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SUMM ARY

I. Title

Technique development for freshwater culture of black seabream, Acanthopagrus

schlegeli

II. Object and importance of the study

Over the world, recently, the studies on new fish species for possible
commercial production are very active. In Korea, especially, the aquaculture
industry in freshwater including dam-lakes in which prohibited culture
production has been suffered from the decreased production amount and the
lowered fish price. Therefore, requests for the development on freshwater culture
techniques of euryhaline marine teleosts such as sea bass, Lateolabrax maculatus,
black seabream, Acanthopagrus schlegeli and grey mullet, Mugil cephalus with
relatively higher fish price have increased to resume normal condition of
freshwater culture industry. To answer these requests, the frewater culture
techniques on those fishes are now successfully developing in Korea (Chu et al,
2000; Chang et al., 2001). Generally, it is possible that euryhaline marine teleost
is relatively easy to be an aquacultural species, because of its high adaptability
to the wide ranges of salinity and water temperature and to the rearing in tank
and low expense for culture production. Moreover, euryhaline species is also
suitable for the laboratory animal which makes the rearing in indoor closed
water tank system easy. The black seabream was also found to be able to
culture in freshwater as well as brackish water by the results of our earlier
studies (Chang et al, 2002; Min et al., 2003). This fish is thus accepted to be a

new aquaculture resource for the possible production in freshwater as well as
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seawater. Moreover, black seabream occupies an important position as a species
for sports fishing in the waters of east Asian countries such as Korea, Japan and
China and the ecophysiological studies on the species will be the useful
informations for development of techniques on environmental friendly fishing

and stocking enhancement in the sports fishing.

IMl. Contents and scopes of the study

1. Methods of freshwater acclimation

This work was to investigate survival of black seabream on various salinities,

size and source of freshwater.

2. Physiological responses to freshwater acclimation
This work was to investigate physiological responses, such as, cortisol, glucose,
Na', K, CI, osmolality, aspartate aminotransferase (AST) alanine aminotransferase

(ALT) and hematological factors to freshwater acclimation (the step-down, acute-down

in salinity)

3. Physiological conditions and maturation of the fish to long-term
rearing in freshwater
This work was to investigate physiological conditions (cortisol, glucose, Na’, K',
CI, osmolality, AST, ALT and hematological factors) and maturation (GSI, gonadal
states, plasma, T and E, physical and chemical properties of seminal fluid) of the

fish to long-term rearing in freshwater.
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4. Evaluation of food value and economical efficiency

For evaluation of food value, this work was to compare appearance, texture, taste,
flavor and muscular hardness of black seabream cultured in freshwater and
seawater through the questionnaire.

Also, for evaluation of economical efficiency, to investigate the net profit of

production on juvenile and adult size of black seabream cultured in freshwater.

IV. Results of the study

1. Methods of freshwater acclimation

(1) Survival to various salinities

There was no significant differences in total length and body weight of juvenile
black seabream on various salinity. Weight gain was the highest in 15.0%,. Also,
Food conversion efficiency was significantly higher in 0, 7.5, 15.0 and 22.5%, than
in 30.0%,. Survival in 0, 7.5, 15.0, 225 and 30.0%, were 91.3, 953, 94.0, 92.7 and
98.7%, respectively, but showed no significant differences.

In adult black seabream, weight gain was the highest in freshwater (69.0%6.2%),

as compared with seawater (54.5%) and 5.0%, (56.8%).

(2) Survival to size

In larvae black seabream, 1~3 weeks after hatching all died within 12 hours
after freshwater transfer. 4 weeks after hatching all lived until 20 hours, but
survival was decreased gradually, then 0% within 26 hours freshwater transfer.
Survival of 6 weeks after hatching was 100% for 14 days after freshwater
transfer.

In juvenile fish, survival was 11.0% at 24 hours after freshwater transfer, and
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0% at 48 hours.
In adult fish, survival was 13.0% at 48 hours after immediately freshwater
transfer, but 100% at 48 hours after gradually freshwater transfer, including from

5.0%, to freshwater.

(3) Survival to various temperatures

Survival of larvae were 0% within 1 hour at 15, 20, 25C in 0%. Larvae
survived until 24 hours in 10.0 and 20.0%, but in 35.0%,, survival were 91.0,
93.0 and 80.5% at 15, 20, 25C, respectively. Also, at 207C, survival of fish in 2.0,

4.0, 6.0, 8.0% were 54.3, 64.0, 99.0, 99.5% at 24 hours, respectively.

(4) Survival to source of freshwater

@ 35.0%— 5.0% underground water (UW) (keep 6 days)— 0%, UW: black
seabream survived until 5.0%,. But survival of fish was 37.5% at 2 days, 25.7%
at 7days (0%).

@ 35.0%— 5.0, 10.0%, UW, culture farm water (CW) (keep 3 days)— 0%, UW:
survival were similar until 0%, in all experimental group. But, it were decreased
at 5 days, and then 50.0, 10.0, 50.0 and 20.0% in 5.0%-UW, 5.0%-CW, 10.0%,
-UW, 10.0%,-CW, respectively, at end of the experiment.

@ 35.0%— 10.0%, UW (keep 3 days)— 0%, UW

35.0%y— 10.0%, UW (keep 3 days)— 0%, CW

35.0%,— 10.0%; CW (keep 3 days)— 0% UW

35.0%— 10.0%, CW (keep 3 days)— 0%, CW: survival of fish of UW-UW
and UW-CW were 30.0, 20.0%, respectively, at 2 days, all fish of these group
died. But, all fish survived in CW-UW and CW-CW at end of the experiment.

@ 35.0%,— 0%, UW, CW: survival were 0, 80.0% in UW, CW respectively, at
2 days. At end of the experiment, 60.0% in CW.
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© 35.0%— 5.0, 10.0, 15.0, 20.0, 25.0 and 35.0%, CW (keep 3 days)— 0%, CW:
survival were 70.0, 87.5% at 5 days, and 67.5, 77.5% at end of the experiment
in 35.0, 15.0%, respectively.

® 35.0%— regular pouring of freshwater (for 12 hours), 5.0%, valley water

(VW) (keep 1 day)— 0%, VW: survival were 63.0% at 12 hours (5.0%), 46.0%
at 36 hours (0%j)

@ 35.0%— regular salinity change (for 12 hours), 5.0% VW (keep 1 day)—

0%, VW: survival were 63.0, 35.0, 15.0, 2.0% at 24, 48, 72 and 96 hours

respectively.

2. Physiological responses to freshwater acclimation

Physiological responses (cortisol, glucose, Na', K, CI, osmolality, aspartate
aminotransferase (AST) alanine aminotransferase (ALT), hematological factors)
were investigated in the conditions of the step-down (Exp.Iand II), acute-down
(Exp.l) in salinity and transfer from freshwater (FW) to seawater (SW)(Exp.IV)
of black seabream.

In Exp.lof step-down salinity, plasma cortisol levels was significantly
increased from 13.0%+1.4 ng/mL at the beginning to 29.5+14.8 ng/mL at 5 days
and recovered to the basal level (19.7+£1.6 ng/mL) at 10 days. In Exp.I, its
level was significantly increased from 34.1+7.7 ng/mL at the beginning to 81.9
+£9.1 ng/mL at 24 hours and recovered to the basal levels (52.9+8.4 ng/mlL) at
36 hours. In Exp.Il of acute-down salinity, cortisol level was significantly
increased from 9.8+45 ng/mL at the beginning to 117.8*£53.8 ng/mL at 12
hours and recovered to the basal level (30.6+5.4 ng/mL) at 48 hours. However,
cortisol level was showed no significant difference in Exp.IV. Glucose showed a
tendency of co-increase with cortisol in Exp. 1 ~1I, but there are no significant
difference in Exp.IV. In Exp.I, osmolality was significantly decreased at 5 days,
but recovered to the basal level at 10 days. In Exp.II, osmolality was

significantly decreased at 3 hours, but increased 6 hours. Then, this was again
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decreased at 36 hours, but began to recover at 48 hours. In Exp.[ll, osmolality
continually decreased until the end of experiment. However, osmolality showed
no significant difference in Exp.IV. Hematocrit (Ht) showed no significant
difference in Exp. 1. In Exp.II, Ht was increased at 3 hours, but decreased at 6

hours, then recovered to basal level at 48 hours.

3. Physiological conditions and maturation of the fish to long-term

rearing in freshwater

Cortisol level was no significant difference during rearing in FW and SW.
Glucose was significantly higher in FW than in SW at 90 days (FW: 89.7+10.8
mg/dL, SW: 64.8+t11.4 mg/dL). Osmolality was no significant difference during
rearing in FW and SW. AST was higher in FW than in SW at 30 days (FW:
47.0+99 IU/L, SW: 648+114 IU/L) and 60 days (FW: 89.5+0.7 IU/L, SW: 385
+12.2 IU/L). At the end experiment, the growth in FW was higher than that in
SW (total length: FW, 18.0£1.0 cm, SW, 17.2%+04, body weight: 102.7+17.3 g,
83.515.7 g). Weight gain in FW was significantly higher than that in SW (FW:
1485.5+415.8 g, 786.8+£23.6 g). Body composition (protein, lipid, moisture, ash)
showed no significant difference in FW and SW. Survival rate in SW was higher
than that in FW (FW: 88.8%, SW: 929%) at 30 days, but it was higher in FW
than in SW (FW: 80.2%, SW: 73.7%) at 60 days.

Spermatogenesis including spermatocytes, spermatids and spermatozoa stage
was shown in testis of 1 year-black seabream reared in freshwater and seawater,
size of oocytes were slightly bigger those of freshwater (25.2+£5.0 gm) than
seawater (23.8+24 m). Gonad of 2 year-black seabream in freshwater and
seawater were completely separated to testis and ovary part. In testis part, it
was very ripe, and sperm was released in may as spawning period. Also,
oocytes of the perinucleous stage and chromatin-nucleolus stage were observed

in ovary part.
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4. Evaluation of food value and economical efficiency

When the flesh of black seabream cultured in freshwater was compared with
those cultured in seawater through the questionnaire, there were no significant
difference between freshwater and seawater in appearance, texture, taste and
flavor. Also, hardness of muscle was slightly higher in seawater (9,987 g/cm’)
than in freshwater (9,210 g/cm’).

Economical efficiency from inland culture of black seabream (Acanthopagrus
schlegelli) was analyzed. Main factors influence to deciding of productivity analyzing
for economical efficiency were gross production, purchasing cost of seedling, feed
efficiency, survival rate, depreciation of facilities and other production cost. The net
profit of first year from seedling and second year from 100 g weight to marketable

size in inland culture of black seabream were 38.4% and 36.9%, respectively.

V. Practical use

1. The results of this study can be used for freshwater culture in pond, stream,
reservoir as well as swamp.

2. The development of artificial seeding production can be used from a matured
black seabream in freshwater.

3. The income can be expected to increase in the inland aquaculture industry.

4. The results of this study can be used for practical data in real educational
field.

5. We will inform fishery person about evaluation of fish quality and a
economical efficiency of cultured black seabream in freshwater, and will
supply the technique which is freshwater cuture of the fish to the inland

aquaculture industry.
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Table I-1. Proximate composition on the black seabream feed used for growth

and survival to various salinities

Ingredients (%)

Vitamine

Crude

Crude Crude Crude Crude
tiber calcium phosphorus

lipid

Crude
protein

premix

ash

Proximate

<27 0.7

>50 <40 <170 >1.0

> 420

composition

‘Provided by Korea Speical Feed Meal Co., Ltd., Inchon, Korea.
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Qe APAE dlFodr =2 5.0%7 10.0%2 AskEet Foj(culture farm
water: CW)ell &3] 3d o 0% A3ts2 &HHFig. [-2).

@2 sl FA] 10.0%) Astso FAFFE 583t 3U Foll GA] 0%
A3t el FojFF2 FH(Fig. [ -3).

@e Ml FA 0% Astret FAFe2 HHHFig [ -4).

®x sFdA =4 50, 10.0, 15.0, 20.0, 25.0 ¥ 35.0%,2 A st+=2 &35t 3Y
Foll oAl 0% 9 AstrE & HFig. 1-5).

®©F @& ol AL oAFE 7 U4 gEFAH AT dENE
Fo] 1221 7kghel] 5.0% AlF<(valley water) 2 G- @FFJ.o™, ThA] 2443 $-9
0% AFF7t Hx5 stAtHFig. [ -6, 7).

oo
il

Table 1-2. Water quality of underground water and culture farm water

Items Underground water Culture farm water
pH 6.2 7.3
Ammonia (ppm) 0.01 0.3
Nitrite (ppm) 0.021 0.057
Nitrate (ppm) 48 8.6
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Fig. 1-1. Salinity changes designed with underground water in Exp.(D.
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Fig. [I-2. Salinity changes designed with underground water and culture farm

water in Exp.@.
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Fig. 1-3. Salinity changes designed with underground water and cultur farm

water in Exp.®.
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Fig. [-4. Salinity changes designed with underground water and culture farm

water in Exp.@.
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Fig. I-5. Salinity changes designed with underground water in Exp.(®.
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Fig. 1-6. Salinity changes designed with valley water in Exp.®.

_13_



Salinity (%)
S ] 3

-
o

0 [] [ (1 1 (1
0 2 4 6 8 10 12

Elapsed time (hours)

Fig. 1-7. Salinity changes designed with valley water in Exp.(.

ARFEST 2t AYFY HAAFTAME & ZolE Holx] &tor} (P>0.05)(Fig.
2L 30.0%H8] 0, 7.5, 15.0, 225%, 021 =4 JeElror, 15.0%0M 7}

4 EJTHP<0.05). EZF AlgFEEAMT 30.0%KTH 0, 7.5, 15.0, 22.5% 914 <38t
A EA Ve W (P<0.05)(Table [ -3), A&7z o] HELL 0, 7.5, 15.0, 225,

30.0%91 4 Z+Zk 913, 953, 940, 927, 987% 2 Hon}, f9d olE AUt
(P>0.05)(Fig. 1 -8).

(2) Z 8ol

0, 50 2 30.0%° A&BANA BAE FHol) 4% L AERS 8F7A 4
St Ay, 5L 0%°00M 69.0162%0 2 5.0% N 56.8%, 30.0%,91 A 54.5%9) H]
sh oF 15%9] ®e 43S Usugen, ARis @ AAEE DIAE 0%
A tha A UbEhthTable 1-4). 8 4971k B A4 2 AFe kel glof
Fol gt Fole $IATHP>0.05)(Fig. 1 -9).
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Total length (mm)

Body weight (g)

120

100 B ——

80 |
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Fig. 1-8. Effects of various salinities in growth of total length, body weight, and

survival in juvenile black seabream during 10 weeks.
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Table [-3. Growth performance of juvenile black seabream seedlings reared various

salinities for 10 weeks

Salinity (%)

0 7.5 15.0 22.5 30.0

Initial mean weight

(8)

Final mean weight

(® 35.6£0.6° 34.6+3.2° 35.7+34° 323+1.8" 31.5+3.7°
g

Weight gain (%) 476.7+10.1° 521.0+21.8° 541.4+20.0° 477.2+20.6° 4359+2.9°

Food conversion . .
1224+4.0° 1295+35% 1295+48° 123.1+4.1 111.7+3.7

efficiency (%)
Daily growth rate

%) 201+0.01" 206+0.02° 209+0.02° 2.01£0.03" 1.96+0.00°

Daily feeding intake

%) 1.65+0.04" 159:+0.03° 1.73+0.10™ 1.75+0.05° 1.78+0.10"
(¢}

The values are mean*+SD (n=50). Means within each item followed by the same

alphabetic letter are not significantly different (P>0.05).
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Fig. 1-9. Effects of various salinities in growth of total length and body weight

in juvenile black seabream during 8 weeks.
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Table [-4. Growth performance of adult black seabream reared at three different

salinities reared for 8 weeks

Salinity (%)

0 5.0 30.0

Initial mean weight (g) 1419171 141.6+4.9 141.7£41
Final mean weight (g) 210.9+10.8 198.4+11.3 195.2+0.6
Weight gain (%) 69.0+6.2 56.8+3.1 54.5+3.2
Food conversion

52.6£3.7 449+21 481%2.2
efficiency (%)
Daily growth rate (%) 0.19+0.01 0.16x0.01 0.16+0.01
Daily feeding intake (%) 1.431+0.06 1.43£0.04 1.30£0.03

The values are mean®SD (n=50). Means within each item followed by the same

alphabetic letter are not significantly different (P>0.05).

=

v adAdE s 92 A

M

(47 034 cm)® ZoY= 0%014 ABAA F 6Aztre] AY HAlstd e, 744
7.5, 15.0, 22.5, 30.0%1 4 A& Z+z} 25.0, 70.0, 78.3, 98.0% A tHFig. I -10).

3k 144(AF 074 cm)E AofE 0414 AIAAF 1240 A A A
on, A@F gl 75, 150, 225, 30.0%,04 FE&L zhzt 240, 650, 77.3, 85.0%
% tHFig. I -11).

23k 219(2F 123 em)® Al E 04014 BBAAF 1241303e] AP HAHS
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on, AdFgAlo] 75, 15.0, 22.5, 30.0%, 4 HE8-& z+zk 330, 62.7, 91.7, 98.0%
% th(Fig. I -12).

Heh 289 (A 1.72 em)®E zpole= 0%, 41 AAINAIE 261207k A A AL
on, AYFE A 75, 15.0, 22,5, 30.0%, A AE&
% thFig. I -13).

B3l 419(H% 283 cm)® AojE AFPEEA 0, 7.5, 15.0, 225, 30.0%0 A A

Zyz}y 84.0, 91.0, 88.0, 87.7%

ro

&2 Z+7z} 96.7, 100, 98.7, 100, 98.3% A t}(Fig. 1 -14).

g WALE AT H3F 13549 AojdMe g 12412 F A7 HA

HRom, BaAF 1.5~1.8 cm w|ukel 45818} Aol 2047717 HEF HAF
2 HAREe] F7bslo] 264104 A HAabstdoh 2y 28201 emgl 65# 2]

FAE Aol 100% HEES BRPon, AR, Wid B 28 dME FAH

120
100

o
o

60

Survival (%)

40

20

5

0 1 2 3 4
Rearing time (days)

—1-0.0 %0 ——7.5%0 ~O0—~15.0 %0 —6—22.5%0 —@—30.0 %o

Fig. 1-10. Effects of various salinities in survival of black seabream (7 days old,

total length: 0.34 ¢m) during 7 days.
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20
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Rearing time (days)

—0.0%0 ——7.5%0 —0—15.0%0 ——22.5 % —@— 30.0 %o

Fig. 1-11. Effects of various salinities in survival of black seabream (14 days old

total length: 0.74 c¢cm) during 14 days.

120
100
S 80
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=
2 40
20
0
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Rearing time (days)

~1~0.0%0 —x7.5%0 —O0—15.0%0 —6—22.5%0 —@—30.0 %o

Fig. 1-12. Effects of various salinities in survival of black seabream (21 days old

total length: 1.23 cm) during 14 days.
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Fig. 1-13. Effects of various salinities in survival of black seabream (28 days old

total length: 1.72 cm) during 14 days.

120
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40 |
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20 |
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Rearing time (days)

—+0.0%0 —7.5%0 —O0—15.0%0 —6—22.5%0 —@— 30.0 %o

Fig. 1-14. Effects of various salinity in survival of black seabream (41 days old
total length: 2.83 ¢cm) during 14 days.
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(2) Ao R FEof

Aol A AMSE X o(HA 86+12 cm, HF 107+12 g) Hol(dH 202+
15 cm, A% 1420439 @) 3o diest 488 & 23, Aoe B4 78

T AU 11.0%] YEES B ol AKHOZ HAL A7 SUVeke] 484

N

¢

ol e Ak FAslgh w3 2o AT 48A17hA 13.0% 9 we MEE o] o}
As wWe} sfFoM wxHo=
el 9l tH(Table I -5).

o

gtk aey 50% £8F eRFoR gaes
P
T

b

T3 e o= BAH 100%] ESS

Table 1-5. Effects of various freshwater adaptation methods on survival rates of

juvenile and adult black seabream

Survival (%)

Fish size SW— FW SW— 5.0% (keep 24 h) SW— FW
(abrupt down) — FW (step down for 48 h)
24 h 48 h 24 h 48 h 24 h 48 h
Juvenile 11.0 0 98.0 100 99.0 100
Adult 52.0 13.0 97.0 100 100 100

FW: freshwater, SW: seawater

—

DY GREE hE g4E oA AW 4Re PAT 29, I Y

&

M
2
2

e 75, 150, 225%,0] 0, 30.0%5.tF o8t E9ro LH(P<0.05), Sratad

=

.
-
e

4

0
2 ARFF 2YIME GEFRA gl FAF AMolE Mol Ay

(P>0.05)(Table I -6).

=4 A& n-3 HUFA (hight unsaturated fatty acid) $32 23.9:0.39~258+
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0.93%, SAT (saturated fatty acid)3F&-2 28.2+0.30~292+039%, ¥3 EPA+DHA
ke 208+040~2251074%% 93t o] Molx LThHP>0.05). 1} I

Exof we} stearic acid (18:0), linoleic acid (18:2 n-6), erucic acid (22:1 n-9) %

Bh

docosahexaenoic acid (22:6 n-3)¢] $tko] 2EF7A #3 zo]E BT

(P<0.05)(Table I -7).

> FEWS g2 YEEL 0% AT 12]3ere)] 15, 20, 25CelA A&
Abatgth 100, 20.0% A 24870744 2% AESIG AT, 35.0% s 15, 20,
25Coll A ztz} 91.0, 93.0, 80.5% = Ebstth(Fig. I -15).

20CA A o8] dEZH & HEEL 20, 40, 6.0, 8.0% A 24A1ZEA o 242}
54.3, 64.0, 99.0, 99.5% 2 }E}RETH(Fig. I -16).

Table I-6. Effects of various salinities on the whole body proximate composition

of black seabream

Salinity (%) Moisture (%) Protein (%) Lipid (%) Ash (%)
0 69.9+0.80 17.81+0.42 7.4%0.80 4.3+0.07°

7.5 70.8£0.40 17.4+0.14 5.9£0.36 4.6+0.19™

15.0 71.0+£1.04 17.3£0.31 7.3x1.24 4.6+0.16™
225 69.5+1.09 17.4+£0.42 5.8%0.31 4.7+£0.07%
30.0 69.51£1.24 16.9£0.28 7.7£0.55 4.8+0.08"

The values are mean+SD (n=10). Means within each item followed by the same

alphabetic letter are not significantly different (P> 0.05).
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Table

lipids of whole body in black seabream

[ -7. Effects of various salinities on fatty acid composition (%) of total

Salinity (%)

fatty acids 0 7.5 15.0 225 30.0
12:0 0.8+0.09 0.7+0.10 0.7 +0.01 0.7+0.03 0.8+0.03
14:0 3.5+0.03 35+0.15 3.4+0.10 3.60.19 3.7+0.05
16:0 17.8+019  175+037 1741018 17.6+0.03 18.0+0.16

16:1In 7.8+0.14 741013 7.3+0.33 74+0.22 8.0+0.48

18:0 49+0.04"  49+0.09° 50+013"°  51%£0.12" 4.7+0.16°
18:1n-9 192+039  185+t023  18.7+0.65 18.7+0.22 19.2+0.51
18:2n-6 6.4+0.05"  6.6+013"  6.4+0.06" 6.2+0.14" 6.6+0.05"
18:3n-3 0.7+0.03 0.7+0.01 0.7+0.02 0.7+0.01 0.8+0.09
18:4n-3 0.9+0.04 0.9-0.02 0.9+0.05 0.9+0.01 0.8+0.03
20:1n-9 3.8+0.13 3.7+0.18 3.8+0.15 3.9+021 3.9+0.19
20:2n-6 0.2+0.02 0.3+0.01 0.2+0.04 0.3+0.09 0.2+0.04
20:3n-6 0.3+0.02 0.3+0.01 0.4+0.01 0.4+0.00 0.4+0.02
20:4n-6 1.0+0.01 1.1+0.01 1.1+0.04 1.1+0.07 1.0+0.09
20:4n-3 0.6+0.01 0.6+0.01 0.6+0.02 0.60.03 0.5+0.05
20:5n-3 9.7+0.04 9.8+0.05 9.8+0.14 9.3+0.56 9.6+0.16
22:1n-9 22+026°  1.9+0.04° 1.7+0.08 1.6+0.12° 1.8+0.05"
22:3n-6 0.5+0.09 0.5+0.08 0.4+0.08 0.3+0.01 05+0.17
22:4n-3 0.2+0.01 0.2+0.01 0.2+0.02 0.2+0.02 0.2+0.03
22:5n-3 2.2+0.03 2.4+0.01 2.5+0.09 25+0.16 1.9+0.34
22:6n-3 112+038"  11.8£011"° 125+055* 132+018°  12.3£0.32"

SAT 292+039  285+066  282+0.30 28.6+0.19 29.0+0.08

EPA+DHA 2081040  21.6+0.09  22.4+0.68 225+0.74 21.8+0.48

n-3HUFA 239+0.39  247+012  257+0.75 258+0.93 245+0.37

The values are mean+SD (n=10). Means within each item followed by the same

alphabetic letter are not significantly different (P> 0.05).
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Fig.  1-15. Survival rate of black seabream in different salinities at various

temperatures.
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Exp.OollM AYPFERAI7A] 432 F3g zbol7t fAAThFig 1-17). A<l 5.0%

7hA WEkehe St dole BT ASSAAT, 49 2¢Ads AT AE
o] 37.5% % g wolxyew, Aol 0%= HE 7dAde 257% At AR
o] FHEH HIFEAZA BEE W3tE A9 UATHFig 1-18). Exp.QAM = &

o] 0= 2 WA HEE&L A visAY 49 5AdAFH

= AE 7St AgEgAdE 5.0%-UWTE, 5.0%,-CW, 10.0%,-UWTE, 10.0%,-CW

I
>
o
=y
1o
o
Mo

T A AESC] 22+ 50.0, 10.0, 50.0, 20.0% AT}(Fig. [ -19). Exp.@lME AF 29

2

Mol UW-UWTFE, UW-CWT9] HEES 7h7F 300, 200% 2 w-$ w@gpon, 487
0z He 43 4dA0d= 25 AAlstdnh AT, CW-UWT, CW-CWT-ol X =
AEFTEANA Ay =5 AESAh(Fig [-20). Exp.@ollXe A3 2d#
= HAIEA T CWTHAE 800%9 AWEgo] e 8%
A E AESO] CWTIA 60.0% FTHFig. 1-21). Exp.BolAE ¢dRo] 0% 2
179 Ad¥oje diE AEstAT 35.0% 7 15.0%7- A
¢, APZEFAAdE 742} 675, 77.5%E EGT U
A AP AEEL T Walst glAthFig [ -22). Exp.©-2 A3 7AA
FE HAbel 7 #EET] AlFbete] ARl 5.0%< 1241k A AEE0] 63.0% %

c
=
-4
o
=
rir
e

= 4F 4UA 2E 4

o
o

o

AE 5d540) z+zh 70.0, 87.59

X
it
jaiii

o, fio] 0% 36AAd = 46.0% Atk o] FHE HAIFFEATAL BEE
= W3s gldthFig. -23). Exp.DL A8 124 7H6.0%)71 A 25 AEsgou,
12A17F o] 32+ A B2E 7] A|2bsle] 24, 48, 729} 96A|7HRjol] =L Zhzt

66.0, 35.0, 18.01} 2.09% At} (Fig. 1 -24).
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Fig. 1 -20.
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[-21.
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Fig. I-23. Survival of black seabream reared in different salinities in Exp.®
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Fig. 1-24. Survival of black seabream reared in different salinities in Exp.(?.

G AFYUANM HFPE YA wak) FFL vAE B4 Fo
Shtolch. offel glol AR UABE, AFEI L AANE S FL F)

W 22 AR ol B VIFAG MAshE FFAY oF A2AL

AT 5L FUE] Aste] BAA o) RE Uaew ojFe] AFEA ¥ g 4
A Bl BE AFEo] F3Pu o] ghti(Handeland et al, 1998; Mortensen
and Damsgard, 1998; Claireaux and Audet, 2000; Handeland et al., 2000). &3+-¢|
me olfiel AGge e HAAde] W} oFd AL Ytk & s7d
59 A5Ael AAse ot G He sleAGel A s olFu
9 He W QRIME 2@ W4 Uehi AEgzdel 7h5 s Oto,
1971; Blaber, 1974; Martin, 1990). 74 &-2 = vte] mefad 2 Hao] A2
W, A e HlRste] sty AR eI Be VFAgd R F% Sdske F9A

AFE ¢4HA dtHDeacon and Hecht, 1999).

_31_



drHo g sfikold vmA wre R ALSE uf AlRESC] =4 JEdY
+ Z37} atlantic cod (Gadus morhua)9} seabream (Sparus aurata)ol A B uf
2l o (Lambert et al., 1994; Conides et al, 1997), GE 5= AR dHFH ST
FFE vAE Ao dHA Ut (Arunachalam and Reddy, 1979; Dendrinos and
Thorpe, 1985; Lambert et al., 1994; Conides et al.,, 1997). =3+ GEF5=7} 30% ©I
Rl Ayt SR 15%0]5te] e R FTAA FAA AFY AFel =A W
Hits dA7EREC] HE Fo, Fol, /HANF Tl Eixi tH(Perter,
1971; De Silva and Perera, 1976; Dendrinos and Thorpe, 1985, Lambert et al.,
1994; Conides et al, 1997, Imsland et al, 2001; Chang et al., 2001). & A9 €&
B Ao A xoje] Ae AESLS 0~30%9Y FF WM 3 2ol gle
Aoz velytdh gy, 75, 15%77F o2 AE (0, 225, 30.0%)Rth AR 3D

Y 2FFol B dehdth ol ofel APl o} dRe 9P £3 e o

of

g Atk % 5309 #RxANA FEE avlHE AUAT A A
GRWAZL 9ol ARzAolg= AL o v@chMorgan and Iwama,

1998). A|77kA e} ®ael oshd sl Toll AAdste A olFel ol AR
Fee Fol wet doldtth F, FEA4 oFo A o HA

A M= grey mullet (Mugil cephalus)s= 20%, (De Silva and Perera, 1976),
brown spotted grouper (Epinephelus tauina)= 25%, (Akatsu et al., 1983), european
sea bass (Dicentrachus labrax)= 25%, (Dendrinos and Thorpe, 1985), european
flounder (Platichthys flesus)v= 5~15%, (Gutt, 1985), atlantic cod (Gadus morhua)<=
7~14%, (Lambert et al, 1994), spotted (Pomadasys commersonnii)= 12~35%,
(Deacon and Hecht, 1999), gobidae (Favonigobius gymnauchen)= 13~34%, (Kang et

al, 20002 yehal flom, I Ao AMSE AAEFE Aole A5 7.5~15.0%71
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9l %)t} Dendrinos

-
-

frelgk zhol
FoflA 1d7F At Fol(Dicentrarchus

N

11

l

o FEFEFS 695~-71.0%%2 viER
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A7 T (Acanthopagrus schlegeli)}2 +719] A2 27t WA Yelde AHA A5

(consecutive hermaphrodite) oJFZA] <Iokel hat9lo A Alsle] wWalojFo=z

U715 Fa Jdon, AAAGe] =2 Fauat ol Aoz duA vy w3 @
AE2 Fol(Mugil cephalus), &) (Lateolabrax japonicus)$} &7 & WAdo] 23 %
A4 oFo ZAM(Kimura and Tanaka, 1991), & ¥ 9] o]3 EA 43 4

THAE ol&sty Haes dAe A% A7 JAAHelA a1 UrH(Chang et

al, 2002). F9E) Ferdst FAo) sbsHATHA W RG] BYSE 7|
HE & e B ofUe A2 AW e ga, A GAR 5 o4y A o
e un ¥ 5 o

e AelR Frws FHAME Fres BE, oA Agde, 27

A7 e 98 3H(Chang and Hur, 1999). o F7} x40
el gk Aol FastA Ha, ofFY A 2 HATHo

2
AR Aoz defx lth(Wedemeyer and Yasutake, 1977; Pickering et al., 1987).

P
im
=
P
2
K

i)

gE
2

o7t ZEH2E A HH, AeE-HE A AFo 2] ARAGS F
sto] cortisolo] dF o7 Eu]HTH(Specker et al, 1989). A|AstEo} HolgAl=
cortisol & ZA3sl= 7|Ho 2, §3] H3lA AGel A ZRZEE FHlEe F4

14 25 2 (adrenocorticotropic, ACTH)-2 cortisol #v8]9} FA42 2A-sl= &

2Eo® 4#ix UrHSumpter et al, 1994). 3+ o] F o)A cortisol2 o2 &
33 FAE 9 F320 AAYTA (gluconeogenesis) S Fdte] FF I EF

®HE Z7}4]71H(Chang and Hur, 1999).

A BB Bresel wBE AFRE F4F gEdsd ne 33
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cortisol, o] 28} § EU el Avy AN FHe] APAHsL Hus)
o) 9% #(Chang et al, 2002), o}= TS HOE Brwsh WHT Bl o
S AAR ATARL Do AA ke Aol

e R R e I R = e

o
av
L
2
0

) ARWstE Sote] "HerE o
A7l Bl A, 84 cortisol I FFIAL T2 T AAFE olxWelM e Aele

4 Wrge 2ANS] olf7l AAete sEd sl $EL AN, olF NET @

Freaa GEMsel H(Exp. 1 ~ Vol he FAEe] 2EdS we 2 4
279 WHE Golry] Astel ol AEH

Ch Exp. 1, M, Vo & 2 si,Als 23

o]F ¢ Z7|E Tablell-10] YERHS
A ALSA Ao Z FAE 47)

o] FRP & FZ(FE&74 220 0)d A, Exp. I & #5424 AbA2dloz 743 47]9

fo

FRP 9842 (584 350 £)o) A A#shact

Table [I-1. Size of black seabream used in experiments of salinity changes

Experimental Total length Body height Body weight
condition (cm) (cm) (g
SW—-FW Exp. 1 121+0.7 41+0.7 30.6+6.5

Exp.II 20.3+1.0 72+03 153.01+18.7
Exp.II 13.4+09 46+0.3 411+72
FW—-SW Exp.IV 135121 4.21+0.6 37.6+11.9

FW: freshwater, SW: seawater.
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Aol 60wl A

of dE& AT 2% dRS @] 1243k 10%0] H =5 5
}_

wsl
<
=]
]
%
ki
)
a1
S
>~
_,_4
O{N
(-'O
i
et
°
—_
N
(e}
o
—_
n
i
>
e
op
Ol
-
£
i

of 72A)12b Fe A ohg, AR GRS WEo] 12420 0% 2471 o
tHSW—FW). thz 79 60utelis Ttz 35% shged] A A-Ssact
(SW). FAe 0, 12, 84, 96417+, 5, 10, 20 Aol A3 5} 40} (Fig. [-1, Exp. 1).
Exp.Il: 3|5=(30%) AH%3<l Aol 100mHe) S ALg3te] 50vla)s ZA) 59,2 &
Ao, o] 24Xt KA g, FA 0% F5E FHAGEW-SW). tjz=
o] 50ute] 2 1o E 30%, sgrell FATHSW). Hede 0, 3, 6, 12, 24, 36 % 48A|7t

Al 2] 3 s A th(Fig. -1, Exp.10).

§
lm
z&

Exp.lll: 8)5(35%) A}&%< Ado] 1200ke]2 Abg-ete) Aol olf 60vkelE
A 0% BEE SFHAOHEWoFW), 27 60vtels T2 35% didel T3

thSW). Be 0, 6, 12, 24, 48 2 72 7bs)o] ) %3} B}(Fig. TI-1, Exp.I).

Exp.IV: 258 WA @Raldel oa 4xzhie] g5z AT ol

, 3, 241 7bA) 302 2 60 Aol A3 5 thHFig. [I-1, Exp.IV).

U "] Aot A

7} Ao A Aol vt £3E] heparin sodium g FAM7)(1 mL)E ALg&te] o}
HIol viFdyol A 303 ool Hl-S AHstATE AP RY s AFH 5
ol el Fe Heolzk ojxe] gl uAE JFES Haslslr] flste A 24
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st A9l cortisol F %+ Donaldson (1981)9] wFAL
cortisol RIA kit (DSL, USA)Z st wx|gdo] Ao AAASZ W3l s
X% T, Hewlett Packard Gamma Counter (Cobra II 5010, Packard Co.,
USA)E2 ZAsget. 8% F832, Na, K, C %%, AST (aspartate
aminotransferase) ¥ ALT (alanine aminotransferase) ®#21& $3to] As}st 25 #
A 7)(Advid 1650, JEOL Co., Japan)E A}g3lgith. & 45" v
micro-osmometer (3MO plus, Advanced Instruments Inc.,, USA)E AF&38te] EA3}
Atk UM A Ao htede Ad AT AEHAEA 7] (Excell 500, USA)E A&
ste, Ao st &8 2 (hematocrit, Ht), 23 F5(red blood cell, RBC), &2}
4§ %= (hemoglobin, Hb)E #43lAt}.

40
Exp. If
)
=
= 5
'S 0 12 84 96 Day-5 Day-10 Day-20 0 10 20 30 40
©
S X
19 - -
30 Exp.ill ! Exp. IV
20 [
10 K
0 - - —o — n . . i J. 1 I /I/I
0 10 20 30 40 50 60 70 80 0 6 12 18 24 Day-30 Day-60

Elapsed time {hours)

Fig. II-1. Salinity changes designed for the experiment I ~IV. Points indicate the

blood sampling time.
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R ICIEC L It

Mgl GRus 4P Bxp. [ ~VelH 2AEY obbel =H%H wAe =

Astz] A3 Bl 4EF 242 Boundol ZHT Thg, Aol wet getmos

(2) AAdrd B2
obhn) xAe) AAURAH BRL 99 opiule AAske] 01 M phosphate
buffer solution (PBS, pH 7.2)2.2 %A1 25% glutaraldehyde §-(4°C)ol] 24)7¢

=0l 12 AT Aol BY A= PBSE 1027F AH

e

5, 1% osmium

tetroxide (OSOy) (4C)oll 2A17F &2 22 A3

2
ol
g9t/
*
kd
ol
S
i

“ A E = PBSE A

Hstal 50%A 100%7tA19] WA ethanolo| A 1584 "3ttt 24%
2l
sttt o] uranylacetate®} lead citrate F4 02 o]F A3l FHHAxEHW A
(JEM 1200 EX-TI, 60~80 Kv, JEOL, Japan) #2-& AHA|3tH T}
o 57 24

7 d¥zsERE dold AmG Al FH FRE SPSSEA A

(version 9.0)°l 213+ ANOVA H Duncan’s multiple range testZ 71743}t
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(1) &7} cortisol & FHFFZ2 FE

odt

_"]7.

Exp. I oA cortisol®t @3 229 WslE Fig.M-29} 2t} cortisold] FxE 4
Ad 7ol 595 295+148 ng/mLZ +9) 317

ofl A AFMAI Ao 13.0

H+
—
B
=]
aQ
S~
3

—
b4
I

Z 78l o K (P <0.05), 109 A BE] 7+437] A&ste AEZEIA0YA)ANE 75%
23 ng/mLE HAPFNAA FEoZ JEHUG. dzTdMe dFNAANAFE F=
A7kA] 91+1.9~11.6+33 ng/mLE f-2%t H3lE Koz UthP>0.05). FFx
2 FeE AFFAM AFAAAY 523272 mg/dLPE Aol 5LM7A W}
AAAT, 1045 740+14 mg/dLZ o84 Z71819(P<0.05) APFFEA e
66.520.7 mg/dLE AFMAIA] FFo =2 IEEHYT hxrTFodes AFHAAIRE
ZEAZX 515107~635164 mg /dLE 93 WEE Ho|x GATHP>0.05).
Exp. [Tl A cortisola} FFFH A W= Fig 1-37 2t} cortisole] ¥+ AP
oA APMNAIAIO 341277 ng/mLA™ Zlo] 12X A5 F28tA F718k7] A
23] (P<0.05), 24X7+A 819191 ng/mLE H 1S JePRTIL ol Fd A
=
A A RE ZFEA)74A] 35.8+110.0~495+19.2 ng /mLE #93 W3S

ste] APFB A= 3921127 ng/mLE AINAA FEOE FEHJD o

B

2
>
fr
>
e
N

®olx) GRATHP>005). 232 wxE APFIA 6AA7A) F2t Srtete] 12
AP RaS AT UAGARE A Z7187) Aldelel 36A12tH Amgkg
det g om, olFel aste A% JEPAT. ARAAARE SEAZA 403
£50~555%69 mg/dLE g WsE HolA YSITHP>0.05). wF, thxTolA
T ARNANAREEH FTIEAZFA 45.3+3.0~533%145 mg/dLZ 3 HIE Holx

2 QFTHP > 0.05).
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Fig. II-2. Variations of cortisol and glucose levels in plasma of black seabream in
Exp. 1. Same alphabetic letters are not significantly different (P>0.05).

FW: freshwater, SW: seawater.
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Fig. II-3. Variations of cortisol and glucose levels in plasma of black seabream in
Exp.Il. Same alphabetic letters are not significantly different (P>0.05).

FW: freshwater, SW: seawater.
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i

(2) gZ9 o]&(Na', K" 2 Q) =&

Exp. 1914 Na', K' @ CI'9) ®3le Fig 1-49} 2tk Na'9 s5x 2T
AHNA A G 176.7£3.8 mEq/LAH #lo] 54 mjo] 111.8£38.0 mEq/LE £ &}A
st R o P<0.05), 109ARE =718ty Al&ste] AdEzACdE 175.3+15
mEq/Lz /RN FEL 2 SEHJT gxz2Todie AANANATEE 547t
A 173.7+41~180.7+38 mEq/LE 93 WS Holx AJTHP>0.05). K'e] &
TE APTFY dzrdA AEMAAEE FEA7A A7 29406~58+101
mEq/L, 39+0.7~57%0.8 mEq/LZ §2|3 W3ls Ho]x LUTHP>0.05). ClI'g
FEE AN AFMAA] 152715 mEq/LYE Aol 5UR ) 7351265
mEq/LZ F3HA] ZAstH (P <0.05), 104 FE F71et7] At d3FE
Aol 146.716.8 mEq/LE AAMNAA FEo2 IEFHIIT tzFodMe 2N

AABE ZEA7FA] 152.5£49~161.5127 mEq/LE 93 #sE Ho|x] sttt

e

O

(P>0.05).

Exp.I el A Na’, K" @ Cl'e] ¥zl Fig. I-59 2t Na'9] =& g 4
A Aol 182.0+42 mEq/LEE Aol 3647 Rle] 166.0:3.3 mEq/LE #2544
728t O P <0.05), APEFA N E 1750214 mEq/LE AFNAA $502 3
At tzpoe AEMAARE £8 2704 180.0£4.4~191.014.5 mEq/LZ
fFold WahEs HolA FAUTHP>0.05). K'Y = AFTFolA APHAA o 4.0+
0.3 mEq/L¥9Y Aol 64173} 124)7ka) o] 31403 mEq/LE 34 #Asigou
(P<0.05), 24X7tA)ol& 3.9£03 mEq/LE AHMAIA $F02 32t T,
3621779} N EgE Ao 747 32£04 mEq/L, 32+£0.2 mEq/LZ A #2oskA 2
23t THP <0.05). 2T e ARMAARE EE2A74A] 3.9+£03~4.2+03 mEq/L
2 Y3 wEtE Rolx GUTthP>005). (Y ¥Ee A or AdRA A
142.0%2.7 mEq/LY@ 7] 3A7r3 6A17bao] 717} 132.7£4.9 mEq/L, 1345+17
mEq/L2 #2384 728t 0 HP<0.05), o] ol 24A3M7kx] AGRAA] R 3
55k a8y, 36A7A9 Aggaael zhzb 1260+24 mEq/L, 1325+35
mEq/L& WAl folshAl Fastid P <0.05). ixTore AFMAANE F2A7E
7] 140.0+4.9~1443+25 mEq/LZ {28t 3lE HolA] ZRAtHP>0.05).
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Fig. [-4. Variations of Na®, K and CI levels in plasma of black seabream in
Exp. 1. Same alphabetic letters are not significantly different (P>0.05).

FW: freshwater, SW: seawater.
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Fig. 1-5. Variations of Na’, K" and CI levels in plasma of black seabream in
Exp.Il. Same alphabetic letters are not significantly different (P>>>0.05).

FW: freshwater, SW: seawater.
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Exp. 1 oA A5 5%, AST € ALT #W3le Tablell-29} 2ok A5FE v:e 4
oAl ABAA A 3870420 mOsm/kgol@ Aol S5UMe] 33371272
mOsm/kge 2 {2314 AR P <0.05), 1045+ 361.3£23.2 mOsm/kgo.
2 AN FE2R FEEAT dR2FAME HENAARE FEAZFA 3830
+15.6~388.7+350 mOsm/kgo 2 {23 W3S Holx ZFITHP>0.05). ASTE= 4
oA AN 357481 TU/LFY Ae] 1247k#1) 50.0£2.8 IU/LE <3}
A S7VSFAA P <0.05), ©]F2E AFMNAAEDG Fo3HA FA HEFSTHP <0.05).
WxFAAE HANANAREE ZEA74A 305+£64~4152106 IU/LE {93k W3}
g HolA ¥UTHP>0.05). ALTE AZT9 txpolr HAIMAANFE FEA7A
74z} 15+0.7~3.8+205 IU/L, 15+02~21+06 IU/LE St BigE nolx &t
thP>0.05).

Exp.IolA AEA %%, AST 2 ALT ®izlE TablelI-33% 2t} 452 &
AP A AFMA A 348521 mOsm/kgol & Ao] 3AZkA|e] 3357+21

mOsm/kgo 2§28} 7Asg o P<0.05), 340.7+21 mOsm/ kgoz A7)

>

1A 2oz gt a8y, 36A)17AldlE 319.0+14 mOsm /kgo 2 2|3}
a3t GUHP <0.05). hRTAME AHMNAARE ZRA7MA] 346.7+£25~3535%
78 mOsm/kg® 2 498 olS Holx| LUtHP>0.05). ASTE AFHFoA 23
AAA S 17.0£4.6 TU/LER Ao] 36X 274 5938 2ol7b llerH(P>0.05),
A ZFE A E 480+14 TU/LE K8t 2718 4THP<0.05). TN 23
MAAIRE ZEA7FA] 173+£21~21.0+71 IU/LE K93 HslE Holx LghukP
>0.05). ALTE 2387 gz ABMAARE FEA7HA 242; 431£12~55

+13 IU/L, 43£12~53£26 [U/LZ f2l3 #H3ES ®olx &}rhP>0.05).
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Table [I-2. Variations of osmolality, AST and ALT levels in plasma of black

seabream in Exp. I

Osmolality AST ALT
Elapsed
, (mOsm/kg) (1U/L) (IU/L)
time
(howrs) = gy Fw SW SWFW  SW SW—FW  SW
0 387.0+20° 3825%16.3"  357+81° 323+477  23+06" 18+03°
12 374.0+304" 3725%205" 50.0+2.8° 31.7+6.5% 3.8+05% 1.9%0.3°
84 369.0+16.0° 370.0+1.4° 21.7+45" 392£3.3 23+15" 1.7+05°
96 357.0+18.0" 3855+17.7° 22.0+20" 37.0+9.9™ 244+05" 19+0.3"
Day-5 333.74£27.2" 384.7%114° 205+£0.7" 304+52% 28+1.0" 2.0+0.7°
Day-10 361.3+£23.2" 3823+72° 20.0£6.6" 39564 20+14" 16+05
Day-20  353.7+124% 386.0+28°  21.5+92° 335+49°  15+07° 15+02°
The values are mean®SD. Means within each item followed by the same
alphabetic letter are not significantly different (P>0.05). AST: aspartate

aminotransferase, ALT: alanine aminotransferase, FW: freshwater, SW: seawater.
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Table 1I-3.

Variations of osmolality, AST and ALT levels

seabream in Exp.Il

in plasma of black

Elapsed Osmolality AST ALT
time (mOsm/kg) (IU/L) (u/L)
(hours) g ,Fw SW SWFW SW SWFW  SW
0 385121% 3467L25%  17.0446™ 195+21% 45410 43+12
3 B57421% 3503£31° 1274060 180167% 4312 48%17
6 34071069 3507140° 165435 21.0£7.1" 48+05 53+23
12 3447121% 3473+40%  120£14" 155£64™  52+18 53+06
24 3490128% 3535+78 85413 167+11.0° 55413 43+15
36 3190+14° 3517+31°  240+71° 177432 50414 53+06
48 3280+28° 351.0453°  480+14% 173£21% 50400 47+21

The values are mean®SD. Means within each item followed by the same

alphabetic

letter

are

not

significantly  different

(P>0.05),

AST:

aspartate

aminotransferase, ALT: alanine aminotransferase, FW: freshwater, SW: seawater.
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(4) 299 A3 (Ht RBC % Hb)

Exp. I o|4] Ht, RBC @ Hbe] #slE= Tablel-49F 2th Hie A3 7o} thxo|
A ARARAARE EEAZR ZHZE 19.6108~22.7+32%, 19.7£1.9~220£1.3% =
F23 WS Holx| ¢gtth(P>0.05). RBCE AE 7o tlzToa AFNAAHE
ZEA7A 247 25401~3.040.1x10%ell/ 40, 2.8+01~31+£0.1x10%ell/ 2 2
St W3S Holx] JTHP>0.05). Hbe AgFor AFWMAIAIH 156+11.1 g/dL
AE Aol 5ARNE 191111 g/dLz §o8hA 279X THP<0.05), 10L Aol &=
163%1.3 g/dLE AIAMAIA FFoz IAEHAT dZFAAE AFNAAFH
SRAZHA 17.0+£23~195+0.7 g/dLZ {3 HEE Ho|A] ¢ SktH(P>0.05).

Exp.Il oA Ht, RBC ¥ Hbe| W3le TablelI-59 v} Hte A& FoAA A&
AlA el 202+0.8% [ Ao] A 7R = 234+4.0%% FoEHA F71ER oA HP<
0.05), 6A1ZtA & 204+31% 2 APNAA] o2 IAHHAT RrFodxes 4
HMAARE E2EA7A] 203+1.8~21.9+1.6%% 23 W32 Ho|z P>
0.05). RBC= Ad 79 dxTolr AdTMAAFEH FEA7HA 22t 26104~31+L
05%x10%ell/, 2.6104~28209%x10%ell/ Wz o8t W3S Ro|x LUTHP>
0.05). & HbolX &= Aot thxTolr AFMNAAFEEH F2AZA 72 160+

21~19.4+0.5 g/dL, 16.9£09~180 g/dLZE #-23 MEE Holx LYTHP>0.05).
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Table 11-4.

Variations of hematocrit, red blood cell and hemoglobin levels in

plasma of black seabream in Exp. I

HT RBC Hb
Elapsed P
) (%) (X 10°%ell/ p0) (g/dL)
time
(hours)  quy pw SW SWoFW  SW SW—FW SW
0 21.0%£1.6" 202+23% 29+04%° 28+03" 156*£11°"° 17.0x2.3°
12 22.7+32° 220+13" 29102 31+0.1° 135+1.5°  203+2.6
84 195+1.8 21.7+23" 2.60.2°° 29+02™ 16412 185+1.1°
96 202+1.4%° 208+2.7% 26+0.2°° 30+05% 15618 173120
Day-5 21.0+0.4" 21.7+£0.6" 3.0+£01% 28+01™ 191x11" 17.9£15%
Day-10  19.8+0.4® 19.7+1.9° 25+01° 28+01" 163x£1.3"¢ 175204
Day-20 19.6+0.8* 20.8+1.1% 25+02% 29+01™  142£25" 195%0.7°

The values are mean=*SD. Means within each

item

followed by the same

alphabetic letter are not significantly different (P>0.05). Ht: hematocrit, RBC: red

blood cell, Hb: hemoglobin, FW: freshwater, SW: seawater.
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Table II-5. Variations of hematocrit, red blood cell and hemoglobin levels in

plasma of black seabream in Exp.II

HT RBC Hb
Elapsed .
fime (%) (x10°cell/ 1ut) (g/dL)

(hours) gy gy SW SW>FW  SW SW—FW SW
0 20208 203+3.1° 28+t02°° 26+04° 172405 17.7+09%
3 234+4.0° 215+44" 31+05° 28+05% 17.6+1.6™ 171+1.7°
6 204+31" 21.9+1.6% 27104 27+£02% 18.74+1.6™ 17.8+0.7°
12 195+31° 2124+30% 26+04° 27+03° 194+05° 17.6+2.3"
24 19.8+13" 203+1.8° 28402 28+03" 16.7+0.6 18.0+1.9™
36 209+3.0%" 21.4+34% 29+04%" 28404 16.0+21*  17.1+0.8%
48 21.0+2.6" 21.1+420% 29+04" 28+0.9" 17.9201°™ 16.9+0.6"

The values are mean*SD. Means within each item followed by the same
alphabetic letter are not significantly different (P>0.05). Ht: hematocrit, RBC: red

blood cell, Hb: hemoglobin, FW: freshwater, SW: seawater.
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() chrhvle] G2
Exp. 1 oA o}r}u] @zA] 84x] kAol = 2248 (gill lamella)e] Fe)7F AP 7| A

t

i

A)(Fig. II-6, A)2} <=8t 9H(Fig. I1-6, B), 54 Al 2xpAIw o] Ry 79

BAE S BEE & den, ARl(filament) o] AEE] 8EE IS B
4 o AATHFig. -6, C). 204 A= 2apxe] &4d FE& va a2F

UARARE AGINAIA 9 vl +27F #F = A vk(Fig. I1-6, D).

Fig. II-6. Photomicrographs of gill filaments and lamellae of black seabream in
Exp.1. A: control, B: 84 hour, C: Day-5, D: Day-20. GF: gill filament,
GL: gill lamella. Bar=50 /m.

_52_



A A Q] ARwst A Exp. [ oA A7 E A FAAMY FAHEY HES
L 0% GEFEIY AAMA 4L Ho] 0%z 7437 A2 e, 53U R 86.7%,

20 Aol = 833% 2 UErST Rl e APFEAIQ 204400 96.7% = ER

Exp.ITel M= A8713@8AZh)Et 4379 iz YES&2 100%2 2olE

|
)

100 0 =
\

§ 80
® 60 |
2
[
=1 40 B
(70}
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Fig. II-7. Changes of survival rate of black seabream in the step-down salinity
changes during experimental period in Exp.I. FW: freshwater, SW:

seawater.
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o F43 gEdste digh ded whe

(1) 29 cortisol ¥ FF372 T

Exp.MoI A cortisol#} FFz:~ Ml Fig [1-87 2t} cortisold] ¥EE 28T
A AP 98148 ng/mLAY o] 6417bA 9} 1241 kA o]l ZF2} 63.0£24.3

ng/mL, 117.8%53.8 ng/mLZ fFoslA 71514 o H(P<0.05), 4A 8 HE A
&7) AFste] 7227 ol e 106146 ng/mLE AFAAA] FFoE FEFHAT
Hzrole AJARAAIFE FH2A7HA] 68+24~133+61 ng/mL2 723 W3}

i

HolA LZATHP>0.05). SFIA v A7l AFP/RAAe] 53.8+35
mg/dLAY Aol 6AIZtA Y 12417k o] Zhzh 12354262 mg/dL, 150.04-55.2
mg/dLE2 §-95HA Z718tg o (P<0.05) 244 7HAlo &= 69.8+£227 mg/dLZ A F
AAA FFEoE FEHAD g2 E 2GAAARE F8A71A] 515435~

63.510.7 mg/dLZ #2|g WS Ho|x] FUTHP>0.05).

tlo

Exp.IVel A cortisol®} FF32~ W3le Fig. 099 2. &AM si+=2 &4
W cortisold} FFIA v AIAMNAARE s A7A Zhzh 222+205~86.5+E
246 ng/mLe} 55.9+10.0~96.1£248 mg/dLE 3+ po]E Ho|A P>
0.05).

_54_



N
o
o

-

(=24

o
T

-

N

o
T

bc

Cortisol (ng/mil)
=]
o

ES

o
T
o
o

;
J

Glucose (mg/dl)
- - N N
o (4, o (4]
o o o o

I T )

N
o
T

a
0 1 1 i i i_Ll 1 .—I
0 6 12 24 48 72
Elapsed time (hours)

mMSwW—FwW [IsSw

Fig. II-8. Variations of cortisol and glucose levels in plasma of black seabream in
Exp.Ill. Same alphabetic letters are not significantly different (I>>0.05).

FW: freshwater, SW: seawater.
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Fig. II-9. Variations of cortisol and glucose levels in plasma of black seabream in

Exp.IV.
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(2) Fe] o]2&Na', K" 2 Cl) ¥ &

Exp.lel A Na', K' @ CI'e] ¥#l= Fig. 11-107 2tk Na'9] BT 490l
AANAIAIG 177.0£113 mEq/LYR Aol 6AZMARE FolshA Hastr) A1 4s
J(P<0.05), HHEEAeE 1250425 mEq/LE AAAA A Fxos 5wz o
gt WERTFNAE AAAANARLE £2A717) 169.247.7~180.6438 mEq/LE &
o WEE Bolx] PokthP>0.05). K'o FE= APF} txFolr] AFsHA)A)
B AR 2+ 40£21~114+53 mEq/L, 39+09~68+37 mEq/LE 9

—r

e

il

ot
s

Holzl tHP>0.05). CI'e] Fxe AFPFoAA AFAAA A 156.0%
42 mEq/LRAE Zlo] 6AZMRREE {8 7487 A13ete](P<0.05), A@F A
o= 985159 mEq/LE APMAA FFo 2 IEHA gy hzTFolNeE 2F
NAAFE F8A74A] 1474+171~1615£3.1 mEq/LE §93 Ws S Holx &
LTHP > 0.05).

Exp.Vell 4 Na', K' @ ClI'e] ®sle= Fig [I-113 2ol @54 42 $4S
W Na'¢} K'e JFMAARE 22A7A Zh2E 163.0£9.9~187.8+10.1 mEq/L}
33101~4.0%04 mEq/LZ 98 xolS Holx RFTHP>0.05). CI'e A&AA
Alell 151521 mEq/LY @ Aol 3A74 177.0£104 mEq/LZ §o)8tA =789

S 1HP<0.05), 2427170 16831194 mEq/LE AFMAA FFEo2 3)BaY
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Fig. I-10. Variations of Na’, K" and CI" levels in plasma of black seabream in
Exp.TlM. Same alphabetic letters are not significantly different (P>0.05).

FW: freshwater, SW: seawater.
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Fig. II-11. Variations of Na', K* and CI levels in plasma of black seabream in

Exp. IV. Same alphabetic letters are not significantly different (P>

0.05).
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(3) €49 454 Fx, AST & ALT

Exp.MMell A 452 ¥5, AST @ ALT W3l Tablell-67 ok A 5d $E
Aol A AHNAIA] 348.04325 mOsm/kgo| e Zo] 48A17kAfel] 2945+9.2
mOsm/kgo. 2 folstAl st Ao (P<0.05), HPFRAZHA JEHA XU
2P s AEANAARE ZEZA7A] 383.0115.6~388.71350 mOsm/kgo &
Fol3 WHIE nolx YUTHP>0.05). ASTE AN AIHPAIA] 335£49
IU/LY® Aol 6A17bAo] 128.0£21.2 TU/LZ §-2]3tA 27t HP<0.05), 23
FTRAZA AYNAA g JREHA Gt dxToAs AFMAATYH F
BAZ7HA) 3051£64~520+11.3 TU/LZ fo8 W3stE Bolx &¢thP>0.05). ALT
t AdpoN AFAAA 15402 TU/LEH Aol 48Xk o] 28409 IU/L2 &
JstA F7FIRUY(P<0.05), HPFZEAIZMA] HABNAA FEoZ JEHA &3
ot JERFAME ABWAAIREE FEA7LA] 1.7+02~23+08 TU/LE o3 ¥
315 Holx] iekthP >0.05).

Exp.Vol A A% 2 ¥, AST 2 ALT W3l TablelI-7% Zth @5oA 42
AL W AEARA TR AFMAAREE EIAZA 3425%57~3585+83
mOsm/kgZ #9% 2ol Ho|A] THP>0.05). ASTE A F/MAAjell 22.0+184
IU/LEQ Aol 24x7vs 425+78 TU/LZ Z7pstdtizt 30¥slole 15.0£5.7
IU/L2 gastdoy 4371305 f99% Aole AP >0.05). ALT= 237
A Aol 25407 TU/LYE Aol 48105 IU/LE Sol8tA Z7bslgth7HP<0.05), 30
Ao 27112 TU/LZ ABNAA $Fo.2 5EFHAUTH
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Table II-6. Variations of osmolality, AST and ALT levels in plasma of black

seabream in Exp.Il

Osmolality AST ALT
Elapsed
apse (mOsm/kg) (IU/L) (IU/L)
time
(hours) g LEw SW SW—FW SW SW—FW  SW
0 348.0+325° 378.7+13.3" 335+49° 305+64° 15+02° 19+01*
6 3533+17.2° 383.7+242°  1280+21.2° 368+115° 1.8+0.3" 231408
12 348.0+36.8° 388.7+35.0° 1385+51.6" 41.5+10.6" 1.8£0.1* 21+06™
24 338.0£2.8%" 378.0+312°  985%44.5% 52.0+11.3" 22404 1.7+0.6%
48 2945+92° 383.0%+15.6° 92.7%£195%¢ 32.7+4.7° 28+09° 1.7+02"
72 274.0+20.8" 38451+258°  94.0%33.9°" 495+7.8% 28+15° 1.7+0.6"

The values are mean*SD. Means within each item followed by

alphabetic letter are not significantly different (P>0.05). AST:

the same

aspartate

aminotransferase, ALT: alanine aminotransferase, FW: freshwater, SW: seawater.
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Table II-7. Variations of osmolality, AST and ALT levels in plasma of black

seabream in Exp.IV

Elapsed time Osmolality AST ALT
(hours) (mOsm/kg) (IU/L) (/L)
0 3425+57 22.0+18.4% 254+0.7°
3 358.5+83 28.0+1.4% 3.7£0.6"
24 355.0£10.2 425+7.8° 4.8+05"
Day-30 343.7+14.5 15.0=5.7° 27+1.2°
Day-60 349.0+71 13.5+3.1° 25+0.6°

The values are mean*SD. Means within each item followed by the same
alphabetic letter are not significantly different (P>0.05). AST: aspartate

aminotransferase, ALT: alanine aminotransferase.
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(4) Fefe] kA% (HL, RBC 2 Hb)

Exp.IIolA] Ht, RBC @ Hbe] W3le Table-87 o) Hte A3 oA AF )
A ALl 208F11%FW Aol 6A1Z R 25514.6% 2 F3HA F7EATHP <
0.05), 48A17 3o 201+1.7% 2 HAFMAA FFo 2 3B rFore 43
AAAEE FEAZFA 197+£1.9~235+37%2 F93 w3zlE Holx PdthP>
0.05). RBCE= AZ oA A@NAA o] 2.940.1x10%ell/ fBH Ao] 6A17tso] 3.3
+0.8x10°ell/ w2 F-o18}A F7Veb7] Al ete] 2421274 A H T 48413k o]
3.9+01x10%ell/ ptZ ThA] Z7}8} Qg0 (P<0.05), 48A7HAolE 3.1+£0.2x10%ell/
mz AN FEo2 FJEHIUT dxTFolxs AENAANFEE SREAIZHA
28+01~3.0+05x10%ell/ 2+ WS Bolx JTHP>0.05). Hbe A3
Foll A AFMAIA 1952107 g/dLHA Ao| 24A 7k ¢l 25.071.9 g/dLE 2] &}7)
ZF7bsl A o KPP <0.05), 48X 71Aol = 205125 g/dLZ ARNAIA] FEo8 3 E
Atk PERFANE HPNAAFE ERZA7A] 173£2.0~203+26 g/dLE 2|3+
HEHE HolA & %THP>0.05).

Exp.IVelA4} Ht, RBC %@ Hbe] ¥W3le Tablell-99 2t} golA sz &3S
W Hes @A 162122%FE 2] 24M7bA] 249+31% fo3hA F7t

S ATIHP<0.05), 30U Aol 207+24%8 AHAAA o2 3BT 1

60U Aol &= 283+82% 2 Fol8}A Z7HeFATHP <0.05). RBCE Htd} w53 7

re

0

Yehi St Hbe A@MAAlO] 128109 g/dLPE o] 24A1Zk# o] 16.7+1.6
g/dLE2 #93tA Z71eldu7HP<0.05), 30g e 129+14 g/dLZ AHAPAA
FELE FEFHH.
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Table II-8. Variations of hematocrit, red blood cell and hemoglobin levels in

plasma of black seabream in Exp.IIl

HT RBC Hb
Elapsed . p
fime (%) (< 10°cell/ 1) (g/dL)

(hours)  gw_,pw SW SW—FW  SW SW—FW SW
0 20811 214431 29+01% 3.0+04" 195+0.7°° 17.8+0.5"
6 255+46% 225+1.6° 3308 31+01% 195+1.9" 203+26"
12 23.0+23% 215+23™ 33+02% 29+0.2° 213+1.2° 195+22®
24 2544214 224+33°% 3.9+01% 3.0+05™ 25.0+1.9° 173+2.0°
48 201£1.7*° 235+£3.7°¢ 31+0.2°° 29+0.1*" 205+25" 179+15°
72 17.8+35° 19.7£1.9* 27405 2.8+01° 17.8+28 17.6+04°

The values are mean®™SD. Means within each item followed by the same

alphabetic letter are not significantly different (P>0.05). Ht: hematocrit, RBC: red

blood cell, Hb: hemoglobin, FW: freshwater, SW: seawater.
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Table II-9. Variations of hematocrit, red blood cell and hemoglobin levels in

plasma of black seabream in Exp.IV

Elapsed time HT RBC Hb
(hours) (%) (< 10°ell/ ub) (g/dL)
0 162+22° 21+0.3° 12.8+0.9""
3 19.1+£3.4° 24+02° 14.3+2.4°
24 249+31" 31+04° 16.7+1.6°
Day-30 20.7+2.4% 23+03" 12.9+1.4"
Day-60 28.3+8.2 32+1.0° 12.4+1.3°

The values are mean+SD. Means within each item followed by the same
alphabetic letter are not significantly different (P>0.05). Ht: hematocrit, RBC: red
blood cell, Hb: hemoglobin.
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() ob7twl o] T+x

Exp.M A 244135 olrbul= Ajw e 37 Fxs), 23 W] &S =5d
ol #AHJTHEIG I-12, A). 72A 7= 23R8l e] W€ F4Ho2 YExte
u, AR 23k o] §3E W S4be]l R UCHFig O-12, B). EF Exp.Id
A dlg AMSE ZAEEY orivle EFAE JltH(apical pit)y7t A e ¥
BE Jetlln glom, AFAE A7y e i nEZ=eolrt #EHAG
(Fig.[[-13, A). ©%A}% 124 7b5) (Fig. [1-13, B)ol= 97} H| & (pavement cell)7} #3
HA ogsteow, ARAEZ AERY e 2HAE 2HGE BAFAG &gl
Hlsf) o] SZNME sl7to] fAISH oY, nEZ=gole} S HESFE BFET
T AAT. FFALS 24220 A (Fig 1-13, Oelle EFAE M7Re SsAe =44
& BYPEd, 24089 Solstd HAMErE d8AE Ao aFHAJY. =T
nEZS=gol 8 1AM o Bxrt AodAe Ao g vEkth BEAbS 724
A (Fig. I1-13, D)olle AFAHE NFHE7E &3] 283 2 Yesi ARHAE
o ot € BYS B

rir

Fig. II-12. Photomicrographs of gill filaments and lamellae of black seabream in

Exp.lI. A: 24 hours, B: 72 hours. Bar=50 um.
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Fig. II-13. Electron micrographs of chloride cell of black seabream in Exp.Ill. A:
seawater, B: 12 hours, C: 24 hours, D: 72 hours. Bars: A: 1 um, B, C
and D: 2 um. AP: apical pit, M: mitochondria, N: nucleus, PC:

pavement cell, T: tubular system.
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Fig. II-14.

Fig. M-15.
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Changes of survival rate of black seabream in the abrupt-down
salinity changes during experimental period in Exp.Il. FW:

freshwater, SW: seawater.
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4. 51 #

AbS4e] dRuslE oAy 2EY A a0z Zgsle JEY XHo| B4
3] A = (Mazeaud et al., 1977), &% 7}elFo}l(Schreck, 1982)3} cortisol (Chang
and Hur, 1999) %<& A5AZth olfE olgjg 2E#H 27 ASHT o o
& Ao 7FAE M (Wedemeyer and Yasutake, 1977), B3 A2 WA= 3

o] mAA "tk o]Frt YA =2HA H-wAA-IFHS A LS (Perry

A F}E| ol # cortisolS BFow waA WEEHA s, AHRHoer =FIL
A1 34 (gluconeogenesis) S B3 FFHA29 dF BHIE S/ oA AW
A Ao o8] Vel E cortisoldt 23 e olAHvp e 2EH A AEZ 1F
g th(Wedemeyer and Yasutake, 1977). =3 @elo] b, Ad, oz, Hsjd, Ht,
Hb 2 7+ 28129 48 wigle AE 29} oAl AYEA %7t AR o)&
Hrh(Wedemeyer and McLeay, 1981).

Barton and Iwama (1991)& olFoA 2EHAE FAS o), oFd = EF

cortisol FE FAFol o2& 28N
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ox
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il
(@)
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i
H
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e
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o
= g

=9 AA
o 2EFH 2o T cortisol FEE H 1AZEA UEsaL, 3A3F ofFelle AR

©2 38392 (Robertson et al, 1987), Foo and Lam (1993)2 d}3jo}e] A il

=g 2EY 2 820 F cortisolo] 4% ool F71etr] AlRste] 300l Halse
Fo gettn Rustgrk B AgdMe slgodA @eA SAAd desE
FAe W 5 (Exp. 1)9} 2473 (Exp.T)el cortisolo] F7He ¥HA 34 9
AgE AL W 6AIA F7hslr] AlEsle] 124170 Hagie] dEpgton, ®g
Exp. 13 T4 cortisol®] ZHigho] AAFAEG 742+ 23, 248 AT =AW
Exp.llol A& 128 B= gtk 99} o2t dx2 B o oy v #4

il

3 Ewsls WAl ARMHNT AEgs wrgo] wi e, sEds
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o AR, 4% dE¥ge g ~EH2 wgd Ut don, 4, o FdA

cortisol®] G¥&= A}, A5 xH, HYgat Aol ¢lo v (Pickering, 1987), wi7do

(Anguilla anguilla)$} 22 BG4 o] F oA cortisole i} EollA wjy Fagh

HEZAE FaEoltMayer et al, 1967). £3], o}7tne] AFAHE] Na K'-ATPase

24, Na' K'-ATPase «-subunit®] ¥ Wahs 28 A3ty 5433 &Y

84S S7HNZ B (Pickford et al. 1970). WA, 2 AFA FAEFS Tl s
&

2 &4 1 cortisold] F7HE obrtH] ARAME A4S FHAII= F

Le Ruyet et al. (1998)

flo
=
Ho
¥
(o

al
seabream X] o]l 4] cortisol F%7} F23] A3ty Hud v Qo 2, sl
o
o

| =7}% ™, Barton and Iwama (1991)+
cortisol %7} Folo wel 2FIA FEV Bolxe 4L 2EH & 9%
s2E Weg Hme 24wge Azdw A olud AsE %o, Mugi
cephalus (Chang and Hur, 1999), pejerrey, Odontesthes bonariensis (Tsuzuki et al.,
200)s B2 Aol Biusi drh olgst Age B AFdME LdAEa

o, o] - (unpublished data)oll A= F2A3 AEHEA] cortisole] T &
7bE gl 2 F52 Fes WU flded, ol A2 cortisoldl] ols FF5A A
Fdol dolur] Aol 23227t dAAA FAE Yl duAYLeR F435] AHEH
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24 % A RS B9E oY 4% we 9 4 4% 2AR] A9

22 Bxp. 1 ~NVeZ o] dysioirt. 2t A3 24} &5& Tablell-13% 2
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Exp.1: @3 2 &4 AISS A5 AEgA WS
& Plal-ZALEY] ffste] @t A7 1149 A A E 80vke) (WA 143104
cm, AF 51.0%6.0)9 sFolA ALEF AAHE 74nie] (B4 144102
48.6£0.6)5 AHEste] g B sipolM 12097 ASStAa Tk AR S8 A
Alegog T8 4719 FRP AP F2(F8F 220 0)dA AA AT E42 0,
30, 60 3L 0L A AHSAT. AHF7IME AlmE FHAHE ALR(EDY 42%, =7
W 7%, 28R 4%, 238 17%, ZE 1.2%, ¢ 27%)E Y AFE 3%E /FeR
THetRon, AARTHEE Fe AEFS ST ASEELE £ Figll-l
oA Jeth BFFe ud F AR5 07-13%H 02 ATk
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KN

2SN 689U f54) AFSA2Ho R ARG OH, ASERA(2003E 59
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Table I-1. Investigated items of cultured black seabream in freshwater and

seawater in each experiments

Experimental physiological ) )
. Investigated items
conditions responses
plasma cortisol, glucose, Na’, K', CI,
stress,
Exp. 1 osmolality, AST, ALT, Ht, RBC, Hb, gill,
osmoregulation
muscle, growth, survival rate
Exp. 1l plasma T, E,, seminal fluid pH, Na’, K', CI,
maturation
m osmolality, GSI, gonadal structure
Exp.lV metabolism oxygen consumption
26
o
~ 24
g
2
© 22
o
£
8 20
S
w 18
=
16 1 1 i
0 30 60 90 120

Rearing days

Fig. M-1. Daily variations of water temperature in tanks of freshwater and

seawater rearing in Exp.I. Arrows indicate the blood sampling time.
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3. 4 3%

7} 84 9) cortisol ¥ FHEIA EL

Exp. 1 oA @< 2 S 5ALS3 2459 cortisold} S5 32~ WH3lE Figll-29
2ot g A AMSSE A E cortisol FEE AEMAAIFE 90U7A] 5.6+1.
3~105+9.9 ng/mLYon, |5FAGo|AE 34+13~48%37 ng/mLE §°3 W
312 HolA FUTHP>0.05). FFAIFA SFIA2 T HYUNAAC 458+33
mg/dLG® Aol 90 s o) 89.7+10.8 meg/dLE 49314 Z7}atATHP<0.05). 3
S AFAA A G 57.3+410.8 mg/dLEE Aol 60 o= 422177 mg/dLE
FrolslAl ol B O P <0.05), 90U Aol 648+114 mg/dLE AANAA FFo
= 3 E3dh

mEq/L, 1748£3.2 mEq/LZ 9l zo|7} 1o, 0YdE 2+ 171.5+3.0
mEq/L, 176.8+21 mEq/L& 3|$ALS o] AR fo8 02 =htHP <0.05).
K' 55 AFNAIA Y 212z} 38105 mEq/L, 40£1.8 mEq/LEE o] 60952}
YA Ztzt 49+04 mEq/L, 33£05 mEq/L®} 53£09 mEq/L, 43*04
mEq/LEZ @FARgo] AR foHor EgthP<0.05). CI s AN
A Al Zbzh 170.0£8.7 mEq/L, 153.7£25 mEq/L, 30¥#jo) zz 183.0£113
mEq/L, 1543419 mEq/L, 609 z}z} 168.0+3.7 mEq/L, 158.0+-1.6 mEq/L&

GrAbgo] NGALS T frolahAl RO HP<0.05), VLR E 2o]7t STt
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Fig. IMI-2. Variations of cortisol and glucose levels in plasma of black seabream
reared in freshwater and seawater (Exp. ). Same alphabetic letters are

not significantly different (P>>0.05). FW: freshwater, SW: seawater.
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o @39 AEd 5%, AST % ALT

Exp. T ol & 9 slertse A5 AFE 5, AST 3 ALT ®iste Table
M-29F 2oy @k siFARoaA AFEA sos AFMAAIRE 09744 72
346.7 4.6 ~356.5£2.1 mOsm/kg, 350.0:2.0~357.0:£22.6 mOsm/kgo & 2|5t W3}
5 HolAl FSTHP>0.05). ASTE @ollA AF/MAIAIG 177123 TU/LAEH A o]
30UA N E 47.0+9.6 TU/LE {954 Z/8IAATHP<0.05), 60UR o= 13.3+21
IU/LE H3NAA $23 2ozt gtk 18y, 90U #¢] 89.5+0.7 IU/LZ 98}
A E7FREHP<0.05). gl e 217164 TU/LYE Ho] 0URdE 3851122
IU/LZ #o3tA 718t AthP<0.05). AST= w<rot dFAtSolx HFNAIAFH
A7+ z+zt 33113~7.0£28 IU/L, 27+12~67129 TU/LE2 o8 wiz s
Bolx gkt (P>0.05).

g}, dolo] kA ak(Ht, RBC ¥ Hb)

Exp. I oA 9 2 siAS8 4S9 Ht, RBC 2 Hbe wsl= Tablell-37}

2o g@ek ol Htel RBCE AFNAIAEEH 9097HA] o & Apol& Ho|A]
& ITHP>0.05). Hb 904 #d] oA 196112 g/dLE sgollA] 157133
g/dLR Tt Fo]3 A & UTHP <0.05).

ol orbulel 2&9) T2

Exp. 1914 A717F A8 29009 wlde slgAlgol val s 3o
ke g JERIQon, 23 Ro] 24 Bold BES IS 4 AT 1
gy Ao FAY EAe BEE R rhFiglli4, A, B).

spol zAsta e Figll-50] Yehleh m3e $AE 47 178113 m,
251+89 mz, Ay 861493, 10571473 mz dFolA FALYG. Az F

A Z+2y 2452163 um, 17.417.6 mO 2 GFASA] o A4 Y
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Fig. IM-3. Variations of Na', K and CI levels in plasma of black seabream
reared in freshwater and seawater (Exp. ). Same alphabetic letters are

not significantly different (P>0.05). FW: freshwater, SW: seawater.
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Table TI-2. Variations of osmolality, AST and ALT levels in plasma of black

seabream reared in freshwater and seawater (Exp.1)

Osmolality AST ALT
Reas

carng (mOsm/ kg) (TU/1) (IU/L)

days FW SW FW SW FW SW
0 3490420  350.0+20  177+23% 21.7+64° 33113 60+08%
30 3467+46  353.0+26  47.0+96° 133432 58125 27+12°
60 3543+61 357.0%226  133+21%° 167425  45121° 53+21®
90 3565121  354.0+53 895107 385+122°  70+28° 67+29°

The values are mean*SD.Means within each item followed by the same
alphabetic letter are not significantly different (P>0.05). AST: aspartate

aminotransferase, ALT: alanine aminotransferase, FW: freshwater, SW: seawater.

Table [M-3. Variations of hematocrit, red blood cell and hemoglobin levels in

plasma of black seabream reared in freshwater and seawater (Exp. 1)

HT RBC Hb
Rearing (%) (X 10%ell/ ut) (g/dL)
days FW SW FW SW FW SW
0 19.8£0.6™ 185+=0.7" 25+01% 22+01°° 164+0.7"° 145+05"
30 19.9+1.2" 19.8+44%" 24+01%" 23+0.6" 13.3+0.7*  16.1+05"
60 17.9+£21% 229=+15% 22+02° 28+02" 18302 17.8+1.3™
90 21.2+31%" 237+15° 29+03% 26+01" 19.6+1.2%  15.7+3.3*"

The values are mean®=SD. Means within each item followed by the same
alphabetic letter are not significantly different (P>0.05). Ht: hematocrit, RBC: red
blood cell, Hb: hemoglobin, FW: freshwater, SW: seawater.
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Fig. T-4. Photomicrographs of gill filaments and lamella of black seabream
reared in freshwater and seawater (Exp.I). A: freshwater, B: seawater.

Bar=50 um.

Fig. M-5. Cross section of skin showing the epidermis, dermis, lipid and muscle

layer. E: epidermis, D: dermis, L: lipid layer, M: muscle layer. Bar=50 /m.
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Fig. 10-6. Photomicrographs of hermaphroditic gonads protandric in black
seabream (1 year) reared in freshwater (A, C, E) and seawater (B, D,
F) (Exp.ll). op: ovary part, sc: spermatocytes, st: spermatids, sz:

spermatozoa, tp: testis part, Bars=100 um.
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External morphology (A, B) and transverse section of gonad (C, D) in
black seabream (2 year) reared in freshwater and seawater (Exp.Ill). op:

ovary part, tp: testis part, Bars=100 um.
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Fig. M-8. T and E» in plasma of black seabream reared in freshwater and
seawater (Exp.Il). Asterisk indicates significantly different (P<0.05).

FW: freshwater, SW: seawater.
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Table TH-4. Physical and chemical properties of seminal fluid of black seabream

reared in freshwater and seawater (Exp.II)

Seminal fluid

Property
Freshwater Seawater

pH 7.71+0.3 81+0.1
Na" (mEq/L) 165.8+13.2 176.61+3.9
K" (mEq/L) 20.7+6.1 15.2+£20
ClI' (mEq/L) 172.0£17.2 176.2£4.8
Osmolality (mOsm/kg) 371.8+13.0 372.6+5.5
Total protein (mg/dL) 122.8£10.6 146.8+£24.6
The values are mean=SD.

Ab AbAan

Exp.Voll i & 2 5 AMSFR0 AEY AhsH dFgdsS
o "ol dlgdlA welAFY ssEEe 77h 20742 mg/kg/hr,
mg/kg/hr., /WA T v #e Z4zE 453 mg/fish/hr., 7.44 mg/fish/hr,

AbAAnl e 0.0007 mg/breadth fish, 0.0014 mg/breadth fish& 3follA] Abads

Wl o] wakeh.

o} ofAle] AuraE =4

Exp. I oA AR =40l

1:1:2

Ly

e
—
3R
Uy
®©
—_
I+

0.2%, 69.8+0.2%, =¢tel2 17.8+0. 0.2%,

sRgare @oh H5ALS oA

2 10.0+0.6%, 7.8+1.5%,

237 58102%, 65+05%% UElo vy 28k Aol AGHA

0.05)(TablellI-5).
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Fig. I-9. Daily rhythm of oxygen consumption of black seabream in freshwater
and seawater (Exp.IV). White and black points indicate the day and
night respectively.

A 47 2 AEs

Exp. 1ol A3 4L AR/MAA Feitsd sjibael 242t 143404,
144402 cm@PW Zo] 30, 60, 90, 1204 Aol Zzt 151107, 160209, 17.0+1.1,
18.0+1.0 cm9} 14.6+0.1, 151406, 16.2+04, 17204 cmE Yel}, G5ALS 0
AFAS R wE GRS Bk AES 717} 510460 g 486106 gol@ Aol
30, 60, 90, 120 Aol z}z} 59.8+10.6, 72.4+14.7, 8824£22.0, 102.7+17.3 g3} 50.7+
12, 51.8:£24, 69.116.1, 835157 go & Yeht}, gFASo] di5ALS B Aol
Wkt (Fig M-10). AMSFRA(12094) S5 w5k sfgelx zhzh 14855+
4158 g, 78681236 gO & @rALGO] SFAMS BT 93 BeHP<0.05). o

ZF AABAAHEES 1.21203%, 1.2+102%9 o, ArEE8E 441+43%, 37.8£11.0%,
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eFE> 7t 71.9168%, 443+1152%, AN AEL 0.6-01%, 04+01% = E
Abgo] WAL BTh ot ol Aol glRITHP > 0.05)(Tablell-6). &8
AVS 30U A wol slol A 217k 88.8%, 922% 2 alolA wekoul, AWEw

Aloll= 802%, 73.7% 2 g0l dlrARS T % Qhrh(Fig. TM-10).

Table [I-5. Body composition of black seabream reared in freshwater and

seawater (Exp. 1)

Rearing . . o
Moisture (%) Protein (%) Lipid (%) Ash (%)
water
FW 674102 17.8+0.1 10.0X£0.6 5.8+0.2
SW 09.8+0.2 18.1+0.2 78115 6.5+0.5

FW: freshwater, SW: seawater.
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Fig. M-10. Total length, body weight and survival rate of black seabream reared

in freshwater and seawater (Exp. ). FW: freshwater, SW: seawater.

_92_



Table TI-6. Growth factor of black seabream reared in freshwater and seawater

(Exp. 1)
Rearing
FI (%) FE (%) WG (g) WGR (%) SGRW (%)
water
FwW 1.24+0.3° 441+£43% 1485514158 71.916.8° 0.6+0.1°
SW 1.24+02° 37.8+11.0° 786.8+-23.6° 443+152° 04+0.1°

Means within each item followed by the same alphabetic letter are not
significantly different (P>0.05). FI: daily feed intake, FE: feed efficiency, WG:
weight gain, WGR: weight gain rate, SGRW: specific growth rate, FW: freshwater,

SW: seawater.

% coltisol =F FFAl7]e 9L 3 (Chang and Hur, 1999; Chang et al.,
2002; Min et al., 2003). oJF7} A&H o8 AEH 2o a9 9, ool T
Ardoel gastA =Ha, ofFe 44 9 mAsHo| HolAe Ao dEA

(Wedemeyer and Yasutake, 1977; Pickering et al., 1987). o}F7} =~EH~E 7HA]35}

A=W, Al skr Al dE o 2o YRADGES Fote] cortisolo] dFoE
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ol gl th(Specker et al, 1989). AlAF&FREe} HE4AH = cortisole FAdbe 7|HL

fu

, 53] HokeA dge MAExERE EuEHes RBAgE AF5EE
(adrenocorticotropic, ACTH)S cortisol #H]9} A48 ZAste T27
AHSumpter et al., 1994). T3k o] Foll A2 cortisole oJA 2] 3 FAE H3H
FF3IZ2 AT A (gluconeogenesis) S 53te FFF2 dF BHIE FIUHAIG
(Chang and Hur, 1999). Cortisol2 thA} ol %], E-o] 23§, 2kA uptake, HY 5
B (Wendelaar Bonga, 1997), o]&dt ZH7|5o=
Adted o F7E 2EH2 a9l diste A& & dA He Aoz LA Aq
(Barton and Iwama, 1991). =3, ~E#2g Q3 A cortisold] F7te= oAl
gk s HAA Hol, 4FAA ¢ AHdsg AdANAdE Rix Y
(Pickering et al., 1987). Cortisol A vxe 2Ed: a9 93¢ porgy,
Sparus aurata (Mosconi et al., 1998; Rottland et al., 2001; Sunyer et al, 1995), red
porgy, Pargus parqus (Rotlland and Tort, 1997) % rainbow trout, Oncorhynchus
mykiss (Contreras-Sanchez et al., 1998; Ruane et al, 1999) SolA Xi31@ ule} 2
of B4 2 dFolF BN et ok
B Ao g5 2 SFAS A 0L A 7R cortisol F=7F 56+11.3~105£99
ng/mLZ 3|FALFAIQl 34+1.3~4.813.7 ng/mLell Hld] T B2 RS2 UEY
oh. 28y, doj3 o] Fo] <HAA] cortisol & Pickering and Pottinger (1989)7}
2EHAE WA e AEolA 30~40 ng/mL £ FAFHA FEilA 5 ng/mL
2 813 v lem, ®3 Chang et al. (2002)& siFolA 7HAE2] HAHA] cortisol

FEv 34.2+286 ng/mLE H 33k v} o) wgbd B Aol YERd cortisold]
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AAREL T F(Fujii, 1971)v 48 7 (Moyer and Nakazono, 1978)2] ool A
A2 E = AXHE FANA GFHez Ao vi¥e 4453 (protandry) o] Foltt
(Kinoshita, 1936; Okada, 1965). # A-tollA] w<= 2 i ARSSE A5 AAY
4 ARE Hetstr] 9fste] 2AbE AE 2dole] AAALAE B ALFES dai
Ho] F&ate ALEAYL etk A9l 596 dAFRe gt i

A71e] dRARE GAA o o) deEatx] A, ALREL fFE YA

S
o 54 % BYF 5402t 4] pHel HEAEER, H8 SHozE P73
o ole¥E, FUMAF Fo TEEL UrhLim 1998). B AFeNA w5 % 3
& AH5E GAE 449 pHE 47 77+03, 810018 F5EG siFelM )

UEbgto ™, 25 of Uvtej S vEhllth 28y, Lim (1998)2 si<rolN 354

Bk vk lth turbote 7.3 (Suquet et al, 1993), ol
74 (Chao et al, 1975), tiA o= 83 (Hwang and Idler, 1969), 71574 o] #/<l
Pejerry+= 8.3 (Strussmann et al., 1994), YJo]3} o]+ 8.1~85 (Lahnsteiner et al.,
1994y o 2 Baxi ok &3 Chao et al. (1987)2 "a}H o}, Oreochromis aureus,
O. mossambicus, O. niloticus 2 Tilapia zilli¢] A% pH7} 6.2~82F ofFol wz} o
G A2 7RG ST olA Y Fdet Fge pHe ofFol wet ek,

ol

FolF A FFEArEv ditdo R @goFry o FANE] AT
AEFE e 297 mOsm/kgolal, &%, Carassius auratus$} Y ol, Cyprinus carpio= Zt
z} 317, 302 mOsm/kg ITHMorisawa, 1985). 1eji} sFolH<¢l B, Fugu
niphoblesz} 7+ Fol A& ZHz; 342 mOsm/kg, 359 mOsm/kgo. & o F{ol nl3|
°F 40 mOsm/kg A= =T (Morisawa, 1985). ¥ A-foll A T4 2 s5AS38 744

B A% AFEAd¥sE 247 371.8L£13.0 mOsm/kg, 372.6+55 mOsm/kga <
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Fig. IV-1. Effects of three different salinities in hardness and gel strength of black

seabream.
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Table IV-1. Comparison of fish flesh of black seabream cultured in freshwater

and seawater

Items Freshwater Seawater
transparency 1.4 0.8
Appearance
luster 1.3 0.8
hardness 1.2 1.6
elasticity 1.2 1.4
viscosity 1.1 11
Texture
moisture 16 14
chewiness 1.6 1.8
quality 0.7 0.7
Taste sweetness 0.9 1.0
Flavor fishy smell -0.1 -0.1
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Table [V-2. Evaluation of economical efficiency of juvenile black seabream (100 g)

in freshwater

EEE
g = F = N
wHe) | BA | 29()
27454
zHq | OO 8 1,000 | 80,000 | 80,000,000 | 800,0001}2] % 1,000
ul (100 g)
st A 49,250,000
PN A 46,750,000
= m 200 | 100,000 | 20,000,000 | 100,000%}&] x 200
1,5009 /ke % 4,000 k
A B 1,500 4000 | 6,000,000 «/ -8 &
(AtE8-& 50%)
oo 2 A M| 1200000 10 | 12,000,000 | 191 %1,200,0009 x10Y
H]
4 7 8 250,000 10 | 2,500,000 | 200,000 x10Y
A&
AW E 100,000 10 | 1,000,000 | 10% x 10,000
Z 3 Ay 500,000 10 | 5,000,000 | 1¢] ¥500,00091 x10Y
oF i u 25,000 10 250,000 | 25,0009 x10Y
A 2,500,000
[ A (552 5 2):
250,000 10 | 2,500,000
7A7F A7t 25,000,000 < 1/10
&) 229 - A 80,000,0009] - 49,250,0009 = 30,750,000 (38.4%)
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Table IV-3. Evaluation of economical efficiency of adult black seabream (400 g) in

freshwater
&%
g = | F = Az
W) | BA | ()
A}E o) Ty 32,000 < 400 =12,800 k
2229 g5 o 11,400 | 32,000 | 364,800,000 5 &
(400 g) 12,800 x 11,400=145,920,000
ki A 92,050,000
P A 89,550,000
= = 800 | 50,000 | 40,000,000 | 50,0001} 2) x 800
150091 /ke % 19,200 k
A 8 1,500 | 19,200 | 28,800,000 f/ 8 &
(AR ES 50%)
_('3__
oo e 1,200,000 10 | 12,000,000 | 121 x1,200,000%] X 10
(¢}
5]
4 7 = 250,000 10 | 2,500,000 | 200,0009) x 10
=
A moE 100,000 10 | 1,000,000 | 10% x 10,0009
z B ) 500,000 10 | 5,000,000 | 121 %500,000¢] <109
oF E 1) 25,000 10 250,000 | 25,0009 X102
A 7 2,500,000
71
SRS 2 ) AR (892, 5 F):
& ] 250,000 10 | 2,500,000 | ° 14782, 52)
71 A7} 25,000,000 x1/10
Zmol| Q) L & 145,920,00091 - 92,050,0009 = 53,870,0009 (36.9%)
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