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JEU T BRI O TR . AR
A2 AR A 2R TR )z T A A2 1
WFFE R, H 2 S 56 o i T 1R 1 B A R AR
HEfL.

B SE VR TER VL /N KR B 1Y B2 1] /K GE
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A RZ KB R13.5~31.6 °C, JK)ZKIEH
14.2~28.4 °C, ¥ g A A C iz BB K
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Fig.1 The location of the Huangmao Sea

AT ST LA H AP B T2 00 38 S o 22 42 0%
sh W[ 1% T 10 (Siganus fuscessens). & B fifi(Se-
¥ 41 Bt £ (Epinephelus
1 #F % (Oratosquilla oratoria)Fl H A8 15
(Charybdisjaponica) XS, SIE RS

A SRR, R 3l 285 58 56k R 25 S e vk AUF
XA [) 35 At 7K T R S R X AT A A A2
PSR, ARAFAN R 20 L LAl 7K L A T B R
T 570 S50 Bl W T B AR 0 A8 AL RRAE S A S
55 S W m Tt BEE T, LU DR I AR A G R
1Mt 52 & 77 R il KOG T 7 2B 28 PR B8 114 A 800 45
P L LAl FIRL AR o

1 MRS IE

1.1 SCIe# R

WA S 95 3 P ) o stk L AT EeE R R
SR B AT AT VR AR RN, R T WA
fighy A £7 BEAR T HR G AS g 4 4 AR D

bastiscus marmoratus) .

bruneus) .

XS, SRS A B A AR KIGER D,
SCHTFURAT, LR sh P e SRR T YIfk4~5 d,
SRIG TE RN 5] 3% 3 RE T 9 19 S R T R 5
%o SCER WA B B HER FARIEE K AT
Yidl, 9 IPITa] E I/ £

®1 AW MER N

Tab.1 The individual size of the five experimental species

FERt KR/ C - =
o AHSC e s T K R e
species acclimation body/carapace length  body weight
P temperature

W7 14.0 126.1£17.4 23.5+3.8
S. fuscescens

18.0 126.1+17.4 23.5£3.8

24.0 135.4+14.6 27.244.1

30.8 133.3+6.8 29.3+£2.5
Aoy Y il 14.0 122.549.2 41.4+5.6
S. marmoratus

18.0 122.549.2 41.44£5.6

24.0 129.3£6.1 43.744.9

30.8 132.64+9.2 48.349.0
40 B 1 14.0 124.6+10.6 33.846.3
E. brunneus

18.0 124.6+10.6 33.84+6.3

24.0 131.0+12.4 41.243.5

30.8 135.1£12.3 46.9+13.1
WP o 14.0 131.2+18.9 18.2+3.2
O. oratoria

18.0 131.2+18.9 18.2+£3.2

24.0 144.7+21.2 19.6+5.8

30.8 154.549.1 22.1£2.1
H A 14.0 10.1+1.9 4.6+1.3
C. japonica

18.0 10.1£1.9 4.6+1.3

24.0 10.3+£2.3 4.7+0.8

30.8 9.3+1.4 3.7+0.9

1.2 SEE

¥ St SIS FE 150 LK A i 7K Al py st
1, SCEFH/KEA B30 A ARk, $hE22.9~
26.5, pH 8.05~8.10, UG 4R )5 16 A KAl P %
AN 4~8JE (B AL B A= -k, SR Z 9%
REeExLH X, LRdRPEERR, AR
HR S o 45 KRS 7K I Pl R 2% s T 430 (Tl 4 3 L
0~90 °C, BGERBE . 0.1°C, #HEA-MI211H;
KM #AFE100~2 000 W, i [E Armaturenbau)$s
il o S 50 0 (1) 5 ISF RS 2 KRR BT E L R
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X 7K A P 7K

EEETN A S FE RF ST A R A
5% S sh ) () AT 32 PEARRAE . JERIK IR S B4
SEE AT @ AR HEK P B AKRR B R 14.0 °C
(&7Z). 18.0°C(HEZF). 24.0 °C(FkZ=)F130.8 °C
(HZ). £ AR T 3 89 T R
JE: 05, 1.0, 2.0, 3.0, 40, 6.0, 9.0, 12.0f1
15.0 °C/h, BN FH 3 2286 B 347, 3
2IAAKAE VAT SE SR . AR KR AR AR IR B,
RS A Ul T R X K AR AT R B2 R . S it
B LAY B EAL, fTThRE . REP
iy . B R B AR B, I Y KR A S
55 3h W) 1Y B K I SR ¥ (critical thermal maximum,
CTM)™,

HEEE A S B A 5 S 5 Bl W R v TR
BT FRRE . 43 BI7E14.0. 24.0F130.8 °CHY Ll
KT, #M1~2 cCilh 22 W E IR ERE, WMET
i, el R A BRE RN TR ) 3R RE S RN
25.0~39.0 °C, H A i) il B2 i [ 2y 32.0~42.0 °C
(#2), BAEEHRIAN AT, RS
() 7K IR DR AR TE A o K S5 50 3 ) DA 9k K el 4
SR B W T — RN AS 7] Ab R BE 1% 52 50 K Al (M
24, MBS EATAE24 hN IIFE T 8L 4E 15 TS 0L
PUBE 5 ()5 1kiz sl o X Al ik G RN S AT N E
SCHAPIARIET Y, SRk B8 b S 45 AT
A, I AE S2 56 45 S 10 5% R A TR A A el
SC S AE T AN RS, DL TE A Y Rl 24
hreg i 4f 2058 1L B2 (24 h upper incipient lethal temper-
ature, 24 h UILTs5)

TEA R B R B c g rh, FEAERI KR =R 2
HH R 1 F I 2 58 Ul B 22 (6] 446 2~3 °C TRl R i B 22 5%
T RE S . 7 22 88 IR T IX (B N 52 90 3 1)
PIREFET:, NI TEFR 2 I L Se R R IR

1.3 BUEAIE

AT, R ZE I 25 (Two-
Way ANOV A 5 it 7K I 1 T3 % 52 56 3
PICTMAY 5 2 5 1 3, x4l 22 5 ik £
A5 BT (Dunnett’s TR 3,

WA, HEAREHANET R, F
FH B2k A R SR 15 4% LRl KR R 4 M0 Bl g 24 h
UILTso; KX Z J7 22 5347 (Two-Way ANOVA)
G 56 490 1 HE K TR 52 56 34 24 h UL T 505 1
GO
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Tab. 2 The exposed temperatures of the five species in
the static experiment C
T K I ;
o il K R
. acclimation
species exposed temperature
temperature
W iE £ 14.0 25.0 27.0 29.0 30.0 31.0 33.0
S. fuscescens
18.0 25.0 27.0 29.0 30.0 31.0 33.0
24.0 28.0 30.0 32.0 34.0 36.0 38.0
30.8 34.0 35.0 36.0 37.0 38.0 39.0
Hey 5t 14.0 25.0 27.0 29.0 30.0 31.0 33.0
S. marmoratus
18.0 25.0 27.0 29.0 30.0 31.0 33.0
24.0 28.0 30.0 32.0 34.0 36.0 38.0
30.8 34.0 35.0 36.0 37.0 38.0 39.0
A B 14.0 25.0 27.0 29.0 30.0 31.0 33.0
E. brunneus
18.0 25.0 27.0 29.0 30.0 31.0 33.0
24.0 28.0 30.0 32.0 34.0 36.0 38.0
30.8 34.0 35.0 36.0 37.0 38.0 39.0
IR ity 14.0 25.0 27.0 29.0 30.0 31.0 33.0
O. oratoria
18.0 25.0 27.0 29.0 30.0 31.0 33.0
24.0 28.0 30.0 32.0 34.0 36.0 38.0
30.8 34.0 35.0 36.0 37.0 38.0 39.0
H A 14.0 33.0 35.0 36.0 37.0 38.0 39.0
C. japonica
18.0 33.0 35.0 36.0 37.0 38.0 39.0
24.0 32.0 34.0 36.0 38.0 40.0 42.0
30.8 35.0 36.0 37.0 38.0 40.0 42.0

FH B84 M ZE Excel 2015F1SPSS 22.0%k 44
i T, BEMEKEERN P=0.05,

2 4R

2.1 SIEYMIFHEICTM

XU R J7 22 50 M 5 R Y, Al K IR A iR
T 3 b 2 5 W SR SE 8 B ) A CTM (P<0.05;
#3).

LR 7K R RN IR T AR 1 5 e 4 R
ICTM (P<0.05; K2, #3), CTMPH A FEAal/K i
WA EEREAEGEE, HER —RAEELT
25 FE AN ZK I B 1) CTMAE 7E 1 3% 25 55 (P<0.05). 1E
& EAKIR T, CTME IR T 3 A8 0 3 R sk -
BB T R, fE14.0 °CIHERKIR T, CTM
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Tab.3 ANOVA results of the interaction of acclimation temperature and temperature-rising rate on

the CTM of the five experimental species

Wk species SUREZ  factor SS df MS F Sig.
T S fuscescens FEfiiZK#R  acclimation temperature 995.036 3 331.679 1161.520 0.000
IRTHEZ  temperature-rising rate 173.303 8 21.663 75.862 0.000
ZZHAER]  interaction 18.448 24 0.769 2.692 0.001
E S marmoratus FA/KIR  acclimation temperature 1002.245 3 334.082 2725.139 0.000
IBTHEZR  temperature-rising rate 64.540 8 8.067 65.807 0.000
ZZHAER]  interaction 33.414 24 1.392 11.357 0.000
WAL E. brunneus FA/KIR  acclimation temperature 772.220 3 257.407 2133.532 0.000
RTHHEZ  temperature-rising rate 53.993 8 6.749 55.941 0.000
ZZHAER]  interaction 12.287 24 0.512 4243 0.000
RGO, oratoria FA/KIR  acclimation temperature 800.822 3 266.941 2 066.637 0.000
RTHEZ  temperature-rising rate 102.263 8 12.783 98.964 0.000
ZZHAER]  interaction 28.494 24 1.187 9.192 0.000
HAWE  C japonica FA/KIR  acclimation temperature 73.230 3 24.410 319.161 0.000
IRTHEZ  temperature-rising rate 20.864 8 2.608 34.099 0.000
ZHAEH interaction 8.939 24 0.372 4.870 0.000

1£ <6.0 °C/h (27.8~29.1 °C)&>6.0 °C/h (30.6~31.4 °C)
IR T R 2 2 (B G i 3 25 5 (P>0.05); 7£24.0 °C
FREKIR T, CTMAE =4.0 °C/h (36.3~36.7 °C)HY
TR AR 4] 2 B8] TG 22 S5 (P>0.05), {H
T<4.0 °C/h (32.8~35.3 °C)HY I T+ K 4H I CTM
(P<0.05); 7£30.8 °CH:Ai /K T, CTMAE>4.0 °C/h
(37.4~38.1 °C)My I F+ 3l 2 Z [0] TG i & 2% 5=
(P>0.05), 1H & F<4.0 °C/h (34.5~36.4 °C)I1Y
TR TFHCR 4 A CTM (P<0.05).

e B fil ) CTM A2 21) J5 Atk 7K I8 AL T 3 SR AR
11y B (P<0.05; K3, #3). CTMEBE LA
TR Y T 5 0 T B (P<0.05) . BV L,
145 FE AL KR T B9 CTMF T 7 3 R A 34 K 5 7%
Wik R, R K IR A 14.0 °CRf, CTMFE <
3.0 °C/h (29.2~29.7 °C) M L T R 41 2 [A] 1 22 5
AN (2.0 °C/hR4M) (P>0.05), {H 5 ZFKT>
3.0 °C/h (30.3~32.0 °C)M R T+ H F 4 K CTM
(P<0.05); KERlizKE ~24.0 °CHF, CTMB# I T}
R KT R F N R, 7£2.0~9.0 °C/h (36.9~
37.3 °C)ifd Fh# R 4 2 8] 1 2% 57 A B 3 (P>0.05),
A8 3 & T AR T R4 CTM (P<0.05); %k
fik 7K ¥R M 18.0130.8 °CHf, CTMAE>2.0 °C/h

(32.3~33.1 °C, 37.6~38.1 °C) Y i Ft HR 2 2 1] 22
SR EP>0.05), HEEFST<2.0°C/h
(29.6~29.8 °C, 36.1~36.5 °C) i F} # K4 ) CTM
(P<0.05),

FH Bl 7K L AL T R AE A BE £ CTMAY 5%
Wi 2 % (P<0.05; K4, #3), CTMPBEEAL K I AY
T 1 5 TE S (P<0.05), K L, A FEREK
T B CT M i T 8 3 11 14 K 522 30 3 T o 119
o FERK IR J914.0 °CHE, CTMZ7E<3.0 °C/h
(30.7~31.2 °C) M IR TH 3 R4 2 7] 1) 22 57 AN b 3%
(2.0 °C/hf&4M) (P>0.05), {H i FH{KF>3.0 °C/h
(31.5~33.0 °C)AY il F+ U 4 I CTM (P<0.05); FE
filt K 36 49 18.0 °CHF, CTMAR 75 =2.0 °C/h
(33.6~34.5 °C) [ FH # 4 Z 7] 22 7 K8 W 3
(P>0.05), {H 4 3 & F<2.0 °C/h (31.4~32.1 °C)ii
Th 3 #2H [) CTM (P<0.05); FEARl /K I~ 24.0 °CHIl
30.8 °CH}, CTMZ7E>2.0 °C/h (37.5~38.5 °C,
37.8~38.6 °C)AY I TH i R 4 2 [0] 22 7 A 1 3 (P>
0.05), fH & & & F<2.0 °C/h (36.5~36.6 °C, 36.7~
37.1 °C)i T+ # R 4 A CTM (P<0.05).

[T i (1 CTM 32 56 At 7K T R T 3 o 1) 52
Wi % % (P<0.05; K15, #3), CTMPBEIERE /K IEAY

http://www.scxuebao.cn
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Fig.2 CTM of S. fuscessens at different acclimation temperatures and temperature-rising rates

(a) 14.0 °C, (b) 18.0 °C, (c) 24.0 °C, (d) 30.8 °C. Different lower cases indicate significant differences between temperature-rising rates, the same below

T v TR E TFE (P<0.05), TR AL KET,
CTM R A L i 7 - 39 23 7 448 R 52 3% 3 5 1)
P FRKIE M 14.0 °CHf, CTMAE<6.0 °C/h
(28.5~29.8 °C)u>6.0 °C/h (30.6~31.4 °C) [ I T 3
R Z[H] ) 22 5% 1235 (P>0.05), HTT# &%
TJE #H(P<0.05); FAI/KIE H18.0 °CHT,
CTMAE =3.0 °C/h (32.3~32.8 °C) 1y i T A4l 2>
] 22 5 AN .3 (P>0.05), fH 2 3% % F<3.0 °C/h
(28.3~31.6 °C)if F+ #H K ) CTM (P<0.05); A
JK M 24.0 °CHF, CTMZE>3.0 °C/h (36.1~36.7 °C)
1) I T R 20 22 [A] ) 25 RO T 2 (P>0.05), {H 5
F T <3.0 °C/h (34.2~35.2 °C) Y il T 3 2 21 Y
CTM (P<0.05); Z:Aili /K i 430.8 °CH}, CTM7TE>
6.0 °C/h (37.0~37.5 °C)H L T 4 2 [7] (1) 2= 5%
A (P>0.05), fH 535 T<4.0 °C/h (34.6~36.3 °C)
IR T3 R 4 AU CTM (P<0.05).

H A I8 1) CTM A2 35 i 7K 15 AN I T 33 R A AR
b i 3 (P<0.05; El6, £3), BZEFEAKIR

http://www.scxuebao.cn

() T =5 T 4 35 T (P<0.05) . 7E & ELRKIR T,
CTMLEA I Fifi Yt 38 32 9 38 K 52 380 W v 1)
P LR KIE M 14.0 °CHF, CTMAE<9.0 °C/h
(38.8~39.6 °C)a>9.0 °C/h (40.0~40.3 °C)f4 Jia T}
R 2 6] ) 22 5N B3 (P>0.05), HRTH B E MK
FJG & (P<0.05); FEAt/KiE b24.0 °CHf, 7
1.0~4.0 °C/h (40.2~40.6 °C)&>4.0 °C/h (41.3~41.5 °C)
TR T ECR A 2 (8] i CTMIY 22 3 ¥R 1.3 (P>0.05),
B 27 18 75 T<1.0 °C/h (39.8 °C)f4 kL FH 3 22 2H 11y
CTM (P<0.05); KAl /KR }30.8 °CHf, CTM
(40.7~42.5 °C)FH A< 5 [ I T 32K R 184 KT 2% 187 f
T ¥ (P<0.05); FERE KR A 18.0 °CHY,
CTM (39.4~40.6 °C) i\ A& I 7 £5 it L R 4 2 [H]
ERAREE.

2.2 SRIEYIFHAY24 h UILTs,

SFP LIS B 1924 h UILT 5o 32 9 F Rl L Rl 7k
TR AL I 2 (P<0.05; £4).
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Fig.3 CTM of S. marmoratus at different acclimation temperatures and temperature-rising rates
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Fig. 4 CTM of E. bruneus at different acclimation temperatures and temperature-rising rates
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The thermal tolerance of five common marine species in Huangmao Sea,
the South China Sea

CUI Wenting ’,  SONG Junjie ’,  TIAN Honglin ', DOU Shuozeng *’, ZHAO Bo ', CAO Liang **

(1. Key Laboratory of Marine Ecology and Environmental Sciences of Chinese Academy of Sciences,
Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China,
2. Laboratory for Marine Ecology and Environmental Science,
Qingdao National Laboratory for Marine Science and Technology, Qingdao 266071, China;
3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Using dynamic method and the static method, we studied the effects of acclimation temperature (14.0,
18.0, 24.0, 30.8 °C) and temperature-rising rates (0.5, 1.0, 2.0, 3.0, 4.0, 6.0, 9.0, 12.0, 15.0 °C/h) on the thermal
tolerance of five common marine animals (Siganus fuscessens, Sebastiscus marmoratus, Epinephelus bruneus,
Oratosquilla oratoria and Charybdis japonica) in Huangmao Sea, the South China Sea. The results showed that
both acclimation temperature and temperature-rising rate significantly affected the critical thermal maximum
(CTM) and the 24 h upper incipient lethal temperature (24 h UILTs,) of the experimental animals. The CTM of
each experimental species was positively related to acclimation temperature. The patterns in which temperature-
rising rate affected the thermal tolerance of the animals varied among species, depending on acclimation temperat-
ure. In the static experiments, 24 h UILTs;, of the experimental animals was species-specific and was positively re-
lated to acclimation temperature. The 24 h UILTs, of S. fuscessens, S. marmoratus, E. bruneus, O. oratoria and C.
Japonica increased from 28.1, 28.9, 30.3, 28.4, 36.3 °C to 34.6, 36.1, 36.6, 35.1, 38.2 °C with the increasing accli-
mation temperature (14.0 °C to 30.8 °C). In terms of thermal tolerance, the five experimental animals showed a
ranking of C. japonica>E. bruneus>S. marmoratus>QO. oratoria>S. fuscessens.

Key words: marine species; thermal tolerance; acclimation temperature; temperature-rising rate; critical thermal
maximum (CTM); 24 h upper incipient lethal temperature (24 h UILTs,); Huangmao Sea
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