller than 100 mm TL consumed mainly
mysids’at Igarashihama Beach, where mysids were
abundant. Therefore, it was suggested that the size
of emigration varies according to mysids availability
in nursery grounds.

The RGR of newly settled flounder in early June
was the highest, but that of juveniles emigrating
from nursery grounds to offshore area decreased due
to the small amount of food consumption as a result
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of low food availability after late June(Chapter 5).
The hypothesis on growth rate (hypothesis 5)is con-
sistent with this observation. To compare of growth
rate between sandy beach and offshore area, I dis-
cuss water temperature and food condition. The wa-
ter temperature often exceeds 25 C after late June
at the sandy beach and reaches approximately 30 T
in July and August, whereas that at bottom layer in
offshore area(<25 C ; Kagawa Pref. Exp. Sta., unpub-
lished)is lower than at sandy beach. Since the opti-
mum temperature for growth was observed around
20-25 T "™ the temperature condition would be
better in the offshore area than at the sandy beach.
In feeding condition, abundance of food organisms
decreased after late June at the sandy beach, but
Japanese anchovy are abundant in offshore area'™" .
Large juvenile flounder consumed mainly fishes such
as Japanese anchovy offshore and daily growth rate
of them was relatively high"*'""”. Therefore, the food
condition might be better in the offshore area than in
the nursery grounds.

Future perspectives

It is considered that juvenile flounder adopted the
feeding tactics, in which small juveniles did not de-
pend on only mysids in nursery grounds in this area,
where mysids were not abundant, whereas larger
juveniles (>approximately 60 mm)consumed mainly
abundant fishes such as offshore Japanese anchovy to
keep high growth rate in this area. In the Seto Inland
Sea, the catch of Japanese flounder increased with
the increase in released large size hatchery-reared
juveniles (Fig. 1-1). In Tokyo Bay, the survival rate
and growth rate of released flounder (60-70 mm TL)
were high, because they utilized abundant goby'".
The high stocking efficiency might be explained by
the richness of fishes offshore in the Seto Inland Sea.
In addition, larger release size proved to be more
successful in surviving until recruitment size'”.
Thus, for more effective stock enhancement in the
" Seto Inland Sea, large juvenile flounder larger than
50 mm TL should be released from late May to July
when larval and juvenile Japanese anchovy is abun-
dant.

The trend of the CPUE at Ohama Beach was
very similar to those at other beaches(Chapter 3A).
Hiuchi-Nada has large sandy beach area, and many
larval flounder seem to settle at sandy beaches. Posi-

tive correlation between the CPUE at Ohama Beach
in June and the catch of the cohort in Kagawa Pre-
fecture was observed(Yamaoto M, unpublished). In
order to forecast the stock size of Japanese flounder
in the Seto Inland Sea, information on the CPUE at
the beach must be more effective.

This study described the feeding ecology of settled
juvenile flounder in the nursery grounds in eastern
Hiuchi-Nada, the Seto Inland Sea. Though the feeding
ecology is important, this is a part of information on
the life history trait. Natural mortality rate of eggs
and pelagic larval stage of this species is extremely

high and variable for starvation*""
115-117)

and predation by
fishes, jellyfish and crustaceans and greatly affect
recruitment of settled larvae to sandy beach. Natu-
ral mortality decreases with an increase in growth,
and then becomes lower at large juvenile (young) and
adult stage. However, fishing mortality becomes high
in young and adult stage due to the high-priced com-
mercial fish. Fishery has strong effect on the stock
abundance. Additionally, since the annual average
water temperature increased 0.81 T from 1966 to
2002 (37years)by the global warming in the Seto In-
land Sea™, I worry that the coast ecosystem might
change by the increased temperature. Hereafter, in-
formation on survival characteristic of egg and larval
stage and long-term stock assessment must be neces-
sary in order to maintain the high stock abundance.
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