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Fig. 1 Location of the Sanmen Bay, the East China Sea
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oratoria) M H ARWJ(Charybdis japonica) NZKXT4, K
FEhAS 32 ST, X AR 7 515 A
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FEARHTEZ) S 500 2o AR =1 Wi as 2= H AR
K H S BIGRAR DL, B8 2% 21 S g WAk K IR (R
1): 8°C(4%)  15C(HFEF) . 22° C(BF)M 29°C(H %),
ST IR R A S S ) E T 2= WA KR T Y
16 4~5 d, YIMEFHZK B0 A =11 B 3 SR K,
TR MR A R IS SO/ N ), 1A fa R
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Tab.1 Size of the three experimental crustaceans
PrFh YK/ C ARKECK IR /mm (KB /g
8 69.1+6.1 4.1+0.4
HE 15 71.3+5.7 4.8+0.6
SE 22 71.3+5.7 4.8+0.6
29 84.8+7.3 5.9+0.6
8 109.0+1.3 34.0+2.0
H A 15 98.1+1.1 31.1+1.4
22 98.0+1.1 31.0+1.4
29 112.2+2.4 37.0+2.7
8 124.4+14.2 23.6+8.1
R i 15 128.3+12.5 28.1+7.4
22 128.3+12.5 28.1+7.4
29 103.2+14.1 21.6+5.5

1.2 EEFH*
121 EE&H

S5 A HEA [] 28 5 43 S0 A = 10 T YA Sl B 30 g 7K
PRI T o SERKME AR 150 L, SEER K =
[TV [ SRR, EhE K 23.3~28.1, pH A7 8.00~8.10, 5
Wit B AR, ARG o &K 7K T RS 2
ARV 0~90°C, BIRRHE: 0.1°C, #iE
A-MI 211H) F14k fin #44#% (100~2000 W, 8 [FE Arma-
turenbau)#4 1fil] o S 98 15 R A A 3 FH KR LR T A
X 7K A N 7K U
122 HEZLH

ARSI E RSk TH IR RS T DUt 52 56 30 4 1 AT
Zhedy, B KIG S A o 5T = TR — 1 T
FE A BB S M AR 00 25 IR, ARSI AE 8°C(&
). 15CEHEZ) . 22°CHEE)H 29°CEH ) IIMELK IR
TREE 9 MMEFHZE: 0.5, 1.0, 2.0, 3.0, 4.0, 6.0,
9.0, 12.0 F1 15.0°C/h, B-MREI-HF T EE 3
T8 TEBAS I KM N U E A R A 4~8 L
HEBR A 22 5 S BT e . LAY IR B R 5056
LA TR, i HRE A 1) TR T ek K A R AT RS T
o WSS — Y Fha AR BT R R g AR
ST IFiE s . R F VA ot A BRI T RN S A T
s, DA R AR A 2 36 28 1 b 5 50 S Y TR IR,
DL 56 4 45 A AR LK IR I (B A iZ R cTMPY,
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HEWSIC R LY CTM Je 45 LK.
123 #HAZL

AR SZIAEAN RS ACGRR S T 3647, WL 24 h
IR ETIEEE . 1 8°C(% %), 15C(HZF) . 22°C(*k
F)FI 29°C(EF)YMEAR AT T (R 1), &) 1-27C
2B E M EAE, BREE T RE 3 4. N
YK G R IR AR AR 4~8 B, I HRE T
R T, WA 24 h LK 34T R s i FIFE
TEML . St B, 78 H RO A T IR A
PLAZA S5 Sh A RS a8 Bl X Al il TG 7 98 s g
AT R 8 SCRARBET T St i AR v KRR
B L e s T M
1.3 HELE

Geit o MR, 3 e A% A A B BN AT IEAS
43 A K56 (Shapiro-Wilk normality test) M 5 22 551446
I (Levene test), 7Fi /& IE A0 Fl T 255 ERTHE T
HEAT 7 22 70 BT (ANOVA) Fl 41 [B] 22 5 19 2 & L ¢

F 2 YLAKBEFUEAEERS 3 ML EY CTM B2

(Duncan test).

Bl 25 S I0KCH Ak 3R P OBLIR 2R 5 25 43 T ik (two-
way ANOVA) K 5 5y 28 52 5 v 1 94k 7K I 0 i - 3
XA PIF CTM W52 I 25 1, I X6 20 ] 22 S i
TEHEIEK,

S S 0 0 b B AR v, Se g TR A
AW FSET R, FEAIA Probit [HIH4Hr RIS &
NHEARF YIE K T 24 hUILTse. A two-way
ANOVA £ 55 W Rl F1 91 ALK JXS 2 24 h UILTs, 50
(S M, JE XA ) 22 SR E T 2 R LA

ARG 7E SPSS 22.0 | iEFT, 25 B3k
KB 0.05,

2 &R
2.1 KEFHYERREFEE

XUE R Ty 2253 Hrai Rk W], WAL AR A T 3%
Xf 3 RS EN YR CTM YA 5200 (P<0.05, 3K 2).

Tab. 2 AVONA results of the interaction of the acclimation temperature and warming rate on CTM of the three ex-

perimental crustaceans

Yy il AL ES SS df MS F P
K 509.534 4 127.384 458.703 0.000
H IR T 20.683 2.585 9.310 0.000
ZHAEH 26.387 32 0.825 2.969 0.000
Y4k oK R 125.140 4 31.285 237.942 0.000
H ARG T T 13.297 1.662 12.642 0.000
ZHAEH 36.917 32 1.154 8.774 0.000
YLK 1015.390 4 253.848 1184.973 0.000
(mEIN: EBipr 50.343 6.293 29.375 0.000
ZHAEH 71.277 32 2.227 10.398 0.000

Yk K RN TR B0 R AR CTM A
ER, (AR TR I K IR T I A R Y A2k
B FIERFE R — RT3 T, CT™M B9 K i 7
i E R (P<0.05, % 2, [ 2). YI{kKiE 8CH,
9°C/h(33.3C)AYIR T R CTM K T HiAtb 4l
(P<0.05), 1 HA4H 51 2 18] 2% 5 A 5 2 (P>0.05) . 3l
Rk 15°CHE, CTM 2 5E T 5 AR i, B
4°C/h(34.5°C)RTHEZFLL ) CTM & 3E =T 0.5~2C/h
(31.9~32.8°C) (1Y ik & 7t 3 2 4H F1 12~15°C/h(32.8~
33°C) B fe T FH R 4 (P<0.05) . WL K IE 22°CHY,
CTM Fifi i T 3 38 i 3 74 &5 (P<0.05), =9°C/h
(34.4~34.7TC)MRTHHER A CTM B EH F<1C/h

(33.0~33.3°C) A4 i TF 3 K 41 (P<0.05) . Y4k KR K
29°CHY, CTM P i Tt 38 a3 K i 25 T =i (P<0.05),
=12°C/h(38.9~39.0°C)IIRTFH R M) CTM & =
F < 1°C/h(37.7~38.1°C) R T+ R 2H (P<0.05) .

H AB CTM A2 YAk 7K TR T3 3 1Y) (3 52
M, FL7E N [ 9Pk K IR T 5 58 4 AN [] 1) A8 Ak ks 34
(P<0.05; %2, K 3). JIfb/Kid 8CHf, =9°C/h (37.7~
383C)M i THERAR CTM B #F (KT <9C/h
(39.4~40.4°C) IR T E R 24 (P<0.05) . YIMEKIR 15C
Bf, =9°C/h(37.7~38.1 C)W Rl R4 19 CTM i
F KT <9°C/h(38.9~39.8C) Y il T8 R 41 (P<0.05)
PIEACHE 22°C R, AR T ERA R CTM 22 7 A8 3%
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Fig.2 CTM of E. carinicauda at different acclimation temperatures and warming rates
A.8C;B.15C;C.22°C;D.29C
ANl 1) (abed) 67 44 1R TH3 b FR A = 8] Y 25 57 1B 35 (P<0.05), &1 3. [l 4[]

Values with different letters are significantly different between warming rate groups (P < 0.05), the same as Fig. 3 and Fig. 4

YAk K I FHR T R RS B CTM 24 8 35
SN AER—RTHE R T, CTM BE Yk iR 36k
M B3 FFHP<0.05; % 2, B 4). YIfkKE 8CHY,
CTM B Fhs R4 K . 3 b FH(P<0.05), 7£=9C/h
(26~26.2°C) 1y = I FH R A 1 2 KT < 2/h(27.4~
27.8°C) AR IR T3 2R 4 (P<0.05) . YIML/KIE 15°CHY,
CTM BT FF3 R4 K 2 3 F#IR(P<0.05), 7E<1°C/h
(27.1~27.2°C) B I I T+ 3 R 4] B F K F = 12°C/h
(29.1~29. )M IR TF i R 40 . Y4k /KR 22°CHY, CTM
1£0.5°C/h 3 9°C/h(31.5~32.5°C) iR THid R 4 vh 22 7
AN (P<0.05), E{XT =127C/h(33.3~33.4°C)

T T R4 (P<0.05), PIfLKiR 29°CRY, CTM KR T
KT 5 35 T 55 (P<0.05), 1E=9°C/h(35.3~35.7°C)
(1) 1 TR T R 4 B 3 = T < 2°C/h(33.0~33.5C) KR
T R

22 FHBEHME) 24h HRISKILEEQR4N
UILTs5)
YIRS 3 FP LIRS 24 h UILTs, 5% M) i
#(P<0.05; &5, % 3).
Bl DI KR 8 CH R E] 29°C, HREHEF. H
ARSI 1Rl 19 24 h UILTso 439l i 24.2°C . 34.6°C Al
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24.9°C W% FTFE 35.3°C .37.3°CHI 34.4°C . H ARG HE
AAYIAE AR T B2 B = P 324, 24 h UILTs,
2 T A 3 AL S (P<0.05; 3R 3, & 5). 3
Tofr 52 365 S0 4 %o 90 A 7K R 1 SRR R LA S 20, B
FEYIMEAKIRM 8CTHmF] 29°C, HREHAMF. HAL,
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CTM 5 2 WAk IR EE 520w, BE I Ak AR T e 1 b 5
AR (P<0.05). B 5 2, 3 M aLi sh#AY 24 h UILTs,
WK Ry H ARG 2 1 HF> AR
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Fig. 3 CTM of C. japonica at different acclimation temperatures and warming rates
A.8C;B.15C; C.22°C; D.29C
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Az b, AR 5828 3 ) Y R 32 1 R B
fh Y S A AR ) 25 5, H AR A A2 M o, B R
HEMRZ, FEREG RS . 2 HEEsh Y A B s e et |
M 3 A K H A AT L K R S R R B e 2, g
BRI A2 M A AT 2 AR ) 22 5 BN, AR
T T 2% FE 10 3 40 T 2 7K 30l 100 88 2 1% AT 32 1 0 3
BT AR FEaRE R, P ) B AR (Palaemon
northropi) X} = i (4 T 5% R 71 BH & 5 1R 19 4 BF
(Palaemon elegans), J&i#& XK A4 7 M4 D) & F 6

FPTEAR SR v, HAG RAEANSE ) H AR TR
AR A R R R ARG, AT 2 7 B 3R R A 72 A YIS R
/0Ny I B AR IR B R A R I g o 3 AR Ak
R, KA R TR IR R BT A AR 3 ) PR AT 5
Z B HAME RS AN R S 0 Ak R st
R 7E LAY R E 1438 I 2o R R A O
TVER, [ 2352510 5 B i S R B I R
REL ) 7 ¥ 1 sh B AT 22 T RE T, (o HCAE T I A
J0 A 26 B S R B AR A IACHE . LA SRS 55 ARS A 4],
e T 56T K B (210N B9 4 AT 52 45 FR (24h
UILTs, fl CTM; VUK ZEf S E o0, 1R, 35.1 1
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Fig. 4 CTM of O. oratoria at different acclimation temperatures and warming rates
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Fig. 5 The 24-h UILTs, of the three experimental crustaceans
at different acclimation temperatures
AT 5 (abed) e Al — R A 9 A K il 41 22 18] 1 22 5+ 1 35 (P<0.05)
Values with different letters are significantly different between
acclimation temperature groups of the same species (P< 0.05)

37.5°C; HAE, 38.2°CH 42.5C) T =17 K
(29°N) I [R) B (FTHRG ) 34.4°CHN 35.7°C; H AT,

37.3°CHI 42.3°C), i1 5 5 7K 385 (39°N) 1~ 4 1Y) B i
ZFEFR(D RS, 31.9°CHI 34.8°C; H AN, 36.4°CHI
38.7°C)WMET =118 By A= Wy R e 125201 A e AT
(1% 1t B 5015 2% T B T I 7 B 58 28 A (o 1) 1R B AR
FEYASTR], XA AN [ X 2R A9 [ b A 400 7 T e 0
I 2B 2 B I A2 M 25 5 o X Rh sk 25 S
AH I 445 G 214 b A ) AT 2 R P AN TR 7K S T HE 7K 7
TETERS QL PEAS, AN RE— B mie .

F 55 20 A ) 1) AT 52 P AR 5% 7 T P 35 % AU
PEAS  BA S AR RN, I o AEAF X T ARk
A, W SES AR AT R A . TiF ik sh i B A
SRS S 1 RN 2k BERE T1, FE AR TN IR
HEZK X Hos mm 22 BR T H A A i R A el s, AR B i 2
THOCEL G A K AT e 2R s i R RE 22,
S IAEE B, 5 Az 2R HEK I,
FEHIBIEIN G, Ao, 02 E I 2 P — s T oF
2, (EAR TR, 33k R W AE X R HE K VB AR A5 Y b
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flivh, B 7RI, AR R R 2R 8hY)

3 YL KE X Z LI ENYIAY 24h UILTS0 AY 520G

TR SZ OIS RENS ST o i e A PR 5 Qe L

Tab.3 AVONA results of the interaction of crustaceans and the acclimation temperature on the 24-h UILT5,

LSS Ss Df MS F P
YA 366.847 183.424 3318.216 0.000

YK 286.366 95.455 1726.827 0.000

ZHAEH 65.099 10.850 196.280 0.000

ASZI Y 3 SR B ) 0 AT 32 48 AR(CTM Al
24h UILTso) & A b 27 it 9 Ak 7K 3 T s i 422 1
WM S 22 B = REGE I H B IRIR TR T RE Y, FE
HoAh PR 5E A R e I RT 4R T, JEAE KR8 S, T
ST 2 VB L RLEE B /NS AT AT RE T
T B 25 Rl AR A I Sl A R, R IR R B
& AR RE S B I AR TR S B B, BRI G ARBRY BPY
D] I 7 T 1 3 ) B P B 5 v 22 R FH &0 44 R iF 5 %)
G VI G M PP A K IR AR A X S W AR B SR S AR
IS WEFE R, RS F 52 sl W i #it 52 1 4
HYMEAKR 2 EASCOCR, Hilan, Y1 2475 (Lopho-
zozymus incisus). =8 (Hemigrapsus crenulatus). J4
VB XJUR (Penaeus semisulcatus). ¥ UF (Crangon cran-
gon). KIEAF(Penaeus monodon) MR g ¥ (4stacus
astacus) %5 WA 32 B8 1 Y BE DAk 7K 8 - = i w2 1
FHER 5 R, TS [ 2 SRS Y Bl
PR A K7 F A BT SRS AR TR], (5] o ifg 3 30
Yy BT 2 PR AR R I K T AR R 22 R
Flan, =BEELEE (Pachygrapsus marmoratus) i
SZARARARRE YLK IR 20°C FH R 2 26°C i @ B3 K
63 F X W (Farfantepenaeus aztecus)) CTM {H7EA [A]
Pk T L DI KB S 3~5CARZERS 31 554,
R J2 [l — W Fl, 7EAS 7] B 22775t 2R B0 AN () 1) 34
M52 1, LA H Ao 5], AR B 2= I 0 423 At 52
FEFR(CTM Hl 24h UILTso)#8 .35 i T4 5 WF 52 R B,
SIS S YA R AR AR T Bk F5 X8 e T B i 52 fiE
J1 2R AP KR R B — ),
S B WYX T e Y T 32 Be ) A X TE s, 2 R
T 05 SF [) B4 18 Tt g /NP AR S v BT 2 A
MG, 3 FhSEU0 3 00 P 32 1 7 T v 31— R
JE AN FE3E n o 50 AE R HEZK BT G A rh %
e Y ARE S (], 3k A X 37 9 KA v B i Bl A K R
BB i KRS

TEA S, Py i B 32 P 7E A W] 94k K
TR R TR R N R B R 2 e,

AR — R B AR S, RIAS (R VE B0 0 iR T
P R FE RN . AN, ZEAHFE IR 29°CF,
R Ve & (Eurypanopeus abbreviatus)i CTM [l T
BB TS LT, T B (Menippe  hodifrons)
(6 CTM U i 385 T3 556 0 i 2 50 b TS R Ak 44
TE 28°C~29°CYIMLIKIR T, Bt (Danio rerio)FIfL
# i (Poecilia reticulata)) CTM il T % 10 T 5
m ETb, W= 8B 8 (Parablennius  marmoreus) iy
CTM DU Bt 3130 T 88 38 T gy g A ARG 20 3R T o 3R 5 g
TR B ) ) AR A2 4 1 5 — AR R B 2 kK
R . FCF-fifli(Sebastes schlegeli) 1K 75 26 £
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Abstract: This study aimed to investigate the effects of the acclimation temperature (8-29°C) and warming rate
(0.5-15°C/h) on the thermal tolerance of three common marine crustaceans (Exopalaemon carinicauda, Charybdis
Japonica, and Oratosquilla oratoria) in Sanmen Bay, the East China Sea. We measured the critical thermal maxi-
mum (CTM) and 24-hour upper incipient lethal temperature (24-h UILTsp) using the dynamic and static methods,
respectively. The findings revealed that both the acclimation temperature and warming rate markedly affected the
thermal tolerance of the experimental crustaceans. The thermal tolerance of each species increased with the in-
creasing acclimation temperature. In addition, patterns how warming rate affected the CTM of the experimental
crustaceans depended on the acclimation temperature. As the acclimation temperature increased from 8C to 29°C,
the 24-h UILTs, of E. carinicauda, C. japonica, and O. oratoria markedly increased from 24.2°C, 34.6°C, and
24.9°C to 35.3°C, 37.4°C, and 34.4°C, respectively. Overall, the thermal tolerance of the three experimental crusta-

ceans revealed a ranking order of C. japonica > E. carinicauda > O. oratoria.
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