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Physiological responses (cortisol, glucose, lactic acid, osmolality and hematology) of olive flounder (Paralichthys oli-
vaceus) to stressors associated with confinement and subsequent transport were investigated. Specimens were subjected
to confinement stress for 3 h, prior to transport for 15 h. Two different size cohorts of the fish, large (839.6+162.7 g)
and small (98.2+14.8 g), were used. Experimental cohorts of the fish were divided into 3 groups for blood sampling:
group A, sampled at the beginning of confinement and 3 h before transport (BT, -3 h), after confinement and at the
beginning of transport (BT, 0 h), 3 h after transport had begun (AT, 3 h), and after 15 h transport (AT, 15 h); group B,
sampled at BT, O h, at AT, 3 h, and at AT, 15 h; and, group C, sampled at AT, 3 h, and at AT, 15 h. In the cohort of
large fish, plasma cortisol levels of the A group were increased over time, from 4.2 ng/ml (BT, -3 h), to 92.0 ng/ml (BT,
0h), 118.5 ng/ml (AT, 3 h) and 105.5 ng/ml (AT, 15 h). A similar pattern was evident in the B group, in which cortisol
increased from 47.5 ng/ml (BT, O h) to 53.5 ng/ml (AT, 15 h); and, for the C group, in which cortisol increased from
43.5 ng/ml (AT, 3 h) to 71.5 ng/ml (AT, 15 h). Glucose levels of the A group also were significantly increased, from
39.5 mg/dl (BT, -3 h), to 121.0 mg/dl (BT, 0 h), 298.0 mg/dl (AT, 3 h) and 260.5 mg/dl (AT, 15 h). Lactic acid levels
increased markedly during transport, from less than 1 mmol/L (BT, 0 h) to 12.0 mmol/L (AT, 15 h). Plasma osmolality
increased from 405.5 mOsm/kg (BT, -3 h, for group A) to values near 500 mOsm/kg subsequent to confinement and
transport. In the small-size cohort, plasma cortisol, glucose, lactic acid and osmolality levels showed similar but less pro-
nounced trends than those observed for the large-size cohort. This research provides baseline data on cortisol, glucose,
lactic acid, osmolality and hematological responses to confinement and transport, which should be useful to aquac-
ulturists working with olive flounder and to scientists studying other flatfish species.
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Aol XFHo £kom, HE (Robertson et al., 1988), W&
(Specker and Schreck, 1980), ~5A17F & A% 2EH X
Z 7 (Barton et al., 1980; Davis and Parker, 1986; Chang et al.,
2001) 5 @5 EE B3 2E2] el muFo] ¢
o =] AlFE 9 FalietelM ik dAdRe el
oA goledat e At ofsf WiFoz FAZE F£EEHL
dom, A2 RE Bojd AFEL o7 YSES Fol7]
o] olojgol A, dshta B AF F& AREE FEFR
9] 4283} g&AaS A8l UTh B3k Chang et al. (2001)
& gx|ot EVoi(WVibea japonica)®] 257t A B
/0] W2 gA7t Evlojrt} 5 AEg 20 g Fol
Hrhl sl om, 7o) o] Folx| = A AR FEFol T
% 2 AEYS ghgo R yehdthal By vp gloh o
T oA =27 E B AHAM o8 5 flo] Lojuke 7t
771 2 23 5o AP ofAelA fEHE a1o R 283t
A Eot. 2 AAES o3 A REH AT A,
T X TFEEY ofFoA w3 A WHehE dodle
2ol gk ARIR|A0] @l 7HeH] olrd-g shal Sl AAeltt.

AE7A Eojad 2EdH 20 g AFe w5Fo v
s 2EH A B AEE 55 AR Zlo] Yoy,
+4 3127 Aol £E5FY ofFfolA dodle SEHS
Sl Ftde A7AtaE 753 4ot weby 2 A7l
Me gojpgAe] 7FF719 oigd Ao tie |xle] &
E & 5hg-g ZARBIALA, AT AZAIZ et 3aF
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Aot dE=A

Ao 72 AFE TAAZO ART S5RA P2l
A ARSEQ) PR Ao (A 839.6+162.7 g, At} Frof (Al
F 9824148 g, YAID)E o] &3IMtt. FEAPHY PR =
ZAYE LYFEG0 m’, &4 35 melA ARSEHNeH, B
o|2EHI YF M7Yo] = 7l iiFAIEE 112 EHE
Al 2 FFEIYT FHAELS 2447 A7 oI7E £
Bled Abz} ZH O (57X 44X 29 cm, THo] £E Zyel ¥
FEolM 3Rz 7HF7] 2EHAE & U 157 AAIET
487 AEZE ARH66X42X20 cm)EA], 719 dig
1519} AshtAE A W vidaA o] gAg 5012, gA
A 1098 883t o] % HIdFX]oA st} Ao
oA GEs ERES ITEE URon, 22E A
T4 23 HgH Yo g YRE BEERnh FEe AT
%3 Aukpdg Welsad 2N AFIA S22
2FS4eF 50 km)s The, FAFEA] sl e Adubed(of
350km)3ll o, o] F Rakglolla] APA7A] thA] bk
10 km)3FHATh Aa55GAIR) g AFH 7] Yt ¢

fr
=

+ Wililam H. Neill

-8 2XZE A vdHYS F3 A2 RE Ao
NEF 2agFFS 30 clodelds 83 &l FHA U
A 1282 53t £ERE 2 25T FEEUV Y 2
3} =TS 16~17°C, 7.0~8.0 mg/LATH.

e 2 gHHEY

AL 2L o5 A ZHAHZ(EF A, 322 7t
FNE RGN 7HR71F), A FEEES) 2 154
2 FEATEEAT)R) AT 18 A), A IFEE, F
+%5 9 75450 AYT 2FB), FEFH FEA T A
g IF (0= Witk

AP RRE Y AP AGAZe] RFo] 7 AP 5
nlely 42 02 20 [U/ml heparin sodium 2§ 3 ml F
A2 e1glo] 1% olujel HH o] ol AYsteich. A
A" 23 AL microtube (1.5 ml)oll B35}, o|F
NG BHE A EE SA EAEA7](Excell 500, USA)E
9o, §FEE AgE A0 2087 WXE o
<, 5,600 g2 5852t YAEE (Micro Haematocrit Centrifuge,
Hawksley and Sons Ltd., UK)*l &8 &4-2 F&38kd -70°C
o] WEae Easiiict

Cortisol F%=+ Coat-A-Count TKCO Cortisol RIA Kit (DPC,
USA)Z 3¢ - 3AINHE-S =3k The, 1470 WIZARD Automatic
Gamma Counter (EG and G Wallac, Finland)& A-£3}¢
radioimmunoassay (RIA)°]l 23] 243t} Glucose, lactic
acid, aspartate aminotransferase (AST)%! alanine aminotransferase
(ALT)= Chemistry System (VITROS DT60 II, VITROS DTEII,
DTSC I Chemistry System, Johnson and Johnson Clinical
Diagnostics Inc., USA)l 2J3] A3t 8¢ 454 ¥
T+ Micro Osmometer (3MO Plus, Advanced Instruments Inc.,
USA)Z S35kt

7t Ao A Do) 7k Atele] Fol X 7= SPSS-SA A
71X (SPSS 9.0, SPSS Inc., USA) 213 ANOVA 2 Duncan’s
multiple range test2 737§ 3FH T},

2 I

E#E9| cortisol, glucose X lactic acid S

WA cortisol FEE % 3A17H 4.2+ 1.3 ng/mlZF-E
ATEL 3XZF 7FF71E 92.045.7 ng/ml, 755 118 5£10.6
ng/ml, 533 105,51 6.4 ng/mlE xto]E YEPATHFig. 1).
BZLE-2 3717 7FE71F 47.5£7.8 ng/ml, 54538 F 53.516.4
ng/mlZ oAt $HH, CIF-L £4F 43.5£6.4 ng/ml=H
B £4383% 715149 ng/mlE U$ Sobth Yx42E g
thEt} cortisol LA B HHE HHTH

HAIE] glucose FE= 44 3A7HA 39.540.7 me/dIZH
B AZEF2 3217 7HF71E 121.0+ 1.4 mg/dl, 55 298.0+
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Fig. 1. Cortisol, glucose and lactic acid levels in plasma of large and small olive flounder during confinement and subsequent transport.
Group A: blood sampled at the beginning of confinement and 3 h before transport, or BT (-3); at the end of confinement and beginning
of transport, or BT (0); 3 h after the beginning of transport, or AT (3); and, after 15 h transport, or AT (15). Group B: blood sampled at
BT (0), AT (3), and AT (15). Group C: blood sampled at AT (3) and AT (15).

49.5 mg/dl, 52 % 260.5+ 17.7 mg/dIZ FoMdth(Fig. 1). &
g BIZEL A7 7RE71F 65.019.9 me/dl, 4 1525+
55.9 mg/dl, 52 F 88.014.2 mydlE E& go2 FolUl
o C2EL 455 109.5+£10.6 mg/dl, 753 %E 115.5+23.3
mg/dl2 T 3A7H Aol B Bk 2y YXAE §X)
o} 72 Agke I} Lactic acid 35+ @7 7 3
AlZPd 0.6+£0.1 mmolV/LEHE] 5250 A B ¥ C9 BE

IEFAA 0.910.4~12.010.0 mmol/LE Fokd wHd Jx| A=
% 3A7FA 1.0+0.1 mmol/LERE] 423712 0.6+0.1~1.5
0.1 mmol/LZ vjepyt},

2o HFH 55, AST { ALT
YA 45 T £ 3A7HY 405.51£9.2 mOsm/
kgl ZRE] ATIE-S 496.0122.6~526.0% 15.6 mOsm/kg, B

Table 1. Plasma osmolality (mOsm/kg) of large and small olive flounder during confinement and subsequent transport

Stage (hours) Large Flounder Small Flounder

A B C A B C
BT (-3) 405.5£9.2* - - 405.5+7.8° - -
BT(0) 509.0+11.3° 479.0£73.5° - 509.0+11.3¢ 476.0=1.4% -
AT (3) 526.0+15.6° 489.59.2° 520.5£14.8 412.0425.4* 431.0£18.4® 438.5£23.3*
AT (15) 496.0+22.6 524.5+2.1° 529.035.4° 419.5x12.0° 426.0+35.4° 445.5+6.4%

The values are mean+SD (n=10). Means within each column followed by the same alphabetic letter are not significantly different
(P>0.05). A, B, C, BT (-3), BT (0), AT (3) and AT (15) have the same meaning here as in Fig. 1.
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Table 2. Concentration of aspartate aminotransferase (AST, TU/L) in plasma of large and small olive flounder during confinement and
subsequent transport

Large Flounder Small Flounder
hy
Stage (hours) A B C A B C
BT (-3) 28.0%1.2* - - 32.6+1.0° -
BT (0) 29.8+£0.4° 28.9+0.4 - 35.0£0.3° 34.720.4° -
AT (3) 29.4+0.7® 29.8+0.5° 29.2+0.6™ 34.0£0.1* 34.920.4° 33.8t0.4®
AT (15) 29.2+0.6™ 29.5+0.8 30.120.6° 34.220.6™ 34.0£1.2% 34.6+0.5°

The values are mean+SD (n=10). Means within each column followed by the same alphabetic letter are not significantly different
(P>0.05). A, B, C, BT (-3), BT (0), AT (3) and AT (15) have the same meaning here as in Fig. 1.

Table 3. Concentration of alanine aminotransferase (ALT, IU/L) in plasma of large and small olive flounder during confinement and
subsequent transport

Stage (hours) Large Flounder Small Flounder
A B Cc A B C
BT (-3) 29.2+1.0° - - 31.8+0.8" - -
BT (0) 32.0+0.7° 31.8+0.8° - 36.7+1.1° 33.6+0.6® -
AT (3) 33.9+0.5¢ 33.6+0.5° 33.9+0.5¢ 37.0+1.1° 36.7+0.1¢ 35.5+1.3
AT (15) 35.6+0.7° 35.2+0.4%* 36.2+0.4° 36.5+0.8° 35.3x1.0° 37.2+£0.9°

The values are meantSD (n=10). Means within each column followed by the same alphabetic letter are not significantly different
(P>0.05). A, B, C, BT (-3), BT (0), AT (3) and AT (15) have the same meaning here as in Fig. 1.

Table 4. Hematocrit (%) in blood of large and small olive flounder during confinement and subsequent transport

Stage (hours) Large Flounder Small Flounder
A B C A B C
BT (-3) 15.8+2.8" - - 32.742.3% -
BT (0) 15.2+7.0° 30.8+2.6° - 49.6+23.8" 39.9+4.7 -
AT (3) 26.6+3.3™ 24.6+0.4"° 21.620.4"* 6.6+0.1° 8.2+2.6" 30.2+0.6°%
AT (15) 18.7£2.7% 47.0£0.3¢ 43.9+22.3¢ 23.0£0.6™ 21.4+0.8 16.81:1.2*

The values are mean+SD (n=10). Means within each column followed by the same alphabetic letter are not significantly different
(P>0.05). A, B, C, BT (-3), BT (0), AT (3) and AT (15) have the same meaning here as in Fig. 1.

F2 479.0£73.5~524.5+£ 2.1 mOsm/kg, CLE-2 520.5£14.8~
529.0+£35.4 mOsm/kge 2 EoHATH(Table 1). A&E 7%
3A17H 9] 405,51 7.8 mOsm/kg L Z2RE] ATTFoNA 327k 7}
=71% 509.0+11.3 mOsm/kgl 2 oo, 4633 54
Z)Fol z}z} 412.0+25.5 mOsm/kg, 419.5+12.0 mOsm/kgS
2 ol

ASTE X ol A 4= 3A17H 9] 28.0+ 1.2 IULZHE A,
B ¥ CZENA #5283 742t 29.240.6 IUL, 29.5£0.8
IU/L, 30.1£0.6 IU/LE Tl Zob3 tH(Table 2).
ALTE JA A 55 3A17H:9] 29.24 1.0 IULERH F
A% A B % CIENA 352+04~362104 IULE o}
Jom], YA AME 4 3A1ZH 31.840.8 IULEFE +
AT A, B % CzEA 353+1.0~37.2+£09 IULE Zo}
e BT (Table 3).

M ofr B oy

)

¢

Eolo| U4
JX|the] 424 3A17+A hematocrits=
7F AE7)E ATECM 15.2127.0%S

15.8+2.8%%.21, 34]
el zelE Holx]

O

Yo wbE | BIE-2 30.8+2.6%% 5 3AZREY 2A ¥
o} tH(Table 4). o1 F F559ls AZE0] 26.6£33%= =0}
Z ¥ BIES 24.6+04%% WolHth #4535 B 2
C1E9) 3+ 217} 47.0£0.3%, 43.9+223%% 54 3
B} =olAth g X149 hematocrites 75 3A17HHo) 32,7+
23%AH Aol A, B 2 CLEA F53 T 7zt 23.0+
0.6%, 21.4+0.8%, 16.8+ 1.2%2 wo}H T},

HYFFE 75 A GAd A 2410.4X10°cel/uIE
HeRRoH, B1gollA 312 7HF71500E 4.910.0X 10°cellpul,
TR Tl 42100X 10°cellulE: H-& 7S 2 THTable 5). C
TFANNE F5F 3.120.5X 100 cell/utE UERY 5% 34
2 Bk w2 g B3lon, £5A Tl 4813.2X10%cell/ul
2 % 3Nk 2ot 20y Fosn 3 XAl e
% 3A17FA 2] 4.0+0.3X10° celVWERE 3A17F 7FF7] 50 A
o} BENA zHzt 7.4£29X10°celliul, 6.6+2.0X 10°cel/ul 2
frelatA okt 2t 53l 242t 3.6+0.1X10°cell/
ul, 3.1£0.1X 10°cel/ulZ. THA] WobA o 3A17Hd 3} Aol
Holz] gt} CLEdM e 55 5.6203X 108 cel/ulE
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Table 5. Concentration of red blood cell (x10° cell/jLl) in blood of large and small olive flounder during confinement and subsequent transport

Stage (hours) Large Flounder Small Flounder
A B C A B C
BT (-3) 2.40.4° - - 4.0+0.3 - -
BT (0) 2.5+1.2° 4.9+0.0° - 7.4+2.9° 6.6+2.0% -
AT (3) 3.7+0.6™¢ 3.0+0.0® 3.1+0.5" 1.0+0.1° 2.120.5% 5.620.3
AT (15) 2.6+0.2® 4.2+0.0" 4.8+3.2° 3.6+0.1° 3.1+0.1™ 2.5+0.0%°

The values are mean+SD (n=10). Means within each column followed by the same alphabetic letter are not significantly different
(P>0.05). A, B, C, BT (-3), BT (0), AT (3) and AT (15) have the same meaning here as in Fig. 1.

Table 6. Concentration of hemoglobin (g/dl) in blood of large and small olive flounder during confinement and subsequent transport

Stage (hours) Large Flounder Small Flounder

A B C A B C
BT (-3) 10.3+0.1% - - 10.320.3 - -
BT (0) 9.60.5" 14.4+2 48 - 6.1x1.1° 9.4+0.7° -
AT (3) 6.6£1.7% 8.420.0° 11.9+1.4 14.5+1.0¢8 8.7+0.1* 8.9+0.2*
AT (15) 10.8+0.2°% 12.6+0.1° 11.2+0.4%* 3.5+0.2° 7.9+0.2° 8.2+0.4%

The values are mean+SD (n=10). Means within each column followed by the same alphabetic letter are not significantly different
(P>0.05). A, B, C, BT (-3), BT (0), AT (3) and AT (15) have the same meaning here as in Fig. 1.

& NART golH oy, FFAFAE 2.550.0X 10° cell/
W= THA] ot

Hemoglobin®] FE& 5 A7 @A the} G2l aoA 2
7} 10.310.1 g/dl, 10.3£0.3 g/dIFNE Ro] 3A 7k 7FE71 5ol =
B1E2 PGAWANA 144124 g/dIE FoIR wba | FA| 4ol A
= 94307 gdIZ A3 tH(Table 6). 58 ATLF9]
AE 10.8+0.2 g/dIZ % 3A7H 3} Aol 7t gldl o, E X
&F 351202 gidIE 3 Rolxitt, ey dXuie] B
'3 CagdMe FEHFAE 47 12,6401 g/dl, 11.2+
0.4 g/dIE VeI 5% 3/ 8T 78] B8 7He fxsid),

I

golrdFo] ofFoliX= " cortisol, glucose, W& &
A F=(Barton et al., 1980; Carmichael et al., 1983; Chang
et al, 2001) 5+ olJel, hematocrit, 2 874, hemoglobin,
Zoz, Folo] pH 9 FEA Fo| HElehs o2 4
2|32 ATH(Nikinmaa et al., 1983). 0|23} Q1% ~EH 2]
1E 3282 % cortisol] th3te] Chang et al. (2001) %

N

FE A AMEAGOZ sty FfAloletr A 2EHEE
L o) RI AEH A HMAEL oF v B FES BY
A5k, $5FFol e A 2Eud 2o Fagle]l &% o 57}
ATtk 3t 25 T cortisol FEAS SRE 2EY
2E B offET WA Gotd ojFeM o wES ¥ F 3
ok st ol 13]9] ~EH 2@ E)E AFT o7 o
Al o] AEHAGHE wrigls 274 cortisol Z7HF
e, vkEE s 2Bz giE Rizter) HojXe 2S¢
u)gic}. 50l 2EYXE 73R ghole Al o3

A= dFet 2EFHAE WS Zo|th T3 Chang et al. (2001)
o &aPH Y7} 2E# 2 AEZE YEA U+ cortisol, glucose
4 lactic acid FlA 854 AR EF1 (Nibea japonica)=.

Hkgo] YA Yepd Ao 2 R w33t} T3 Waring et al.
(1992)°] AA7d [ 7EAYIST(Platichthys flesus)$t B85 73

2 A (Salmo salar)e] 2Ed 2 A4 glucose
o} lactic acid®] ST Platichthys flesusE.Th A okolol A
A Jehdtiar s ol @42 2E#H S gk o) F
o] PF 2EHE 7L FAAN L o]7-F ol £
AEd, ZEHAE 7S o dojFolde 540 v B
oAl ¥, 7R 23] 540 HolX e AL
< dloll Slok. ol2§ AejA F4300 o) FEAo] & oF
A 2Ed2A] B lactic acid FE7F oA 202 UHE
A chH(Chang et al., 2001).

B AFAA cortisol FEE F5K 7] 2EH AR Ql8t
of o 500 2 e Hon, gLo] vEAY Y MR
2% 2EHEE WS dv ¢F 1008 5she AEs 29
olgigt A= #%FH AT E AAEA. B 2
Aol PR A E T A olA WHEAE 2 e 2EF A
of thated REg-o] Bl A Vetsteh. |Xdle} 25, glucosest
lactic acid F=0NX F5F% AREE 543 Fedhe
AL g Ao 2 2B JQ@AEAY 28, 7)) 5
o] g% Zo® FE5HET 7] B, A 2EHET o]
ANA EHEE Yol JaFs F= Aoz Bl o) ds} 2
o] $FAF lactic acid FE45 glucose FEA4E dX|7t
A7 B £SEHAE WSS 54 St

Barton et al. (1980)3} Carmichael et al. (1983)2 =% 2E
g 2o oJke] R E0) (Salmo gairdneriy$t smallmouth bass
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[s]
4 PgoZ 3E2HR] 9l Chang et al. (2001)8] E7ol|A]
A5 TET vPd 2EYLE T2 22 2N 57

M
Foll 543 2olE HolA| fRoy, 44 2EYAE F
aFANME AT Aol vepltty e, B 91
NME 52 7177 2EH 2 98 molXle AAE 1Yy
9t} £ Robertson et al. (1988)2 ~E 20| oja) 34
A oI5l TR (Sciaenops cellatus) B 8| A o] E&o) of
719 s, B AT E b AE L) o) A
7 o] dojuA HEH Frox 9T nFAes F
ZH}

obgly] Hejgaz 4#A AE AST (GOT)SH ALT (GPT)
= &2 A4 ASTETR= ALT 847} o] 9382 @2 7o
2 YEPET Karan et al. (1998)2 T2](Cu)dll =¥ Yo
(Cyprinus carpioy®] 33} op7u] 224 ALT BAdo] AST
RBo} A4 Yeldtiz Rt 2 AN s £4 2B
2o ot AHFIL ASTONN Brh= ALTAA 2A Yeh}
Karan et al. (1998)} 5213t A=21E Hv}. g4 hematocrit,
HY 74, hemoglobin)e] A-$-, AR 553 F43E
o] FolAle A B} 22 Px4e Af, TEFde
FEA 2ol g EHE ;e By, YA E 43
I = B EEA] obe 202 e o)#1g 3 cortisol,
glucose B 52 TxolA verd 23 Zotoh. Nikinmaa
(1986)= hematocrit®] F7h= W2 Aadhd wEolziy B
FATH 2 7oA e 5% AR AT gE Al 5
3] dlojElold S AAstA e, 5] oAl Athdn] el
7EF AT, ol $EF o FY] AAEH ¢ gE #2
Q1 Bl olsl op71¥E 7FeAdS 83 Ut
2 AA, 5 7R 2Ed 2 YAUl9] -, cortisol,
glucose, 2% FX%, ALT, hematocrit, 3 874 2 hemoglobin
of P vizglon, T3 WHEAEe) e cortisol, glucose,
2 5% 2 ALTY] 2Ed 2 whgo 2 et} @x)4e)

Ol

ojN

8

}1\:]"‘—15‘ ]
AS, 744 7157 2EHAE cortisol, 452 FE, AST,
Hd7< B hemoglobindl &L vHoH, HEHGA <3

cortisol, hematocrit, 4874 2 hemoglobinol] £2Ed|2~ vk-g-
©.2 Jepst). Cortisol, glucose ¥ lactic acid 5 €#9] ~E
A W3rE e YALED AWM Erhs AE & 5 A
At} wekr Gxo] Aot Gojpgaje] Ao} AHEo]
2EHAE 29 HAREC] HES ke o] 94K eR

Fjolo} & Ao},

g oy

ko

oF
&

slo] 542 9] 7157)9} Bolgd 2Ed A4 t)g dx)e] A
2 WFS-S ARSI RAL, AT A Az Wt 328

2

2]

- A9 - William H. Neill

0% 1hre] AT AR PPN AFFF
2] 7401(839.61162.7 g, FAITh)ok o1 (98.2+ 148 g, HAN)E
o] &3ttt £ AT A 1582 AAlEET |
A9 cortisol FET TF A1 4.2 ng/mlZRE ATES
3XZF 7RF71F 92.0 ng/ml, $5-F 118.5 ng/ml, 54:21F 105.5
ng/mlZ 2o 2 YERth B2F-2 3417 7RE71% 47.5 ng/ml,
F5AS 53,5 ng/ml2 oL Th CLES 745 43.5 ng/ml
ZRE FEAT 715 ng/mlE S Bk Xl glucose
FTEE 5% 3A7HA 395 mg/dIERE ATZES A7 7K
F 121.0 mg/dl, T5F 298.0 mg/dl, F54F 260.5 mg/dIE
oY Lactic acid =& FAIHoNA =4 3474 0.6 mmol/
LEFE $52%0 A, B ¥ C BE 254 0.9~120 mmol/L
2 ol v PR e 4% 327+ 1.0 mnol/LER-
B 725714 06~1.5 mmol/LE WUtk dAuie] 45Fd 5%
= % 32704 405.5 mOsm/kgS2HE ATTE-S 496.0~526.0
mOsm/kg, BZEL 479.0~524.5 mOsm/kg, C1E-2 520.5~529.0
mOsm/kg® 2 Folhth 22802 7157 2 £4349L
%19 @7 cortisol, glucose, 2F2 F%, ALT, hematocrit, %]
G5 2 hemoglobindl] F3E vlH OB, X4 2EH A
HRS-E gAY Boh AA vehdet. o] e dAaks vher19 &

5= 9

o}5EA] FAY cortisol, glucose, lactic acid, 4FZ
FNe] Unkdidel] diE 71EXE AATFeZA, X9 At
4 T 7 ] AedTel E82 Zol

AL A

o] =2 1998 JralerRlEAIte] skl r](1998-023-
HO001 1ol 2)8te] AFsien, AFHIE xdskd FA41 H
et 73] A=)

HIES

Barton, B. A. and G. K. Iwama, 1991. Physiological changes in
fish from stress in aquaculture with emphasis on the response
and effects of corticosteroids. Annu. Rev. Fish Dis., 1: 3-26.

Barton, B. A., R. E. Peter and C. R. Paulence, 1980. Plasma cor-
tisol levels of fingerling rainbow trout (Salmo gairdneri) at
rest, and subjected to handling, confinement, transport and
stocking. Can. J. Fish. Aquat. Sci., 37: 805-811.

Carmichael, G. J., 1984. Long distance truck transport of inten-
sively reared largemouth bass. Prog. Fish-Cult., 46: 111-115.

Carmichael, G. J., G. A. Wedemeyer, J. P. McCraren and J. L.
Millard, 1983. Physiological effects of handling and hauling
stress on smallmouth bass. Prog. Fish-Cult., 45: 110-113.

Chang Y. J., J. W. Hur, S. H. Moon and J. U. Lee, 2001b. Stress
response of olive flounder (Paralichthys olivaceus) and Japa-
nese croaker (Nibea japonica) to live fish transportation. J.
Aquaculture, 14: 57-64 (in Korean).

Davis, K. B. and N. C. Parker, 1986. Plasma corticosteroid stress



PNE N5t Bojrd 2=

response of fourteen species of warmwater fish to transporta-
tion. Trans. Am. Fish. Soc., 115: 495-499.

Hur J. W, Y. J. Chang, H. K. Lim and B. K. Lee, 2001. Stress
responses of cultured fishes elicited by water level reduction in
rearing tank and fish transference during selection process. J.
Korean Fish. Soc., 34: 465-472 (in Korean).

Karan, V., S. Vitorovic, V. Tutundzic and V. Poleksic, 1998.
Functional enzymes activity and gill histology of carp after
copper sulfate exposure and recovery, Ecotoxicol. Environ.
Saf., 40: 49-55.

Nikinmaa, M. A., 1986. Contral of red cell pH in teleost fishes.
Ann Zool. Fenn., 23: 223-235.

Nikinmaa, M. A., N. T. Soivio and S. Lindgren, 1983. Hauling
stress in brown trout (Salmo trutta): physiological responses to
transport in fresh water or salt water, and recovery in natural
brackish water. Aquaculture, 34: 93-99.

B2l WAl Aol

vzl FEF 141

Robertson, L., P. Thomas and C. R. Arnold, 1988. Plasma cortisol
and secondary stress responses of cultured red drum (Sci-
aenops cellatus) to several transportation procedure. Aquacul-
ture, 68: 115-130.

Specker, J. L. and C. B. Schreck, 1980. Stress response to trans-
portation and fitness for marine survival in coho salmon
(Oncorhynchus kisutch) smolts. Can. J. Fish. Aquat. Sci., 37:
765-769.

Waring, C. P, R. M. Stagg and M. G. Poxton, 1992. The effects
of handling on flounder (Platichthys flesus L.) and Atlantic
salmon (Salmo salar 1L.). J. Fish Biol., 41: 131-144,

A . 20039 3¢ 269
2 g 20039 69 10Y
7494 - w4

e ol ki

2 e



