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Physiological Responses of Cultured Olive Flounder ( Paralichthys olivaceus) on
Series of Lowering Seawater Temperature Sharply and Continuously
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Physiological responses of cultured olive flounder ( Paralichthys olivaceus) on lowering seawater temperature sharply and continuously
were studied with 4 experiments of temperature changes (Exp.I~1IV). In Exp.l, the temperature was decreased from 18C to 9C by
the rate of 1C/hr, thereafter back to the initial temperature after 5 days. With the same conditions of temperature rate and 5 days
interval, the temperature changes for Exp.II, III and IV were 20C to 17C, 23C to 14C and 23T to 17C, respectively. Serum cortisol
and glucose were measured during whole experiments. Hematocrit (Ht), hemoglobin (Hb), red blood cell (RBC) and mean
corpuscular hemoglobin concentration (MCHcg were measured in the Exp.J], and osmolality, electrolytes (Na*, CI-, K*,
Ca®*), total protein, aspartate aminotransferase (AST) and alanine aminotransferase (ALT) of serum, in Exp.II~IV. Serum cortisol
levels were significantly increased by the lowering temperature sharply during whole experiments, while serum glucose levels were
increased only in Exp.III and IV. Ht, RBC and Hb were decreased as the water temperature was lowered, but MCHC was increased.
The serum osmolality was reduced and the unstable changes of electrolytes were shown by the changes of seawater temperature. No
significant changes in total protein, ALT and AST activity were observed.
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& AotEndo 24, thAl (Barton and Schreck, 1987), 4 E ot Yaugrt Aadez wAsn gLdx E7dm
# (Clarke et al, 1981), WY (Maule et al, 1987; Pickering,
1992), W4 (Carragher and Sumpter, 1990) ¥ #%¢ 23
(Robertson et al, 1988) o) Ha7t A7Ee Roeg FHAR 3}
o AFFA AN AFFL A7 FE B 2EHLZ2E hand-
ling, confinement, ¥4 ¥ %A% 5 AYF 29 (Donaldson,
19803 ALY T (Wedemeyer and Mcleay, 1981), 54 (Smart,
1981), & (Fryer, 1975) ¥ 9 ¥ (Singley and Chavin, 1971) %
8744 29¢ € F 9 oFe FEHEHA I3 AU €
A 2)de} 7} M 33k (Clarke et al, 1981; Berg et al, 1992), =&
2 ofe WA, G AR FH 2L A 2U8 AL
e 88 War 9o 53 24T £29 Wste oA 4
2248 WA AY AW 44 (homeostasis) S 5 AL 4
1t} (Barton and Iwama, 1991; Pickering, 1992).
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7hsel A71H7] ARG, 531 FaA GRAAAANE U Fig. 1. Temperature variations of rearing seawater in an olive
B 11g9Atolo] Watirl @ftel wet o] HHE 7 SAeR flounder culture farm located in Daebyeon area, Pusan,
A gx FHFY ARSI F4E s AL q3s Korea in 1995 and 1996.
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Fig. 2. Four kinds of temperature change designed for the
experiments of series of lowering seawater tempera-
ture sharply and continuously. Arrows indicate the
blood sampling time. I: Exp.I, II: Exp.IL, III: Exp.
II1, IV: Exp.IV.
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1m) & ZA 38 AIF Fro) 05n 53] AL
EHsgern, UymAE 4CodlM 58I wxE H, f44EY
(12000 rpm, 5¥) o3 AL F&3to —70T EA}EA
FEZ (cortisoD T SF I 2 (glucose) 59 £ A&
EE 4¥oA ZEE FEE cortisol RIA kit (DSL, USA)E
Areste] g9l - FAEE FEF TS, Wizard 1470 y-counter
(Hewlett Packard, USA)E AH&-3ld radioimmunoassay (RIA) 2
ZA39 Y. FF22 =5 A9 Sicdia Glzyme (Shinyang, Ko-
rea)o] 98 A4 E A4 quinone¥4E Hitachi 736-40 (Hitachi,
Japan) o2 H|M A Fse RE AYPA Bt
{8743 (hematocrit; Ht), 824 % % (hemoglobin; Hb), 3
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A4EE (12,000 rpm, S¥)F & hematocrit-readerZ, RBCS
Hb+= Automated hematology analyzer (Coulter STKR) 2 &3 3}
A3, MCHCE HbX100/Ht& Aatsta] T3t9ith, Expll, 11 2
Vilde 839 #4%3d 5% (osmolality), A& (Na*, CI°,
K*, Ca**), 994 (total protein), aspartate aminotransferase
(AST) ¥ alanine aminotransferase (ALT) 9 2 o}v]x7] Ho]
EAE gyl 4FA FxE Nag9y g42d ozt 534
o] & AL $4389 micro-osmometerE A}E-3t9 FA3 Y,
A& A (Na*, CI°, K', Ca**) FZE AVL 988-39 electrodes
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€3t} Hitachi 7150 A2 £43 Atk ASTE A% N ET]o}d
o)ol ~¥] (EIKN, Japan), ALTE A% W= tjo}df o] AE| (EIKN,
Japan)& A}£3He] Hitachi 7150 FX 2 NADH,d ¥3x #4
&4 93 ZAFH
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55 ng/md) & Yehl it} (P<005). 28y 12T (12412 A&
OA] XA Y S22 3 EEHYoH, $2o] HAAZ 44 (18T,
A AN EANE WA E H%F FEE FAHAY ExplidHe
AAAIE 20T M 15201 ng/mFY Aol 17CAM 4601
ng/M2 F23A F58HT (P<005). olF TA] 20TE F20]
352 4 MAA FEoZ JEHYT ExpllldAe 23CdA
4CE 748 9 ZEZ F=7F 20408 ngmlolA 73107
ng/mZ Expllel H&] §73] dson, & &5 e Exp.
e Az Hsd 2328 2Y ExplvillHE 288 o2
FHE FEE F9F WEE BojA %A, Explist M9 A
AR FH v AR
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Fig. 3. Variations of cortisol and glucose levels of olive floun-
der serum in the experiments of series of lowering sea-
water temperature sharply and continuously. Different
alphabetic letters on the bars are significantly different
(P<0.05).
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Sl e FR3IA 5 94 ExplIT 22 Wi A%E
YER AT} (P<0.05).

2. Ht, RBC, Hb ¥ MCHC (Exp.I)

Exp.IolAl o} ¢ Ht, RBC, Hb ¥ MCHCS ¥3l+ Table 1
3 2o AFAAA HitE 268 £13%A2u, 9T o228 &
g&A Zdado AL (177+£1.0%)S 2FTG(P<0.05). 28
U o] e we J8Hs FFE XYY RBCE 48
TRAVA] 323 26X 10° cell/ub B Aol 9CAMN HAF (240 £ 27
X10% cell/uf) & B2 (P<0.05), F&°] 45T o 3543
o} Hbe AEAAA 7.0 £ 0.5 g/deg o} 9T A 52 + 0.4 g/dl
2 FA%E YA (P<0035), 20 45T dole AN
F2) 3 aolglol FolAth MCHCE 4dMAIA 262 +13% %
o Aol 9T (9N ZEA)NA 291 £ 05% 2 F28HA Frsigt
(P<0.05). o1& 12C QIAZAD AN H2g (306 03%)&
T AR 18T (90AIZHA) 2 A5 3ol wha} 7| Al A
FEOZ Yol

Table 1. Hematological factors of olive flounder on lowering
seawater temperature sharply in the Exp.I'

Temperature (C) 18 9 12 18
Exposure time (hr.) 0 9 21 90
Ht (%) 268+ 13 177+£10° 239£06> 292+ 1.0°

RBC (X10* cell/ul) 323 £26* 240£27° 342%10° 347%15°
Hb (g/de) 70405 52+04° 7302 76+01°
MCHC (%) 2624 13° 291 £05° 306+ 03* 265+ 05°

'The values are mean * SEM (n=10). Means within each row
followed by the different alphabetic letter are significantly diffe-
rent (P<0.05). Ht: hematocrit, RBC: red blood cell, Hb: hemog-
lobin, MCHC: mean corpuscular hemoglobin concentration.

3. 3o MFY =T, NlE =T, STMEE, AST ¥
ALT (Exp.JI~1V)

F29] F7ste BE ¥x ¥4 AEW3E Table 29 2t
A9 HFA FET Expll ¥ ExpllldlA #993e JAAT
& A ZAFAL, 2ol 45T Ao HAA] FELZ F
He 2%E 24t 28y Explvel s 248 A4 4640 +
33 mOsm/kgH Y Aol 6C 3448 o 4351+ 46 mOsm/kgS 2
A web 2w (P<005), 28NS L2 (30)2 &4
SHTE 40701 1.1 mOsm/kge 2 H§ YolA,

Na*®] $E% Expll% oA #&0] Wopd de f9¢ ¥
b gou, ANA o2 FAHNE o trHe Aol
AT (P<0.05). 284 ExpIvillde AFAAA 158311
mEq/LHE Ao] 6C WHZE o Explllze AsE 1717+
9.6 mEq/LZ #2384 271 (P<0.05)3 tg, 7HA A9 FLo2
#9498 o RolHAY, A3 AN FF Bt ¥& @E B
B3 A 20| o] FXA G AoZ ey 19
AFHA(Cl7, K* 2 Ca**)Y FEW3 94 Na*9 22 Aol
At

do Ay a2

)



604 397 - 435

Table 2. Physico-chemical compositions of olive flounder sera
on lowermg seawater temperature sharply and conti-
nuously in the Exp.Il, III and IV'

o, o,

Exp.II (—37) 20T 17¢ 20T
Osmolality (mOsm/kg) 4127 + 100 4010+ 76 4100 + 104
Na* (mEq/L) 1728 £13* 1707 £ 1.8 1693+ 1.I°
CI” (mEq/L) 1483 + 16° 1453 £ 20 1453 £ 1.0°
K* (mEq/L) 44103 32%01° 37:01°
Ca®* (mg/dé) 80104 67106 63+03°
Total protein (g/df) 39+01° 33+01° 33+01°
AST (1IU/L) 5219  43%07 57%12
ALT (TU/L) 20505 10%05  20%05
ExpIII (—9C) 23¢ 14C 23¢C
Osmolality (mOsm/kg) 4223+ 11.8 4053 £ 184 4183 %14
Na* (mEq/L) 1683 + 1.5% 163.0 £ 3.7 159.0 + 4.6°
Cl” (mEq/L) 1423£15 1403+19 1390+£12
K* (mEq/L) 35+02° 29+01° 35%0.1°
Ca** (mg/de) 58+03 6705 60%01
Total protein (g/d?) 341£01° 31+01° 34%0]°
AST (IU/L) 71+£09° 5005 6017
ALT (IU/L) 20205 13403 10403
ExplV (=6C) 23C 17C 23¢C
Osmolality (mOsm/kg) 4640 +33* 4351 146> 4070+ 11°
Na* (mEg/L) 1583 £ 1.1° 1717 +£9.6* 1623 20
Cl” (mEq/L) 146305 1463+11 1433119
K* (mEq/L) 36£01  34%01 37102
Ca?* (mg/de) 61109 77109  58+04
Total protein (g/d€) 35202 34104 31101
AST (IU/L) 5710 43205 63126
ALT (1U/L) 10+03° 17203 2005

'The values are mean = SEM (n=10). Means within each row
followed by the defferent alphabetic letter are significantly diffe-
rent (P<0.05).

Fah AL ExpllA AdMAA 39101 g/degd Ro) &
2o} 374 wet 33+ 0.1 g/dlR F3A RolF o, L]
AeHAE Qo v e #58 YT (P<0.05). Exp.
MAME AFMAA 341201 g/d0AE Fo] =2 32 Af 3.1
0.1g/dez2 FostA wobsl o (P<0.05), Expll Bt} #3t&o|
Agror £2&445A JEHAUL ExpIvelAe 52 3734 48
MAAI G H &3 T2E Yo, AAA #2022 HIAE o
de Zasgiey e ddt

AST9] #A4& Expll® ExpIVelA #atE uvehlz egkxlul
ExplidlMe A8MAA 71209 TULHE Aol & 324 50
£05 IULE Ropzlon, & Al ta 3EsEe 23S By
o} (P<00S). ALTS 842 Explig} ExpllolA #eld wsls 2
o} B £ QIAAT ExpIvelAde A#MAA 10+03 TULAY AR
o] 42 A 1703 TULLE fe3tA Z7Han, A
Fgog A58 oy 20105 IULE HS FolAT (P<005).
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F38t} (Barton and Iwama, 1991; Pickering, 1993). o1 %& %
Lo o3 43, WA, AL AFES 22 4 98 § ASEF
2 9%& wed (Davis and Parker, 1990; Ryan, 1995; Ishioka,
1980). oJA 7t F&wist] AT o F2¥ 2AL FF7|% A
SER2A, A Fede L& i3t Aol Aol il HF
go] AAH, L& ALH olfe A2 JT R 4A
1e} (Horning and Pearson, 1973). W&}A 242719 &2 9]
W 2E Aee g4 LJXH BHEE oHA F Ao
G488 F2iste 43H AEE F93e AR 2EY
22 A48 F Ao

FEHEL YR AIAFAA FLE cornticosteroid2A &
Efz ghge) AEZ dFH2 Aot (Donaldson, 1981). & A7
A4 YA FHF FEE oAt FH 2EA2E PR o
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(Ishioka, 1980; Robertson et al, 1987). & AeA gz A9
FREIAX FEE ?'a] 22 F2F4¥E F ExplolM 38 H3E
HolA ¢kgtel o]RE Park et al (1999)9] A+ZTe} FALS
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222 (Kim et al, 1995), 2E# 2o @ 97 AY F2317
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229 Tx7t F&FHd I KA Frske ZAEFE e
ok o) AL A7t 2EH &S EE v BF PSR S FEAS
7t F7hede 249 9723 (Ishioka, 1980; Barton and
Schreck, 1987; Robertson et al, 1987; Thomas and Robertson,
1991)9 ¥R & 3 vk 2 ExplIRE ExpIv7zizl olo]zl d# e
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Explold £&& AL o A AAAY ooz &
A39L v dx Ao FEE L FFIA FEI}F APNAA
FEOR IEHOIHN AL °ﬂE 2EH2 Hhgo] Bd oz
2gch 28y Expllish VA HEsE £2370 98 2
E1 ii” HAA S FELE s:li v Z23x~ Rt oA

3 ¥ AHE Ho ¥ 2EF 2o I oA 27 o]
%0}51451 3 4 9t} (Barton and Iwama, 1991; Pickering, 1992,
1993). =3 dAAY ZEE Aol oW AL BA %S
nld 4 g17] W& (Barton and Iwama, 1991; Barton and
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Schreck, 1987, Robertson et al, 1987, Thomas and Robertson,
191), 2E8 28 W& oA} Wste A F34 ¥ &
A8 A&FHoz gL dUAE 2737 HEA Aoz 3%
t} (Barton and Iwama, 1991; Pickering, 1992, 1993).

Ht, RBC, Hb ¥ MCHC 59 9487 Azxe AA9 ix
g YT, dolFol glo £24% AT dilde
2 Ht, RBC ¥ Hb: %7131 MCHCE #2438, $&3% A
& o9 widle] AFE ueldd (Davis and Parker, 1990;
Ishioka, 1980). £ @7 9A] Expl¢ Hi, RBC % Hb: 3S¢
W3o2 AF% Ishioka (1980)9 Zzs} o), & 373A #
AT FE A F7M8e g Bo £2F3H g 2E
g veg Jelyo 28y SFRAE 288 £& A ¥
2 A& Yehlol, Park et al. (1999)8) Aatet Zo] 134 A
F& F4d g g9 2Ef2 e Fd ez Hag
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o] SH37 A% oA aFFo] FobA (Schreck, 1982;
Davis et al, 1985; Barton and Iwama, 1991), wa&tx thAlZz3
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%7} #3kA "o (Davis and Parker, 1990; Ishioka, 1980; Rober-
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AEe 28Tl Holx AsjAL AdFHo A EH AoZ 4
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(Expll, IDANME & 37 wel Faddzke] Fiste 3
F& v 28y 20 AFHUY ExpIvellA Natg
A A AR A FENAFL IFYHE JEI T, Exp.
MIAA ALT €49 ¥t 3 Fo 2 Hol Y7t 2EY
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EE FeANAY RE 43894 ¥X9 ¥4 2EEH 2FI2
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24 55, A4 AF (Nat, CI7, K, Ca?t), 2949 AF, ofv

x7] o)Al ALT ¥ AST £49 ¥sle Expll, I ¥ IVl
A ZAL

FHE FET BE UM $£29 FAse g& Fof3tA
7MEAE, §3) sty Eo] E4E, £L20) ¥E4E W
o] At (ExpI>NI>I>IV). 53224 5 Expld 2 &
o3t Wil Ae ot 4 UAAT, ExpHelA &0 3748
¥ o di AL, £33 A5t F7hEl w2 (Exp.
o= v) #9384 44329, Ht, RBC, Hbe 2 3749 me}
Fo3A 7A% wd, MCHCE 71319t 4xd9) a3
g2} oA 9 A5A Fre ZAFYL, AHE Afe AFF
A 2P €59 2aAFLe td Fade FFoldon,
ALT B ASTS €42 53¢ 57 3% Ho)A g3
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