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= AW K o AW\ LI %, LLF E#E # (Chaeturichthys stigmatias) . ¥ X -F &
(Sebastes schlegeli). T 4 ##(Oratosquilla oratoria)fn H 4% i (Charybdis japonica) i #F 5 xt %, #F % 7
5AFEA KIE(8.0. 14.0, 18.0, 24.0 #128.0°C)F1 9 NiE F# £ (0.5, 1.0, 2.0, 3.0, 4.0, 6.0, 9.0,

12.0 2 15.0°C/h) T 4 F# 9 5 A 4 09 2F B30 08 2 (Lethal temperature of 50%, LTso). %R 2 &, 4l
A i R I b B 3 (P<0.05)% v 52 30 A M1 19 LTsoo 4F 2 R 3 3 T 5L 5e 4 4 LTso 5 2l K iR

EEMX,

TV E R AT
RER  EEAD;

FESES Ql42.8 THEFRIRED A

IR, T BRI b X Y 22 e R B AL FL 4 LA
IV HIK QRARK) AR ATREE KA, {52 97 1Y
AR T, THEK B A 7K R AT 5 8°C~12°C (Bamber,
1995), 3k JiliJa BRI A G o TR EETHE AR A T
%me’iﬁiﬂ’ﬁﬂﬂ't VRIS, T L3 Wi P T A ) 1) TR I R

o TN 2 R AR M AR A RT3 ORI L
ﬁiﬁﬂi%ﬂ‘](ﬁé’i, JI A RS M b Z2 R, XTI
3225 R AE M 5 D RE 7 A= TR %) B8 57 T R0 (Gooseff
et al, 2005), JHEAK XTI R A A IR SO A )
FAAE AT G S RTS8 G, s (%)
J AR S R R0 B S5 A v 2 R ) ) e —
(BRR25E, 2004), JFJRIMEEEA YA Z PR SY, &
BRI TS DL RE T, B SRS AR IR HE K S

B AN SE 0 A 4y 8 LTso B & Lot KR T8 T A5 o I8 A8 8 X 5250 4 4 LTso B9 5%
B LAl AR Ay F T, AR A AR LI A AR R RE Al AR S
M AEAT LTso, )32 BLA T3 7 & 4 By A %
HABT LRy FRIEE (LTso); Al AR BAHER
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MNBFHEE, MET
ERE I

T A )RR VR A 25 PR A RSN

13 1 A2 W) AR A2 1 F 5T 4G T I Ah 7 E Carter
(1887) X A1 245 i J4 435 1 BE 7 K ml 9814 46 Ty T PO F 9%
HIF VP38 R A AT 52 PRI O ik kAT 1O
M A1t (Hutchison, 1961; Kilgour et al, 1986; Beitinger
et al, 2000), A=y 52 PE S0 50 & PR 1) 2 0 5 S e
A i, A S AR T IR R A S 2 b
I 2 DA — 22 B TR R A AR T RS Ik, Wigg
S8 R R A2 A DR R T 32 B AR T e A AT
N RCRE, VA TR bR 32 R K B IR BE (Critical
temperature maximum, CTMax)(Becker et al, 1979;
Fangue et al, 2003; Selong et al, 2001); J&#& & FEY)
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(B P S5 A ) B AT A O, PN R A A e e B B Ui
J¥ (Upper incipient lethal temperature, UILTso) (VL%
4502008; BE—IE4E, 2008; Kivivuori et al, 1996), #
A 5L BB B B S AR W ) BE TR S IR 2 ] )
KFR, HFTHISEE AR Z, FIB K (Bennett et al,
1997); a5 B RKEEAAERL, iR,
JIrits SCR AL, et R AR, UGS T
Xt e b TR APERIF ST (Ospina et al, 2004), 7EIF 7
IR SZ RS, ds AR S PR R PR AT 5
TR KR E AR AL A BLIR , BB A s R S 56 A 4 g A A2
T1 o EHCIR E (Lethal temperature of 50%, LT so) 7 7F
CTMax Az b, & SONTER & HEAIK IR T LL—%E
4 T T R AN AR B S AR B 50%FE TR Y
TREE . CTMax LASEE0 AR W) 3 % b sk 3 AL A B e ) AF
Ry 15 (Cox, 1974), 1 LTso ASEE A8 S0%AET-% N
Ui 4k, RE S IR o R VAR W A A2 R AR, 2
X A AT 32 PE VRN T8 bR i A R 7

LRI THEEEALTR, FI4EFRIK IR 14.8°C, Bk
I E N BLAE 8 H(28.8°C), FAifH HBAE 12 H(-2.1°C);
JRAEER AL R 29.2~31.2, XA RIRE R,
EREET Y —, FELER YA T REE
ffi(Chaeturichthys stigmatias) . #:ffi(Liza haematocheila) .
KU 7N £ fi (Hexagrammos otakii) . i [G F fil
(Sebastes schlegeli), M #Rit(Oratosquilla oratoria) .
H A ## (Charybdis japonica) Al = ¥t # - % (Portunus
trituberculatus) & . 15 AR V5 AR 0 T BT e 9 R AR A H
J R R EE IS HIKHE AR, X A A PR B R i
A 7 RS AE BN o ASHIFSE LIS ARV () R B2 T
025 (OF R #8150 RI 1 [Tl TR 76 288 (1 R st R H
A TR S, RS RT LR TTE, R
[i] 5 it 7 IR AR T3 X 4 FhSZ YR A= 4 LTso FUFZI
VLS04 735 1 A ) 1) AT 52 B S LRt it B 7 3
PE, R EEA AN A2 PR SR B S, o
P Sty YL HE 7K %) B85 52 i A T 1k A R L HE A
il 9 %) Sl N7 N e S PR AR 2 AR B R S #

1 #HREHE
1.1 I

S P R A . VRIGCTal . RS H A
VIS 1IN AR, BUH AR TSR3 A R K k. 5 i E)
AN [ 3 07 7K YR X ST 3 A= 0 A A2 P R S, S 58 5331
TEAZR | BEMETHAT, S5 AW AR U i1 KR
FE43 A 8.0°C(4&Z), 14.0°C~18.0°C(FZ). 24.0C~

28.0°C(E %), LAY ILE 1. SLEITIAAT, 75
Bk IR (R )Y 3~7 d, SRIFERBOR/NY S i
I RE 9 A AT S8

1.2 SLGHE

121 EhE4t STESTE 150 L ZKAA 1 /K Al Py
17, SEB K E IR AR A SRl i, SRR
28.2~30.2, pH N 8.1~8.2, L7, Jelh
H RIS . A 7KORE 7K Fh RS 28 4 TS (L 42 31 L
9 0~90°C, IR ABE N 0.1°C, #iE A-MI211H;
EIN#EE R 100~2000 W, £E5[E Armaturenbau) ¥l . 52
B UIIE] R S K B R R I A KA P KR

122 #HEBIEE ARSI R AE RS TR SR
ARV A W A B2 REAE o FEA K IR AR A5 S
ZE H ARG KRR KR B 8.0C(4&Z), 14.0C
A1 18.0°C(FZ). 24.0°CHI 28.0°C(EZ), £4ILhl/K iR
TRE 9 MET R 0.5, 1.0, 2.0, 3.0, 4.0,
6.0, 9.0, 12.0, 15.0°C/h, FFAIREEALFEBE 3 4-FAT
H, WEAEYNERNEEILE 1, RHZYMIRGE
5753 ARG R G TRLEE | 4 BRIR E R T R
XK IEAT RS TR, [, 0 5% 32 W PET - B
10 5% A0 T B0 T8 ) BB — 2 I KR, ZOK R
LTsoo SCHd e, LAY )Rz, b
fisk TG 52 I 2 A SR HE AR BE T (Becker et al, 1979).

1.3 #HiE4biE

BAE 48 1 45 R R o8 N Y £ 55 1 25 (Meant
SD), X EdE 47 IE 25 43 41 4 42 (K olmogorov-Smirnov
test) Fl 5 22 55 K 56 (Levene test) o 7E 15 & 15 2504
T3 2ZFF VRS AT 7 220 T (ANOVA)YFI 2 1 L1 3K
(Duncan test), X2 2R 550 145 SE 5 A= W) 1 LT,
(B 47 AT 52 WK 2 U7 2253 (Two-way ANOVA), 53
Bl TR SR AKX SIS A LTso MIREM . LA
43 Hr#47E IBM SPSS Statistics 22.0 b, fE
KPR P=0.05,

2 F#HR

KUK 27 2250 A 245 51 o, AR KR AR T i R
75 (P<0.05)52 10 4 FhSLE0 A=) LTso(3K 2) 45 i T
RALPRL 4 FhSZEGAE WY LT so Bl Ak A 1 T
R B E T E B H(P<0.05), HAER—ETHER T %
FER K BIAT Y LT so A7 7E 1 35 25 5 (P<0.05) . 1 i THik
R4S T A Y LTso B R0 R Al K I AN 47 o i
(K 1~ 5).
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Tab.1 Sizes of four experimental animals

Yyh FERE AR (SNEPSIIEES e B
Species Acclimation temperature (‘C) Body or carapace length (mm) Body weight (g) Number (ind.)

F g 8 111.8+16.0 252+6.9 10
C. stigmatias 14 176.2 + 11.6 32.8+4.2 10
18 176.2 = 11.6 32.8+42 10

24 141.6 £ 15.2 37.8+6.2 10

28 141.6 £ 15.2 37.8+6.2 10

VF Il 8 68.7+19.2 17.8+7.9 10
S. schlegeli 14 119.6 + 8.1 32.8+10.1 10
18 119.6 + 8.1 32.8 +10.1 10

24 121.8+9.2 33.6+9.4 10

28 121.8+9.2 33.6+9.4 10

1 i 8 118.7 + 8.6 31.3+9.1 8
O. oratoria 14 158.5 + 10.7 33.7+5.9 8
18 158.5 + 10.7 33.7+£5.9 8

24 125.1 = 11.4 242 +4.38 8

28 125.1 = 11.4 242 +4.38 8

H Az 8 7.7+2.3 20.6 +3.7 8
C. japonica 14 9.0 +3.1 20.1+3.0 8
18 9.0+3.1 20.1+3.0 8

24 8.6+2.1 19.7+2.3 8

28 8.6+2.1 19.7+2.3 8

F2 BUKEFURAEERI 4MKEEY LT MR MR E S

Tab.2 ANOVA results of the interaction of acclimation temperature and heating rate on the LTs, of four experimental species

Y# Species R K 2 Factor Jr2z SS HHEdf HHEMS SitdF  BFEEP
P IG il Al 7K Acclimation temperature 243.323 4.000 60.831 745.203 0
S. schlegeli R T} % 3R Temperature-rising rate 27.323 8.000 3.415 41.839 0

22 HAE M Interaction 43.212 32.000 1.350 16.543 0
F R E LK IR Acclimation temperature 339.679 4.000 84.920 807.904 0
C. stigmatias i F+# % Temperature-rising rate 16.468 8.000 2.059 19.584 0
A2 AEH Interaction 33.992 32.000 1.062 10.106 0
mEiN F Al Acclimation temperature 848.659 4.000 212.165 1282.105 0
O. oratoria R TH# # Temperature-rising rate 25.102 8.000 3.138 18.962 0
22 HAE M Interaction 21.440 32.000 0.670 4.049 0
EEN = LK IR Acclimation temperature 191.823 4.000 47.956 450.523 0
C. japonica R T} # 3R Temperature-rising rate 24.930 8.000 3.116 29.276 0
A2 AEH Interaction 64.076 32.000 2.002 18.811 0

FEFLRIKIE A 8.0CHY, VFIRFal, 7 REs kM
HTHR G ) LT s B L TH 8 2R 0% 3% I 8 35 B AIG
(P<0.05) (¥ 1) FEARIETHEE N 0.5°C/h B, 3 Fhsi
AR LTso ¥ 538 i T HALE T #%(1.0~15.0°C/h)
T Y LTs (P<0.05), H. 3 FPS2gs A0 LTso e KA
PRAE IR T /NG 0.5°C/h REFRZE , 43511k 31.9°C .
35.6°CH130.6°C ; 1Mif LTso fie/IME 43514 30.4°C(2.0°C/h).

33.5°C (12.0°C/h)F1 29.1°C(1.0°C/h), ¥ Pl LT,
TR R 2.0~15.0C/h BLEN LS AL E, 254k
W 30.4°C~30.9C; HHERES LTs, 76T H
1.0~15.0°C/h Ju Bl N 22 55 A 2, AR fByE o 29.1°C~
30.3°C. A THERLAIEA F, HAREN LTs ¥ T
HoAth 3 Fpscs By, HMETHHR<4.0C/h B, H
Aug LTso 257 A 03, MR # R =5.0C/h B,
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LTs, of four experimental species acclimated at 8.0°C at different heating rates
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A: C. stigmatias; B: S. schlegeli; C: O. oratoria; D: C. japonica. The same as below
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HBLAE 12.0°C/h ZbBEZ, Ky 37.6C,

FESER KR 14.0°C R, 7 FOP-lFn 7RG 9 LT
P I 3 46 Y 14 R I I 25 T 1R (P<0.05)(1&] 2), H 37
IRTFFH A 4.0°C/h AbH R B KAE, 5k 31.7°C
F1 32.6°C; M LTso S ARAEST 128 29.4°C(0.5°C/h)F
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Fig.2 LTs, of four experimental species acclimated at 14.0°C  at different heating rates

31.0°C(2.0°C/h)o VR [ PElUR IR LTso 7EIR TH 3Ry
4.0~15.0°C/h JuFEIPY, diEZESARE, BIEE S
HR 31.1°C~31.7°C 1 31.7°C~32.6°C . F B R £ i LTs,
B U T R R e T S BRAIR, TEIR R 4.0°C/h
IR B KRAA(38.1°C) 5 TR A 6.0~15.0C/h
JLREIN, dHaEF AL, LTs f/MEHBAE 15.0C/h
O, Ry 32.5°C, AHLGEA 3 AR AEY), HAS
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Fig.3 LTs, of four experimental species acclimated at 18.0°C at different heating rates
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e LTso R0 A i AR, 2 W THE R T LTso 2B/
(40.4°C~41.0C), HMERFARE, FAEHMLE 9.0Ch
AR, S 41.0°C, i fe/IMEHIRAE 4.0°C/h AbHRAT,
g 40.4°C

FEFERE KR R 18.0°CHE, 4 FF-6ali A 11 MR il )
LTso 28 bR SAHAL, 227 I ek T 80 38 1 4 R o 2 v
(P<0.05)( 3); iR THE R (9.0~15.0°C/h)AbBEZH LT,
B TGS T % (0.5~2.0 'C /h) &b B ZH 1Y LTs
(P<0.05), 1[G PAlii 1RG4 LT, 5 K fH 3 3 AE
15.0°C/h AbFHLH , 435028 33.1°CHI1 34.1°C 5 1fij LTso /N
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Fig.4 LTs, of four experimental species acclimated at 24.0°C  at different heating rates

435114 31.8°C(2.0°C/h)HI 32.3°C(0.5°C/h), FJE#RIE
il LTso BT 3R IS KIS TS G BEAIR, 7€ 2.0°C/h &b
FRAT IR B ARAA(38.1°C) , hife/ME A 36.6°C(15.0°C/h),
H LTso 7E 4.0~15.0°C/h Ju B N 7] 22 A i 2, 24k
J R 36.6°C~37.2°C . H AN LTs, 28 b a4 5 o7 e fft
PEAZA, BEIR TR AR KT R EBRAK, LTs
KAEH 41.5°C(9.0C/h), Thidse/MEHN 40.1°C(0.5C/h).

BT 4.0~12.0°C/h JEFIN, H A LTso 4110 2 5%
AN, (A LTs, W35 FHALE T #E TR LTs,
(P<0.05).
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TEFERI KR 24.0°CHE, 4 BhSZEG A9 LT, Y BE
Tk P 3 238 18 1 ST Jd 2 T 1 (P<0.05) (K 4), e il Tk
K (9.0~15.0C/hALFRL LTso & & TRETHE R
(0.5~1.0°C/h) F 1Y LTs(P<0.05)0. ¥ JEEHRE 1 . V7 [CF
il ORISR H ASBE Y LTso e REIYH BLAE 15.0°C/h
REFREH , 43590k 41.2°C . 34.4°C . 36.7°CHI 44.0°C;
i fe/IME 4 IR AE 0.5°C/h A0, 435k 38.8°C .
31.5°C ., 35.0°CHl 40.6°C . F FR#EFE AT HREY LTy,
1£ 3.0~15.0C/h JEHE N, dHZESFARE, (HH LTs,
WE T 0.5~2.0°C/h ZbFRLH Y LTs0(P<0.05). 4 &
il LTso 75 ¥ TF 0% 3.0~15.0°C/h 185 Bl N 288N,
340C~344C, BEST 05~1.0°C/h Ab A1
LTso(P<0.05), HA#E LTso 764N IR T3 A0 #2022
5 5 3 (P<0.05), HARLTLE R 40.6C~44.0C

AR 24.0°CHFY 4 FECESEWI LTs,
AL, FEFERIK I 28.0°C R, 4 FhSCE M) LTs,
A7t L 1 R g 34 R 2 T (B 5)(P<0.05), i i
THHEZ(120~15.0°C/m)AEFRLH LTs, 25 TR TR
(0.5~1.0°C/h) F Y LTs50(P<0.05). [ Rk 41, OF FE#R
FEfl . VRECTlA H AES Y LT, e RAEY HBU7E TR TH
MR 15.0°C/h AHEAT, 53000 41.9°C L 34.8°CHI1 44.1°C;
F RRER i fh Il RS A e ME R R
1€ 0.5°C/h AbHRAL, 43518 39.3°C. 32.5C., 35.1°CHI
40.6°C, 77 RBERIE A, TTIREEAN H ARESE LT 7R TR
41 2.0~9.0°C/h 35 Fil P 4[] 22 5 AN i 3 {0 LT 0 3%
=T 0.5~1.0°C/h (P<0.05), TMiEEMET 12.0~15.0C/h
ARFRLL(P<0.05), FECFHHLT s 75 IR TH 3% 2.0~6.0°C/h
WA, dRIZESFARE, H LTs 5T 0.5~1.0C/h

05 1.0 20 30 40 6.0 9.0 12.0 15.0
¥R FH# 2 Temperature-rising rate/('C -h™)

7
05 10 20 30 40 6.0 90 120 15.0
1R+ F Temperature-rising rate/(C -h)

K5 28.0°C kAl K AN [l T AT SC8 AR MY LT

Fig.5 LTs, of four experimental species acclimated at 28.0°C  at different heating rates

A HZH (P<0.05), 1 E (KT 9.0~15.0C/h AbFELH
(P<0.05),

3 it
31 EFEMAmZ TN IEIRE R

H AT, WA A 2 M PP Fe bs BB T
ASIRTFSL )72 89 CTMax #il UILTsg. CTMax J2& LLR
FEMRTFER AN 1.0°C/m)FFLETHE , B =R B
I FERFAE , DA )R R B Kl AR . Cox(1974)
E X A0S G PR S LA 2h 2k 25, 2k 2sadk g
R BSCABE AR ), IR R BUARYET . BT,
SENTRABINIF Cox BT,

ARHFFE ] LTsp 52 # 37 7 CTMax A2 I,
FE SRR AE T T R 3R ] S50 A )3k 31 CTMax J5 4k2E
FHlE, EZEEM S0%IET- A E(E . 1 UILTs,
SR S A ) DI I I K TR SR R R T — RV L
Kk, Sk R, KRR E , TR SR AT BN
ZARAE ) B B TR TR (. B AT — R R
TR B R 24 h Y 50%3HE IR K3 UILT50(7T 5 1%
45, 2010), ASWEFE T A BT 32 FE BR LTso LAAZ 1A
I 50%FE T34 Ay vty A, MR T B A 2 00 T 14 52
WA, ST TERTR ; RE A ILER S50 A ) S
IR E R 50% MARSET AV S A AR, 3 i I K
RE B3] LTso fH, PRERBEHE ; S5 ks
BT A ARAE A B IR HE K HERGE 1R 8 K IR 2%
15 T e (R 3R o AEL 2 250 T 52 30 5 1 1 e g S B
R T SR ATE B GE — B AR, T 3 1 s PR f) - T
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HRAT T RE 23 X 52 50 2R W 4 A A2 M VAN AR —E Y
S (Ospina et al, 2004) 1M 52 50 45 Fh [ 3= 7% 1
#E X SE ARG T 7 R ULLT s, BE WD
WS I A= MY BB TR SR Z M C R 5 (HRFS L0
i LAY, SRS [A] 40K (Bennett et al,
1997); UILTsy 7EACHR St b2 e A R A% B 8] P (an
24 h)GEit St — A Py Ae JC R A ] N FE T2 500 T B
(BRf2 5, 2004), HEARB TSt M I it ss
h, RBCER A HAFTE—E i 22, Ik, 3hA85em
i A A S g B U vk L R . BRSSO
WMo LTso YERZNASLE 1 5 UILTs, B Xf R i 46 br il
DL 32 o 1 v A W 0 A S2 P VPN

32 EmiyKIRFEFHE RN EIF EWMAMZ R

A=A 22 B8 1 32 Z R0 R R 1 24, i LA KR
TV T3 2k A Ry 2 A W AT A2 P S 56 v Y R
M PR 2

RSN A RSy, RS R . AR RN
B ¥ 52 B PR B T FE ()52 I (TR S, 2014 BRAEERSE,
2015), TEMEIRMEE N, &R ETHREEE SR VE S
MR ERE ST, PR R, A . R IR R
P, T Sh P mT LAgt 9k, G s R Az 9 Y BR
AL EIAPLEER I E , H 21 AT AWFITRE
FETRTHHRT, 4 FhSCIGAE YN LTso YIBE AN K IR 34
KM & THE(P<0.05). HERESFEELAIZK IR 8.0°CHY,
TS 1.0, 3.0, 6.0 Fil 12.0°C/h B LTy
3R 29.1°C, 29.8°C, 29.8°CHI 29.7°C; KAl
i 18.0°C, AN AT B LTso 4390 32.4°C .
33.22°C. 33.4°CHI134.0°C; TiYELahKiR R 28 CHE,
LTso MR 25K 35.5°C . 36.1°C, 36.2°CHl1 37.4C, |
IRAFFRAE AR, TRl K I b 2 5 e S50 A P i A
ZHET1(P<0.05), A=WYFAIHZ B8 1 B LA K IR T =
W X 5 EEELL fh(Tor putitora), £ZUMR i (Morone
saxatilis) Fi i (Oncorhynchus mykiss)&:(Currie et al,
1998; Cook et al, 2006; Akhtar et al, 2013)) #3215
PR A A — B, M, SREETAE(1999) 5T K
Wi 3 Fhapffazs, HiH(Sparus macrocephalus),
fifj (Rhadbosargus sarba) £l 41l &} sl Therapon jarbua)fr
25.0°C. 28.0°C. 30.0°CHI 33.0°C LA/ I AT 52
fEJ7, 3 Pl sz e bRy B Rl K TR S e, 4
it 32 fE 1658 . T =A%5(2008)HF57 T 10.0°C | 20.0°C .
30.0°C LAk iR IR THE 3, 1.0°C/h iR 7 fifi(Silurus
meridionalis)4)j i i AT SZPERFIE, CTMax Flf KEL
HER B (Lethal temperature of 100%, LT 00)% sl 25250
AR 52 PG b 40 Bt 90 A0 T %) T v 1 T v o S R R S

(2015)LA 18.0°C/h YT 23 | 7E Al /K IR 15.0°C
20.0°C . 25.0°C X i R 5% (Rnodeus ocellatus)iff 17
IARRI L, R RIS 4 R A S AR 5 — 3.
W TFIETEH, BT SRR, TR
2 52 W S AR W I A2 B T R BB R . —
T, SR TR LLGS T LI AR W 78 A 1 B () 3 R ER
BE, Hom LI AZ 68 7 mMiFHRE R P, ATRE SN
SZES A2 e b (Barker et al, 1981; Hutchison et al,
1985), LA B, s HIET . FEAMSE T,
T T 6 X] 37 15 AR ) B A2 iR 7 ) 5 e 2 B0 Al (1]
FIRD 22 S0, BN, 14.0°CEERIKIRRE, 4K
ST 1T MR %) LT s 47 6 ek T 8 238 190 185 T Jed 35 T
(P<0.05); ¥ RHRIE MY LTso 25T 5 BRIk
1M H A 1) LTso A 235254k, 7E 8.0°CHl1 18.0°CH:
Rl KU, 4 Fh Sz o A W LT s bifi i 2 14 T 15 A8 4
A KPR, Vinagre 55 (2015)0F58 T B2 2K
WRIS A 2 AE A RT3 %(1.0°C /min . 1.0°C/30 min
F1 1.0°C/h)CTMax Y7481k, 45 R BN, B I CTMax
it o 30 T 2 ) ek J 2 TR (P<0.05), BF2E CTMax
i 2 FEAR(P<0.05), A 2T0 WA 1b, ZTEAMR T,
] —SE I A I AE R AR TR Y LT 2Lt AR
AAA] . B Z T 2 AT R, 4 1A 2% S i 2 (P<0.05),
X 1, Y [) ot A ) A8 A ) i T % SAG 32 BB T AR AE
3 22 5 (P<0.05), filln, JERE/KIEN 18.0°CHE, 77
FHRFE . LTs R TN 0.5~2.0°C/h X [a] P4 & 5
(P<0.05)F+755, 7F 2.0~3.0°C/h X 8] Py 3k B B K fH, M
TE 4.0~15.0°C/h X [i] P 42 3 (P<0.05)R#AIK . 7 At I
Bl IR, [P 52 56 A= A S U2, SR - Mora 45(2006)
WEFE T 24.0°CIERE /K IR, BB 83 (Acantem
blemaria hancocki)#£ 5 4~ FH##4(60.0°C/h, 1.0°C/h,
1.0°C/12h, 1.0°C/24 h F11.0°C/48 h) F CTMax Fy754k,,
g5 W, CTMax fEIRTHHZN 1.0°C/h, 1.0°C/12 h,
1.0°C/24 h Fll 1.0°C/48 h Bf fg 2 785 (P<0.05), IMifE
60.0°C/h JRLFFH AT i F FEAR(P<0.05), BRILZSL,
Elliott 45(1995)F152 14 55 (2017) W BF 52 45 SRt 5 4
o —2, ENT7ERse SEmt/KIR T, AR A1k
TRV M) 14D 325 7 B 17t DXL o R T T S o 8 T IR
T 2R AR A 2 X1 T A 0 0 AT 32 1 DA i s
A2 WG —IRT R E ., BHT, KAEA YA
it 52 A VPA v, R TR A B AR A KB ) T 2 Fh
WS . —Fh&E 1.0°C/min (Hernandez et al, 2002;
Rajaguru, 2002; Dent et al, 2003), % —FhJ& 1.0°C/d
(VEB 894, 1994; Thyrel et al, 1999; Reash et al,
2000), i — i 32 2 S Wit v A ) e T 9 9K 2 R 1)
SOOI, 15 T SR8 T A AR e M
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YA B I LT 7 o BAR IR T R Al 1 P A e R
PRIE WK IR AR, B AR A2 B8 T 5 e IR
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WA= MR A AT 52 58 0 o DRIE, TR A AR 32 7
AR TSR Hp 3 AN IR TR AN BRI A )
WERTHRAE S, N4 AR . AL GBS SRRk
BHEZANGHAE TR, i 2h A8 505 A 52 M FE AR T
HARA R AV E S (A, 2017).

3.3 EMKAEFH IR Z R H At B F

B T SR K IR R T R 2 A6, A 0 AT A7 1
ZRZHEZW, WAET . WEEIREE T R
S ST (], S0 A R S X5 R X AR W 1 AR A2 PR TN
FEAE—E RS o A W AT 27 B8 1 SR R AR AR AR
BERT, KWpes . dMbrgsf, RREAE DR R
BE R it 52 75 L 45 AS M ] (Portner, 2001, 2002), iX
55 A= W A 3% T ORI 0 308 P AR A B A L R
TG T IR R AR AR AR (7 I ) 1 26 0 Bb AR 3 T IR
B 4 R s (B TR PR ) 09 AR W Al N A TR RE S L T
(Cossins et al, 1987), M sZEE TR, WATFITTAY
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K 5), HAEE T G sh R, |z 50/ T3
B A0 X R RKEE, 1996), X . IR 38 1 31 [l
J7o TR —3ER KR TR, Bl 5 R I A Y 4T
K, B A YA AZ B 1A 8 AR Ak . A SE(2005)
Pl K # fa (Pseudosciaena crocea) . #§ A (Miichthys
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0.5°C/h T+ %% 4 THE S 34.0°C . 36.0°CHI138.0C,
KB AL 34.0°CIIGLIK) 24, 48, 72 F1 96 h JET-FR
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1997; Ospina et al, 2004), AS[RA: {6 B BEAY 5256 4= 4
i AP AN TR, A 4 2 A6 7K T i) ) S oy 5 ARk, b
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I A7 58 1 B AR AL 5 PR AL R A AR B A /NS AR R A
ifif 52 B ) H R o BRULZ AN, AR A WA 32 A DG 5
AT, TE AT E IR b 2E R R AR

23 % F 5% 45 1 B — % 5% 0 (Baker et al, 1996;
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KA T AR R B R — WALy E

£ % X M

Akhtar MS, Pal AK, Sahu NP, et al. Thermal tolerance, oxygen
consumption and haemato-biochemical variables of Tor
putitora juveniles acclimated to five temperatures. Fish
Physiology and Biochemistry, 2013, 39(6): 1387-1398

Baker SC, Heidinger RC. Upper lethal temperature tolerance of
fingerling black crappie. Journal of Fish Biology, 1996,
48(6): 1123-1129

Bamber RN. The influence of rising background temperature on
the effects of marine thermal effluents. Journal of Thermal
Biology, 1995, 20(1-2): 105-110

Barker SL, Townsend DW, Hacunda JS. Mortalities of Atlantic
hearing, Clupea h. harengus, smooth flounder, Liopsetta
putnami, and rainbow smelt, Osmerus mordax, larvae
expose to acute thermal shock. Fishery Bulletin, 1981, 79(1):
198-200

Becker CD, Genoway RG. Evaluation of the critical thermal
maximum for determining thermal tolerance of freshwater
fish. Environmental Biology of Fishes, 1979, 4(3): 245-256

Beitinger TL, Bennett WA, Mccauley RW. Temperature
tolerances of North American freshwater fishes exposed to
dynamic changes in temperature. Environmental Biology of
Fishes, 2000, 58(3): 237-275

Bennett WA, Beitinger TL. Temperature tolerance of the
sheepshead minnow, Cyprinodon variegatus. Copeia, 1997,
1997(1): 77-87

Cai ZP, Chen HR, Jin QZ, et al. Influence of thermal power
effluent on three species of fishes in Daya Bay. Tropic
Oceanology, 1999, 18(2): 11-19 [#£5F, BRitktn, 4534,
. BIRIR KETE = Fh 28 U 2ROV I B 5. #ly
HEVE, 1999, 18(2): 11-19]

Carter WA. Temperature in relation to fish. Nature, 1887, 36:
213-214

Chen QZ, Zeng JN, Gao AG, et al. Advances in study of
temperature of thermal tolerance of fishes. Journal of
Fisheries of China, 2004, 28(5): 562-567 [BE 45, MITT,
B, A5 ISR MHRBERTTEIERE. K7 EH, 2004,
28(5): 562-567]

Cook AM, Duston J, Bradford RG. Thermal tolerance of a
northern population of striped bass Morone saxatilis.
Journal of Fish Biology, 2006, 69(5): 1482—-1490

Cossins AR, Bowler K. Temperature biology of animals. London,
England: Chapman and Hall, 1987

Cox DK. Effects of the three heating rates on the critical thermal
maximum of bluegill. In: Gibbons JW, Sharitz RR (eds).
Thermal Ecology AEC Symposium Series. Springfield VA,



FErRARAE: TLIR T 4 e e A= Wy O A 52 PEBIF 5T 9

USA: National Technical Information Service, 1974, 158-163

Currie RJ, Bennett WA, Beitinger TL. Critical thermal minima
and maxima of three freshwater game-fish species acclimated
to constant temperatures. Environmental Biology of Fishes,
1998, 51(2): 187-200

Dent L, Lutterschmidt WI. Comparative thermal physiology of
two sympatric sunfishes (Centrarchidae: Perciformes) with a
discussion of microhabitat utilization. Journal of Thermal
Biology, 2003, 28(1): 67-74

Dou SZ, Nan O, Cao L, et al. A comparative study of the thermal
tolerance of four common fish species in Shidao Bay, the
Yellow Sea. Marine Sciences, 2017, 41(9): 56-64 A1,
RS, s, AR A0 BT U R DL R S R 2 LR
58, WEHERIF, 2017, 41(9): 5664 ]

Elliott JM, Elliott JA. The effect of the rate of the temperature
increase on the critical thermal maximum for parr of
Atlantic salmon and brown trout. Journal of Fish Biology,
1995, 47(5): 917-919

Fangue NA, Bennett WA. Thermal tolerance responses of
laboratory-acclimated and seasonally acclimatized Atlantic
stingray, Dasyatis sabina. Copeia, 2003, 2003(2): 315-325

Fu KK, Cao ZD, Fu SJ. Effects of acclimation temperature on
thermal tolerance and hypoxia tolerance in Rhodeus ocellatus.
Chinese Journal of Ecology, 2015, 34(6): 15861590 [{}HE
J, ERAR, AT R e A s A 22 R IR
i 32 BE 1 iSRS, 2015, 34(6): 1586-1590]

Gooseff MN, Strzepek K, Chapra SC. Modeling the potential
effects of climate change on water temperature downstream
of a shallow reservoir, lower madison river, MT. Climatic
Change, 2005, 68(3): 331-353

Hernandez RM, Biickle RLF. Temperature tolerance polygon of
Poecilia sphenops Valenciennes (Pisces: Poeciliidae).
Journal of Thermal Biology, 2002, 27(1): 1-5

Hutchison VH, Murphy K. Behavioral thermoregulation in the
salamander Necturus maculosus after heat shock. Comparative
Biochemistry and Physiology Part A: Physiology, 1985,
82(2): 391-394

Hutchison VH. Critical thermal maxima in salamanders.
Physiological Zoology, 1961, 34(2): 92-125

Jiang ZB, Zeng JN, Chen QZ, et al. Effect of heating rate on the
upper incipient lethal temperature for copepods. Journal of
Tropical Oceanography, 2010, 29(3): 87-92 [YL#ls, %YL
T, BRARE, F. ORFTHEE X R S S A B
RUSZIN. PHFIETRAAR, 2010, 29(3): 87-92]

Jiang ZB, Zeng JN, Chen QZ, et al. Effects of residual heat and
chlorine in cooling water from coastal power plant on
Calanus sinicus. Chinese Journal of Applied Ecology, 2008,
19(6): 1401-1406 [VLiGEE, BILT, MRarE, . BEiEH
TV HIK AR O AR P K 2R B SR A 252
11, 2008, 19(6): 1401-1406]

Kilgour DM, Mccauley RW. Reconciling the two methods of
measuring upper lethal temperatures in fishes. Environmental
Biology of Fishes, 1986, 17(4): 281-290

Kivivuori LA, Laheds EO. How to measure the thermal death of
Daphnia? A comparison of different heat tests and effects of
heat injury. Journal of Thermal Biology, 1996, 21(5-6):
305-311

Liang XQ, Fang JZ, Yang HQ. Hydrobiology. Beijing: China
Agriculture Press, 1996 [24:8k, A, #Miss. kAL
Yoy Aeat: i EgOL R, 1996]

Liao YB, Chen QZ, Zeng JN, et al. Thermal tolerance of some
marine copepods. Chinese Journal of Applied Ecology, 2008,
19(2): 449-452 [0k, MR4RE, WL T, % iR L
ZERAIMN 32 k. N FHAEZS 223, 2008, 19(2): 449-452]

Lutterschmidt WI, Hutchison VH. The critical thermal maximum:
History and critique. Canadian Journal of Zoology, 1997,
75(10): 1561-1574

Ma SW, Shen AL, Shen XQ. Acute lethal effect of water
temperatures on inhomogeneous fishes. Marine Fisheries,
2005, 27(4): 298-303 [LhMEAS, Thdssr, WHR. AKEXSA
R 2 BB, WL, 2005, 27(4): 298-303]

Manush SM, Pal AK, Chatterjee N, et al. Thermal tolerance and
oxygen of Macrobrachium rosenbergii
acclimated to three temperatures. Journal of Thermal
Biology, 2004, 29(1): 15-19

Mora C, Maya MF. Effect of the rate of temperature increase of

consumption

the dynamic method on the heat tolerance of fishes. Journal
of Thermal Biology, 2006, 31(4): 337-341

Ospina AF, Mora C. Effect of body size on reef fish tolerance to
extreme low and high temperatures. Environmental Biology
of Fishes, 2004, 70(4): 339-343

Portner HO. Climate change and temperature-dependent
biogeography: Oxygen limitation of thermal tolerance in
animals. Naturwissenschaften, 2001, 88(4): 137-146

Portner HO. Climate variations and the physiological basis of
temperature dependent biogeography: Systemic to molecular
hierarchy of thermal tolerance in animals. Comparative
Biochemistry and Physiology Part A: Molecular and
Integrative Physiology, 2002, 132(4): 739-761

Qian JH, Li ZM, Ye N, et al. Combined effects of temperature
and salinity on the growth and survival of Fenneropenaeus
meiguiensis. Progress in Fishery Sciences, 2015, 36(3):
62-67 [ERAEEE, SRR, M7, 45 AR 8
YT (Fenneropenaeus meiguiensis)A: K5 771 I 52500
ol BEPE R, 2015, 36(3): 62—67]

Rajaguru S. Critical thermal maximum of seven estuarine fishes.
Journal of Thermal Biology, 2002, 27(2): 125-128

Reash RJ, Seegert GL, Goodfellow WL. Experimentally-derived
upper thermal tolerances for redhorse suckers: Revised
316(A) variance conditions at two generating facilities in
Ohio. Environmental Science and Policy, 2000, 3(Suppl 1):
191-196

Selong JH, McMahon TE, Zale AV, et al. Effect of temperature
on growth and survival of bull trout, with application of an
improved method for determining thermal tolerance in
fishes. Transactions of the American Fisheries Society, 2001,



10 woooor B % 3 R %539 %

130(6): 1026-1037 Wang YS, Cao ZD, Fu SJ, et al. Thermal tolerance of juvenile

Thyrel M, Berglund I, Larsson S, et al. Upper thermal limits for Slurus meridionalis Chen. Chinese Journal of Ecology, 2008,
feeding and growth of O+ Arctic charr. Journal of Fish 27(12): 21362140 [E =, HHRA, (I, 4. M
Biology, 1999, 55(1): 199-210 A I SZ AL, AEAS 2R, 2008, 27(12): 2136-2140]

Vinagre C, Leal 1, Mendonga V, et al. Effect of warming rate on Yu HH, Li YL, Chen C, et al. The effects of temperature on the
the critical thermal maxima of crabs, shrimp and fish. embryonic development and the larval activity of F,
Journal of Thermal Biology, 2015, 47: 19-25 Epinephelus moara (Q)xE. septemfasciatus (). Progress in

Wang XJ, Wu DA. Studies on the criteria of water temperature Fishery Sciences, 2014, 35(5): 109-114 [T, ZE45%,
for major cultured freshwater fishes. Journal of Fisheries of Mrids, 5. TR =80 BEfa (Epinephelus moara)(Q)x+t
China, 1994, 18(2): 93-100 [{F44), RE%. JLFEER A B fi (Epinephelus septemfasciatus)(3)Z3E Fy IRIB &
sk i 2 BT E(E BB 5. UK AR AR, 1994, 18(2): B AF G 3 R e L B IR, 2014, 35(5):
93-100] 109-114]

(3 LHEH)

An Experimental Study on Thermal Tolerance of Four
Marine Speciesin Liaodong Bay

REN Zhonghua'?, SONG Junjie'?, LIU Yongye*”, CAO Liang'*

(1. Key Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese Academy
of Sciences, Qingdao 266071; 2. Laboratory for Marine Ecology and Environmental Science, Qingdao National
Laboratory for Marine Science and Technology, Qingdao 266071; 3. University of Chinese Academy of Sciences,
Beljing 100049; 4. Nuclear and Radiation Safety Center, Ministry of Environmental Protection, Beijing 100082)

Abstract In recent years, global warming and the release of hot wastewater from nuclear power
plants have caused the temperature of sea water to rise, leading to severe thermal pollution of the oceans.
Marine ecosystems and the survival of marine life face huge challenges from ocean warming. Research on
the thermal tolerance of marine organisms will help us to understand the heat tolerance of different marine
species and determine how to control thermal discharge from nuclear power plants. This study
investigated the heat tolerance of four marine species (Chaeturichthys stigmatias, Sebastes schlegeli,
Oratosguilla oratoria, and Charybdis japonica) in Liaodong Bay using a dynamic temperature-rising test.
The lethal temperature of 50% (LTsy) was assessed at five acclimation temperatures (8.0°C, 14.0°C, 18.0
C, 24.0°C, 28.0°C) and nine temperature-rising rates (0.5, 1.0, 2.0, 3.0, 4.0, 6.0, 9.0, 12.0, 15.0°C/h) to
evaluate heat tolerance. The results showed that both the acclimation temperature and temperature-rising
rate significantly affected the LTs, value of the experimental animals (P<0.05). The LTs, values were
significantly positively correlated with the acclimation temperature (P<0.05), while the effects of the
temperature-rising rate varied with acclimation temperature in a species-dependent manner. In this study,
the dynamic temperature-rising test included a higher number of acclimation temperatures and
temperature-rising rates than used in previous studies, and we established the LTs, value as an important
indicator for evaluating the heat tolerance of marine species. These results suggest that as an evaluated
index, LTso comprehensively reflects the heat tolerance of experimental species, which is of scientific and
ecological significance and could be widely used in the assessment of heat tolerance.

Key words Marine species; Dynamic temperature-rising test; Lethal temperature of 50% (LTso);
Acclimation temperature; Temperature-rising rate
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