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B (0. 3. 640 12h) kO R4Ffu Ao E oy B b, HEAMH LS
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fiif|Z (Apostichopus japonicus) F—A1CFEEESE
TR LA, B4R A A i B 2 T
[ 324 o AN [R5 R S AR (4 T R 22 57 4 A
ZERFRW], BRI PR AL,
PP 22, IR T K S 0% 0L R e bk
L P A, 2K IR ] P PRl T R
MR = A DR N, TR I S 75 Fn
B P AR, AR 2N A AT A AL BT
PER AR T o (R EE A 2 SRR DI, i
KRS HHEMGEEE T, BT i T H
MW (Sander lucioperca) #5240 23 4E HUHI T 1)
i1, WMEATE] 31 °C A/ K A IE,
34 °CHM/NT ARG, 36 CHA KRR L
B AN o e S PR S AR A
FHICHE, PUAE AL B T AR REHLAAR B 3% M AL T 1
HACE, PP 2 m R e ARk
WAL (SOD) ik 48 Ak U (CAT) J2: P i SC A
AR, 7R R FLA TS MU T v &4
G S (B R Y R S =2 ) U S EPOE S
N (Alosa sapidissima) T B A FFEFR A2
£ 30 °C @i &, RlETHEE, FFIE SOD
I CAT 35 P2 i #7 , ¥7E 96 h i {7 1 ik 3]
5538

KT BB (Micropterus salmoides) 1% 44 T
fifi, J=FAL3E, JR&TE H (Perciformes) K FH
i} (Centrarchidae) MR & (Micropterus) , HA
AR AT S AR R, TRAZ R B N B
NGB T T i b g3 A A R R S
b5 WFh (M. salmoides salmoides) F1 K 1 B i fif
% HLIK W (M. salmoides floridanus)™ . H AijF&
ERRE R SN E iy 7: by N W R Y Va0 2 3 VA o e 9]
SEAPU I PR R TR IR K SR FE X 42
2021 4F 4 [ K 1 R 6 3R AR LS B A F) 70.21 0
7, B R 2 B T R AT R B A K
MEE R 25~30 °C™ | JRAFSK, ZABRARBR RN,
T % 1 B A v v AR S I, R PR A2
e R R A, BAaEE, Bk
&l N RS i o o 3 I (B 151 =3 8 =2
M, KHBGHFERESRELEAEE . E
KR REAT . AT NS R, KR T A
2 EVFE A R, BRI SR s F R A
FETH S PR RE T TH & R AEE 2 T MR, A
A5 38 o N P R B T8 T K SR RO [
PRI EE A o A AS [RRE AR [ 7 it 44

PEZES, T AN [R)IELRE e g it 2% 1R 1 AN [
I 1) A 30 0 DA 11 B B B 2] 2 TS A AT U A7
AL BEE PEAS AR SO, A B B K 11 AR B0
PEBE DL R A% Ao 57 R R 7 B B 146 22 il 500 A
wE%,

| MRS ITE

1.1 SCEEIT

KR B4 345 (YD), BT R
(TW) FndtJ5 A5 #EREAA (BF) BT AR B2 R
AR AT BR A mI 4R AE, X 3 AN 43 5]
VEHUATE Jy (15.61+1.25) g AR 1 65 150 B H
T 2k m R A TR REEE, 2%
BB ki E SR EA 35, 36, 37,
38 Fi139 °C), BMNREE3AEHE, HIHHEKR/D
4 80.00 cm x48.00 cm x32.50 cm 13 5 T N %
7% 7d, BRBEEERZ AR 2 1K (8:00—9:00
F1 17:00—18:00), REH BRI, BPsL
55 o if B JF B SC i B s R R . R RIE SR
BeEm, MEBES GG R KO R 5 . pH {E A
RAALEA (RIFA A <050 mg/L, W& h<
0.10 mg/L. pH fH 7~8). B4 R)G, e
FKIRM 27 °C A2 °C/h SR T RIF I S IS
HEFF 12 h, DASCYG fafa iR Bk 2o . glesk
Ui 20 R T W R 7 465 B0 G A Sy S 60 0 A vy UL
FRET IR E, 0% 12 h 5 & BRAR RSB TS
2, AT RPEEOURE .

FH A0 5E = iR 38 T B AL 804 R
ST R O B 3 5ok H )RR KK
Fil AT BR A A, BENLEHUATE ) (21.61+£1.87) g
YR 2R 180 &, v 90 iR 3 1 FAT4,
AT 30 B, H5E RN 80.00 cm x48.00
cm x32.50 cm BYBEEEET N, HIN B R KR A
27 °C A 2 °C/h TR 2 39 °C, WAITE 27,
35, 37 M1 39 °CHf, MAEAFA74H LT H
3R, fRIEREF MBI L, Ik
HEETWATES, —80 °C VKA K WA, il
A AUBUO B R A A5 2 X R 22685, 8RR
Eh 22 ¥ (PBS) (Servicebio, #RiX) HEAT ME,
A 4% Z 5 W [ 5 W& (BOSTE, 2 [E)h,
Pk 90 B la FEik & 3 AN FATH, B FAT
30 RBSLgnth, YRTER/INA 80.00 cm x48.00 cm X
32.50 cm [WBEFSEL N, HTMAAERIE K IR 27 °C
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PL2°C/h R THREE 37.5°C, M HITedEs: T
0. 3. 6 12hJ5, FENLNEAFATAHEH 3
A, IR E A U TR AR
—80 °C VKAH K ACRAE o AWFFEARAT T v K™
BFZAAIF T B BR VT OK 7= 1 5 r S 56 20 4 5 1L
FHCPEZE b1 S HibHE (H it . LAEC-PRFRI-2022-
06-03), S5 o B8 4 A N B ™ A 3 ST K
FERLA I B BRI K PR RS TS BT , JF4%
HE H ] = b A A 5 B BR VLK 7= 1 5 T A2 B 2%
B2l 2 B BT B AT o

1.2 MNERIRSHZE

HIVEERALD Fr, BT B 24h DLk
MY ERZH SV AT IE B, A CBERT AL A B
HE T AR, AR5 IR I 1 2 2 A HE
ML, TR, B393R, ARG (H.E)
guta, PR R B IR FE O AR W MUR (Nikon
Eclipse E100, HZA) MHiér, HIIE & HOGHAE
%8s (Nikon Elipse C1, HAY) #Ef7EIG R &
30T o

A TE P DU 2 R FH AR — 20 e 0 i
it EBE B 928 W [ S 3 (ELISA). 14 26 #E 4T 4E 5 &b
K AT L 20N AGE A FEER K ES R, 3 000
r/min .0 10 min B FW . SRIGHETS Gt gt H
(7§ (SOD. CAT) Fia iy a1 8% i L AR O A
FEAS | BRUESH . PR S E ALY HRP AR 10 A
Wik, BB IRV . HIKY Tetra-
methylbenzidine(TMB) . {5, TMB 7 it & 1L 4
filg AL AR B €, R PE R IR B A/E T i
SLAL N (0, BV BRI AR B P G B G
B35 P S IEAH G, i Cytation 5 22 T e i A5
X (Biotek, ZE[E) 7E 450 nm ¥ KR I 5 WG
(OD 1H).
1.3 BUEDHR

SN ED R ESET R (v) STERE
(x) Z I A AT B b a5 R, DL 12 h 2R BEUE
T RE R AR, FE AN TR K 1 2 o B A £
it AR 2% 5 DL ELISA b i v BE VR R AR s
XTI OD {EAEN AL bR, 224 H A o £k [l 05
ek, & BRI RS EARREE, R
L7 BT R AR bR AL NG PR . {1 SPSS 26
B R B4 AT B R 5 22 43 B (One-Way
ANOVA) fll Duncan [k 17 2 & 22 7 B & 1
Fe#, DL P<0.05 fE b 2257 B K PArE . S0

g VLY {H b5 1 2 (meantSD) %7~ o i H
GraphPad Prism Version 6.01 %X 42 il $it A AL 1§
TEPERERIE

2 L
21 READOBSE O RETCRE

X 3 AN I B A b Jy Y Fb RREAAR A A [) O E
AbFR 12 h SR RSB RIEA TS, SRR,
36 °C B 3 MR BEFEHASIF G HBISET, 38°C
i BF A7 2 P FATA BB T 3R 5] 100%, 39 °C
B 3 A BER R IE T R 3K 5] 100%(F% 1) YL,
TW. BF B9 50 SO0 I B 3918 3 51 ol 37.47.,
37.15 1 37.01 °C(3% 2), YL [EE S0 IRE B
# KT TW 1 BF(P<0.05), ifii TW Hl BF iy
BECH R 22 5 AN B2 (P>0.05),

x1 3INMKROBFHAEEARZELIE 12h BHRETE
Tab.1 Mortality of three M. salmoides populations

after 12 h of different temperature treatments %

4y BETIF mortality

group 35°C 36 °C 37°C 38 °C 39°C
YL 1 0 0 20 70 100
YL2 0 0 20 80 100
YL3 0 10 20 90 100
TW 1 0 10 40 80 100
™ 2 0 10 40 80 100
TW 3 0 20 50 90 100
BF 1 0 20 30 100 100
BF 2 0 20 40 100 100
BF 3 0 20 50 90 100

E: YL TWRIBFAGIARE RG5>, GITEAMIL T W 5] #
TEfR: BF1. 20 IMEBBIARIPATHL. 2 3 FH.

Notes: YL, TW and BF stand for"YouLu No.3", Taiwan population and
introduced population (M. salmoides salmoide); the numbers 1, 2 and 3

represent parallel groups 1, 2 and 3 for each group; the same below.

22 RMSRMETKORLERE QLT

FExF BRA (27 °C) FURTE] il (35, 37
39 °C) MY ZURE i A TR VE YD 7 FIER 4347
RN, MRAMHAN N2 EE, HIEK
%, BN RIER, 8/ HEA T,
HAUR DL B 555 (KRR-1). SXHIRZAHEE, 35°C
HAWEH/N F RS IRB 5, 65/ ik
TRASKE, oA DL LA A B 2% 5 (EIW-2). 37 °C 4
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R2 3INPKROBFEHENFEBRERE
Tab.2 Half-lethal lethal temperatures of three M. salmoides populations

i LR TT R WE L PRI/ C R ICIR LI E/C
rofu linear regression coefficient of half-lethal half-lethal temperature

group equation determination temperature average value

YL1 y=0.35x—12.65 R*=0.98 37.57 37.47+0.11°

YL2 »=0.36x—13.00 R*=0.95 37.50

YL3 »=0.34x-12.20 R*=0.89 37.35

TW 1 »=0.31x-11.05 R*=0.99 37.25 37.15£0.17°

W2 »=0.31x-11.05 R*=0.99 37.25

TW3 »=0.28x9.85 R*=0.96 36.96

BF 1 »=0.31x-11.00 R =0.85 37.09 37.01£0.07°

BF 2 »=10.30x—10.60 R*=0.88 37.00

BF 3 »=0.28x9.85 R*=0.96 36.96

e F—BIEEE AN R AR B R 2 5 B (P<0.05); x RIS, 364 37, 38HI39 °C), yIRERAFELIL12 hjFMIET %,

Notes: Different superscript letters in the same column of data indicate significant differences (P<0.05); x represents temperature (35, 36, 37, 38, and

39 °C), and y represents mortality after 12 h of treatment at different temperatures.

8 22 PN /N e AR R AR A, T WL b
SRRy, /N R SR G A (FIRE-3) .
39 °C /N R B R A AR G, Tz WA/ A
W Iy B, JEFR A A, A il FL )
A—F, IFH ER A B A S (K R-4).

BHSEME TR A LEEEETN

AR B A K0 B & i BB & M 6 # R

BEJEEE R, AR E T OR B R
fiyi 3 457 JfF A SOD WG Pz LT+, 7E 37 °C A}
INENEME, ZJEIFR TR, H 37 °CHf SOD A
BEET 27, 35 139 °C(P<0.05)( 1-a). Bl
FETER, IFRE CAT 3G & i T+, 7 37 °C
BFIR B, Z 5 T, 37 °Cif CAT{H
T E T 27 F1 39 °C, 39 °C B CAT i PE AR
F| 5 27 °C BHHIEZKE (B 1-b).

RE) &R A BT ) Af K v 2 g A AL E
R LRIA B 27 °C LI 2 °C/h B9 TR

B ) S

2.3

1%W§a$%&uﬁ

100 um

2

100 pum

HORTEE F 37.5 °C, AU [R] i it [E] R R F
M ffieffi fif 3 ST fIE SOD Fl CAT (1%, 45
R, SOD RYIEMEAE 3 h ik B, Bl
7E 6 h i i 3 R F% (P<0.05), 12 h WA T,
012 5 6 h MRS 22 A B (P>0.05)(& 2-a),
TER BRI 37.5°C J5, JFHE CAT MG PEIF IR
BT, TE3hEFIABIEE, Z 5 CAT G PEZ M
FEE, Hrf 3h ) CAT B E " T 0 Ml 12h (P<
0.05)( 2-b).

3 e
3.1 FEKOESEEARET P S

AN BB B 2 R S AR
ERGURIET:, iR T K™ s i RSBt
JEE R LA i PR = A [R) Aof 2 49 14 AN T
38 73 A e A A S BOHC A I B 55 ) [ B o
il B2 7 A AN R 32 72021, Ghaffari 5% 8 58

EhR FREIREME TAORE 853 S ERENFTN

1~4 23 IR 27, 35, 37 FI 39 °C N5 4k; GL. #8/h ), GC. fEfi4iffe, Hp. ¥4, EC. LZ40M.

Plate

Histological changes in the gills of M. salmoides “YouLu No.3” under different temperature stresses

1-4. the changes in gill tissue structure at 27, 35, 37 and 39 °C, respectively; GL. gill lamellae, GC. gill blood cells, Hp. hyperplasia, EC. epithelial cells.
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250 1 100
’gn a - a
é 200 + éi) 80 _T_ T
&2 2z T
G 150} ’ b g 0
8 I T = . b
S ¢ =g T
&3 "I ¥ 53 1 T -
s > 1
= L ®
= 50 20
A pra
_EEQ
0 1 1 1 1 0 1 1 1 1
27 35 37 39 27 35 37 39
Vﬂ%‘lﬁx‘;/oc /J]EJIJE/OC
temperature temperature
(a) (b)
1 FREIREXNAORE TS LES SOD F CAT EMEELAIF AT
RIFFRER oS 22 5 8.3 (P<0.05), Nl
Fig. 1 Effect of different temperatures on changes in antioxidant enzyme activity of M. salmoides
Different letters indicate significant differences (P<0.05), the same below.
200 a 100
5 T
on
£ ab 1 ab w80 < ab
= 150 T = T b
= ) b +
# 2 T S T T
g —= sz 00 1 .
g2 00 g g
a 2 =
= 4
Q2 wg
R 50 =
= w90
i gl
53
0 - . : : 0 :
0 3 6 12 0 3 6 12
5 8] /h I 8]/
time time
(a) (b)

B2 37.5°C TAREEEXOREEALE SOD #1 CAT HFEMHEN
Fig.2 Effect of different times at 37.5 °C on the changes of antioxidant enzymes SOD and
CAT activities of M. salmoides

Wi pE AL T K W5 (Crassostrea gigas) BT 34
Z5, W TR A G 20 E RN E T 5
EBEGCIR L, KR T KA YR B EUL IR
FE (43.7 °C) 3 T KAt WG, A g S
XFAS [R5 00 B AR A T A PEA, , 25 R R,
IREREE TS . e MR B AR 9 B B Il
& (31.6. 31.9 1 31.6 °C) & T 15 4 B 1Y) B 2L
R BEEEE 31.5°C), W, F—4Fh
AN [v) 243 32 b B AR AE T AP T AP E 25 57 AR
ST e 3 578 bk EnR I E T B
FUTRE 3 8 T B VS BRI AL 7 Wb 5 | BEREAA

SR S X A 22 S B SN AL D7 A 5 | R R

BRI R BT T A TR X 56 [
F i DX AR P [ 595 4, TR T AR e
fiyt 3 57 SRYET Ml A BT S R B DXk L T
RT3 B AR R 205 B 20 R 1 Ry 3 5
Xt PR I8 B0 OE N BE T AN A 35, e Ah,
Ly 3 SORAE =AM IR I A e T g N T
i) 8 75 10 3 BRI v, AR AR 2 b K
MK PREE,  MFFE R AR W B9 it P pt BA n] 28
Y, JFSEYZRNEEMPEREA L, K
FSF [ £ v T 30 ] R 2 488 iy LR e 2
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U, Pl 35 7 F R b 28 Iy v iR
AR AT B8 2 77 s — 2 10 8 R PR, BiF T R
B, R B AE 36 °C A /K BREE h ek AR
", Fields S5 AR R LB, E2tm
TR 3E R A6 R I A BRI R 36.5 °C,
X5 A ST Y G S8 R BE 36 °C U AH I,
FE SR A 7 3 Bl v g 2 AR 1T B 5 A e N
T 36°C,

32 S2MEEREX A OESSERE NS

RO EENFR AT, S5
PRV 02 375 N BT 8 15 S5 A BETE ,
SRR B, 5D WO B K IR EE T
B, s R AN g, B2 s
Liu P9 & B 32 °C B} 4 8F (Paralichthys olivac-
eus) BRLL AV A, A FolL . B4R R b R B
ML . Rojas 57 ZHLREEE T 35 °C K5
FRg# (Colossoma macropomum) 8820 21 BLH
B, 4t SRR AT e IR 38 X 2 5 e 1Y 3
HZHZ, Mallatt™ 7387 1 =il 38 T 81 ZH 210
5K AL, S ER 2L SRR . YA L SRAERN
Ala, dUREliTs . BERAIRIESE, AR
1SR HIZ S8 35 F1 37 °C BB H BIE B4
RN FR BE R TR A AR A, b R AR K i
FNEK)E THUARR B AP, BEAT 0 A
TFHHIRZAES, RS R P ER, HH
B R T 9 5 SRS e ae 2%, 5 35
137 °C AHLEL, 39 °C IR 1 JRffifig 22 = F 5475
fiffl 22 [a] A] UL Y& 09 40 A, X 5 AR 8E (Pampus
argenteus)t MG % (Labeo rohita)™™ b F
Wit e W A T B A RS AR A, HL X R
ilE T B3, BEE VR AR A, K
KIGH T 68 B 40104 5K R NER, FHX
AL Be ST T R, HE T 5 3O I R S fig
XK, mAFEAMMAILT Y, L5 Bk, 7ESEPR
Az 7 i Bl v T R A R TR A I R S i
A3 -

33 SMEEMEXNKOESHNELEHNEI

SOD Fl CAT J& A= Py HLAA I X 4 Ak 45475 1
EEYUEAYIEE, SOD ¥HNF it T r= A 1 i
P4 (reactive oxygen species, ROS) ¥4k M id 4
LA, #ERPUARZEYE A IS E B,
CAT Al S AL & S i 4 5+ K™, SOD

H CAT 164 AR S WK 7= s P e i b 8855 T 1)
AR o X T AN R AR 4 5 [ A A 0 ) AN [ 2
B, YUEAL RS R A A A i Ry HL O,
T 2 T HE P SOD Fil CAT 3% 4 bl %5 /K 16 T 55
M FEARE" . 228 i (Rachycentron canadum) VRN
WLPA Hf SOD {3 4 Bifi 5 7Kk T v i T e B /INe
1t (Larimichthys polyactis) it liE ' SOD I CAT
)T P B TR B 1) v e T v R AR, ARt
8 H R 1 AT SOD Al CAT 1% PR AL B =X
5 /NEE A IF I SOD Al CAT 1% M A8 1k #3441
. CAMFREY, & Y FE AT LI SOD Al
CAT iE RS sR , HUAS SR HLE], LUmRAL
Gese )y, W MUR A, (R KR &
2BEHUALCHESTEL, SOD Fl CAT M FRE,
FENBPH A WF 5 2Pk S R XS UL 88 (Oncorhynchus
mykiss) P EALBETGVE R Z IR, 7E 24 °C i i
BT, Bt E]ZEK, SOD il CAT ¥ 1 B & It
%, 12 hJ5 SOD Fl CAT 1 AR . A 5T
1T B SOD AT CAT 33% 4 B 1= 783 Foip st i) %iE
e B A8 Al 34 5 22 B BH 20 (4 1 95 45 SR AR I
I Y I R RO BE 1 AL AR RS 3 DR AL
SOD Fil CAT i 338, WHB% ROS, W/ HLik
AL, (HREE BT RIE R, Joik g bRt i
ROS i, HUAZ B Ib05, MG M TR 2
it R fig

4 Sie

AN

Sk ERE AT, fEeE 35 /I
FEAR AL 5 S Ao 5 | 3 A 1)~ B8 1R B2 30l
S 37.47. 37.15 F1 37.01 °C , “{Lff 3 2 it
P BT B IR AL O R 5 R
Bt A R T, /N R b R 3R A
SO, 88/ 7 B AR AR AL, 39 °C B fifZH 21
P B Ry ™ B IR R T e R A ] A
K TR 43 AE 37 °C Fil 3 h iR A AL B Ak
fit} (SOD) Flid A AL Z W (CAT) WPk fe s, JFHA
il T 38 S ST R S BRI A AR A e 3
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Analysis of heat tolerance in different populations of
Micropterus salmoides and the effects of high temperature on gill tissue and
antioxidant enzyme activity

XIE Yujing '*, LI Shengjie ", DU Jinxing', ZHU Tao',
SONG Hongmei ', LEI Caixia', WEN Qigiao’
1. Guangdong Provincial Key Laboratory of Aquatic Animal Immunology and Sustainable Aquaculture,
Key Laboratory of Tropical & Subtropical Fishery Resource Application & Cultivation,
Ministry of Agriculture and Rural Affairs,
Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510380, China;
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
3. Agriculture and Forestry Service Center of Jiujiang Town, Foshan Nanhai District, Foshan 528100, China

Abstract: A total of three Micropterus salmoides populations ["YouLu No.3" (YL), Taiwan population (TW) and introduced
population (M. salmoides salmoide)(BF)] with an average body mass of (15.61+1.25) g were used in this study to study the
acute high-temperature tolerance of different populations and the effect of high-temperature on gill tissue and antioxidant
enzyme activity. The water temperature was raised from 27 to 35, 36, 37, 38, 39 °C with a rate of 2 °C/h and maintained for 12
h. Each temperature group included three replicates and ten fish per repeat. Half-lethal temperature (LTs,) was predicted
according to the mortality rate. The results showed that fish death in three populations beginning to occur at 36 °C, the LT, of
YL was 37.47 °C, which was significantly higher than that of TW (37.15 °C) and BF (37.01 °C). By subjecting M. sal/moides to
high-temperature stress, and the gill tissue damage of M. salmoides at different temperatures (27, 35, 37 and 39 °C) was com-
pared and analysed, with the increase of temperature, the separation of the epithelium of gill lamellae from the basement mem-
brane increased, and the gill lamellae gradually became shorter and thicker, and the gill tissue damage was the most serious at
39 °C. The activities of antioxidant enzymes of M. salmoides at different temperatures (27, 35, 37and 39 °C) and different stress
times (0, 3, 6 and 12 h) at 37.5 °C showed that the activities of superoxide dismutase (SOD) and catalase (CAT) increased and
then decreased with increasing temperature, and the highest activities were observed at 37 °C. The activities of SOD and CAT
increased and then decreased with increasing stress time. SOD and CAT activities showed trends of increasing and then
decreasing with increasing stress time, and the highest activity was observed at 3 h. In summary, the heat tolerance of YL was
significantly higher than that of the TW and BF. The high temperature stress caused stress damage to M. salmoides. Our study

provides basic data and theoretical references for breeding high temperature tolerance M. salmoides.
Key words: Micropterus salmoides; acute heat stress; half-lethal temperature (LTs); tissue damage; antioxidant enzymes
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