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The effects of sudden changes of water temperature (WT) on the stress response and physiological change of the cultured olive
flounder in large (FL) and small (FS) size, and fat cod (FC) were examined by manipulating WT (2 types) in a flow through
seawater culture system with 6 tanks (water vol. 270 L/tank). The WT was decreased from 20C to 10C within 5 hours (2C/hour)
and maintained at 10C for 21 hours (Exp. 1), and it was raised from 20C to 30C within 5 hours and maintained at 30T for 21 hours
(Exp.11). In Exp. I, the levels of blood hematocrit at 5 hours (10C) in FS was significantly decreased from 13.5+2.0% to 11.3+2.3
%, but FC at 2.5 hours (15€) (19.0£0.3% to 23.2+3.8%) was increased. The blood hemoglobin concentration of all fish in Exp I
was significantly increased until 8 hours after raising WT from 20C to 30C. In Exp.I and II, the levels of plasma cortisol in FL,
FS and FC was changed from 5.2+8.5 ng/mL, 4.4+4.5 ng/mL and 2.7+0.4 ng/mL, respectlve]y, before sudden drop and rise of WT.
The levels of plasma cortisol of in FL (164.0+53.1 ng/mL) and FC (207.9+25.4 ng/mL) were significantly increased by the lowering
WT sharply during whole experiment. The FL (12.6+2.0 ng/mL) and FS (4.0+3.9ng/mL) showed no significant differences in
cortisol level according to sudden rise of WT (5hours). But it in FC (44.7+18.2 ng/mL) was increased. In Exp. [, the plasma
glucose levels of all fish groups were decreased after 5 hours (10C) The plasma lactic acid concentration of FL and FS showed
no significant differences until 5 hours after raising WT from 20C to 30C. But it in FC was significantly increased with WT raise.
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Fig. 1. Water temperature changes designed with the sudden

drop and the sudden rise. Arrows indicate the blood
sampling time. @: Exp.I, ®: Exp.Il.
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Table 1. Hematological factors of olive flounder and fat cod by the sudden drop of water temperature (Exp.I)
WT  Elapsed Ht (%) RBC (X 10° cell/uL) Hb (g/dL)
() time (hour) FL FS FC FL FS FC FL FS FC
20 0 11.6£02*  13.5420° 19.0%03° 21£02*  21£03°  18%0.1° 120+08°  13.7+£2.0° 163£3.0°
15 25 144£21*  10640.1° 232%38° 24403 1.8+00® 22+03° 132402* 122403 212+429°
10 5.0 NT 113423 20.0£4.6™ NT 1.9402®  1.9+03*® NT 133208 159+19°
10 8.0 129+£2.5° 9.0+04* 199113 24102° 1.7£0.1° 20+0.1% 150+04* 10.8%0.8® 17.2+08°
10 14.0 NT 102+14" 183+3.6° NT 1.8£0.3*  1.8+03° NT 96113 149+3.7°
10 26.0 155+0.1*  100£0.3° 21.0£1.2* 29402 18+00*  20+02* 142401°  112405* 15610.5°

The values are mean+SD (FL, FC; n=6, FS; n=16). Means within each column followed by the same alphabetic letter are not
significantly different (P>0.05). FL: olive flounder in large size, FS: olive flounder in small size, FC: fat cod. Ht: hematocrit, RBC:
red blood cell, Hb: hemoglobin, NT: not tested.

Table 1. Continued

WT  Elapsed MCV (f) MCH (pg) MCHC (%)

() time (hour) FL FS FC FL FS FC FL FS FC

20 0 39.0£2.5*  64.6£0.8° 103.0£3.6™ 543+6.0° 660+ 1.7° 909+13.8° 137.0+ 7.2° 102.8+ 2.6™ 88.6+16.7%®
15 25 59.9+23° 592+04° 107.0+1.3° 555+57° 707+ 19° 99.3%299* 92.8+13.1° 1199+ 32" 926+283°
10 50 NT 58.7+5.0° 106.0+6.0% NT 69.7+ 43° 857+ 76 NT 119.0£17.6® 809+11.8*
10 8.0 531463 532+0.7*  99.0+08° 62.114.1° 641+ 66° 859+ 32° 11804236 1220+117°  87.0+26™
10 14.0 NT 572404% 99.4+0.6™ NT 53.7+£11.8° 80.2% 34* NT 93.5+22.8° 80.6+ 29
10 26.0 540+4.1°° 566+1.2% 106.012.1%  495+44* 634+ 40° 793+ 8.1° 915+ 13* 1120+ 7.1°° 745+ 6.3°
MCV: mean corpuscular volume, MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular.

Table 2. Hematological factors of olive flounder and fat cod by the sudden rise of water temperature (Exp.1I)

WT  Elapsed Ht (%) RBC (X10° cell/uL) Hb (g/dL)

() time (hour) FL FS FC FL FS FC FL FS FC
20 0 129+£03*  103x17*  183%3.7* 2.3%0.1° 2.0£0.3° 2.0+04* 10.8+£02* 11.7£06* 16213.2°
25 2.5 162466° 13511 23.0%25° 30£1L1*  20+04° 23+03" 1634£53% 128+14® 21.1%24°
30 50 20.6+05° 131422  326+3.2° 374020 23402*° 23+01° 19.5+0.5° 133409 207+£22°
30 8.0 186119 13.7+£09° 292+18 3.14£05" 23401° 24+02° 165422 14719 228+08°
30 14.0 17.6+£15>  115+18* D 29+0.1%® 20£04 D 2044265 13.6+14% D
30 260 153£0.1%  129+2.6™ D 2410.1° 22104 D 129£06® 119+1.1° D

The values are mean+SD (FL, FC; n=6, FS; n=16). Means within each column followed by the same alphabetic letter are not
significantly different (P>0.05). FL, FS and FC are same abbreviations as in the Table I. Ht, RBC and Hb are same abbreviations

as in the Table 1. D: dead.

Table 2. Continued

WT  Elapsed MCV () MCH (pg) MCHC (%)

() time (hour) FL FS FC FL FS FC FL FS FC
20 0 568+12% 514+ 29° 938+ 41° 473+ 04° 592+ 51 835495 833+ 19* 1158%132% 889+8.7
25 25 535434 7024208 1020+ 94°  561+10.1* 657+168° 0940+88°  1050£22.1* 950£108° 92155
30 50 560£2.6° 57.5+ 52% 1420+108° 531+ 24 591+ 55 905495 950+ 43 1038%16.1°% 64.0+87°
30 8.0 59.7442% 594+ 0.9 1230+ 1.6° 529+ 20° 642+10.1®° 958+74° 889+ 3.6° 1080+17.6™ 781+57°
30 140 59.8+3.7% 567+ 2.2% D 693+ 7.2° 689+127° D 1160+ 9.7° 121.1+19.6° D
30 26.0 644139° 589+ 82 D 546+ 53° 55.1477° D 846+ 33 941113 D

MCV, MCH and MCHC are same abbreviations as in the Table 1.
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Fig. 3. Variations of cortisol, glucose and lactic acid levels in
plasma of olive flounder and fat cod by the sudden rise
of water temperature (Exp.1I). Same alphabetic letters
on the bars are not significantly different (P>0.05).
FL, FS and FC are same abbreviations as in the Table 1.
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Table 3. Physico-chemical compositions in plasma of olive flounder and fat cod by the sudden drop and rise of water temperature

(Exp.I, II)
WT  Elapsed Osmolality (mOsm/kg) AST (IU/L) ALT (1U/L)
(t) time (hours)  FL FS FC FL FS FC FL FS FC
20 0 4490 99° 4445+262° 377.54248%  2745+1761° 322.5+1294° 1425%106° 3000+ 93.3° 3105164 1005149
10 50 3950%1287* 4100+184° 369.0+ 14°  337.5£1633* 379.5+ 19.1° 14854530 240.0£106.1° 240085 14551743
20 0 4490+ 99° 44454262° 377.5+248°  2745#1761° 322541294 1425106 3000+ 933* 310.5+64° 100.5+149°
30 50 S35t 070 45104240° 51704481° 4425+ 106° 427.5+ 106° 1500%255° 3105+ 64° 279.0+00° 19054827

The values are mean+SD (FL, FC; n=6, FS; n=16). AST: aspartate aminotransferase, ALT: alanine aminotransferase. FL, FS and
FC are same abbreviations as in the Table 1. Means within each column followed by the same alphabetic letter are not significantly

different (P>0.05).

Tabled. Survival rate of olive flounder and fat cod by the sud-
den drop and rise of water temperature

Survival rate (%)
FL FS FC
20C—>10C/5hours (Exp. 1) 1000 100.0 100.0
20C—30C/5 hours (Exp. IT) 90.0 99.0 0
FL, FS and FC are same abbreviations as in the Table 1.
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