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Effects of Low Salinity and Dissolved Oxygen Concentration on Ultimate
Upper Lethal Temperature in the Red Sea Bream Pagrus major and
the Black Sea Bream Acanthopagrus schlegeli
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Abstract : The thermal tolerances of two types of 3-year-old sea bream, Pagrus major and Acanthopagrus
schlegeli, have been examined in relation to low salinity and dissolved oxygen (DO). Fish reared in natural
seawater were transferred to test tanks in August. The tank water temperature was increased by 1°C every
week starting from 26°C, and hypotonic (20, 27psu) or hypoxic (50, 70% in DO saturation) water was
supplied from 26°C for red sea bream and from 30°C for black sea bream. Mortality at high temperature
was clearly higher under the decreased salinity and DO condition for red sea bream. The ultimate upper
lethal temperature (UULT) of red sea bream was 33.4°C in the control condition, and declined by 1.1-1.6
‘C under the conditions of 20psu, DO 50% and DO 70%. In contrast, the UULT of black sea bream
closely ranged from 34.9 to 35.4°C and was not significantly affected by the water conditions of >20psu
or >DO 50%.
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Fig. 1 Schematic of experimental apparatus used to study
thermal tolerance under hypoxia. The dissolved
oxygen concentration of the test tanks was gradually
decreased by ~25% a day to achieve each test
condition (50, 70% in oxygen saturation).
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Table 1 Water quality in each exposure condition during the test

Test fish P. major A. schlegeli

Exp. Temp. (C) DO (%) Salinity (psu) Temp. (°C) DO (%) Salinity (psu)

condition Mean SD  Mean SD Mean SD Mean SD  Mean SD Mean SD

contr. 259 + 0.1 955 = 1.0 322 + 04 30.0 £ 0.1 953 + 1.2 323 + 0.1
27.0 + 0.1 940 + 1.1 320 = 0.4 309 £+ 0.1 953 £ 1.0 324 £ 0.2
280 + 0.2 946 = 1.3 319 = 0.1 32.1 + 0.1 99.2 + 5.0 326 £ 0.2
29.0 + 0.1 93.7 + 1.4 322 = 0.1 329 + 0.1 912 + 1.7 325 £ 0.2
300 £ 0.1 93.1 = 1.8 323 = 0.1 339 £ 0.2 89.7 £ 2.3 332 £ 0.5
31.0 £ 0.1 93.7 + 0.8 324 + 0.2 350 £ 0.2 90.5 + 2.1 336 £ 0.1
320 + 0.1 96.7 + 4.0 326 = 0.2 36.0 £ 0.2 90.9 + 0.7 33.7 £ 0.1
329 + 0.1 883 £ 2.0 325 £+ 0.1
339 + 0.1 913 + 5.7 334 £+ 0.5

20psu 26.1 + 0.2 968 + 1.4 202 + 1.2 299 + 0.1 929 + 1.1 20.8 + 2.7
27.1 £ 0.2 953 £+ 1.0 194 = 03 30.8 £ 0.2 93.7 + 0.8 204 + 1.2
280 £ 0.3 957 + 1.3 19.4 + 0.1 319 + 0.2 97.7 + 5.4 19.5 + 0.6
287 £ 0.2 95.1 + 1.2 19.5 + 0.1 327 £ 0.2 87.8 £ 1.5 193 + 0.1
30.1 £ 0.1 925 + 1.2 195 + 04 339 + 03 863 + 44 19.5 = 0.1
31.1 £ 0.2 92.1 + 0.8 19.8 + 0.3 349 + 03 86.6 £ 0.9 19.7 £ 0.7
320 £ 0.2 96.2 + 54 19.8 £ 03 36.0 £ 0.2 87.0 £ 1.5 19.3 £ 0.1
329 + 0.2 89.7 £ 1.2 19.7 £ 0.1
337 £ 0.2 875 £+ 09 19.8 + 0.1

26psu 262 + 0.1 96.3 + 1.1 263 = 0.5 30.0 = 0.1 92.8 £ 0.9 259 + 03
272 + 0.2 944 + 12 257 + 0.3 309 + 0.1 932 + 0.8 259 + 0.2
28.1 + 0.3 949 + 14 256 = 0.1 319 £ 0.2 974 £ 5.1 260 £ 0.2
289 + 0.2 938 + 1.3 258 £ 0.1 327 £ 0.2 877 £ 1.6 257 £ 0.2
30.1 + 0.1 91.7 = 1.2 260 + 0.1 339 + 0.3 844 £ 1.5 258 + 0.1
31.0 £ 0.2 933 £+ 1.4 26.1 + 0.3 350 £ 0.3 85.1 £ 0.7 25.8 £ 0.1
319 £ 0.2 977 + 59 262 + 02 36.1 £ 03 86.5 £ 1.8 258 + 0.1
329 + 0.2 855 £ 1.1 260 + 0.2
339 £ 0.2 84.1 £ 1.5 262 + 0.2

DO50 260 £ 0.1 56.5 + 9.0 322 + 04 30.0 £ 0.1 55.7 £ 94 323 + 0.1
27.1 + 0.1 512 £ 2.0 320 + 04 31.0 £ 0.1 51.6 £ 4.0 324 + 0.2
28.1 £ 0.2 51.8 + 2.2 319 + 0.1 320 + 0.1 495 + 3.1 326 + 0.2
29.0 + 0.1 51.0 £ 2.7 322 + 0.1 33.0 = 0.1 504 + 4.2 325 + 0.2
30.0 = 0.1 499 + 2.6 323 £ 0.1 339 + 0.1 495 + 3.8 332 + 0.5
31.0 £ 0.1 522 £ 19 324 + 0.2 349 + 0.2 49.7 £ 3.2 33.6 + 0.1
320 + 0.1 498 £ 2.0 326 = 0.2 359 + 0.2 500 £ 1.3 33.7 £ 0.1
33.0 + 0.1 50.1 + 1.5 325 + 0.1
338 + 0.1 522 + 23 33.7 (n=1)

DO70 260 + 0.1 720 £ 25 322 + 04 30.0 = 0.1 71.0 £ 4.7 323 + 0.1
27.1 £ 0.1 712 + 26 320 = 04 31.1 £ 0.1 702 + 33 324 £ 0.2
28.1 £ 0.2 71.7 £ 2.0 319 £ 0.1 32.1 £ 0.1 70.1 £ 2.6 326 + 0.2
29.0 £ 0.1 702 + 23 322 £+ 0.1 33.1 + 0.1 68.0 £ 3.4 325 + 0.2
30.0 £ 0.1 695 + 2.4 323 + 0.1 34.1 + 0.1 683 = 3.6 332 £ 0.5
309 + 0.1 692 £+ 26 324 £ 02 35.1 £ 0.2 683 £ 3.5 33.6 + 0.1
320 £ 0.1 685 + 24 326 + 0.2 36.1 £ 0.2 715 £ 1.5 33.7 + 0.1
329 + 0.1 69.7 + 1.1 325 + 0.1
338 + 0.1 700 £ 1.3 334 + 0.6

Hypotonic or hypoxic water was supplied from 26°C for P. major and from 30°C for 4. schlegeli . The measuring
interval was 10 min for temperature in all conditions and for dissolved oxygen (DO) concentration in the hypoxic
condition, and twice a day for salinity in all conditions and for DO in the control condition.
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Fig. 2 Daily change in survival numbers of P. major (A)
and A. schlegeli (B) under each exposure condition.
The initial number of fish were 5 P. major and 6 A.
schlegeli. In each condition, the temperature was
increased by 1°C in a day every week starting from
26C.
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Fig. 3 Cumulative percentage mortality of P. major and A. schlegeli exposed to high temperature under normal (Al, Bl),
hypotonic (A2, B2) and hypoxic (A3, B3) conditions. The medium lethal temperature (LTs) was interpolated using

the upper and lower values from 50% mortality.

WAET &RE LRI B ERIMI S L
AR AR HERCREDETE Y, ¥
FEIRMBELL T TIEmE DS +ohEd 5 Z & THEENX
DR SN EEZOND, LnL, BIRER
W25 L, RBEREICET 2 MERIG %I
XA E7-T LT, 20psuX THEXBRX LD 1
CRWRTOH LT EEE A U LRI,
I AR EC B TR IC L B &
<& A4 (KR8~10cm) 1%12.2%LL T T 8 R LA
PHZFEE L7=2% (BAF, 1949), 7 o & A 13k
%30 Ok (FH2EKE13mm) TREIZ 1 %D HE
KCTHFDORET DN ER L. (RIE, 1979),
ZOEDIZ, 7 aF A XMERE ST B R
eI B\ =, 20psuTHUULTIZE LD s>
lEEZ BN,

Mt s (1987) 12k B &, 266CIZBITH~H

A4 (CE¥L2E229mm) OBEEHEEX, BESD
FIEES0% E TIIAFIEIS%ICBITAIEFE LR U
THDHH, fafE41.1%TIEEL L, 8afE29.8
%CEEMEEAE UL, £/, W7 (1989) 12X
% &, 28~29°C Tk~ 2REEFKIZI6IFH B 1
o4& 4 (EHER21~22cm) Tix, fAFET3
% THEHET, FFIESS%, 47%, 44% TIIRHLE
BNZNZFN10%, 40%, 100%THh-7-, ZibH
WX, 27~29C T~ ¥ A OEEZERUCE D
DA PERED IER 2@ < TRAS, fafnE41~55%
fhElch s EE2HNT,

AHFED~ 7 A T, BEFIEIYfTITH 5HKI25
%,/ B OEIG TR T ¥ TRMES%IZ L-%IZ,
KIBZE26CHB34C~LEHEE, oL X, it
RAVBYO THLE LZKRII3ICTHY, fafnE
50% i THRCBEMAEE2 AU DKIED, WFE

_5_



BEFD - v ¥ A, 7 o¥ A ORKESCIRE

(1989) LW 2~3CEMNoT-, ZDXHREE
BEDENE, KESFFICLESS BN~
XA TEROYEKBEIENBIL SN L D12 GR -
B, 1972), 26Ch HIERBERIZB -~ & A
TiX, KEEFR R CTHRNICKLE R 2 B ATHE
ET B, ML DOER - A{LFENRENELCT
TehLEIND, Al (1982) 1Lk b L, KEg
FlZRh N1 T, EEBEFIRE~OEISK
IGEEINDaALFI AR~ b7 Yy MED LR
NBERENTWDE, ZOLHIREEHELT, R
BE EFACHE D RBEOIEMN S i S =R,
AR TIIICCE CHEHMEELE Lot H
b5, L, 2ok REEERICEDLS
WHEIX, 30CEBZ D EBBEMFENMIVIZER
A, ZORR, AMES0% TIEIIC, fafn
JE70% TIX32°CE, XM D3I3ZC IV EVIRET
WEEEEAE L EEZ BN,
ek, EKEBEBIIRRICEET L ENMLNT
BY, ~& A (Chiba, 1983), 77X (ILEH,
1983), 7= (FIE, 1988a), A FTA T k2R
(F%E, 1988b) Tix, BEFRAAFEI0~55%LLF T
AWBERERIKET24EL, ZOXERERITEMR
DIETIZH o 7=, ABFEROEFIES0%E L U70%
BN~ A TiX, EBEENSEEXDOKI1/7
WD LT, BEEA RIZIKE1SgLL T oA
THHLDT, < HF A E OEBELEIIEE L3,
FAFIET0%LL T T~ & A O ENEHT 5 aHE
WRHY, BEEITOBOHERLEVWZ D,
3

KFE~DOEEM A - - B KRELFHE F
YPIIRENE L+, B KFLSEER LIRS L,
() MBEAMREMETES RFBAEL,
Bkl THE % < 12 &AM FERT EiE R
KEFEEE L S NOEE ALY, RAFERTH
RAFFERT L HE SRS L E T

5| AR

Chiba, K. (1983). The effect of dissolved oxygen
on the growth of young silver bream. Bull
Japan. Soc. Sci. Fish., 49, 601-610.

TR (19882). 72 OMEICRIETIRFRER
DFEZONT. BKEE, 54, 175-181.

THERN (1988b). R T4 7 MAZADKERIZK

FETIRTMEORE. HKEE, 54, 599-606.
Fry, F. E. J., Hart, J. S. and Walker, K. F. (1946).

Lethal temperature relations for a sample of

young speckled trout,

Univ. Toronto Stud. Biol. Ser., 54, 1-35.
FEZEF (1982). fABKOBESIERTICLD

~ F A OmEMERE(L. BKRE, 48, 165-170.
AE 2 (1979). 7 v XA A ERETHRER

5. BRFNS2AERE RIRAF K EERBRIG FERE,

RIRAFKPERRER S, KBK, pp.97-108.
WRES - B & (1972). BKADRELEH

EiCBd 2 —38. AREKRICBIT S

A DIRBIERE. LRKBRFEFE 26, 197-

202.

WRBEF] (1989). BKBERGETICET HEES
THADIRTFERZ BT 2 SRR, WA
—a—X, 25, 6-7.

& -7 T B - BAB - BHEK
(1995). FHs~ &1 DRI L ORE, BEIR.
IKEEYETE, 43, 177-183.

THEZ - #FRRER (1997). 71 Y A haD

EERG. H/KEE, 63, 317-325.

THEZ (2002). BEEABEOIREEITICET

D EERAOHFFT. HE AR, 4, 11-66.
HASHKHS (1985). AEIC L 2 8MERABR.

Salvelinus  fontinalis.

M

NS> K7 v ANEBFRI, BABEG

£, B, pp.888-890.
AARRHS (1990). IAfFRsRE.  VEFEBLIIE

#1 (RETHR), BAKRWHE, pp.158-164.

Hi IE (1949). AFHOES BB RIT TR
210, HOFEEE AR O A BRI IR
D BIERF & (REA(LIIZ AR OEKE
BAGICHE T, KEFHEGE, 54, 48-71.

Woo, N. Y. S. and Fung, A. C. (1980). Studies on
the biology of the red sea bream Chrysophrys
major. 1. Temperature tolerance. Mar. Ecol.
Prog. Ser., 3, 121-124.

WHE— « KPP EEF - JFHEEE - PP 6K
(1983). =4 > U FOMEIKIETIHFHE
FOEBIOWT. HAKGE, 49, 1335-1339.

e — - A & - bBATES (1987). KA
TIZBTHZHA, TANE, BINFE, Fa
v, nNFAabtomEHEREOL(L. K
PEYESI, 35, 143-146.





