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Studies on techniques for reliable production of seed of barfin flounder Verasper
moseri*!

Takaaki KAYABA*?

Barfin flounder, Verasper moseri, are large flat fish inhabiting cold sea water basins in the northern Pacific off
Japan. This species is suitable for aquaculture and resource enhancement in Hokkaido due to its high commercial
value and growth rate at low temperatures. Recently, a developmental program for brood stock management of
barfin flounder was proposed by the Hokkaido government ; one of the program objectives was to establish a
reliable method for seed production of this species. At the Hokkaido Institute of Mariculture, technique for seed
production of barfin flounder have been developed since 1990. However, the annual output of seedlings has been
highly variable, and a consistant supply of seedlings could not be realized. This was primarily due to the very
limited knowledge about reproduction, growth and habits of this species. Therefore, in the present study, the
author firstly examined the mechanism of sexual maturation, spawning and larval development in cultured barfin
flounder. This knowledge was subsequently applied to determine the most suitable system by which a large
amount of seed can be consistently produced.

When barfin flounder were reared in culture from the larval stage, both male and female fish matured normally.
However, there was an obvious difference in the timing during which eggs or sperm could be obtained, because
testicular development progress faster than ovarian development. Therefore, the effects of water temperature on
gonadal development, and the potential to synchronize maturation among sexes by water temperature manipulation
were subsequently examined. In experiments conducted in 1997 and 1998, 50 cultured barfin flounder aged 3 years
were reared from October to April under two water temperature regimes. As reflented by the gonadosomatic index
(GSI) and by histological observation, males reared at ambient seawater temperature reached functional maturation
of testes in February. For females in this group, both GSI and oocyte diameter linearly increased from October and
first ovulation was observed in April. These results indicated that there was a 2 -month difference in the timing of
spawning between male and female flounders reared at ambient seawater temperature. However, in males reared at
18°C from October to December, functional maturation did not occur until April, because spermatogenesis was
inhibited at 18°C. While in females vitellogenesis proceeded normally at 18°C and ovulation commenced in April,
which is the same period as females reared at ambient seawater temperature. By maintaining the rearing
temperature of barfin flounder at 18°C from October to December, and then gradually shifting to ambient seawater
temperature over one month, it is thus possible to delay the maturation of males and thereby synchronize the
spawning periods among sexes.

Obtaining eggs with good quality is very important for seed production of fish, because a deterioration of egg
quality results in a decrease in fertilization rate or low vitality of larvae. Therefore, we examined the cause of a
deterioration of egg quality in barfin flounder. Female barfin flounder has a regular ovulation rhythm that is 3.5
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days on average. However, under conditions of cultivation, spontaneous egg release is limited and deterioration of
egg quality due to the retention of the eggs in the ovarian cavity for a prolonged period (over-ripening) is likely to
occur. Firstly, in order to clarify the relationship between over-ripening of eggs and a decrease in fertilization rate,
three morphos of artificially stripped eggs (transparent eggs, opaque eggs, over-ripening eggs) were incubated for
72 hours at 4°C. When only incubating transparent eggs that seemed to just have undergone ovulation, the
fertilization rates remained high throughout the experimental period. In contrast, when mixing transparent eggs
and over-ripening eggs and incubating them together, the fertilization rate sharply plunged and became zero even
after 24 hours of incubation. These results indicated that over- ripening caused a rapid decrease in fertilization rate,
but it also atributed to the deterioration of newly ovulated eggs by some means or another. Accordingly, to obtain
good quality eggs, it is necessary to prevent the ovulated eggs from over-ripening either by periodic egg stripping
or by the development of a method inducing spontaneous spawning.

In order to examine influencing larval vitality, the survival activity index (SAI) was calcurated for 33 batches of
larvae. Relating SAI with the morphological characters of brood stocks, eggs and larvae, a positive correlation with
total length of larvae just after hatching was shown. Accordingly, the hatching larvae which are bigger size are
thought to have superior vitality and the size of larvae was suggested to be a suitable indicator for identification of
a good batch, one with the potential to survive at a high rate during seed production.

In this thesis, the effect of rearing environment of brood stocks such as water temperature or diets, on larval
vitality was also examined, and yielded the following results ;! rearing of brood stocks at an elevated temperature
in winter could accelerate their growth as well as improving the larval vitality.? both the content and composition
of lipids in the eggs are strongly influenced by those in the diets which the brood stock were fed.®) it seemed
possible to obtain larvae with superior vitality by feeding brood stocks diets containing higher concentrations of
highly unsaturated fatty acids.

In general, egg acquisition by induced spontaneous spawning is extremely useful to obtain a sufficient quantity
of good quality eggs in an efficient and consistent manner. Although female barfin flounder that started ovulation
during spawning season, occasionally released eggs even in the aquarium, spawning behavior between male and
female rarely occurred spontaneously. Especially from cultured fish, few fertilized eggs have ever been obtained
from spawning in an aquarium. Therefore, the present study examined the potential to induce spontaneous
spawning in cultured barfin flounder using increased temperature as a stimulus; that is, increasing the rearing
temperature from 6 to 8 to 9°C over 6h in the morning and reducing it to 6°C the following morning. In 1997 and
1998, cultured barfin flounder, aged 3 years, were reared under two water temperature regimens. Among brood
stock groups reared at fixed temperatures ( 6 or 8 - 9°C) during the spawning season, all females ovulated normally
and released eggs into the aguarium; however, almost all eggs were unfertilized. In contrast, from groups reared
with periodic stimulation with increased temperature, the number of eggs collected per day was greater than that
from groups without stimulation. Furthermore, fertilization was achieved frequently throughout the experimental
term and the number of fertilized eggs obtained was much greater. Estimation of fertilization time indicated that
fertilization occurred largely within 24 h after the stimulation was conducted. Moreover, in 2000, the fertilization
rate of fish reared with periodic stimulation was very much higher than that in fish without stimulation. These
results demonstrate that performing periodic increased temperature stimulation during the spawning season is
effective in accelerating egg release in females and also in inducing fertilization of cultured barfin flounder in
rearing conditions. Furthermore, the environmental factors inhibiting spawning were experimentally deduced to be
either the rearing of brood stock at excessively high densities or a low turnover rate of the rearing water. It thus
became possible to obtain sufficient numbers of fertilized eggs from cultured barfin flounder by induced
spontaneous spawning as well as by artificial fertilization techniques.

The occurrence of mass mortality in the larval phase was the most serious problem for seed production of barfin
flounder. Therefore, a study was conducted to elucidate the cause of mass mortality, and to develop a new method
to rear the larvae at high survival rates. Survival statistics and morphological observations of dead larvae during
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ordinal larval rearing indicated that mass mortality tended to occur when larvae were either 18-20 days-old
(preflexion larva, Stage D) or 25-28 days-old (flexion larva, Stage E). To clarify the cause of the former mortality,
the effect of environmental factors on initial feeding of larvae was examined, because morphological observation
revealed that almost all larvae that died at age 18-20 days had empty digestive tracts. The feeding activity of larvae
during early development was closely related to!’ the density of the unicellular alga Nannnochloropsis oculata in
rearing water,? light intensity,*) the density (amount) of diet in the rearing water,*) water temperature. The density
of Nannnochloropsis oculata in the rearing water turned out to be the most important factor affecting feeding.
Besides, larval rearing in water supplemented with Nannnochloropsis oculata at higher densities is an effective
means not only to accelerate initial feeding, but also to drastically increase survival.

Observations on swimming behavior of flexion larvae further showed that most of the larvae suddenly sank from
the upper layer to the bottom of the tank at 25 days of age, and that mass mortality occurred just after sinking
(flexion-stage mortality). Coinciding with the sinking of larvae was an obvious increase in body density, especially in
larvae from 24 to 28 days-old. In order to investigate the effects of turbulence on sudden sinking and mortality, 10
day-old larvae were reared at various aeration levels, i, no aeration, gentle aeration and strong aeration. Larvae
maintained under no or gentle aeration sank suddenly when 24-25 days-old and high mortality occurred. On the
contrary, in the strong aeration groups, almost all larvae swam in the upper or middle layer throughout the
experimental period. The survival rates by day 36 were 74.3-89.0%, clearly superior to those in other experimental
groups. These results suggest that sudden sinking of flexion larvae is caused by a rapid increase in body density
during a period of rapid ontogenetic change. It appears that manipulating aeration to establish vertical mixing is very
successful to prevent flexion larvae from sinking, and hence, to avoid mass mortality. The larval rearing system was
redesigned on the basis of this knowledge, resulting the prevention of early mass mortality and the production of
large numbers of barfin flounder seed with high survival rates.

Among artificially reared barfin flounder, morphologically abnormal fish such as pseudoalbino fish and ambicolored
fish (metamorphosis-related morphological abnormality), were frequently observed. Moreover, artificially reared barfin
flounder frequently had a male-biased sex ratio. This could possibly cause a landing shortage or price fluctuations on
markets, or serious fluctuations of genetic characteristics among wild fish, if these abnormal fish released into the
wild. Therefore, the mechanisms responsible for metamorphosis-related abnormalities in morphology and sex
determination were examined in a rearing experiment. It was found that!’ the rearing temperature during larval
development affect the incidence of morphological abnormality, i.e. larval rearing at suitable temperature, 14°C, could
produce morphologically normal fish at high rates.?’ Normal larval development up to Stage E (just before
metamorphosis) is crucial to ensure that larvae can metamorphose into normal morphology.®’ it is necessary to keep
the larvae under 14°C during the temperature-sensitive period (ranging from 10 mm to 35mm in total length) to
ensure that gonadal tissue will undergo sex differentiation according to genetic sex.
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Fig.1 Photograph showing barfin flounder Verasper
moseri. Bar:10cm
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Fig.2 Changes in total length and body weight of barfin flounder reared in Hokkaido Institute of Mariculture.
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Juvenile

Fig.3 Development of barfin flounder reared in Hokkaido Institute of Mariculture.

Stage B:yolk-sac larva, Stage C:preflexion larva (mouth opened), Stage D:preflexion larva, Stage E:flexion larva,
Stage F:postflexion larva (onset of metamorphosis), Stage G:postflexion larva (early metamorphosis),

H:postflexion larva (late metamorphosis), Stage |:juvenile.
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Fig.4 Changes in water temperature during
experiments using 1+ barfin flounder (a) and using 2+
barfin flounder (b).

3. REBHE
KRR TIX, 4 B2 ORESHTTEAH, I

Z15~20f8fR B L OMEE 0 ~ 3K T O 7Y v 7L

7oo 72, 1EMBEKRKRETIX, 4H, 9H, 10H,

<V T ORI FERAT ISR T A5 9

2A~3 AIcZnNEhME3 ~5 2T o7y v oL
720 E512, 2BAICBVTIE6HETHEZRWZEA,
MHES BT o0 7)) 7 Lz,

B oEEB L OMEELNE L2, FEL TR
FMEHEZBHE LENSOERZME Lz, %H, Wl
ET — 5 D5 AR (GSI=AJllR & X 100,/ &
H) ZRO7z, AERRO—EIE T T v K CEE L
W& NT T 4 VIR R L CHIRRIZSE 21T o 720§
HO5EBE % IEMEICIEIRT 5 720, ABE IS o
MR SERE L, K L 7-FImAC_E CAERE M O #R AT
RIEBBEINICOIMT L2 FR S 0EREEFHEL, Wi
RIS A BRI S AL L O EE R
7oo =77, PREICBWTIE, HBEZIC L o TISEER
AT 5 & L b IT, FERBEMEE T TR, /203
PESR L 72000 EsE (DUF, 9R8%) 2l L, mAKIIHED
PR E RO 72, &R, RE, GSHLFIMHE £ BEHE(R =
THL7,

4, MM RFO4 RKRILVEVE

1 i A KIRAE 12 B W TR BAE A 12 R SRR 2 & BRI
L, MPERGEICHED MR AT a4 FhVE ViREOZRLE
PR, MR 4 CT—BaEkE L7-1%, 3000[E#5T155
M0 LG 2 4008 L 720 MLE IRV E 2T i
% F T—20C CHEHRA L7z B ezllEs: (RIA)
12 & ML o D Estradiol-17 3 (E,) 8L 17w, 203-
Dihydroxy-4-pregnen-3-one (DHP)&, HEIMiEF D
Testosterone (T), 1l-ketotestosterone (11-KT) =B &
UDHPE % lIE L 72s M{FE100 « 1% AL 73R ERE 2 1 ml
DY TFNI—=FNVEZ, THRAL72%IC-30TIC
WHELZZAF ATV I—= VIR L TRBEZEREL, A
TUA R SN LBEADORERIORBEICE L7z,
COFMEX 2O R LB —T IV EEESE, B
RE M) F T LERATOA N2z, BEAT C24REHT
FEHRRIE RS SE72, 20K, TFANT U F v —
TS K DEEATEA FEREL, PUkEEAL
ToREHAT O A FOREEE 2K FL—2a v
7y —THE L7 AT U NEEIZEEREL )&
H L7, ME T — 7 13 E A= TE L7,

LTS
1. IO RS KU HAETE
(1) &R AIEHDE LS LU FERR

LB L2 RADKRR ZMNTz, 2ORR, 1K
BB 6, AR BRI 2 SRR 2 ol L
TR ZBEELZRL, 3 HIC134K39.5m, R#E887 g 12
EL, 72, 2RAO%E, KRVFLEAT L4056



—

0

I
N
B
o4

50 «

w
S)
o
o+
o+

N
<}
N

Gonadosomatic index (GSI)
5

I :
§§I {§ .

AMJJASONDJFMAMJJASONDUJIFMA

1+ 2+

Fig5 Changes in gonadosomatic index (GSI) of male
barfin flounder aged 1+ and that aged 2+.
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Fig.6 Histological observations of testis from male barfin flounder (2+) reared at ambient seawater.
All sections were stained with hematoxylin-eosin. Bar=50um.
A pre-spermatogenesis stage (This sample was obtained from 0+ male barfin flounder), B:early
spermatogenesis stage, C:mid spermatogenesis stage, D:late spermatogenesis stage, E:functional maturation

stage, F:pst-spawn stage.

SG:spermatogonia, SC:spermatocytes, ST :spermatotids, SZ:spermatozoa.
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Fig7 Testicular development of male barfin flounder
aged 1+.
Relative area occupied by each germ cell was
calculated from the histological photographs.
a) High temp. group (Lot.1990), b)Ambient temp.
group (Lot.2002).
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Fig.8 Testicular development of male barfin flounder
aged 2+,

Relative area occupied by each germ cell was
calculated from the histological photographs.
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Fig9 Changes in serum levels of testosterone and 11-
ketotestosterone in male barfin flounder reared in
high temperature. Values represent the means =+
standard error (SE)
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Fig.10 Changes in gonadosomatic index (GSI) of female
barfin flounder aged 1+ and that aged 2+.
Values represent the mean £ SD. Asterisk
shows that ovulated egg could be obtained by
stripping the abdomen.
1+ @High temp. group, LJAmbient temp. group
(Lot.1998), OCAmbient temp. group (Lot.1999), A
Ambient temp. group(Lot.2002)
2+:OAmbient temp. group (Lot.1996)
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Fig.11 Histological observations of oocyte from female barfin flounder (2+) reared at ambient seawater temperature.

All sections were stained with hematoxylin-eosin.

A:chromatin nucleous stage (bar=50um. This sample was obtained from O+ barfin flounder), B:peri-nucleolus
stage (bar=125um), C:primary yolk globule stage (bar=125um), D:primary yolk globule stage (bar=250ym),
E:secondary yolk globule stage (bar=250ym), F:tertiary yolk globule stage (bar=250xm), G:migratory nucleous
stage (bar=500ym)



14 =Y k&R

ML, JPELELB & UHEIRICE o 7 EEIZER D b Do
726

2RI BIT AN E M A BIE LR E, 4 A~ 8
IS, 9B ~108 3% —RIPEERY, 11H 134
TURBREEERE, 120 ~ 2 AIZE S RINEERIATH - 72,
3 A~ 4 HIIZIP NIRRT B & O R o gn
P 2SIRAE L7z 3 A TS 4 A2 THRIRAA
F o7,

3) MR O+ RIKILVEVEDEIL

BRI B B IMAE, = DL % Fig.12127R L 720
100 £ CmHE,®IZ1.0ng/ ML T LEMEDETETH -
72, PREIBBANEI & & - 72120 12136.3ng,/ mIE T
BN L 7-AEARDS5R S, 55 = RN E BRI O A8 f A3 H B
L7722 ABLU3 AlcidikElEa Rz, $72, oY
A & FAEICDHPIZERIM 28 L TRt Sk o 72,

10.0 - °
= A ® o
E 8.0 -
=)} .
£
E_6.0- [ )

- 1 [
S 40
3 ]
s [
Ezo- .
00 .'!l.'.l.lgl.l L] T AJ I.l L]
A MJ J A S ONDUJFMA

Month

Fig.12 Changes in serum levels of estradiol-17 3 in

female barfin flounder reared in high
temperature.
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Fig.13 Changes in water temperature during the
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A.T.group, Ambient seawater temperature
group; H.T. group, High temperature group.
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Fig17 Changes in testicular development in male barfin flounder reared at different water temperature regime.
a) Testis which obtained from A T.group in 1997 on October (initial control), b) Testis which obtained from
AT.group in 1997 on December, c) Testis which obtained from AT.group in 1997 on Febuary, d) Testis
which obtained from A.T.group in 1997 on April, e) Testis which obtained from H.T.group in 1997 on
December, f) Testis which obtained from H.T.group in 1997 on Febuary, g) Testis which obtained from
H.T.group in 1997 on April, h) Testis which obtained from AT.group in 1998 on December, i) Testis which
obtained from H.T.group in 1998 on Febuary, j) Testis which obtained from A.T.group in 1997 on April.
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Table1 Ratio of each type (type I-11l) of egg obtained from barfin flounder by pressing the abdomen.

Experiment 1

Experiment 2

Ratio of each egg type(%)

Ratio of each egg type(%)

1 Typel Typell TypeIlI 1 Typel Typell Typelll
58A92 (LotA) 87.7 7.6 4.7 41902 (Lot.D) 80.1 12.9 7.0
8667C 84.9 4.4 10.7 AS81C 77.2 83 14.5
D6ASA 79.2 4.8 16.0 E5314 68.1 7.6 24.7
C6E19 71.4 6.5 22.1 29017 62.8 15.2 220
72D72 68.0 129 19.1 371B29 512 13.8 35.0
91882 (Lot.B) 48.6 223 29.1 73350 452 11.0 43.8
03D31 43.8 45 51.7 662D9 40.5 10.4 49.1
24178 33.0 5.2 61.8 899B1 (LotE) i 254 294 452
6B241 29.4 88 618 "41902+899B1 (Lot.D+E) 524  19.8 294
41902  (Lot.C) 21.7 49.5 28.8
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Fig25 Frequency distribution of total length (left), body weight (middle) and condition factor (right) from female

barfin flounder aged 3-5 year old.

Means with different letters are significantly different at the 0.05 level within each age of broodstock.
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Fig.26 Frequency distribution of volume of ovulated eggs (left) and fertilization rate (right) from female barfin
flounder aged 3-5 year old. Means with different letters are significantly different at the 0.05 level within

each age of broodstock.
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Fig29 Relationship between SAl (verticak axis) and total length (A), body weight(B) and condition facter(C) of

broodstocks, egg volume (D), fertilization rate(E), total length(F) and yolk sac volume(G) of hatching larvae.

Closed circle, data from 3+ group; Open square, data from 4+ group; Hutched triangle, data from 5+ group.

*1:regression line from data of 3+ group. y = 155.77x - 782.53, R? (regression parameter) = 0.50, r (correlation
coefficient)=0.71(P<0.01).
*2:regression line from data of 4+ group. y = 115.03x - 601.85, R?=0.39,r=0.62 (P<0.01).
*3:regression line from data of 5+ group. y = 132.37x - 677.84, R*=0.68,r=0.83 (P<0.01).
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Fig30 The lot. from 3+ and 4+ broodstock used for analysis of relation between SAI and total length of larvae or
volume of ovulated eggs. In the lots selected as group A, both egg volume and total length of hatching
larvae were lower than average value. In the lots selected as group B, their egg volume were lower , but,
total length of hatching larvae were higher than average value. Oppositely, In the lots selected as group C,
their egg volume were higher , but, total length of hatching larvae were lower than average value. In the
lots selected as group D, both egg volume and total length of hatching larvae were higher than average
value.

Table2 Data of the lots sampled for the analysis of the relation between SAI and total length of
hatching larvae or egg volume.

Total length of larvae (Factor 1) Volume of ovulated egg (Factor 2)
Age Group Lot SAI
Mean (mm) character Mean (mm®) character
1 57.18 5.41 18.18
A 2 41.18 5.50 small 17.74 small
B 3 126.51 5.72 large 18.50 small
3+ 4 117.25 5.63 18.43
c 5 4.74 5.22 small 20.25 large
6 85.54 5.54 19.50
D 7 97.34 5.84 large 19.24 large
8 120.29 5.64 19.71
1 29.43 5.93 18.96
A 2 73.99 5.81 small 21.15 small
B 3 138.21 6.26 large 20.74 small
4+ 4 113.19 6.13 19.23
C 5 60.75 5.85 small 23.83 large
6 79.12 6.00 22.61
D 7 119.25 6.30 large 23.61 large
8 105.37 6.16 23.18
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Table 3 Result of the two-way ANOVA for analysing the relation between SAI and total length of
hatching larvae or egg volume in 3+ and 4+ broodstock groups.

Age Source of variation sum of degrees of freedom  Mean squares F value . le\'/el of
squares significance
Total length (1) 9298.39 1 9298.39 10.057 *0.05
Volume of ovulated egg (2) 146.21 1 146.21 0.158
3+ Ineraction (1 x 2) 40.68 1 40.68 0.044
Error 3698.45 4 924.61
Total 13183.73 7
Source of variation sum of degrees of freedom  Mean squares Fvalue . leyel of
squares significance
Total length (1) 6770.40 1 6770.40 17.240 *0.05
Volume of ovulated egg (2) 11.69 1 11.69 0.029
4+  Ineraction (1 x 2) 499.75 1 499.75 1.272
Error 1570.85 4 392.71
Total 8852.70 7
30.00 I 6.00
o 3+ A o 3+:y=-2.5322x + 17'309A
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Fig.31 Relationship between larval total length just
after hatching and (A) condition factor of famale
broodstock, (B) volume of ovulated egg.
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Fig.33 Shcematic illustration of the relation between viability of larval barfin flounder and characteristics on

broodstock, egg and larvae.

Ohkubo & Matsubara™i, WEZEA4: & JIEWRINIAIZ BT 5
TYHIHBIOHATFO) RET ) v (KO FEELR
Uy w5z, BRHE, WEET IV BREOWHEE BT L7,
ZORER, REOWGE, TR, 5T 5ETOM, )
%tTU/tﬁmﬁﬁiuitA&ﬁmL&w# HERE
T BRI A HEP 2T L, SMEL72k

FMTIRZHEDOIZBEE L o TWD Z EAIRENT,

DT &I, HEEET I EEO ADIIRIS A D AT I FERR Y

WFIH SN TWAE 2 L ZHHEICR L TWb, SINOBERE
T I, PP 8T DRI B WL TR T
(LS NDBIHET L9, o T, WO —2 & LT,
BAOFBREITERLTVWDL Z L (EHENSEV L)
ZINETZ R DR B & IO IEHLIZE ), €D
A, UNNOBERET X BREITHN L TAbFAoRHE
e d 76T eE2ZONE, HADEELFBLD
SMUFHROE L OBRIZ OV I ARG 2 2
B b,

PLEofER, SMEBEHRO~ Y I TFAOLEEIRSALE
WIEDAMED S O, SMUFROTE 2K 5L LT
BRI THDH I EDNRENT (Fig.33)e 2D &6, FE
WA BT, PINRFE DI A & R R $F

BE LT, OBHKE WFfz il 2 Il iR A
(AAaLL ) oFINT AL, FQ@QTELZTELL
@@%#%W%%,&%E%@Hﬁﬁ%fﬁkéwa

FERLCHBICMT AL/ ELZOND, T

5,7@ SAI & BADOImRE B L UINMEFE & ORI
BERBRISEED SN LD o720, INSIIMFAaYr A X%
PETAERTH Y, BENITROMIAERICED
TWAUREMATRE Nz, $Eo T, BAORESMFOUL
F L o THUTFRORIAL, ETITFEIM EERET S
EWRTED 0D L, REQTEEE OGS, N
RERFEITG IS EN AT A N T 5 L EZ BB,
[ fA 2 & L], 4 0 E L CERIBICHW 2 &, Bl
WLTEREAN VA2 EERY, GEHOKT
DT A NAMERORELBAE SN D, fEo T, %ﬁ
LoBlEe»rs b, FNEIETHOFENIE AL
ﬂ%lvuﬁm%”%ﬁbéﬁﬁﬁééop®ﬂ0ﬁ&
IZDOWTIIRET TR 5,

AWFFE T, MMAEOIIZESIZE , (FROMEIATE
RENEZBTIREEL LTSAIZIRA Lz, <5 AP0 %
7F AT mE AT 4 XS L, IR
TEFCTOMMBEAEIZBWT, SANTBARIITOIY



BLOREGHEE LT 22805, (FHOFH
AR EZBTIRE L LTHAMTH S, —F, ¥V AT
ERBDOIIZE PFEAR, HOGKMETD 5 72 DI E I A
FEWZEns, SAHZIZD L) gL L CIIEEDE
WZEHEZOND, 4k, AFETFEIZED#EE LA
FRAE OHIEIRIE IO W T H A 2 fil 5 2 L B ET
H5) o
FEI3E EKBHEOINEEMRICKD INENE

REE 2HIIBWT, MEEINTH D 3HAILLMHES
NAHHE SMuFfig, EInREERfM (4@l E) oZzhi
WRTH A XD E L, T, SMEBoOMAAETERRET A
HBIMEMD RSNz, [EoT, BEDHIETZHIN % E
RUMEEPE I 2 S5 DS FE A 7 AR FERD RS
BWEERONDL, —J7, AHEMEIIETRET T i
BICHEIR S 2 A%, HUBSHFEMITE D 12 v, 20729,
NATNZIR 2R L WER Y, RN Tl LINE A%
LT 2 (RE1H). FFICREMKIIBWTI,
HIAE D PEIII I T & 7 2o 7290 A5 AL, TR S e
WE FIIRIENTRE L TV ABESHO LN, Thb
EREIIATHORK E Y 9 5, —F, 3EMIZBVWTIE
Fko k) R R, ATEZBIIBITA2ZHEELR
CTEV, 20720, BAEREHFOURICE > T3
5 b SMUBEOTEN SV EEINEHNT 5 2 L
Ins,

AUET CHA DR & SMUFfat 4 XL ofIZIZIED
HRARIFRASERD 51, FHEROSEIRAE L S L oIk
TS D DOHEE RITT Z EAVRE SN, F 2 TR

FECIE, BEAMER T A AR IR 2 1T, 8
LD O MEZIGE S BAOI - SMUFEOMERIC
DWTHRN, AR INREER A & 2 I E O R
WZDOWTHE L7z,

M E &

1. #HEABKLUERN FHHE

FEBRIZIE, 19964F, 199741 L UN19984F 12K+ v ¥
— CHEF A E L7z 0 O 2 Fl iz, BAET LR
BAKIRSEME T TEB L7z, Fig3dIC8EBFRICBIT 5%
BAKIBDZAL %R L 720 WEFNOEED, (FHEA ML
e T T 54RE30m (08 ) FTIISCTUTICHR
LCEB L7, 20, AT (19974F5) TIERINE AT
9 3% 4 A F CALiRBER B O |8k #EK O KIRZEE) T
B L7z F72, BE (19984 ) B LUCHE (19964E7%)
D EREBAKRICK AT IERE L7225, 2o DHA,
KiEAS 7T CLLT & 7 ) B8 0§ A EKIE (128 ~
4H) 188 ~10CETHIR L7z, BEEIZ 0RO
WO A, F7-CHEZ 0RERES L O 1 3SR OEKIRE
BICREAET 217> 720 WTFNOBELFINOERTH 5
2 O BEAGRIANIIINREAE 2T b Lo 7o, flE
ELTROREGEE (b7 ~v, BIEE) z#H6H
I AR L 72

2. BA, WBKXUMEFROMR

BB 3SR o724 1, RE2H TRLIZTEEIL
L DKEES ~ 6 ROMED SN ZFr, ANLEMZITVWAL
HWhefilz, £72, %28 LD FEIC X o THERM
DER, HE, BWE, IR, SMuirfek, g

25 High temperature = Group A ==GroupB ——Group C
rearing was conducted High temperature :
- in Group B and Group C rearing was conducted
8 20 < ' in only Group C
" Ju
1 \ 1
# ek 1
] ik \
o |
£ 104
Q |
-
L
£ 5
s
0 v - Ay ———————— g

0+

1+ 2+

Fig 34 Seasonal changes in rearing temperature of each experimental group.
Group A, broodstocks were reared at ambient sea water temperature throughout experimental term;
Group B, high temperature rearing was conducted in winter season when broodstocks were one year old;
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year old.



DEFE, SAIE RO 7=,

3. ST RN
T = Z I PIE R A TR L7, ERXEICH T
52 -

48 -

44

E—

Total length (cm)

2500

2000

1500

Body weight (g)

ORI S TN U SN WG WU SN SN NN W WY U W |

1000 T
22 -

18 4

14 -

Condition factor
—

10 T

Group A Group B Group C

Fig.35 Total length, body weight and condition factor
of female barfin flounder reared at 3 different
temperature regime. Group A, broodstocks
were reared at ambient sea water temperature
throughout experimental term; Group B, high
temperature rearing was conducted in winter
season when broodstocks were one year old;
Group C, high temperature rearing was
conducted in winter seasons when broodstocks
were one and two year old. Sampling was
conducted when fish became 3 year old in April.
Values represent the mesn £SD of 5-6 female.
Means with different letters were significantly
different at the 0.05 level within each
experimantal group.

YA ORHEERAR ST A% 35

HEH A EAEOAEII—ER O %47 - 7214,
TukeyEIZ X )V L EIEEITo 72, 72, 2BEMOT—

¥ % Ly A2t ttest, ¥ 72 iEMann-whiteny test%

Hwiz,

& S

1. RBEOBRRDL &R

FERMIE 28 L COINRET 2T b o 2 AREIZBW
TlX, KIEAMET T AKFD O LTI TEAEI S
L, TCUTIChR% LB ELR Lz, —F, &
KiRAIE, 8 CTLLLICIRFAT L-BHL CHETIE, &
R (IR R b ODLTER S HE ) 72, SRINEE
(W34 R ICBIT B oEE, KRESL X OHRHHE
R L 72k R, FNENABETIZ43.4+1.6em, 1201.2+
1224 g B X U14.7+1.1, BETIZ46.6+2.2cm, 1907.3+
287.8 g B L *185+1.6, CHETIZ49.0+1.6cm, 1907.3+
287.8g BLU183+4.0TH Y, WINd ABIIBHE B L
DCHICHRTHEREIMEIVN S o 72 (P<0.01, Fig.35)
F7:, BEECHOMBARIIBWT, HOHE ML
EIA LN L7205, CHIIBH LY L FHEE (P<
0.05) L AREAHT Elu]- 72,

100 -

Ratio of ovulated broodstock
(%)

[o)]

&

o 18 -
2

=

3. 16 -
e

s E

. 14 -
=]

3 12
>

No data

Group C

Group A Group B

Fig.36 Ratio of ovulated broodstock and volume of
ovulated egg of female barfin flounder reared at
3 different temperatures regime.



2. WO PEFERS KUINEEOLE
W3michozd HIZ, WFNOBIZBWTHLETH
B U2 EL 2N TEL, BEBIUCEIC
BT, MOBRAMAERITIZENZENE6.7%B LM .2%
TH Y, 1ZTETOMEIIER I LIPEIP L 72 (Fig.36),
=7, ABETITEEME L7 ERIE2EF D THh 2 BO
HATHY, TNOERIERS BN L 2D o 727208
B ENTE o7, ATEMEOINE DOIRRE % Mk BIZE
L7z 2 a, PRI S CERLCETH Y, IEE
BAZBABE L T o lc, F72, ABEOM A D F Tk
ft L CEE L7okER, INEETER & /8 CORMEADSHE A, il
AiF\ T o 7B 4 HICRINT A Z AT E 7,

Bt L CHED 15 5 N7-HEININ DR % Ll L 7-46 2,
CHETHIHIIEFE DR R Ll 5 7225, 2o ORICAE
BEIRDO SN - 72 (Fig.36),

3. BbiFERER, WEERABEDBKRUSAIDLE
SALBAAG . & 24 B2 12 B 2O RER ik L /-
EZAhH, CHOFAEBHIY LAMUBOEENAEIC
ka5 72 (P<0.05, Fig.37) . JRFEIEMAREICE LTI, 2
HHTHEEEIAON o728, CHOFMIIBEH X
D O AEAS T ] B AE AR B 7z (Fig.37)
BHEBLUCHOFAIZBWTSAIZHANHEE, B
BECTIX134~1265 (F39827+372), CHETIE65.9~
143.2 (*F34112.574+35.9) TH - 72 (Fig.38) T v h[H
TNTYEPRREVTZOFR LIV WS, CHON
HHE L CSAID B WA A STz, T2, ThE LR
HICTRL72 4B L U5 s HRDSMUTRDOSAIZ
W L7 ZO%EH, BRI 4MAB I U5 mAaTEKD
ZN LN SAUED S LA A SN0, — ), C
BRI AERSEE L W%, F7203F 0% koo 7,

z =B
HARHEKDKIRT Ty 77 2 8H L2a, BFEL
R D AIRAK T IR - THEAEAE 4 1R L, 7 CLLTFIC
b LRI EdRIBERE R ol —H,
AR FUKIR & % 2ATNSMEOR, 8 ~10CE T
L CTEET S EBAIEFE L@ L CEREZET, €20
R, INRSER EREKERIC R TERRES
RLT72e E5122 =X OBKIEM 2 IR L 7283 1
V=XV OHRNMBLIZFEL Y QEREIFBN o7z, iE- T,
KR O A —BFRY iR S 5 K G, ~ v h T
BAOOREXIRET H2FHE L TRIENTH S,
BHBLUCHTIE, M3mIilho/4 HITIZIZET
DOMEEEAHEIN L 720 S L, INREE 217h T
W% - 72 ABICBWTIE, NSRS EMGE S, HEOD

°1
5.8 1
5.6 1
5.4 -

5.2 1

Total length of larvae (mm)

No data
5 T

4.0 1

3.0 A

2.0 -

1.0 -

1|

Group B Group C

Volume of yolk sac (mm®)

0.0 No data .

Group A
Fig.37 Total length and volume of yolk sac of hatching

larvae obtained from female barfin flounder
reared at 2 different temperatures regime.

150 -

100 -

50 -

No data

Group A GroupB Group C
3+ 4+ 5+

Fig.38 SAI of hatching larvae obtained from female

barfin flounder reared at 2 different
temperatures regime.
INZGBIZEES o7z, — RIS, MEEDEHEROTE

AR ITBAOMEEAVRREREL R EET S
ZEDHLENT VDD, - < AT, JRETEE R
MEEZEOOREZIESE S &, @ LD L RVE
W O N ATER G LI, BEINET 5 (REGRY
reA)0, T2, L OMMBIIBVWT, BFEOREZED
RZE, AW 7 RAERBSM T TR RAHEC
HELBZEDIHBFEFINTVE™, L) EIFERIZ, ATED



W TE B SR L 72 OME I RS EAH 3 ~6em T
> T, 20720, 2%k (BRINEIHHE T
) FCORERGFOBEEIATHTH-o 722 LIt
T, EILICREE T 2 R A E ORERESSE b ARD TIENT
W L HEER SN, R L LTRSS RN T
boLEbIS,

BEB LU CENSELNINE X U SUFa DMK
W L 7-AE L, TR CUP O 1 B 20 1 E A
bNerol, —77, CHHROFAIESMEKEOEED
BREHROFEICHRTHEREICRE L, EHIZSAMED
EW B SRS N Tz, AKBEF2HIZBWT, FHADNE
WL SMUFROER EOBICIEOMBEI RO 5N, #H
BOFEIRFED BEME SN D SMUFHOT A X123
BE LI ENREINTVE, S5IZHMUTFALEEL
SAILL ORIZH IEOHBEBERATEEL, LV EZELLE
BECTHI Lo SR E ) ICEL TS 2 &
BIRENT WD, ARAEFILATE TR S N7 ARG & Lk
FTHLDTHY, MEFHEIC L > THADKE AL S
722 EAPNETER L INELETE I T T A DR R E H 72
L, ZORKRESMUTEORKELIR SN TSAIED H
ozl s ns,

F7:, BEFE CHOMUTFAZREEMTH D 4L
5SRO E I L 72, ZDF5%, CEFADF
WSAMEIZ 4l sanFn L /ED, Tdby
MIZ bR 5720 ORI, IEERICL > TRERZS
DAHIEIZE DEGEINTH 5 3 fhn o bRkES &2
ODOLLVEERFRZHETE L2 ETWHEITIRLTW
%o —77, SANT4AEAB LU HAHROIFA & F%E
Tho723, CHFROSMUEDOY 4 XiZenb LD b
RR/NED o7z (4 FAHE6.0m, 5 A HE5.9m)
ZOZkiE, CHTSAIZHLELAEEE LT, A5
KEUE L 722 & DAMTINRETE 1 & o T 2Bl o hfdi g
Ak 2l g2 RIB L Cwb, BEEDEZ A, Th
SOERIZOWTIIFETE VS, ffafEcldonsd
B D5 ORI ERIRE  EOFRERSOE (MK
PIRFEER SMLB L OSMEBROTRDOERICEET S &
ZEZoNTwapes, KEOYE, ity V7]
BIUREIZFICHLE, OB AT 5 F CoOHIM
DFRFEFR L LTHHESNL ™, IIRERIZ L > THEHE
MERALL, SINNBITY IR EDORER S OE, 72
BB b U2 e DB SN D, Z OIRGE %
MBI, BAIG 2 B EEAIIN RS R 50T
FOMIERI RITTEEIIOWTHRET 2 LELH A
Jo

Y AT OB EESAICE Y A0 37

FAE BICNREIRADOEBREORE

M A2 B & L BasEiicB\ne, Bl
T AR OB IIN G A OBERRE IS 21X ) Tl
e, VERRHUCEEME L 7oAk 4 7 AR PRARAE 1 O 2B R 1T
T, BHEOMEEETIE, SoN500F 721351
OBEHMEIRICERHCE TN A A ORBEIFEL T
B EDESNTE D2 JEAR TR R FIE LD M 22
59, SVE oM EEEEM L - EHERORZE D ED S
nTwa,

—Ji, ®U T OBRMERIIBVC, HEOY LMK
WEIIVE L O AR L2 4 v, BUE,
B CRN A B E L2 BAOFEEMThh T
575, BREHIIERTE, ATOE, fits, SEFHELEO
EEZEIZEDVRESNTOVEDONERTH D, TR
ORI TOMSE TAF T HGHEMA, F-dFomL
m (EAA MLy M2 L) PEERTHE2Y, Thbid
FEL 2 EOMEES TP I X MK TH L DI T
TEARAS DE - HUFEICAFH L T b0 L) il
AHATH L, RE2HIZBWT, MERMADIME L 55
N5 SMUFHOT A XL ORI —EDBRIRD S,
BHEDSEFRAEDTEH S MBI & SMUF a0 g 122
BLAREMEATR ENTze 20720, 4fk, REINE ek
B 5 720120%, BAICS 2 2EERVE 12 RIT TR
B L, MIERRESN LT ALERDH L, 2
TAEITIE, R OMEEREZIT, Rk LR T
B L 72 BE» 557200 L OSMUFROMEIRE iR L 72,

VB 2T L, ANTEMMA L OERIZOVTHANT,

MHEE ik

1. #HE&A

AR IR BRI, BIEY ¥ —CHEMEELA
TEERAMERE 2 V72, Gl 2 0% A F CoOMITARE
KOKMEE ZFHERE LTHE LD, 2H~4AFT
DEARIATIE 8 ~10C L 2% X ) IR L 720 fFFHE
mlROREEE (e 7o~ n, ERE) &L, EBRAo
B R AR O & TR oKD X Uil & 2 21 S
w7, FEERRHMGKR (W24 H) BT PHEEB X
UMRE1334.3em$B £ U637.8g TH - 72,

KRB R OIVE T BT, 1997~ 19994F 12
JelgENE R B X O H SRS CE S oy T

WA DOTZREEIE 7T — & &L ZNENOIERI 2 7R L
720 WHEESII RS 2 0 bk (RE) T TOKRYF
FRETHY, KEPSHELIPT T EEM, v



EMIHEDL L UL AR LI & o T S 7z i g
Thb, EROEERE LMAREILS5.0~71.5mB & 172,723
~6,933gTH Y, EFEREBAL DN 5 AIRAED 5 55 R~
BRI FRIINE L T B IS Nz, WEFRLH K
BT 5B & — 12k d 5 T TOMITHEDHhSE
AR Y AR NI TR CEREINT
Wiz, 5001 TG fERE S vy Ty —F THE L, 1R
WA % HE L 727, EBRUKAETH 510 t FRPAFE 2
wL7,

2. BEREREY

(1) BBRIR BT =5R

19984ED 4 I, A= t DX ¥ ¥ /N AJKM 3 21270
2o T AT EBAOMEZ 10, Hx20R T DIE
LEBX T ~TE L7, IXIZBWTIE, 8k, St
y —TH o T EAEMRLORBEHETER L, T4
bbb, GHAAF T, FH, TV, TEYYa%HE5SH,
HEb ) TREFLZZ (4 7+ 3132 B/ B8R . A%
s, MAERICHLTI%DEY I Iy AL
L%DH =1 v 787 ¥ — %G S THAERTHITL

7-(Table5), HHEMEZ YA 74+ V THETLELEDHIC
KR MEL, €OMHEESEI L TRE DGR %k
EL72e —F, AMDEMOR TSR Z VEAT
LEEREIR ) b 5 Z L e s iz, 2070, 1
RIiZBWTIE, SNODAEEEZY—ICENTES L9 12
FEAAIRL Y VERI L, BHAAFT TV LT
oIy a i falvyiarl 1101020
RETHE, BEL, REED1I%DOLY IV Iv I A
EH=D w8y y =ML, XLy MEEHAT
JAIN—=F—=1ZEoTEALA MLy b 2/EHL 72,
KRR T X & FRRIE 5 AT, fART 5272, £
72X T, WO e 7 2 HECA R %[5 2 X & ko
FETHREEL 720 WTNOIX b ILigE RS O HhoeiEk
WO F FEE L2, 3 A LA 5 I3 REHRSE X OB
WA FET L7046 CETHIEL, HRIPIHRHIZ
6 CHFTFTHEFL,

(2) KA BEFOI BRAE

MZIUEL, BT Ca< iz 523 ICHE L7z, #
BRI HIEEKEE L7225, 30 LaH» 51341

Table 4 Details of the wild and recaptured barfin flounder used for the experiments.

= - .
ish Origin Total length Body weight Condition factor Cz?ptlve situation

No. (cm) (g) Date Site Gear Depth(m)
1 Wild fish 68.0 5023.0 16.0 99.10.29  Samani Gill net 90
2 Wild fish 71.5 6933.0 19.0 99.12.3 Muroran Set net No data
3 Recaptured fish 60.0 3750.0 17.4 97.11.15 Sizunai Set net 15
4 Recaptured fish 55.0 2723.0 16.4 99.10.27  Mukawa Set net 12
5 Wild fish 63.0 4643.0 18.6 99.12.3 yufutsu 11
6 Wild fish 71.0 5407.0 15.1 98.11.20  Nikappu Set net 20
7 Recaptured fish 62.0 3300.0 13.8 99.10.7 Syoya Set net 30

Table 5 Food and initial data of female barfin flounder for feeding experimant.

Experimental group |

Diet Raw fish

Moist pellet Commercial dry pellet

Japanese sand lance
Japanese surfsmelt
Yellowfin horse mackerel

Japanese sand lance
Japanese surfsmelt
Yellowfin horse mackerel

HIGASHIMALU

Shrimp Shrimp for Japanese flounder
(Crangon affinis) (Crangon affinis)
Vitamins Fish meal mash
Vitamins
Initial data of experimental female fish
Total length (cm) 342%+1.6 347+1.7 34.1+1.7
Body weight (g) 620.6+88.2 676.4+t131.7 617.0£101.8
Condition factor* 15.5+1.1 16.1+1.2 15.5+1.0

* : [Body weight(g) x 1000]/[Total length(cm)]3
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Table 6 Total lipid contents and fatty acid composition in lipid of each diets in feeding experiment.
Diet | Diet Il Diet 11l
Japanese Japanese Yellowfin horse . .
sand lance surfsmelt mackerel Shrimp Moist pellet Dry pellet
Total lipid (mg/g)
No data No data No data No data 38.1 91.7
Fatty acid
14 :0 8.68 4.43 5.72 1.58 4.37 4.81
16 :0 12.31 14.96 20.66 14.37 21.28 18.33
16 :1 n-7 5.49 5.57 7.92 8.36 6.02 6.06
18 :0 1.44 3.50 5.61 2.96 4.64 4.93
18 :1n-9 5.51 11.93 9.71 9.90 13.39 13.36
18 :1 n-7 1.20 3.04 2.82 8.05 3.66 3.01
18 2 n-6 1.35 1.49 0.85 0.75 2.06 2.51
18 :3n-3 1.18 0.92 0.58 0.15 0.73 0.63
18 :4n-3 - - - - 0.84 1.44
20 :1n-9 8.83 4.62 1.87 1.01 0.63 1.90
20 2 n-6 - - - - 0.01 -
20 :3 n-6 - 0.09 0.09 0.09 0.06 0.11
20 :3n-3 - - - - 1.23 1.10
20 :4 n-6 0.34 1.63 1.07 2.38 0.60 0.07
20 :4 n-3 0.74 0.46 0.55 0.33 0.30 0.59
20 :5n-3 8.34 10.50 11.42 22.64 10.71 10.38
21 :5n-3 - - - - 0.29 0.40
22 :5n-6 - - - - 0.20 0.42
22 :5n-3 0.60 1.47 2.07 1.35 1.19 2.32
22 :6n-3 10.74 16.93 13.38 10.43 11.44 15.06
n-3 HUFA 20.54 29.50 27.49 34.84 24.53 28.82
n-6 HUFA 0.51 2.35 1.58 3.11 1.50 1.63




Table 7 Results of analysing the quality of eggs and larvae obtained from the broodstocks fed 3
different diets in feeding experiment.

Experimental group Diet | Diet I Diet I
Broodstocks
Total length (cm) 445 + 3.1 435 +19 475 +£2.0
Body weight (g) 1989.8 =+ 300.3 1764.2 =+ ##### 2003.8 + 358.1
Conditon factor 194 + 26 183 £ 1.5 189 + 2.0
FEggs
Volume (mml) 19.7 £+ 1.1 184 =+ 0.8 18.6 + 0.7
Fertilization rate (%) 723 + 11.3 61.0 +17.3 672 + 29.7
Hatching rate (%) 885 + 102 70.7 + 16.8 81.8 + 187
Total lipid contents in 1g tissue (mg/g) 114 =42 a* 166 =78 ab 257 £55 b
Total fatty acid contents in 1g tissue (mg/g) 103 + 2.1 132 + 8.1 152 + 43
Total fatty acid contents in 1g lipids (mg/g) 938.6 + 141.3 T771.2 =+ #it#it# 5926 + 107.4
n3HUFA contents in 1g tissue (mg/g) 36 = 1.1 45 £29 48 =+ 1.1
n6HUFA contents in 1g tissue (mg/g) 0.2 + 0.0 02 +£02 04 + 0.1
Lavae
Total length of larvae (mm) 55 +03 55 £0.1 56 =02
Volume of yolk sac (mm®) 3.0 £ 0.6 35 £1.0 31 = 0.6
Survival activity index 729 + 46.1 82.6 +35.2 92.6 + 385

* Mean with different letter are significantly different at 0.05 level within each group.

Table 8 Total lipids and fatty acids contents in 1g tissue of eggs obtained from the
broodstocks fed 3 different diets in feeding experiment.

Diet I Diet I Diet III
Total lipids content in 1g tissue (mg/g)
114 £ 42 a* 16.6 £ 7.8 ab 257 +£55 b
Total fatty acids content in 1g tissue (mg/g)
103 + 2.1 13.2 + 8.1 152 + 43
Total fatty acids content in 1g lipids (mg/g)
938.6 = 141 771.2 + 291 592.6 £ 107.4
Fatty acids content in 1g tissue (mg/g)
14 :0 029 + 0.07 031 +0.18 0.36 + 0.15
16 :0 2.04 + 0.35 272 + 1.69 3.10 + 1.08
16 :1 n-7 047 + 0.09 0.53 + 0.33 0.68 =+ 0.22
18 :0 0.40 + 0.04 0.58 =+ 0.40 0.63 + 0.18
18 :1n-9 1.02 + 0.14 1.43 + 1.01 1.78 + 0.56
18 :1n-7 0.28 + 0.04 043 + 0.27 0.45 +0.14
18 :2n-6 0.14 + 0.03 023 + 0.14 0.35 +0.10
18 :3n-3 0.04 + 0.01 0.05 + 0.03 0.06 + 0.02
18 :4n-3 0.03 + 0.00 0.02 + 0.03 0.04 + 0.04
20 :1 n-9 0.09 + 0.01 0.10 + 0.07 0.11 +0.04
20 :2n-6 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00
20 :3 n-6 0.00 + 0.00 0.02 + 0.02 0.08 + 0.14
20 :3n-3 0.15 + 0.03 0.19 =+ 0.13 0.24 + 0.06
20 :4 n-6 0.01 + 0.01 0.02 + 0.01 0.01 + 0.00
20 :4n-3 0.08 + 0.08 0.05 + 0.03 0.10 + 0.13
20 :5n-3 0.78 + 0.15 1.17 + 0.75 0.99 +0.25
21 :5n-3 0.01 + 0.00 0.02 £ 0.01 0.02 + 0.01
22 :5n-6 0.03 + 0.01 0.03 =+ 0.02 0.06 + 0.02
22 :5n-3 0.28 + 0.09 035 +0.22 037 +0.10
22 :6n-3 247 +0.77 2.89 +1.86 330 +0.71
n-3 HUFA 3.63 = 1.10 450 + 287 479 £ 1.14
n-6 HUFA 0.18 + 0.04 024 + 0.16 0.39 + 0.12
DHA/EPA 3.12 + 036 2.44 + HiHH 335 £0.14

* Mean with different letter are significantly different at 0.05 level within each group.
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Table 9 Fatty acids composition in lipids of eggs obtained from the broodstocks fed 3
different diets in feeding experiment.

Fatty acid Diet I Diet II Diet I1I

14 :0 2.74 + 0.34 234 + 0.15 221 +0.35

16 :0 19.38 + 0.70 19.78 + 0.98 1935 + 1.62

16 :1n-7 442 £ 0.32 397 + 0.50 425 + 0.57

18 :0 3.79 £ 0.38 4.08 + 0.51 4.01 £ 0.15

18 :1n-9 9.74 + 0.89 9.98 =+ 1.66 11.20 + 0.65

18 :1 n-7 265 = 0.16 a* 315 £ 023 b 281 +0.13 ab

18 :2n-6 131 £ 0.13 a 1.70 = 0.18 223 £028 b

18 :3n-3 036 = 0.01 0.38 + 0.01 035 + 0.04

18 :4n-3 031 + 0.03 0.19 + 0.12 0.28 =+ 0.29

20 :1 n-9 085 = 0.05 a 0.70 + 0.10 ab 068 =007 b

20 :2n-6 0.01 = 0.01 0.01 + 0.01 0.01 <+ 0.01

20 :3 n-6 0.04 = 0.01 0.10 + 0.10 0.60 + 1.03

20 :3n-3 1.41 = 0.03 137 + 0.24 1.53 = 0.20

20 :4 n-6 0.13 £ 0.03 0.12 + 0.02 0.10 + 0.01

20 :4n-3 0.68 = 0.52 038 + 0.04 0.56 + 0.63

20 :5n-3 7.38 £ 0.14 ab 838 £0.77 a 635 £050 b

21 :5n-3 0.11 = 0.01 0.17 + 0.01 0.15 + 0.08

22 :5n-6 024 = 0.05 a 021 +0.03 ab 041 = 0.04 c

22 :5n-3 262 + 0.27 255 +0.17 233 + 0.11

22 :6n-3 2299 + 2.26 20.47 + 2.57 21.27 £ 223
n-3 HUFA 3390 + 2.96 32.06 £ 3.29 30.75 + 2.60
n-6 HUFA 1.71 = 0.04 1.69 + 0.36 254 £ 090
DHA/EPA 3.12 + 0.36 244 + 0.22 335 £0.14

* Mean with different letter are significantly different at 0.05 level within each group.
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rate in feeding experiment.
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Diet I, raw fish and shrimp; Diet
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Fig.42 Total lipids and total fatty acids contents in 1g tissue of eggs obtained from the
broodstocks fed 3 different diet in feeding experimant. Mean with different letter are
significantly difference at the level within each group.
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Table 10 Result of analysing the quality of egg and larva obtained from wild and captured barfin flounder.

Fish  Total length Body weight Condition Volume of Fertilization ~ Total length of Volume of SAI

No. (cm) (2) factor ovulated egg (mm°) rate (%) larvae (mm) yolk sac (mm?)
1 68.0 6250.7 19.9 26.6 50.5 5.7 6.6 103.6
2 74.0 7765.0 19.2 26.7 85.4 6.4 45 443
3 66.0 5905.2 20.5 27.1 63.6 6.3 38 163.9
4 54.0 34384 21.8 222 41.4 6.3 3.1 199.4
5 65.0 Not measured 26.1 449 6.2 44 128.7
6 68.0 Not measured 222 43.7 6.3 3.6 123.0
7 64.0 Not measured 22.7 46.7 6.3 2.2 135.6

Table11 Comparison between lipid contents of egg obtained from wild or recaptured fish and
that of cultured fish.

Wild fish Recaptured fish Cultured fish
Fish. 2 Fish. 3 Diet | Dietll  Dietlil
Total lipids content in 1g tissue (mg/g)
17.12 16.98 11.42 16.58 25.66
Total fatty acids content in 1g tissue (mg/g)
16.71 16.43 10.35 13.21 15.25
Total fatty acid contents in 1g lipids (mg/g)
976.05 967.76 938.59 771.18 592.57
Fatty acids in 1g tissue (mg/g)
14 :0 0.27 0.28 0.29 0.31 0.36
16 :0 3.16 3.22 2.04 2.72 3.10
16 :1 n-7 0.79 0.84 0.47 0.53 0.68
18 :0 0.77 0.84 0.40 0.58 0.63
18 :1 n-9 2.61 2.41 1.02 1.43 1.78
18 :1 n-7 0.40 0.45 0.28 0.43 0.45
18 :2 n-6 0.12 0.08 0.14 0.23 0.35
18 :3n-3 0.03 0.03 0.04 0.05 0.06
18 :4n-3 0.01 0.02 0.03 0.02 0.04
20 :1 n-9 0.18 0.16 0.09 0.10 0.11
20 :2 n-6 0.00 0.00 0.00 0.00 0.00
20 :3n-6 0.01 0.01 0.00 0.02 0.08
20 :3n-3 0.38 0.33 0.15 0.19 0.24
20 :4 n-6 0.01 0.01 0.01 0.02 0.01
20 :4 n-3 0.05 0.06 0.08 0.05 0.10
20 :5n-3 1.54 1.24 0.78 1.17 0.99
21 :5n-3 0.03 0.02 0.01 0.02 0.02
22 :5n-6 0.03 0.03 0.03 0.03 0.06
22 :5n-3 0.62 0.51 0.28 0.35 0.37
22 :6n-3 3.88 3.62 2.47 2.89 3.30
n-3 HUFA 6.50 5.46 3.63 4.50 4.79
n-6 HUFA 0.05 0.36 0.18 0.24 0.39
DHA/EPA 2.52 2.92 3.12 2.44 3.35
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Fig43 Comparison between the quality of egg and larvae obtained from wild or recaptured fish and that of cultured
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Table 12 Results of spontaneous spawning in barfin flounder during the experiments in 1997 and 1998.

Year 1997 1998
Test group No. 1 2 1 2 3
The days when eggs collected 12 23 44 33 36
Total eggs (x10%) 257.6 503.8 3073.7 16962 2037.2
Total /d h

Otdl CBESIAaYS Wherl cges 215 219 699 514 566
collected (x107)
The days obtained fertilized eggs 2 0 15 10 12
Total fertilized eggs (x10%) 374 00 2664 2870 1406
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Fig44 Changes in water temperature and the number of
eggs collected in cultured barfin flounder during
the experiments in 1997. Asterisks indicate the
days when fertilized eggs were obtained.
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Table13 Outline of the spawning experiment | using
small sized tanks (8t) for barfin flounder
reared under various turnover rates of sea
water in 2002 and 2003.

Experimental Number of fish ~ Total length of  Total length of =~ Turnover rate of

Year group (Male:Female)  female (cm) male (cm) rearing water (%)

2002 HTR-A 9(3:6) 50.9+2.7 424%1.7 40
HTR-B 9 (3:6) 504=*=1.4 42.0%1.1 40
LTR-A 9(3:6) 513*1.8 412120 10
LTR-B 9(3:6) 51.8%29 42.6+2.8 10

2003 HTRC  12(39)  488+06 424407 w0
HTR-D 12 (3:9) 473£0.6 423%+0.6 40
LTR-C 12 (3:9) 48.0%13 42.7£0.6 10
LTR-D 12 (3:9) 48.6£0.6 419%1.0 10
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B OkiE1m), LTREX TIZ11% /B (KiEL5m) & L
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Table 14 Outline of the spawning experiment Il using
large sized tanks (30t) for barfin flounder
reared under various turnover rates of sea
water in 2002 and 2003.

Year 2002 2003
Experimental tank HTR-E LTR-E HTR-F LTR-F
Number of fish 25 25 25 25
(Female:Male) (5:20) (5:20) (5:20) (5:20)
Rearing condition
Capasity t) 16 24 24 24
Depth (m) 1 1.5 1.5 1.5
Bottom rea of tank  (m?) 16 16 16 16
Tumoverrate of o 0y 33 1 33 1
rearing water
Total length £SD
female (em) 51.2%+19 513*1.8 48.6%+0.6 48.5+0.6
male (em)  41.5%25 412%23 423+0.8 42.6%+0.6
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Table 15 Effect of the number of female broodstocks in spawning tank on spawning in barfin flounder.

Exp. Tank No.1 No.2 No.3 No.4
Number of fish female 1 2 3 5
................................ U N S SO SRy
Total number of eggs collected (x10°) 446.3 690.9 770.8 1116.8
Incidence of fertilization induced 7 21 18 9
Total number of fertilized eggs (x10°) 301.1 180.2 184.2 14.6

Fertilization rate (%)

23.7-100.0 09-914

1.0 - 56.1 0.4-482
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Figh3 Changes in water temperature and the number of eggs collected in cultured barfin flounder during the
experiments in 2001. Closed column, unfertilized egg; open column, fertilized egg. The number in the circles

indicate the incidence of fertilization induced.
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Fig54 Effect of the number of female broodstocks in spawning tank on spawning in barfin flounder.
(@) number of eggs collected per one female, (b) incidence of fertilization induced per one female, (c) number of
fertilized eggs per one female, (d) fertilization rate; black point, mean value; column, SD; bar, minimum and maximum.
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Table16 Results of spontaneous spawning in barfin flounder reared under various turnover rate of sea
water during the experiment | in 2002 and 2003.

Ye Experimental Number of eggs  Number of fertilized Incidence of Fertilization rate
group collected (x10°) eggs (x10%) fertilization induced (%)

2002 HTR-A 1113.8 127.3 8 12.6-42.4
HTR-B 1122.9 301 22 0.6-60.8
LTR-A 1193.9 111.5 22 0.5-33.8
LTR-B 934.5 3.1 7 0.7-5.0

2003 HTR-C 8849 T Tspa T 20 07664
HTR-D 685.7 65.2 12 0.5-50.3
LTR-C 333 17.5 7 3.8-16.3
LTR-D 662.4 68.8 12 1.1-49.2
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Fig55 Changes in the number of eggs collected and fertilized eggs during the experiment | in 2002 and 2003HTR,
high turnover rate of rearing water; LTR, low turnover rate of rearing water. Closed column, unfertilized egg;

open column, fertilized egg.
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Fig 56 Changes in water temperature, the number of eggs collected and fertilization rate during the experiment Il in
2002 and 2003. HTR, high turnover rate of rearing water; LTR, low turnover rate of rearing water. Closed
column, unfertilized egg; open column, fertilized egg. The number in circles indicate the incidence of

fertilization induced.

Table 17 Results of spontaneous spawning in barfin flounder reared under various turnover rate of sea
water during the experiment Il in 2002 and 2003.

Year

2002 2003

Experimental tank

HTR-E LTR-E HTR-F LTR-F

Numboer ot eggs

cellocted (x103) 1881.4 1775.8 1470 1073.7
NUMDETOTIETNZES  (x10%)  246.1 4568 537 33.2
Incidence of 20 36 44 14

fertilization induced

Fertilization rate (%)

0.6-56.6 0.3-67.1

1.2-96.3 0.6-32.7
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Table 18 Mass mortality of larval barfin flounder during
seed production in Hokkaido Institute of

Mariculture.

8%
Year (daysL:ﬂe?‘hziehing) Cause of mortality S:;;IV:; rt?:k()f(:z)c "
1991 18-20, 25-35 early larval mortality, disease? 4.1
Tley T Norecord 30
Treos T T T Novecord T 50
Tiooa 17T carly larval mortality 0050
Tleos T T  Norecord T Y
T1996  1020,3355 T T
Tloor T 1820 carly larval mortality 96717
Tloos 1920 carly larval mortality . 1.032.1
1999 2628 carly larval mortality 34371
2000 2628 carly larval mortality 136463
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Fig 57 Changes in the number of larvae that died during
early larval rearing in 1998, 1999 and 2000.

Table19 Mean total length and feeding incidence of the
larval barfin flounder died on 19 days after
hatching and 27 days after hatching in 1999.

Age Total length  Feeding incidence*

(days old)  (mm=SD*") (%)
19 7.4+0.3 4.3 (n=208)
27+ 8.8+0.5 84.3 (n=115)

*!: standard deviation

*2. (Number of larvae with food in gut ) x 100/ total larvae
*: larval age when first mass mortality was

observed during seed production

**: larval age when second mass mortality was

observed during seed production
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Fig 58 Changes in the density of Nannochloropsisand

rotifer in the rearing water during experiment.
Larval barfin flounder aged 10 day old were
reared for 25 days under different conditions of
inflow of fresh seawater. Each bar indicates SD.
Group A, larvae were reared without inflow of
fresh seawater for 2 hours after rotifer;

Group B, larvae were reared without inflow of
fresh seawater for 4 hours after rotifer,

Group C, larvae were reared without inflow of
fresh seawater for 8 hours after rotifer.

g 100 - OGroup.A HEGroup.B EGroup.C
3
G 804
Ke;
[§]
£ 60 4
(o))
£
© 404
QL
ks
o 201
©
)

13 days 20 days

Days after hatching

Figh9 Rate of feeding incidence 8 hours after rotifer

Number of rotifer ingested
(ind./fish)

Number of rotifer ingested
(ind./fish)

Fig.60

addition of 13 day- and 20 day-old larval barfin
flounder. Larval barfin flounder aged 10 day old
were reared for 25 days under different
conditions of inflow of fresh seawater.
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Changes in the number of rotifer ingested of
larval barfin flounder under the different
conditions of inflow of seawater. Symbols and
vertical bars represent means and SD of number
of rotifers eaten by one larva, respectively.
Symbols with the different letters represent
means that are statistically different at P < 0.05.
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Table 20 Growth and survival rate of larval barfin
flounder under different conditions of inflow
of seawater.

Total length (mm) Survival rate
Group
3 days (Initial) 25 days (%)
A 5.71£0.09 6.63+0.11 55
B 5.71+£0.09 6.50+ 0.08 1.8
C 5.71£0.09 6.61+0.04 38.1
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Fig61 Changes in rate of feeding incidence 8 hours later

after rotifer addition of larval barfin flounder
reared in Nannochloropsis supplemented water
at various densities.
Tank@ , rearing with Nannochloropsis
supplemented water at a density of 320 x 10¢
cell/ml ; Tank®), rearing with Nannochloropsis
supplemented water at a density of 160 x 10¢
cell/ml ; Tank®), rearing with Nannochloropsis
supplemented water at a density of 40 x 10*
cell/ml ; Tank®), rearing with non-supplemented
water.
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Fig62 Changes in number of rotifer ingested 8 hours

after rotifer addition of larval barfin flounder
reared in Nannochloropsis supplemented water
at various densities. Columns and vertical bars
represent mean and SD of number of rotifer
eaten by one larva, respectively. Columns with
the different letter represent means that are
statistically different at P<0.05.
Tank@ , rearing with Nannochloropsis
supplemented water at a density of 320 x 10*
cell/ml ; Tank®), rearing with Nannochloropsis
supplemented water at a density of 160 x 10*
cell/ml ; Tank(®), rearing with Nannochloropsis
supplemented water at a density of 40 x 10!
cell/ml ; Tank@), rearing with non-supplemented
water.
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Fig.63 Changes in total length of larval barfin flounder
reared in Nannochloropsis supplemented water
at various densities.

Table22 Growth and survival rate of larval barfin
flounder reared in Nannochloropsis
supplemented water at various densities.

Density of N. oculata Total length (mm) Survival rate
Lot. Group

(x 10*cell/ml) 10 days (Initial) 25 days (%)
@ 320 7.13+£0.14  8.01£0.31 57.6
) @) 160 7.13+0.14  8.24+0.24 90.7
(©)] 40 7.13+£0.14 8.11+0.44 779
@ 0 7.13+£0.14  7.93£0.25 34.0
@ 320 6.79+0.24  7.83£0.25 76.9

2 @) 160 6.79+024 7.82+0.30 70.5
(©)] 40 6.79+024  7.59+0.29 71.1

@ 0 6.79+£0.24  7.52+0.25 7.1
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Fig.64 Changes in survival rate of larval barfin flounder

reared in Nannochloropsis supplemented water
at various densities.
Tank@ , rearing with Nannochloropsis
supplemented water at a density of 320 x 10*
cell/ml ; Tank®), rearing with Nannochloropsis
supplemented water at a density of 160 x 10¢
cell/ml ; Tank(®), rearing with Nannochloropsis
supplemented water at a density of 40 x 10*
cell/ml ;Tank®), rearing with non-supplemented
water.

6 R ICIXIZIZ 2 TOM AP aRBIE L, 2
MACxT L, AT 2 BRIt & 7213 4 BRI Bk 2 4T -
TeMty, EUKBAATR, BEASSEICHGE L, #HBE S 8
FEEIREE L CH60% LN Fofffidse CEHETE Twiahy
072, F72, W, ROERIIT LV EEAT H20HE
BRICBWTh, TERIBROBES ROz, 2

NS DOFREEIL, WK X o TEU KN OBREZELD,

YA TFEOT L VEEE RTS8 2 L 2 g
IRLTWA, [FROEMICEb- - EHE LT, Bl
DS 7 E OB R RS EE IR Lo L
HIRIEEND DS, KRERTIE, WAZHBT S EFHAEK
FDF Y BEENTHICE > TEEIKT LA EdR
ENTWVD, 2D, F v/ BEOKT A OB
GRS EFERTH LMD EZ DN, £N5 DM
HEEIZOWTEE LK BIT T 2 LD D 5,

XV h T OMEAEESAICE T A% 69

F 2 IR TE RIS B VT, 10~25H#E T
DIEALRIM 2 I L 720 FOREER, T/ 2Bl W
FHEHICBWTIE, IEREHETTOUFAOT 4 AL
NEFETH Y, 19HEIZ% > T 22H Ok I E VE S
THEE IR, 2K L, 405 cell,/mIDl kDT F
YO ERFMLAZBETIE, RFOREFER (13HE) 251%
BB S, BERAME AR S X OWHILEN T A
HRowTY, EBRPMAEL Ty ERNEHY B
-7z, E512, 13HEGE16HEORHEREIZB VT
F 7 WIMEE DS EWEAFIIT Y, HEEEAEE L0
HILENT LV EPEBEICELS DI EDRENT, &
NHOFERIE, EKISEMLAZFY 212, ~vAaT
FEO7 LA ERLT 2 B ER S Y, $72,
Z OEAARERD R, DT A VB R G5O 721X
DEBEFEICBWTHRICHECENSL Z L E2RLTWD,
ZO70, HIERTHEKEBGT 5 L HFAOEBM)E:E
L7ZER & LT, SBEKOERIZL Y KENOF > ik
FEPMRT L2 LIS L 2B REVEZEZOND, fE
> T, FHROMREBM LN ET 2720121, fEKFIC
FU RERETHRNT S LB, FaSTET ST
TIEAE IO TH Y 2 Oz C L vo - filEEH
BPLEEB b S,

—75, REBERISIE, TV /8D L) RIEHE
B & o Ty 7 TR OEM 2 G AL 2 238 5
ICTERhotz, AMICBWT, F v/ LfFaoEE
EORE R R L7 B EBRENTAD 25 RS, B
BRI, KRR CTHRE L 72T OHLE» S
T4 DY 7T v 7 b U BBENTWD, I, &K
PO AR LTI L HFEOFAICBWTIE, Y
T N OBAEDSHEEBEICHERINTVWE®, X5,
KRR CE R B adE T, IS (OIS A
DAVERGEE (FEOIE) ~ & K E iR 2 R
<, LbEHEsLevnizoichiy 7o 7 b
RHY Ad, O EKIERA;EETE2 L9124 5
FCOMBNZERE LTRHT2 2 R s nTn
Ly ftoT, GAKEALVAETHLYHTTL, W
TR D D AN R AE LRI 5 10 H ki~ 16 H sy 12,
AR LTRSS v 7 b o OBk EE L L b %
AoNb, T2, KEBRTHO T Y /13, BEAE
Bt CH b A ay Ry U8 (EPA) 24 EICE
BT A ERHEENTWw R, EPAIY, <4 512,
XFFW 72 L A0 B TFHERI O~ WIEE
BT HRMEDSH B E LB, <5 AT TIZEPADS
AT 2 & FEHERFMEE M2 U5 2 &t s N,
HFHEADOREBBICBY 2 EE L AMERRTTH5 2
EFMOENT VD, ¥V I TIHEDEPAZRIZDOWTIE



70 EY R

ANBRTEDS, ¥ 7 INEEOAT UL, INE RIS 2> & E R
W T CTREBEARTOF ) 2B E 72 1 3REBINIC
B0 AR, ZOFEXFM LR, Wk % & OB
RENIDSE F o TROVEEER 2 55127 4 2 2 1FT
X200 b Lk,

F72, F v RN O A IS S 7o) D —
DOERE LT, KENOBREDKTAEZLNL, =
UM AEEBRIIBWT, Fr 2 FdgkkrsaL
TEWIML CTREBEZ 2 ~450luxiC FIF5Z 8124 b,

RN B W SOE 2 BT & 5 2 EAVREN TV B9,

AP A 1 AT, 100luxPl Lo S 8257 4
B ETH B Z EPHEFERICL DiEIO ST
%3, %Y A THEOKN T BATEFN % SO
TOHRII VDS, BEIZIER 2 EBEfTH* B2 LT
DEFELRT 775 —ThIHURENEV, €D, 4
%, F v/ WIRMOSEN T CTRENOFATERZITV,
FHEBREOH 5 S A A OBANEEIC R ITT 8« iR
THLENDH DL, ZNIZOWTILRETHRRS,

F 2 ERMOFABETIE, 17~22B#OBIFED
FEEAAN L, 35HEIFIZEBIT 5 AE=RIZ30% LT &K
Mol —J, F v/ w40 cell,/ mILh F ok Cim
L7zfEHTI, R ErMZ-b00, 4
FEPTO% LI L EEro7z, HTH, 160 cell,/ miD i
EECHML - fERICBWTIE, EEBMT, Fao~
WIBIEIZ E A EALNT, AKEIZO%E I 272, T
JRFOMOKY 7T 2 b, EdF OB TR
MU 78K CTEHEE LR, EEEFmL L) H
Bk, =&, FINys <y < F LA (]
B —  RME) R {nfETHESN TS, Zh
SokEll LT, KEDORE, 7408 IUHFHO
Bl AL R EAEII SN TWD, ), REER
DYt, F v ERNEERCRE LA, TaY
ZIIEALEMLTELT, ZEHOMKIIHNIN TH -7,
¥ 72, Ohkubo & Matsubara™id, ~ 7 # 72550 & 54k
R ORFEWE OZALE AT L 2RER, (FROREIC
BWTEEENESW) YIRERLHET I/ 8RIE, 108 #
THEEOREGU T ERBZEEHELTVWSE, TS
DOFERIE, TLVEBIITES X I27% 513H I ICFE
ENLHRBFIITLC DTN THY, O THEL
MTE WS, NEEEOMIEA TGS 518~
20HMDHEBEE TANWIEICEL Z L 2RBL TV,
SO EDNS, FBHKICTF Y RTFNT AL, B
DL SN B 7280, PERRED ST RENDIL
DA L — ANATHON T, KEARIZL B2 REWFEITE
CweEzZ b,

F7o, HRowd, gEmfbLzv s Y e v R

B ICRET S 5 &, T A Y hon3RmE ARG
PRI AR AR T 525, F > 7 dhnikd (40~
5077cell,/ml) TIEHEIRIREIZIZE A EZAL L v &
EWE L TWD, REBROF ¥ 2 BINEEICBWTD,
B L 727 & 2 OfERHIlEAS R B MERE S, ZRIGER
E L THEEREOE LICED - 2TRe S 5,

A, b EIRECTT Y 2 BRML-FEER (32007
cell,/mh) O iZix, 19H#FE CRIFR B, AkERL
7208, FDh, EREAMER L, ~N\WIED BN L 7 Fp AT
Hole ZOREHTHEKDKE (BHFEEE 7€
TR, WAERIEEE, pH) FMAEL/-E A, MXICH
NTpHATHEZEIET L TWA I b h o7z (pH7.4),
BAEDEZ A, BRETH Y/ ZFMLZ L L, pH
KT EDOREHABRIIES 2 TIE RV, LaL, #EICS
VO ERBINT A&, FROBEKIBEATE OBIE2 K HE
b0, FBREORE AN ZRAL, )iz
NAHZELBeEsINb, ito T, BAEELED, HH
OWIE L FEEM 2T 720121%, 100~16075cell,/ml
DYEFEHPATF >/ ZRINT 2D HRETH 5 9 o

REBROIEREDN S, 7 L VAR FHE KIS~/
#100~160Fcell,/ mIDIRETHRMT 5 L I2& o T,
YA THEOT A VEBEE T EE N ETE L L
DWIRENTz, 51T, T4V 2B LKRD - (13~
16H#) OBEBEEZ*TELRIEDLILICL-T, K
Tl DR 1 2R BE T HE U R0\ 18~ 20 H igiie ) K HRE 2 3
BITEBLZEDIRENT TNHDOHRIL, EEAFE
BiE, X 0&Er s aEEsm Mg d 59 2 Tl
THHEEDLNG, —F, EBEORHAEEILICBWT,
F U MBI OREREET 512, BRiFREC AN
FHHOAHEPIKEVLEEDYA FRAEDBEEINL, #
DIz, Atk RO T v /7 Rk 78 L T DOHER)
PEIZOWTHMET L, FREEICBITA3A METEX
BYLENRH AN, 72, <V H T OB ER W
AFRIIE, SPEOREG (FNE) KR (OKE3H) &
EDZFOMOFABTERER T LT 5 2 LAVRSNTW
o SNOHLOHAEEILL, v 7 VHHEORERHNT
WHA LB R T A EEREEE DN,

F2H YYAUFROYVBERECK EITABRERT
DRE

SO IIFFEZE 12 BT, NI (WERSE)
MO (URRRE) NIV LRI EE LY —=
YIRAVPELTEZLONTWES, <Y 5T TldZE
R - BEMOFEEGEMICKRERESE LTV L
TSRS, FORKFDO—D2E LT L EAH



XV h T OMAEESA T 5058 71

RSN BT 2 EEARIRE SN/ (REELH) . B, 7L VIIGEERICT 2 7 F > (BASF) THE®RLE
F7-, BETHERDD, MORKIEHEFKEIS, vV HY HWL7-bDTH5D,

ANTHE OHFIIIEE OB REBHCIROBE 25 IEH 12 4 A26H D10 SEH O 9 CEMOF HBIZE%
FRWIERREMEAPEHE CHET 5, eI XX FEfL, EBRMMY, MEKRIZI4CEL, FARLE
LAIZBWT, HFRIINCBT 28R EMFIERRET O A#ilEKkE200%  HOHKRTHEA L 72, HEME,

HEICECEET L 2 EPHE SN TR | 5T, 26 H10BF~ 1815 & 27H S HE~ O HFE TR, Wik (—
FEOMIPRERC BT 2 RS I ERO AL ST, W, HARRE) X DEEL, 26019k ~27H TR E T

EHELBEEEETS )X CTIROEELRRA Y Pewz b, OBIZINET L72. (GEHIZ10M & 16MHICE M L 72, 108D
ZO70, BEOREEEZEBT 51213, FRMEOE BEETIIT LY ZIEXI0MAKSG 2, FEICF Y /% 4 X
FEEEE R IR L, T ORI W CREIE 2 RS & 105cell,/ mIDPEFENZ 7 5 & 9\ EE K I3 L 72,
BT EEBRZ D EDUHETH D, 72, I6BEDFERETIZ T & 3 DA % 10X 10 AR L 720
<V H TAFAOELLIZE LT, Bz X YA WENORIIZB VT, BRI OREZIZ %
ERETLAVBIOT VT I 7T OHLENEREE OB 72012 3EEREAKE L L,
BHHESINTZORTH Y, KREHOESD %\, 72, () EBRFEZE
BENFEAEC IR FE D I E R ECTH L MR EY, 14 KRG (108F) 22587 (9KE) F TO2AREH, 1
DFELLIZ IR A IV BRER 2B L Twb EER S FRE X B KROKPIRE, 7Ay0KkfFE, FHD
B KB 1 HICBWT, SHEmRPICRML:  BEAEASR, BEEERICBT 22BN T A 2 8EH
F Y 2ET YA IFEOT A VB EERLT AER Y N7, AKRIRE, fE AR ICKPRES 2 EE L,
AL, 7v/ BRERNEFETTHET 2380 2oz 1 BREICHEAE S TBRIL2, 72, T4Y
ML NV ET L e bhrolze LL, T/ BArm i, SEKEMO 3 ME % BELIBYNERENR
DAt o i B R 15T S O WV AR AR L2 KT 5D Imih DT AV B LTz. 25 OFHHEIZKIEE
WTIFECHAbG N TRV, ZZTRETIE, TAVE E2EL, &b 07 L VERTZ ROz, S5IFA
RO AICEN 2 5T, MBI RIZTREER O  230BEESICY > T) 7L, FR5210% PRV

RBIZOWTHINTz, ~ ) YK CREER, BMEE T CRE LI LENICBL

B0 OEGEREFK L. $72, EL-EHFAD
MHREFH*® A BB SRR LD T 43 25380 NI AFfa %
1. 1 SHEFRICBITDEBNT L VIBEDEH R B L-ERE A2 L, BEEEREEZRD T,

(1) #Es
199944 H12, #Hit s —TEBE LI HDT Y 2. FROBHEICKITTRERGORE
T BUERERE D O BIRFEINEIC &L o T2 1572, 24 (1) HRADKIUEE S8
YR K 8 C, Witk (Mufeilid BT 2 i), 5l FEERIZIE, 20029F 4 J12 4 D NTEBSEOHERED S
SEMTTHEITEEL, BOoNFRZERIZEN ATEBICL > TRZZMUFRE W, EBRBEGE T

L7z O, Fa% 1 t 8054 FARREIZRE L, KiRl4T,
2) ABEREFS K (HJeiR A BV A g KER), MRS T THEE

FEEL v =TT o TV AIEROBABE LT AR BL72, LTy 7 uRx (HEFA L R) T
BTV, 18HERICB T AFHD T 4 VEMIRZ#  FEBILZE LA+ I XAy RT 40 GREHEH10~35
BEAGICEIER L7z SMUATFRLE R E L t /8 54 Mkl Hifh) BLOTIVTI7 (22~47TH#) =L, 7
WA L, S AICIEERR L 72 28K %2 EH L7z, LY BIUTIVT I T OREEEL, £hZh 8 ~15(
AR, MEKRE 9TrH05C/ HOEEGTHEAY A/mBLOL ~5ME /mE L, Wb owRn
2 bR S, 16HEIRIIIB~14CORMIZ A2 L)1 ik 6 Bk Z LR Lz, $72, T4 Y EGIT A
Al L 72e HKERIZ50% . H (5 Hilghg) 256, MR i, SEKICFY 2 % 8 X10%cell,/ mIDiEEIZ % 5 X
DEFEIZHDOETREZWEINS 2, £72, KENICE AL 726
FIvIBITAM—rE ITEZEL, 0.6~0.81/ mdD (2) RBRERRABEER
METERET 272, OHEPL YA IXVRT LT % BB EEONESE (BE) 2MFHOoT LY BITT IV
8 ~10ffA, / mMIDHEEL b LI L7z, 72, 7 FITEMICMIZTHELHL IS0, BEERIH
LY RIS BHIMIE, SEKIST Y BRIz & BEREIT - . SEREE R L 72 4 D OEERXE % 7%



72 EY KR

F, ZOHIZ100 1Rk T ORE L2, Wi
DKM S KIRILCTOFEE L 72 »BilEAK%100% . H D
FoKFCTHITI L7z SR AT & BB R 2 %
Y o, #NZN AR OREEA 0, 16, 160, 1600Lux
B LY ICHRE L, FAED12HE (7 4 2 EERG
B, A7—2C), 20086 (7 &4 VBMOEE, 27—
D) BXU46HE (77 I TEAOEL, 25— G)
27 5 2B IS BT, S00R oL IR L, &I
S C2ARE AR AR D F FHISAE 217720 BH, 9
HIZI3HER 21 HMGOHFMAIZIZ T AV %, F7-4THEO
FRIZIZT VT 37 % 2 2N20 X 10581k B & 020X
10 AR AR L12EREE L 7o 2 ds, REBRIIMICE
WCHBKICFY 7 7007y 23BN Lo 720 #&
fEf%, 2FEMB X IFM30E T E|IEL I TV 7L,
ZNENOEEE AR & HLE N 2 72,

3. FROBEICKEIEEKFOTLY EDF
(1) A

FERIIE, 20034F 4 H 12 4 %o N LB A O MEHED 5
NI & o THASMUTFARE 72, I0HEOIT#
1t A4 IR L 4 DOERX 3T 7. FEERR
HECTOMIZ2 (1) TRLAEMFETHE L,

2) HEEBKLUIEE OGO EEER

B KT DT LY BOEA DA OBEL T
RO PICT H720, 0HEGOF A AV, RS X
ORI OB R T o720 4 DDERXDH L
LFIX (Low level feeding group) Tld, FEEREIMEH D 9
KEIZ 5 X109k GEFEFAEE CTH 2 5F50m) DT
LT AR L7, —J7, MFIX (Medium level feeding
group) TIXFEEZIZLFR @ 2 f55& (10X 10561k, &%
DITLVE) DT LY LT, 512, HFX (High
level feeding group) Tld, SIBEKF DT 4 2 mATRRERH
7B X D12, 9BHIZI0X 105K, F 721525 X
10RO T L2 ZFREE L 72 (B OLEE), F7-SHF
[X (Super High level feeding group) 128\ TIid 9 KFIZ
10X 105f4A, 15WEIC 5 X 108ffE, S HIT21KFIZ 5 X10°
RO T LT Z G2 7-GEFD 2H5E) WIhoXd 9
BOWBEEOR, F v/ % 8 X10%cell,/ mIDIEEIZ % 5 &
NI L 720 FABEARDB L OFAOMILENICT 4
WHRAE L v & 912, EBRE4T) i G ETh R »
577, FEERBIE T, 9 B ~230F F TIIE K E M H800
Lux®i% S127%: 5 L) ICERL, ZORBIHSHEEE T
HIT L7z,

EERBAAGA S 2 BB CAMENIZBIT 27 A Y DF%
frm & AOBEREARSE, HILENT & VB ENE L.

e

4. FROBECKEIEABTKEORE
(1) #tEm
20004F 0> 4 A2, dbifgiE H s < S Ul v

TEBMAOHEDSINERET 2R AN LIS Z 1T 720
ZREIN A KR8 C, Wik (Ml bF 2 @ik E),
BERRETTHMET THEEL, BoN A% I
L 720
(2) K ERIEAERER
FBABATF DT L DB AT T B AL 72
W, KEBHNOFAEERZIT-720 1 t KM 4 3125 LF
MEIIHRTOWAEL, 4 DOERX 2#IT72, wTFh
DR HINERIIAIR I CTE L72AS, Z0®RGAIZHIERL,
ISH#LLAREIZ12TC, 14C, 16CHLPI8CTELRB LI
TR L 720 (FAOFHEESS.0~8. 1m (77 4 > A5
o AT—=YD) £89~91m(T 4 - TIVT I THEH
KGR 0 A7 — TV E) 107% o 2B EIC BTG 8 I
BIZBITE T L VBRI Y, F7247/£5°10.2~10.3m
(7 V7 3 7L, ABIERT AT — Y F)&13.0~13.7m
(7T I TR, BB AT — Y G) Il o 7ok
HIZBW T T VT I 7 OFEALRI O ZALIZ DOV TN
7o FRELRM A BIZET A0, fERORINE—H B 9 I
WCERL720 BEEEIET 42 OBAI5X100E, 7TV T
ITOEAELXI0MHE Lize T AV ERIET B,
vrzunaryAS 8 X10%cell,/ mIDEFEIZR D X I
FHEKPIIRINL 720 #REEER, 1R A E230R T
OF T L, BEERGEICE D BHEALEAEB L O
HLE AR & AT L 720

5 . ST BUERMT
WTFROEERICB VT O HLEN ORI il £
TR TR L7z, ERXBOAEEIT—TTRE S s
W& AT - 7214, Tukey ZEIEICE > THRE L (BE
KHES %) o

Bw =R
1. 1I8H#HFMAIZBIT 2 HAN T 4 VBB
Fig.65(2 H NEEEDBISE 21T o 7T DO ET — ¥
AR L7z BEAT -V EERIHFATHLAT—YD
ThY, FHEREIZ73m (A7 7m, &%/1N6.9m) Th
57z, Fig.66a~ellEERMMIZ BT 2 EW SN, FAEK
HNOIREE, 74T OFE, FHEAEAES X OHEL
BT LV BOMRREEALZ IR L7, B3 % Blgh L 72108F
TlX, fBAKTEBOMBEIIS3LUXTH o728, Tk
F 7 O, BEZ20LuxE TABUZIRT L, AT
FTEOMOF T L7z AT L7200 AR I IREE O



Elolhy, HOHMKELITH 5 6 MhSMIREN LT NI
BEYHITEEDICHT LA L,

KEEIHT, MBEATICTAVIRIBEALERELTEL T,
F MO LIZZEE Th o7z, T L VAR, fi
BARBOT L REPART S L LD T ARG B
B L, FAEE 1 R TR, BERAREARERIE100% & 7 o 70,
BAEMBEKIZBT 2HILENT L 2 BIIMEEIC X - THEDS
AONT2S, HREEHET CITHL, M3 RMAZICE -
ZIE LT, LENT L Y BIZF DK, EKTOD
LIUFREDOAITE D o TR MITIKT L7228, 168:
WC2HEOT A VIREEAT) LHOEMLz, 72,
RIS ROBALIANEIE & 20, FFEKPIZTLIN
BAALTWAIZHEDLLT, HILENT & YIRS H
R T L7z, ORFDRIZZEE MR D IILL, 5RFICIEH
BEARARRD20% T & o720 —F5, BRBLOEE
ZZITRESDL T LA T4 6 I, BELHRT
B RO O NEHEAERES PR E o 72,

2. FROEBHICKIF ITRERGOHE

Fig.6738 X U'Fig.681Z HAEE S BN SEBR IZ B 1T 24T
BOT LY ETIVT I THEMIRLZ R L7z, B2 G
5 I3HEOHF RO, EIREE M T R AME 4
AR T H1600LUX IC BV T i b IS 2 48
filf % 7R L7z (Fig.65a), HEAEMAEIZBIT HHEIENT 4
B RBOMEMZ/RL, 1600Lux TBIZHRTHEIZ
fEA LR 572 (P<0.05), 72, 20HH#HICZ 5 &Ik
3 AT L VEEE & 2 ), 1600Lux TR ALE 4
KB L OHLERNT L 2 HOWIT N D TED - 7205,
1I60LUXUL TOBRBE T ClRIFEAET AV ZEBATL I L
WNT& o7z (Fig.67bh)s —77, HEAGEZHGT S
ATAWGIZ R 5 &, 16LuxPUF ORREESIET CIIIBE T X
o 7255, 160LuxiZ BV TIEIES 2 B3 S /e

14 Morphological stage
) Stage D (preflexion
12 4 larva)
Age
> 10 1 18 days after hatching
8 Total length (mm)
s 8 Ave. 7.32
o S.D. 0.17
‘_9:’ 6 - Max. 7.65
4 -
2 4
0 4

7.6- 7.8-

6.8-

7.0- 7.2- 7.4-

Total length (mm)

Fig65 Morphological data of 18-day-old larval barfin
flounder used for observation of daily feeding.
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Fig 66 Changes in (a)light condition, (b)light intensity, (c)number of rotfer in the tank, (d)feeding incidence of larvae
and (e)number of rotfer in digestive tracts of larva during the observation of daily feeding of 18 day-old
larvae. (e) black point, mean value; column, SD; bar, maximun and minimum value.
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Fig 67 Effects of light intensity on rotifer feeding of larval barfin flounder developing to stage C or D.
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significantly different at the 0.05 level within each water temperature levels.
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early larval rearing phase.
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Fig.74 Changes in body density (upper figure) and rate

of body density increase at 2 day intervals
(bottom figure) of the larval barfin flounder
during the early rearing phase.
Upper figure, hutched squares and closed
squares indicate the body density of larvae with
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respectively. Black line shows the density of
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asterisk indicates a significant difference
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indicates the age when mass mortality associated
with sudden sinking usually occurs during seed
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Table 22 Survival of larval barfin flounder reared at various aeration levels.

Year Exp. Tank Aeration level Mean DO (mg//)*! Mean pH*! Survival rate*?
(ml/min/l) Upper Bottom Upper Bottom (%)
Strong aeration 3.28 87+0.2 8.7%02 8.0%=0.1 8.1£0.1 89.0
1999  Gentle acration 0.40 88*+03 8.7£0.2 8.1+0.1 8.0+0.2 27.4
No aeration 0.00 91203 9.0%£0.2 8.0%x0.1 8.0%0.2 0.2
Strong aeration 2.60 94£0.5 9.5*0.6 81%x0.1 8.1%0.1 79.0
2000 Gentle aeration 0.75 9.60.6 9.3£0.4 82+0.1 8.1%x0.1 52.7
No aeration 0.00 93£0.5 9.4%0.7 82%+0.1 8.1%£0.2 0.0
Strong aeration 1.60 82+0.4 82*0.2 - - 74.3
2001 Gentle aeration 0.20 8.1x0.5 8406 - - 29.5
No aeration 0.00 7.9+0.6 8.1%x0.5 — — 0.5

*1: mean =+ standard deviation

*2: Survival rate was calculated in 36 dah.
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Fig.79 Morphological types in the hatchery-reared barfin flounder.
a) Type A: normal fish (left eye migrates to ocular side and pigmentation appear in only ocular side)
b) Type B: pseudoalbino fish (left eye migrates to ocular side, but pigmentation does not almost appear in both
body sides)
c) Type B’ : pseudoalbino fish (both eye migrate to another body side and situate on the dorsal edge of the
head, pigmentation does not almost appear in both body side)
d) Type C: ambicolored fish (both eyes do not migrate, pigmentation appear in both body sides)
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Fig81 Changes in developmental stage compositions of
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Fig80 Changes in total length, body height and body
height/total length of barfin flounder (Trial 1)
reared at different temperatures.

* shows siginificant difference at level of 0.05
within the experimantal groups.
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Fig82 Average total length of each developmental
stage at 4 different temperature in Experiment.l
(Triall).

Means with different letters are significantly
different at the 0.05 level within each stage.
Vertical bar represents SD.
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Fig.83 The percentage occurrence of type A (normal),
type B and B' (pseudoalbino) and type C
(ambicolored) in juvenile barfin flounder reared
at various temperatures in experiment |I.

Closed marks, Trial 1; Open marks, Trial 2.
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(ambicolored) in juvenile barfin flounder reared
at various temperatures in experiment Il.
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Fig85 Changes in developmental stage compositions of barfin flounder (Trial 2) reared under different temperatures

in Experiment. 11,
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Fig.86 Relationship between average temperature on
each developmental stage and the percentage
occurence of pseudoalbino fish in experiment II.
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Fig87 Relationship between average temperature on
each developmental stage and the percentage
occurence of ambicolored fish in experiment II.

LIEBER ATz, KR 1 BHICB VT, EBME
BL#AE (14C) L0 B EWVIKERTHETE L7zCont. LTX
TIRIEFEEREIERC, BfbEEsERERTHI Lz,
MWIH L, EERBG» H529A#E CRARRTHEL, #
DRBAKEREFN T~ &) 0 2 72 TS-29d X Tl LA
ARIEIZIEA L, IEF AR L 720 B TCont LT
XTIEA S N h o 72 TEABMEES T HIC I L7z,
DT LIF29H G E TOIBEKIRDE N X o TRESR
HOMBUEMIZIAZE 2 LD N2 2 & HPREIR L T
Wb, F7z, 55HEE TRKIREE % fil T € OREIKIR
FH A R L 72854 (TSB55dIX), FIfkidiE e A SHIE
B9, WEABZRIITS20dX L0 b 5105 % o7,

LHL, RXIZBIFAE% 4 7Bz, EBEHMz
BLTEKREDE FTHE L72Cont HTX L [AMETH 1,
EAREFT AN ) B2 7B b N hoize 20O
C LA B IERERE O RBUIRILIZS5 H 12 % 2RI OB K
BOFBETITIZIEL TV ERIEBENS, 22T,

K&z % & SI1cke At 720, 3B 2 [0 H TI1E27H
HhRE (TS-27d), 37H#GHE (TS-37d) 3 X OB1H#bkE (TS-
51d) (ZEB KRR 217 ) EBRIX 2 3% L7, T ORR,
TS-37dX. 3 & O°TS-51dX TIMEKIBHFAT 247> 7212 4
b S P A BMEEO AR EETHEL, FZ0H
AldCont HTR D ZF R L FIF—F, L7z, ZTHISHTL, TS-
27dIX 13 A ALEAR AT H B UARZKIR 1) O B 2 7 5B RR
DHNTZe TORERNSKIRDTY Y BT OIRERE A



o EY R

BT LI R L 3THRB L VI TH L L S5
WCIRET A LD TEL, T2, TOEBRTHT KGR
B 47 o 22THME B X USTHRMEHICB U A ORFE
AT —=TERPRRIZETH, WHEEFAT—VE, BHIEA
F—VFOFEDPTFEHRTH o7 EoT, =V 7 TFHA
DIEEICERETELNE ) PEIAT =V EILRLETD
BHEBETREL, ZOMMIZBIT2REKRIIER

TERERE DR ETLEM 2 7 7e6lid e 7 2 Th ik
HINTWE, Seikaietal®™x7 I NVET VT IT
(BERTHILERESELI ERALNTVE) 2 5EEF A
T UK 2 ERREIT o 72, RORER, ATV
D~ETCHRILLFETORAAINERTHRELZZ &N
5, TOREAT — IHPBERE OFEIM S OB
FLoTWAEHML TS, VA TDEE, AT —
JE X W/ EVEEF LNV TRE KRR LTS &A%
KPR TTE2ENDE DL, ZO720, KFPIZL - TK
RSO LA L2 L VIRET 5 2 L IdHEET
Hotze LA, IEHRERELZETS2OIITLRERG
B ORGRESBETHEEVIELD, IR, IV
BT O35 L TR S N7z SIS IRE IS ER RV,
F72, REBCTRLZLZKBRTCYY A IMFMEFAET S
LARERAMGRT (A7 — Y DBLXUE) IIBIT L 5%FHE
HURICHHE LB LT 20720, AFEORE, AT —
VD~ EREAAMIC T B 7280 0 5B 20 Wi B ik
ThHH, NEYGZEREN Okiiz &) I2X) 2o
FFA DS E B R0 A B IS ELNATE U 5 L RO R
DB &R ENLDO0D LIk v, TORFEMGEE L

TERERH OB RHEM 2.3 5121, 4%, A7¥—YD
~EXBIAFHOREA DA NEAYHTTH%E
EHEDDLVLENDHHS ),

DLEO#ER, < 5 - RO T 5 SR
B RIRSKE BT LI LARE SN, T
b, A7 —VEIIR b I TOREERIIZLREDIER I2HE
OhEIDEPEDTLEELIFTH Y, SAKIRLMET
TTHEENED EMHAEAEY TR, KO
KRG TIZB VTSR R %5 2 e
ko, ZD0, KEOWE, Kiif14°C Tl
BFYLEERBEOHBEIRLOELL AL LEEZOND,
—77, miRk L7z &9 CHAE, RS BIT A<y AT
DEREH DO AR R E BRI T 2R IEEL v, &
N T IR RIS BTSN, F 7213800 %
bo7zlEld 4 A~ 6 BiciES Tl hum, RfEIZFELC
BRICHEINT L WM SN L, L L, HEE L7z
POHRET DL, RRBEH T TIZ14T L D) RVIKIRT
MR EVET L TS LSS, 202 LK

12, KRR T TR & D IRV IKIREH T T b S
FIEFICERESEAT T 2 WA RE L TV b, $Eo T,
ANTEBERE T TR O, ®E, AMLALZYE, E
WREEIED L TEEE LA EERPRZILON D
L\, 48, KEFRORERELEEA =X 4
EDBRIZDO VT & 0 FEMI AR AT 2 BT BB D A D 6

F2H WYAUDMRE (BERR) HORKESBKV
MRE [CEBREDNIET RE

R AR OV RGE A 1 = X L 21E, BEEOMED
SREOBIZFRICE > THRES NS ELEETE
(genetic sex determination : GSD) &, ZAF DA AR
B ) I T U CAS BT 3 A9 L2 M 2 L 7 B BRER MR e
(environmental sex determinatio :ESD)A 1 5 11T\ 5 17,
LB L CTOM»LENTH 5GSDA—HEH
Th oA, LF, ESDE/RTHEIHE s T2,
INOOMTIE, FITAKRES2, FEEE029  pH20 7 &2
Lo THRPEET LI EDHMENTVAEDS, FTHK
IR CER T 2 e RBER £ LTELOLNT
Wh,

TR RS I Y T B EKERSGT
(18C) THIET 5 &, IWEADGILATHE S I nrytE
EEDSHEAL L, MDA L SRR A ™, o T, A
EVERR L D KRS & o THMED FIdHE s h
% i A A R Pt %E  (temperature-dependent sex
deternination:TSD) #7/R§ o, b T AMB LT H L £
BV THFAKOBEPHEINTEY, I LA HEH
THTSDZE/RS DL AT AT EARIBREND H
FAETEDMEEL £ 2 56, ESDIFMRMEED—>
ELTHREWR B, Lo L, FERGIC X 258
2 REL72GE, NTLEEOEEICL > TlhlIME- 72
M 23 2 & id, RAEROBERMEEZZLIES
CEPBEINTE L WD, 72, vV T N

DY, WHITHEIRED 2TV, MO AEIE
NTHB Y REFMED &V 20720, ORI
B EO D L TRFERIRICO EREE RIT T, ¢
o T, 4%, FHEEDEC, BRIOH L THED 555
W T D B 72O 1M O R A S & 70 B Tl A
B2 ML 2L EPH Y, TD0I12E, FHEOMER
EANZ AL REIEIT 2 Z LA RTH 5,

ZN T TOMZETGoto et al. ™ 1%, vV H TiFADE
FERR D 3L EAR & AR 0 1 EIEE L, ATl 4 R35m
2% 5 LIRHEIEDOTR G ) AN 5 2 &
SNz, 251, ER1IIml EoffaEHwT
BBy & &S kIR (14C) o EKE (18C) ~&



AT 5 EFEEHR LT, FEERA0mIC 7% 5 EiEK
EE 2179 L EENEORE L2 EmCFERSNE 2 L %
Mer7ze SO EDPS, VAT OWPREITH LTK
BOBENHEN ) iR A X (EERZY) (34935m
ThbEEZONL, —F, KBRIEIEITH L THE
R LIED B/ A4 ZIZWTERZHE R v,

F70, FRROMRICEDSE, BE~YY WM EERT
BHRESTET T4 FTOMEBEKRY 4TI FIZERE L
TWb, ZOMEE, EodiaMal @ 110X,
HKIEHIEIZ X > T H T NLHEEOMWEORE Y %
TELIENPFLETE, Lo, EEEFECHTHO
FICiE, B LCTUCRUTFCEHE L TO MBI E L &
S0HEGILALNL, HOBAOMEETIS ZE
FTRHLEDS DD, <V H T OWPEI L TKRAE
DFFREZERNOESIISHEL TWD I LRI
Lo FITARIIZETIE, <~V h T OWREIHT 5 RE
WA IEET B L L DI, HIEICRITTEERED

HEIZOWTHR,

MR E 5E

1. BERZHORE

PEPE LI L CKIRO BB NGO D /N A X%
B 720, FEBEREEICEKRA18TC) 2 5 # KR (14TC)
NEZAL S B B KRR ERR E 1T - 720 ERBRSME,
REE ] HiEBRITICREE L 72E 0 Th 5 (Fig.76), B
AEEIOmIZELERCH 7Y v oL, B, &
BB DRI A & WEHE % H1 51 L 726

2. MRE ICKIFT—FNEKELREDORE

18H#E (P4 RES. 1m) OfF443,0002 3 2 % 500L7k
3TN L, 3 DODOFEBRX & iklT 72, xR IZER
HREZBELTUCOEFFEFTHE L, —F, HmlIKXI
BT, 422HE (£F12.3m) 205 2 HAFTI8CE
TKiR%Z ER &2, 5 HEISCTHE Lk, HU2
H2FTUCETRELZK TS, T, ARIKIC
BWTUE, 420 #F L 75R#E CF¥4£RE25.8m) 122
[l AR E A2 T - 72 (Fig.88)s

3. MREICREFTREBEDHE
4 8 O % 40012 970200 1 kAl 8 FIZIUA L,
W SR OFFERZ AT - 720 TIX TIISERIHM %
WL CHE2EOTICAE Lo —F, NXTI}, &K%
PG L 7288 (ZER11.0m) 25 KIS H 5 2 L
RS L 70, EERT F CEICHAGBO BLA R
EHMNTHE L7z, 72, IXKBLUONX TR EH#L
WA RS, X CIEARRG 7 A (PY4R13.0

Y AT OB EESAMICE YT AT 95

m) A5, VX TIEEKI4EHE (FH4E16.0m) 205
WEHNTHE L7 fEKRIZIATE L, A 25100m
BIRTEBEECTEBRKRTE LEXOML 2 KL 72,

4. FRETE HUREAT

G FEBR & AT o 7 BB B A B 2B B & RS & I
WREE EBRICB W TIE, MERT— 8 2 IERER L7
%, TukeyiBIZE W ZEHM AT 72 $72, FUEFERR
DB WEEIE y MBI L ) AEEERE LT

Control tank
18

T —
14 1 e

N

10 20 30 40 50 60 70 80 9

Water temperature (°C)

18
16
14 4
124
10 FE

Water temperature (°C) Water temperature (°C)

16 e ] (USSR * A (S
144 T 1 0 S qaml®
12 4 ¥ O ST S
10+
10 20 30 40 5 60 70 80 90

Days after hatching

Fig 88 Changee in water temperature during the rearing
experimant with or without increased
temperature manipulation for barfin flounder.

wm =R
1. BERZHORE

Table 2335 X UFFig. 8912 S F /KIMIR M FERRIZ BT 24+
HOEKREB L OMHEEL R L7, £ERFIVTho
Xb60%LEEE <, EOKREMHTTHRIFICEET
ElkEz b,

HFHEB OEELILIZ DWW TR SR, Cont LTIX Tl
vikER 1 M H T46.3%, 2RIET43.3%ThH 1, it
3FE1 1 THhote —H, FHEEI.6mE THEIK
I CHE L72TS-29d8 L U'TS-27d[X TI1338.28 L O



35.3% & 3 HRIX AIZ AR TR RPMERAMET L 720 11.5mT
Bl L 72 TS-37dIX. GRER 2 mIH O &) TIZMEEA11.0%
FCABMICETL, S5ICFNDEEEBAT KD 2
TS-55d[X, TS-51dX3B & UCont. HTIX TidlE= A5 % Ll
TehoT, WFNBIRIZEHE L o720 KT %%
B, HRTFIICIEEB L 72858, Cont LTIXIZH L
TS-29d8 & OTS27dX IEAEAMES % T, F7-TS-H5dX,
TS-51d[X 3 & O°Cont. HTX 134 Bk 1 % THER AL
> 72 (TukeyZ EIL#L) o

2. MRE ICKIFT—FHNLEKELFEORE

Table 2412 —FF A IRFEERIC BT 2T A O+
IRL720 FRL 22> 723 IBIX OMEFRI343.3% Th - 72,
ZHIZx L, FRIROMESRIE19.2% & RIS TH
B o 72 (y hsE) o 72, ARIXOMERDS13.7%
EXRRX L DI S M o 728, FiRI X EFAIRT
X & DOMERICHMERZIIA DN D572,

3. BEEMICBIIZPREREN MICREF ITRE

Table 253 X U°Fig. 9012 ik & B BB LRI BT
BT LR OMERBIRZ IR Lz, ZOMER, 4
F%71339.8~56.3% & EFBEX B TEIIA LN 0o 7278,
INRKAECIIFA B EHAEE L < REUKAE TIT o 72 BEim Ry
IR EE ERICHARTEREIEEHR A AL N, i
FEOTIHE L IRICBWT, HRIF23.5%B L0
13.8% & KIRIACTHEIE L7120 22 00b 5 T TR W
& %otz T2, HlEE, BEHIFENLES S
RBIUVNVR TS I X &RBRICHERIZ20%E & KA o

770 THUTH L, EEKGBED SBAGEAE L TIX 2T
IEMERAS30.4B L 45.9% & & <, MBXzA=EIC Rl -
726

z B

ARRTECTIE, ¥ AT OWIGETK T 2 RSO
BB/ A WO PIT B 720, BRI %
BREAT 5 720 ZORE, 1UCOE E THE LR T

I S LR
3 ()a OT@M
o b ® Trial 2
b -
©
| &9
K
= i
&

[ - o C
® 3
0 T T T T @'—I

Cont.LT TS27- TS51-
29d 55d

Fig.89 Percentage of females in groups shifted
reciprocally between 18 oC and 13.5 oC at
different stages of development in barfin
flounder. Female percentages with different
letters are significantly different at the level of
0.05 within the experimantal groups by
Tukey's multiple range test.

TS37d Cont.HT

Table23 Percentage of females in groups shifted reciprocally between 18 oC and 135 oC at different stages of
development in barfin flounder. Female percentages with different letters are significantly different at the

level of 0.05 within the experimantal groups.

Trial Experimental ~ Term of rearing at 18 °C  Survival rate Total Female Male  Female ratio
- group dah*I  TL (mm) (%) () (n) (n) (%)
Cont. LT - - 84.6 286 133 153 46.3
TS-29d 17 -31 73-938 73.5 297 113 198 38.2%
1 — — — —_ —_ p— — —_—
TS-55d 17-58 73-16.1 71.6 266 14 252 5.1%
Cont. HT 17-120 7.3-120.0 66.2 273 3 270 1.1*
Cont. LT - - 80.7 190 82 108 433
TS-27d 17-29 7.2-9.6 60.4 181 64 117 35.3%
2 TS-37d 17-44 72-115 78.9 201 22 179 11.0*
TS-51d 17-58 7.2-155 61.5 176 6 170 3.0%
Cont. HT 17-150 7.2-120.0 78.9 213 0 213 0*

Female percentages with asterisk differ significantly from the theoretical 1:1sex ratio by x > test (p < 0.05).
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Table24 Percentage of females in groups reared at 14 oC and subjected to 18.0 oC increased temperature
manipulation (1.T.M) in barfin flounder.

DAH*' when LT.M. was

Experimental conducted. Survival rate Total Female @ Male Female ratio
group
DAH TL(mm) (%) (n) (n) (n) (%)
Control — - 64.4 282 122 160 433
LT.M-1 42 12.3 72.1 234 45 229 19.2*
1.T.M-2 42,75 12.5,25.8 50.9 306 42 264 13.7*

Female percentages with asterisk differ significantly from the theoretical 1:1sex ratio by x ? test (p <0.05).
*!: day after hatching

Table 25 Effects of existence of sand in the bottom of rearing tank on sex differentiation in barfin flounder.

Experimental Timimg of covering the bottom with sand  Survival rate Total Female Male Female ratio
group TL (mm) (%) W @ (%)
I -1 (control) without sand 44.8 179 42 137 23.5*
I -2 (control) without sand 543 217 30 187 13.8*
IIm-1 before onset of settlement 11 40.5 162 64 98 39.4
II-2 before onset of settlement 11 50.5 202 93 109 459
m-1 from 7days after settlement 13 48.8 195 33 162 16.6*
m-2 from 7days after settlement 13 56.3 225 60 165 26.7*
Iv-1 from 14days after settlement 16 39.8 159 23 136 14.5*
V-2 from 14days after settlement 16 46.5 186 19 161 10.3*

Female percentages with asterisk differ significantly from the theoretical 1:1sex ratio by x % test (p <0.05).
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Fig92 Schematic illustration of relationship between gonadal development of cultured barfin flounder and the

method of rearing the brood stock.
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