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The present state of study of influence on aquatic life by thermal effluent from power plant.
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Reynolds and Casterlin, 1980 ; Tsuchida, 1995). L7z
Do THARIFRE OHEEEIZ, BIBCRE &S FRE &
DOBAREZERREIFR D 5 ik 2 REVREARTEL, 2o
JE= & BIBGRE = EEFREOER & DR N e LTHEET
5.

ENTINhE T LD FIEIC L > THs Iz Nz

163

BHCEIFRE /o
i ————_
i 3
; e
2 ,g;@%
17 %
P
&
%\}\\’9
BlisuRE EREGRE) (O
8 HIBuRE & BEFREORRE TV (4, 1997)

21 T DU PE F D IRACEIFIRE 2R 1 10R 3 (LH,
1997 ;1998a). 2DH b5, bEWIRELZEF Lz LD
I3 A X ¥ Lateolabrax japonicus TH VY, %+ O I E 1
30°CIZZE L7z, 72, bRV b DIy ¥ Oncorhyn-
chus keta T 13.5°CTH o7z, TS OFERIE, HHEFEAK
HBhD0IFEREAKEED 7 4 —V FTOBHEIEEL, <
%4 Pagrus major, =% > Clupea pallasii, ¥ a7r,
<A V¥ Sardinops melanostictus, 5% 7 F A4 7 En-
graulis japonicus, %7 YHEZL DAFBIIOVWT L —
BT 2 2 EDPHERINTEY, BEADHBEDKIGTHE
TEELTOEMMEZENT 25D THL LR b, &
B, RO ORI TREGERIARE BRI & TR
BELOREEEN—HT 2 Z LNHESNTBY (Kita
et al., 1996 ; 1-HH, 1997 ; +-F - §iFBE, 1998), ZKEERY
FEFENC b BERZMRATH 5.
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AT 5 A9 F .,
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A=/t 7
20.5° . . . 26.9°
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H YT N7
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3 i A - f#
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TV A TNF
24.0° 27.6°
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F A4 VA=D1
24.2° . 28.8°
FEvynnis japonica ¢ Acanthopagrus schlegeli ¢
<4 AR
74 25.3°C AT 30.0°C

Pagrus major

Lateolabrax japonicus
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NENDOERTTED 2 VI EEORENEBEOR DM
BEH-> TBrRIFRILEB 2wk s, 22T,
—HNC W SN S ik e LT, EEf—EDOEE 2
FrL 7RIk 2 NREEMER, &, REZ2—E
HETER (T ¥ TRz THERRES (RE) E
ERE, O 2FIIOWTHEL, Thoick->TESR
ZREMEOMEE B L R0 IAEE & OBfRIZD W
T2,

0B AR ER
Z OEEZ, WEHIEK 2T R A —E O EER

B (R ; exposure temperature) 12 X ek
TR I L CHE B ICEBREFR L, LT 50%
Lz M GREEYIRRD) 2Kk 22, &L IIFTE
D FERFRIN THTRN 50% & 72 2 HE CREEBER
£ LTs) 2K 2 DT, HEAMIZTEYEOFMEHE
BERUAEEEZ TL W, ZOERAEE—ERET
Tfib 79, HH - FEFEHNIG & DFRE VD & %
W92 2 LB TH A, HEERICH 3 2 HHED
Hgr @ »iz o, a7z S FEE RS
Zbo T FHOBZEICHNTWwS, 7272L, IOk
FTEAREOEITH H Y, SBUEAEE BT 5
TN RY) T OEERZTRTVWEWwDbI, B
fRIFDOREIC L > TORELSFELZIT 5 2 LHHIS
nTns,

BRI FEE M & LT, 717 Y Nordotis  discus
discus DFHEN AN TURSE Bl AR % 1T - 7o Fl 2 18
3% (R, 1990). SEBRICIE, DNHETIRE K s atEs:
B (FARIE2, 1980) ZHWT w528, FEEEZ7 LV
=y AT oy 7 iz 11 BEOREA %2 L, EfE
OIRFERIED % FIRFIZ 8 fH, 71 88 B 2 E T 5 Z &2
TE&2bDTH5. ZOHEE, 8 DOEMIKH (7.5,
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707 7L (X)) Yy —RHENE) TORmEE
filER B (FAT, 1990)

=9

15, 30, 60, 180, 360, 720, 1440 43) Zi&E L, Kbk
BIZIE 20~80 R DLEZ A L TiTbhz, K92,
N Y e — R IAGE IR 5 H) 10810 2 K flRE
B LTy 277, 2O S, b B OEN 7.5
SR TIE 35.8CTH -7z LT 1%, BEftEREoOBEME &
HIRAZIET L, 1440 7 XKICBWT 30.2°CL 2> T
5 EBbns

ISRA Fry et al. (1946) 1%, FHAEHEZ S 51K <
LTWE, RAEIICIIRR L kot & 212k B 50% D
BRI E X 2 EE %2 "OIHIEBGEEE (incipient lethal
temperature) ; &WECY, HEG FOAIEE ST DR &

EE L7z, FEoFTIEERICHT 3 EEmED & % 5H
U, EBICIE, EYORTREENETETCLE

2 57:%, YHAEGLRE SR RO =>bH 5 2
LTk, WEEHEEIC TE S SR & BIEGR
E e ORI OWTERMIRY &, EYRdHFETE 3
BESEEIZX 10 O X 5 %2 SFHATAR Bl % M CH
FnicBicksLahs (HH, 1990). 22T, &0
EEDRERIREEL O 2 & &, EWEREERIC L
T2 THEE S L »w)EKRT NEEMNEMHES (zone of
thermal tolerance) ;, EFESARAIRELBED Z L %,
il 2 & D FEERSAFIC X > THEE D22 2 (EHI T 5)
v ERT NEEHKPIEESEL (zone of thermal resis-
tance) ; & W53,
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BIBRE (*C)

F10 #HEOREMMEO—KIE 7V (M, 1990)

fRREe (RIE) BEHRER

ZDEEZ, BFIEGRE» S —EDEETHIED 50k
FRR L C, HEAMEDOTE %2 385 U CEBtIRE BRE
Mok BEES R K- IR0 T RS (RIR) B

(critical thermal maximum or minimum) ; B X U3
T LU7zBFE O "#3EEE (lethal temperature) ; "D
ZPHIET 3 /ETH S (Cox, 1974 ; Becker and Gen-
oway, 1979). Z OEETED 72, FIBREIC L > TE
BEZT oM, WEOZMEEICEI->THRLY, FiR
DEEZ DEALBENRKE VIFEMKT 2HEAICH S Z
ERFIoNT WS, Z OWREZRHEE TR IC L D5
D, 1~60°C/RFE VDX DENH D720, Kk
P2 T 2GR FEE R TET 5.

BEple LT, 7ay A TCfibhicEEflzrs (L
M, 1990 ; :H-#E788, 1997). ZOFEERTIX, BIZGR
D15, 20, 25, 28°CO 4 FEOMFABHE S, &5l
K o 5 BT D2 BIERE L R CRE O EEKE I
L, Z DD S 5°C/ROEIG THIERD 5 VW IZEEHE S 5
HETITbnl, ZoOM, HERAOBREILER L TTh
1, WS (&K BES L OHERABIUEE (#IEE
BOEL) 2L 72, X 11 & RIEE OFER & Bz
REOBFRERLI:DDERTY, {2 OHIBCEERD
B SR 1 R 13 31.2~34.6°C, B R KR 13 1.3~
4.9°C, FERMIEGFBIERE X 32.3~35. 1°COHIPIC b
D, BIBURENEWIZE, SRINRE? LA T 2EERN
TR sz, o8B, EEANCOWTE, 1°CE
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TREZ T2 DDIEENRD S oTz,

R R SRR ) bk

11 1 3R R E (RIE) BERBROEREOfMIz,
BOOET L 7 a Y A Tirbh I REEMEER (72 K
M LTs) DFER BT TORLI, ZOHBE, WFhoXE
ERE R b BIEORE ITIRTE L Tw 308, 5°C/K D HE
VEEE X EERAI D T2 R LTy £ D 3~4°CE W E %, i
12— 5 °C/ IR D Bl SR AR I ARIRA D 72 IR LT 5 &
D I~ CREWEEZRS>TWE Z bbb, ZOEIRD
CECEBEEIZL>TEZZBOTHY, HL TH
B2 b DT W, BEMEL VW TS, HEICED
FERNER ZEENH D ENBOLYWIEIT2 6D
LS. 20D, RIFROZES TSI N2 FE B,
B 5 VITH RO ETFEHRRNCEINERSE 2 S £ 5 Dff
PRV OWNELTH L0 E2HB L, gl s
S,

EIFRE &L BULRE DORBFR
+H (1997) 12X 2 &, RAEFRELHE S hiz 21
BOMBBICOWT, B & [F U THIE L 72
B OMSRRERES X ORI BOERE £ HI5E U 72 #
R, WO IIAHBIREL 0,981 & IEH IS mIERRY 2
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Summary

This treatise discusses the testing and analytical
methods for assessing the influence of thermal efflu-
ent from power plants on fish. In order to gain insight
into how fish react to thermal effluent, it is essential
to know their temperature preferences. The neces-
sary measuring is normally done in a temperature

gradient tank. In Japan, the final thermal preferen-
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dum of 21 species of fish have so far been established
using this measuring technique. The highest prefer-
ence temperature (30°C) was for sea bass Lateolabrax
japonicus and conversely the lowest (13.5°C) was for
the Chum salmon Oncorhynchus keta.

In order to understand the direct effects of thermal
effluent on the survival of the fish, it is important to
know their thermal tolerance. The two commonly
used tests to measure this are: the thermal exposure
test and the critical thermal maximum. To date,
extensive materials have been published on the ther-
mal tolerance of fish. The criteria to be considered
are the physiology of the individual fish types as well
as how they react upon contact with different water
temperatures.

The results for the 21 fish species in question
showed a significant linear relationship between the
two criteria : those fish with the highest temperature
preference, also had the highest thermal tolerance.
Furthermore, it became evident that there was a
difference of at least 8°C between the preference and
the lethal temperature. The findings also suggest that
when the water temperature approaches the lethal
level, fish sense this and react accordingly.

5| F3CER

Becker, C. D. and R. G. Genoway (1979). Evaluation
of the critical thermal maximum for determining
thermal tolerance of freshwater fish. Env. Biol.
Fish., 4 (3) : 245-256.

Coutant, C. C. (1970). Biological aspects of thermal
pollution. 1. Entrainment and discharge canal
effects. CRC. Crit. Rev. Envir. Cont., 1 (3) : 341-381.

Cox, D. K. (1974). Effects of three heating rates on
the critical thermal maximum of bluegill. In: J. W.
Gibbons and R. R. Sharitz (ed.), Thermal ecology I,
CONF-730505, Nat. Tech. Inf. Serv., Springfield,
VA: 158-163.

Fry, F. E. ]J.,, Hart, J. S., & Walker, K. F. (1946).
Lethal temperature relations for a sample of young
speckled trout, salvelinus fontinalis. Univ. Toronto
Stud. Biol. Ser., (54) : 1-35.

Fry, F. E. J. (1947). Effects of the environment on



wH fze W B

animal activity. Univ. Toronto Stud. Biol. Ser.,
(55) : 62.

Giattina, J. D. and R. R. Garton (1982).
model of thermoregulatory behavior by fishes with

Graphical

a new mesure of eurythermality. Can. J. Fish.
Aquat. Sci., 39 (3) : 524-528.

g R BARE - BIIDERE (1994). )11 & ¥ % Bl 3

RHEARFE R E, 279.

Jobling, M. (1981).
final preferendum-rapid method for the assessment

Temperature tolerance and the

of optimum growth temperatures. J. Fish. Biol., 19
(4) = 439-455.

Kita, J., S. Tsuchida and T. Setoguma (1996). Tem-
perature preference and tolerance, and oxygen con-
sumption of the mabled rockfish, Sebastiscus mar-
moratus. Mar. Biol., 125 (3) : 467-471.

ARIER - BEAE - FEE 5L - H JE - TEEF

(1980). KRAEEYVIOWREME— 1. IN-HEFIRE G
FRBREEE O HI1E, FEH 55 B H AKEF ST R
HIEELE 104,

FIRTEGE (1990). 7 07 7 EDYIB & CERIESAE D iR
M, Ve BRI e AT geak s,  (90201) - 1-38.

Reynolds, W. W. and M. E. Casterlin (1980). The role
of temperature in the environmental physiology of
fishes. In: Ali, M. A. (ed.), Environmental physiol-

ogy of fishes. Plenum Press, New York and Lon-

168

don : 497-518.

THEZ(1990). fAOREmM:. WHEPF=2—X, 28:
4-5,

THEZ-EEE 5 (1991). #FrBUEEERE AR DB
SEE OIS & MERE. WAV ERETT R AT Rk,

(91201) : 1-20.

THEZ - EAEE - REE (191, A ¥ 51 144

DFEIFRE & SRR . Yot A B i it 7ok,
(91202) : 1-24.

Tsuchida, S. (1995). The relationship between upper
temperature tolerance and final preferendum of
Japanese marine fish. J. Therm. Biol., 20 (1/2) : 35
-41.

THEZ(1997). WEEAEORE RIS T 2 FEE
WHge, FRMFERFRFBETRL 8 FEE 3w - 1-143,
FHEZ-FFREER (1997). 7 v Y A A ORERIG.

HAKESSEE, 63 (3) [ 317-325.,

THET(1998a). FMOIFERE, WA= 2 —2, 58
4-7,

THEZ (1998b). fADFIRE, miRm: &k O
e OBb Y., WEN=2—X, 59 :8-10.

1) PEEIRASH T 2o ¥ — G SRR A T —
21T 459-8522 A TR K RS ITEALB L 20-1

2) W ERE NG REAE BR T S T Th R SE i e AR
IV—7 1T 299-5105 TEENL SR RIEREITEHTEATE 300



