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Physiological responses (cortisol, glucose, lactic acid, osmolality and hematology) of olive flounder (Paralichthys oli-
vaceus) 1o 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, O 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,
O'h), 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/m! (BT, 0 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/m! (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 mmoV/L (BT, 0 h) to 12.0 mmol/L (AT, 15 h). Plasma osmolality
increased from 405.5 mOsmv/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 aguac-
ulturists working with olive flounder and to scientists studying other flatfish species.
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dojfell 2F =] %om, F&(Robertson et al., 1988), L&
(Specker and Schreck, 1980), +5AI7F 2 4215 22
Z71(Barton et al., 1980; Davis and Parker, 1986; Chang et al.,
2001) 5 @5 Ee B3 2EY 2] gisled BuEoe] ¢
o} dto) AT 9 FsigtolA Aakd A= FEAA
ANA] Gojpgat e At oJsf o2 FA7 451
Ren, Aol BE ol AFEL AFY AEES Fo)
st oojglold, APt E FE 5& ARSI
9] 23 §244S -5 U} T3, Chang et al. (2001)
L& g9} Exlo](Nibea japonica)? 25MN7r 54N &
B0l ¥ {7} Evlojnn} 44 2Ed 2o gk Jo)
Hoiy st e, 5530 o|FojR = AHAY L w55l o
& 52 2EfE 9o vepdoa B v Qo). ol
T AZNE 12 A o8 F glo]l dojuke vt
F71 2 28 5o FAYe ofAlolA 2EH2: 807 g3}
A "ok ey AAREES ojag A AEg 2T 5,
T5F 2 TFF oFjolA oud Y2l wIE derl=
2ol g ARAI2e] Qi 7hewl] Eord-S 8l Sl AAoln).

AF7HA] golad LB 2 A% AFe $5F Y
s 2EF S vk AEG 52 AR o] gjieln,
A 227] Ajlo] #5359 oFANA dod= 2EHE u
3ol F3lde AFAEE £ Aot i B A
A golp$e 7hR719 Bolrd A tid dRo| &
EY 2 9hES RARIAL, 57159 @Az we} 305
o2 o] s

Mz W U

AEO <} A=A

AHAFE AFE FAJNIN AXT 352 FA30
A AREZER FA] Ao (Al 839.61162.7 g, A1)} ol (Al
% 9821148 ¢, YAM)E o] &3t 4T YA
ZAYNE YFFZ50m’, 784 35 m)olM ARREHNeH, =
o|2EH Y PF o] = 7hieio} viFAlEE 112 EHE
AlEE FFIT FEAEL 2407 HAAR olFE XY
3lod Atz Zeo|u (57X 44X 29 cm, ol Y Aol ¥
FEA 3N 7R REHAE F O 1587 AAEA
F4871E 2EZE JRH66X42X20 cm)BA], 7)) S5
15 L9t AREAE s @ wdEAel] dA] suia), 9]
2 1072l 8. o] % vldEAlA Az Ao
Uex GEs ERES IREE A%on, 22 F AR
AL 22 vdeHYge s dAE 2EEAT. 5L AEr
s34 A2 Basdedl, ¥R AFINA] S22
AHFFEEF S0km)dt T, FAIRR] sl Adubgeg ek
350 km)stA.om, o) F Ao AA7A] GA] Aerd (e
10 km)stict. Auteg5 (3A17H) 42 AAF 3] st &

8 2AZE A7) vdEIY S E3 oM ZRE AP
AT ARFTFE Al odojold S F83] sl FHA
A 1207 w3k A3 € FEF 3L 8
3 £FIAFL 16~17°C, 7.0~8.0 mg/LATH

MY % "HARY

APAIZES 5 A EYAF(GF AT, 3/ 7}
F71F F5ARAGARE 7FR71F), AL 7 EET) 2 154
2 FEAFEEHR) AGT 2FA), AT TRE,
+% 2 F5H%N A 2F®B), F5FH FEHF A
g3 2F(C)22 it

A2 HE e AL ANZAzo] o} 2} AP olA 5
w2l AL O =Z 20 IU/ml heparin sodium *2l¥ 3 ml
AZ1Z i gle] 1§ ool wpE-o] oA APt A
AE2 HH3 AL microtube (1.5 mholl BF3AT}. o]F
A B AMEe SA A4 7](Excell 500, USA)Z
BAglgon, IR L Algs Ao 2087 #x% o}
&, 5,600 g2 585t Y4 #-8l (Micro Haematocrit Centrifuge,
Hawksley and Sons Ltd., UK)oll <&l &g F&3te -70°C
o] WE e Bt

Cortisol 5%+ Coat-A-Count TKCO Cortisol RIA Kit (DPC,
USA)Z 31 - FARES-S F =8 vh2, 1470 WIZARD Automatic
Gamma Counter (EG and G Wallac, Finland)E A}&-3t¢]
radioimmunoassay (RIA)°] 93] A3} Glucose, lactic
acid, aspartate aminotransferase (AST)Z alanine aminotransferase
(ALT)= Chemistry System (VITROS DT60 II, VITROS DTETI,
DTSC II Chemistry System, Johnson and Johnson Clinical
Diagnostics Inc., USA) 2J3 £43l5ict. 7o) 454 ¥
S+ Micro Osmometer (3MO Plus, Advanced Instruments Inc.,
USA)E 34314t

Zt AgoA Lo gk ALl frojat {7 SPSS-EA I
712 (SPSS 9.0, SPSS Inc., USA)ell 213k ANOVA ¥ Duncan’s
multiple range test2 A3t

a 3

X o| cortisol, glucose R lactic acid 5T

YA cortisol FE= 7% 3A17H 4.2+ 1.3 ngmlEREH
ATZEE A 7F71F 92.0+5.7 ng/ml, 43 11851 10.6
ng/ml, ¥53% 105.5+£6.4 ngmlZ 3ol & el oh(Fig. 1).
B1EL A 7FE71F 475178 ng/ml, £53AF 535164
ng/ml2 oM H, C1EFL £FF 43.516.4 ng/miEF
H $538% 71.514.9 ngmlZ B 2olAT. Y4E {3
B} cortisol =AM H WS HH)

PR glucose FEE % 3A7H 39.510.7 mg/dIZF
B AZES 3A7F 7FE71F 121.01 1.4 mg/d], 5% 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, TFAF 2605+ 17.7 mg/dIE EoRHh(Fig. 1). = 285904 0.9£0.4~12.0£0.0 mmol/LE Zo}a vhd Yx]ie
& B2E2 3AIZ 7FE71F 650199 mg/dl, EF 15251 5% 3704 1.0£0.1 mmol/LERE 54323712 0.6+0.1~1.5
55.9 mg/dl, 7525 88.0+4.2 mg/dIE F 3O 2 ol +0.1 mmol/LE VERGTH

th C2E2 4% 109.5£10.6 mg/dl, ¥5AF 11554233

mg/dIE 4 3AIZH T 2pol 8 Rk 2y Yxias ¥R Ao MEH 5T, AST ¥ ALT

e} 72H& Agke QIATh. Lactic acid 5= YA} 44 3 Ao} AFE FEe 54 3A7H 9] 405.5+9.2 mOsm/
AP 0.6+0.1 mmol/LEFE] F52 5o A, B % CY BE  kgQ2RE ALFS 496.0122.6~526.0% 15.6 mOsmvkg, BZ

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° 489.5+9.2° 520.5+14.8° 412.0£25.4° 431.0x18.4* 438.5+23.3%®
AT (15) 496.0+£22.6" 524.5+2.1° 529.0+35.4° 419.5+12.0* 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, IU/L) in plasma 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) 28.0+1.2* - - 32.6+1.0° - -
BT (0) 29.8+0.4° 28.9+0.4% - 35.0+0.3° 34.7:0.4° -
AT (3) 29.4+0.7* 29.8+0.5° 29.240.6® 34.0+0.1%® 34.9+0.4° 33.8+0.4%®
AT (15) 29.240.6™ 29.5+0.8* 30.1+0.6° 34.2+0.6" 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

Large Flounder

Small Flounder

Stage (hours) N B C N 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% 37.01.1° 36.7+0.1° 35.5+1.3%
AT (15) 35.6+0.7° 35.240.4* 36.2+0.4° 36.5+0.8° 35.3+1.0° 37.2+0.9°

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 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* - - 32.7+2.3% - -
BT (0) 15.2+7.0° 30.8+2.6° - 49.6+23 8f 39.9+4.7 -
AT (3) 26.6+3.3" 24.620.4* 21.6+0.4% 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" 16.8x1.2*

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.

2 479.0£73.5~524.5+ 2.1 mOsmvkg, CLTE-L 520.5% 14.8~
529.0+35.4 mOsmkgl 2 FolitH(Table 1). YXie 4
3717k 9) 4055+ 7.8 mOsm/kgQ ZRE] ATTFolA 3A)7F 7}
F71%F 509.0111.3 mOsm/kgl 2 EoHoY, £453 5%
2| Fo) Zbz} 412.0+25.5 mOsm/kg, 419.5+12.0 mOsm/kgS
2 oAt

ASTE YA AA 5 32 7HH 9] 28.0+ 1.2 IULEHE A,
B 3 C2goNN 5335 Ztz} 292106 TUL, 29.5+0.8
IU/L, 30.1£0.6 IU/LE thd EoFHTHTable 2).

ALTE AN 4 32 7HH 9] 29.2+ 1.0 IULERE &
$3% A, B %2 CZEAM 352+04~362104 IULE Eo}
oo, GAioME 4 3A]7HH 31.810.8 IULEHE &
$3F A, B ¥ CIEIAM 353+1.0~37.21£0.9 IULE ¥}
e EYcH(Table 3).

Bofo| luiMA
YRS =4 3A17hA hematocrits
ZF 7FR71% AZECA 1521 7.0%

15.812.8%Q. 21, 34
Ye) Zo]lE Holz]
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%2 BHE, BIE-S 30.812.6%% 4% MR A &
o} X th(Table 4). °1F F5Fle ATTE°] 26.613.3%2 Eo}
Zl ¥bd, B2F& 24.6104%2 WolRth 4535 B 2
CaE9 @& 7} 47.01£0.3%, 43.91223%2 5% 3X 704
B} ok Y49 hematocrites 5 3A|7HA ) 32.7+
23%JY Aol A, B 2 C2ENN F52F 7zt 23.0+
0.6%, 21.4+£0.8%, 16.8+1.2%% 2ol T}

AP P 5 37 G Ule)A 2.440.4X 10° cel/ulE
yepdon, BagolM 3A7F 7RE7) 300 4.9+0.0X 10°celljul,
Aol 42400X 10Pcellul2 B2 7HS B ATHTable 5). C
aFNME F5F0 3.11£0.5X 100 cel/ulE VRN % 34
P B 52 33 BoH, 5250 4.8+ 3.2X 10°cell/ul
2 9% 3/ 2o 20y 78T @ gAdeMe &
& 3A17HA 9] 4.0103X 10°cel/ZR-E 3417 775 A
o} BZENAM 2z 74129X10°celliul, 6.6+ 2.0X 10° cellul 2
Fefeh Eolth. 2eiv 329l 7} 3.6+0.1X 10° cell/
ul, 3.1£0.1X 10°cell/ul2 TA] WobA 44 3A|17+ 3} xjo] &
Ho|z] g3ttt CagAMM e 4% 5.6£0.3X 10°cell/ulE
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Table 5. Concentration of red blood cell (x10° cell/jl) in blood of large and small olive flounder during confinement and subsequent transport

Stage (hours) Large Flounder S‘mall Flounder
A B C A B C
BT (-3) 2404 - - 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* 3.140.5% 1.0£0.1* 2.105% - 5.6£0.3¢
AT (15) 2.6+0.2% 4.2+0.0® 4.8+3.2° 3.610.1° 3.110.1% 2.510.0"

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% - - 10.30.3 - -
BT (0) 9.6+0.5" 14.4+2 .48 - 6.1x1.1° 9.4+0.7° -
AT (3) 6.6x1.7° 8.420.0° 11.9+1.4% 14.5+1.0% 8.7+0.1% 8.9+£0.2%
AT (15) 10.8+0.2°* 12.610.1° 11.2+0.4% 3.540.2° 7.9+0.2° 8.240.4<

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.

F ARG FohH o,
HIE GA] wolxt.
Hemoglobin®] 55 4 3217 dA e} gx4oA zt
7} 10.310.1 g/dl, 10.3£0.3 g/dId Aol 3A2F 7FR7 | Fell=
BZE29 |XelN 14.4£24 gidIE FobA WHH, G| AojA
£ 94107 g/di2 ZA3cH(Table 6). 743 F AZE9 9
A= 10.8£0.2 gidI= 43X o7t gl o, |A
AF 35102 gidIE F95HA wolRt 23y gdxge] B2
% CagME FEAHFAE 7+t 126+01g/dl 1.2+
0.4 g/diE JER S 3AIZF R 3] B2 3he KR8

$42 %)= 2.5+0.0X 10%cell/

a #

ol o] ojfolr= 84 cortisol, glucose, JsHE L
A5 ‘&= (Barton et al., 1980; Carmichael et al., 1983; Chang
et al., 2001) ¥} olu)g}, hematocrit, 2 ¥ 74, hemoglobin,

Fouy, Holo] pH ¥ I8 ol Wslshe ZAex ¢
A3 AtHNikinmaa et al., 1983). o]213 2Q1F AE| A9
Z]i‘i 3222 83 cortisolol i3t Chang et al. (2001)2 F

2 9% AR o2 et afHolgte A 2EHAE

“c‘s °1v7} 2EH A WAGLE olFo vls] £ FES B
A, FEYFAE Y 2ud 20 JAgle] FF o BEI}
Atk S 28 K cortisol FEAT ST 2EH

£ we R wx|
qzaﬁqop=
Pule] 2Edx

Eh), WHEEE

45
R

AUA o FollM o WES &

s gzt 2] cortisol T
2Ed 2o )3 Ut st dojxle A 9
o] 2EH S 715K olx 2ol 23]

_LLKQW

A 433t 2B 2E g Aolot. EgF Chang et al. (2001)
o olsld Jx|7) 2E#A X FE 2 YElA A= cortisol, glucose
2 lactic acid TN EFA o]F< EX0)(Nibea japonica)s.
o} wkgo] WA vehd Aoz Bt 3 Waring et al.
(1992)°] AXA o} {2l 7k 0| F(Platichthys flesus)S S5
o] F< M ¥Ao(Salmo salar)®] ZE#Z2 AF-A glucose
9} lactic acid®] FXv Platichthys flesusE.t} EH)H FAoolAM
A Jehdta o). ol @ @4 2Ed| 2 gig ol R/

o] 3 AEFHA 7w FAANA 2 o] FE ol
Aed, 2EH2E 7RIS o dojFodME 2580t &

ozl vh, 7R 238 540l FHoAle FEE A
€ dlol A} ol YA FAol ofa) BFAol &L AR
oA 2EHAA] HF lactic acid FE7F oA = Ao g ¢
A3 9ATH(Chang et al., 2001).

B AFA cortisol FE= 44 7157 LAEY LR A3}
o oF 50u) ¥& FE HAon, tgo] vHEAER MR
2% 2EH2E Woke we & 1000 Fedhe AE8E Bt
olg|dt A= F4FH FHAFTHAE AU T3 2
Aol Pxanohe Aol wrEAY 9 $4 e
o thaled ¥kgo] B =A Yl dxtie] A9, glucosest
lactic acid FENAM =559 NBAEE FHSA Fedhe
Ao Y Ao m}g 2E#H A 2@} 45,
ol 43 Ao F2HG FA e Y 2EH2E of
AdA == 73°“°] FFE F= Ao Bt o) 7

o] 453 % lactic acid FEASH glucose TELAE FA7t
12/ 7HE}t Be 2EYAE wdeS 57 gt

Barton et al. (1980)% Carmichael et al. (1983) %

Y 2ol eJsted FR]7HE(Salmo gairdneriy?} smallmouth bass

FA) 5

/\/\E
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o EF A5FE b dsidity sided), B drds &
FHEG FEAF BolAle 3L BYoy, FEFox 5
F24 o2 385X 49t} Chang et al. (2001)2] B.7oljA]
A5 T 75H 2EYHAE T4 G2 aFOM F43
Fofl 53 xJo]§ BolA] o}, 44 2EY2E F
agdM e F5AF zlolE UERIT Y e, B a9
NME 53 7FF7] 2EY 2 g3 FolAle AAE B
FQt}, I3k Robertson et al. (1988) ~Ed| 20| oJ3] 3
A o7 Elo|(Sciaenops cellatus) B3 sl o] Egho] of
719y sed), 2 dpeME 4 2E# 20 o8| As)
A o] oM HEF Frox 9Eg n3Ae F
&9t}

ofRl7] Hojasg delA U= AST (GOT)#H ALT (GPT)
2 d7olM ASTHUR: ALT S471 o 938 w2 e
2 YERTh Karan et al. (1998)2 78] (Cu)ll &€ Yo
(Cyprinus carpio)?l 833 o}719] 2 oA ALT 84do] AST
Hop =4 JETE B & AFiM s aF 2B
2o 9% &gwstrt ASTOlA Brhe ALTOlAM 2A] Jehd
Karan et al. (1998)7 A5 232 B.c}. oA} hematocrit,
™74, hemoglobin)® 7%, #4510t} £4F3 $5AF
o oAl AFS Bt 23y dxag A, £l
T 2o} M EE e RFov, XM £43
IR 3 5ER] = ACE et o]eigh A3 cortisol,
gluicose 2 4532 Fxod Yebd A3 729t Nikinmaa
(1986)x= hematocrit®] F7h= W& A wfFolzly By
it} B QoM 55 AR A TES A 3
13} olojo] A g AAIBIRET, Al oA Abadm| g
7P AATHA, o= 4% o179 AYEy 2 & 2
82 Sl 9J3) o718 7Fede 83 Uk

2 A7ds, 543 7157 2EdLE WA 739, cortisol,
glucose, 352 5%, ALT, hematocrit, 874 2 hemoglobin
o] @S vizlen, T3 MHEARH u}E cortisol, glucose,
N5 FE 2 ALT 2E2 w302 Yepgr), dx)4a9)
A%, F5A 7FE7] 2EHAR cortisol, ¥FA FE, AST,
Y75 2 hemoglobindll FEFE v|FoH, ¥HEAEe) 2gt
cortisol, hematocrit, 2874 % hemoglobin®ll ZE&| 2 dkg-
© 2 e} Cortisol, glucose ¥ lactic acid 5 YHe] 2E
Bl herEE YAAND YRYN e AL ¢ 5 A
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