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Abstract: To investigate the physiological regulation of bullfrogs ( Lithobates catesbeiana) under long-
term heat stress, this study simulated a high-temperature and recovery environment to examine the
effects of water temperature on growth, metamorphosis, and antioxidant function during the tadpole
and juvenile stages. Three thousand six hundred bullfrog tadpoles at Gosner stage 25 [7 d old; (0.04+
0.00) g] were randomly divided into 12 tanks, with 300 individuals per tank, and reared for 80 days at
water temperatures of 24, 27, and 30 °C, respectively. Subsequently, post-metamorphic juveniles
were maintained at 24 °C for an additional 56 days. The results showed that, during the tadpole stage,
final body weight (FBW) , weight gain rate (WGR) , and specific growth rate (SGR) did not differ
significantly between the 24 and 27 °C groups(P>0.05), but their values were all significantly higher
than those of tadpoles in the 30 °C group (P<<0.05). The male ratio and metamorphosis rate in the
27 °C group were significantly higher than those in the 24 °C group, but lower in the 30 °C group(P<
0.05). For juveniles reared at 24 °C, FBW, WGR, SGR, and survival rate showed no significant
differences between the 24 and 27 °C groups (P>0.05) , but their values were all significantly higher
than those in the 30 °C group (P<0.05). In terms of intestinal enzyme activity, protease and creatine
kinase activities in juveniles did not differ significantly between the 24 and 27 °C groups (P>0.05) ,
but both were significantly lower than those in the 30 group (P<<0.05) ; lipase and acid phosphatase
activities in the 24 °C group were significantly higher than those in the 27 and 30 °C groups (P<0.05).
Regarding antioxidant indices, intestinal superoxide dismutase (SOD) and catalase (CAT) activities
in the 24 and 27 °C groups were not significantly different (P>0.05) , but both were significantly
higher than those in the 30 °C group (P<0.05). In the liver, glutamic pyruvic transaminase, glutamic
oxaloacetic transaminase , SOD, and CAT activities, as well as malondialdehyde content, did not
differ significantly between the 24 and 27 °C groups(P=>0.05) , but all were significantly lower than
those in the 30 °C group (P<<0.05). The hepatic total antioxidant capacity values of juveniles in the 27
and 30 °C groups were significantly higher than those in the 24 °C group (P<<0.05). In conclusion, a
water temperature of 27 °C can promote the growth performance, metamorphosis rate, and male ratio
of bullfrog tadpoles, and can enhance the antioxidant capacity of juveniles after stress, thereby
improving juvenile growth performance. These findings suggest that maintaining 27 °C during the
tadpole stage could optimize bullfrog aquaculture in subtropical regions under summer heat waves.
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1 3 b d5 BBl A 8 0 PRI sl ) =z — (B 3] 4%
2023) . HET, A=Ak Sy b B g 7 b X 28 B Y
FRAA W, S B R v TR S B X2 sy
TR IR Bk % . Bellakhal et al. (2014 ) #l Ding et al.
(2015) (Y FFE R, 7K IR A2 52 el P AV 3 ) A= 22
A LRAFTE R E B o WRIRL AN &Iy ik 4R R A e AR
i JE 3 T A DGR R B o B, HOG AR IR B AR Ak 3
R (Arrighi et al., 2013; Yuetal., 2016) . 7KiEFF
o 2 AR 1R AP M ) SR B I T R A G A A &
B AR 0 K 2 AR AL YRR i 4 F B
AT 3 57 7 72 285 300 1) % B 3 40 A4 ke 1 A R A
Wi o Fielder et al.(2005) & , /K W i R 23 fin i
PR Sy ik B SR F B SFEHBSE A
PRA K AF . Corrie et al.(2024) & B, 7E 5 °CHb%
A ae R Y AR SRR B BAERE AL B 25 °C
WG, R B S Uk8L 1T . Grott et al. (2023) 3
BH A4 e RIS} 119 5 o 2 IR B2 30T 25 °C, TR 3~
4 °Cox PR ZS e B B I 3 van () U 5 mT e XS
A3 R AR S e, R EUE K AR BN
AR ARL B 0 52 75 WG 1 (Quasipaa boulengeri) (13 A}
A4 2018) . 77 E Atk (Rana chensinensis) F1 K W&
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FeA BB : (1) 30 CC M AR A, (HORE LA 25
Ja PR AR 5 (2) 7E 24 °CFIRE HBEH M8
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1.1 FREY R R R

RS ORI E A K F B e B L 2
e (A LS . 2017D006) .

A e WRHUSE IV i A N T R K A R
) 5 A B R SL DR P AR TR DR S A R
AR w CHLEE ) 235% Flw CRHLIE ) >5% 1983tk
Tk s W AR b e ) AR E SR A IR R AE R 1Y
wOHLER 1) 240% F1 wCHLIE T ) >4.0% AR f kL, 25
TP S B R R A R R BRI IR SA A A
1.2 FEXWIEIT

W} % Yk B 2 7K il FH K B (800 W, VI
J5 Z& M, SLH-01) i A7 #2545 i 5% 22 45 [
+0.1 °C, I A BB IR G T 4 o & 3 ML
20,509 24 .27 F130 °C4H , F34H 4 F 4, BEHLEEL
3 600 FEFF F 42 & A9 4= iR iR [ 7 H #% , Gosner stage
25, (0.04+0.00) g/F& ], B AL 73 Bic 3 12 4> 3¢ 55 fiT
(1.80 mx0.6 mx0.55 m,300 L) , &L 300 & , #:47 N
19180 d Y FRAH S o W], B K43 HIHE 6:00.10: 00,
14:00 F118: 00 # 17 ME, H %M i 7 5%~8%.

A3 - 80 d J , K5 27 A1 30 CCALAR A SE WL 4N
de AGE 5 L A 24 °C R R4T 56 d YR IR L
5302, R 4EE &K 07E 6:00 F118: 00 i
T4, H 5N 5%,

R FEAE A E], pH {H Sk 7.86+0.72, %5 it 42 K
(7.45£0.35) mg/L, 2 % 4 (0.39+0.14) mg/L, WAz
£54(0.07+0.02) mg/L, G 12 L: 12 D,

1.3 HRRE

RHIsHI  BE(] B S d DAL BEMLA X 10 S8 48 ik
IR R AR B . AR 1 R AR R AR AR A
SAG Tt — kA iR A S 8. FRAE 80 d U,
AR 24 h, BT REHLAN L 30 J A RS B S e K
B, BB B R TF e 0 2 Y AR k98 ) (Gosner
stage 42~46) , Wi 1A 0 f 5 I A S WRHIs) 38 3 1A S
s (Axio Zoom. V16, Zeiss) Xt &F HHe] ) P i ot
AT B 25 W 2 5, B it e R (MR, male rate) .
HE 4l Wolff et al. (2015) ()45 #E 47 H1 W7, HAA W] i
F14) FHH 20000 A5 R SR I, L A A R s R [
NG O RE A ) A

Sy ) BRI 14 d AREGRLFEHLAMERL 10 X 4k
B AR B . FR4H 56 d )5 , 251 24 h, B FEHLE
TE 4 H 4y i R AE g il AU RIS B TR A
WG ,-80 °C FR-AE -
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1.4 ERKEREEIERSH
i B AT AATE % (SR, survival rate) |

14 i 5 R (WGR, weight growth rate) | 4% 8 A4 K%
(SGR, specific growth rate) . A& & % (MMR,
metamorphosis rate) 1 MR ;

#RHISE SR = (N,/ N,) x 100%,

BRHISE WGR = [(W,= W,) / W, 1% 100%,

W SGR = [ (LoW, - LoW,) / T] x 100%,

MMR = (N,/ N,) x 100%,

MR =[N, / (N, +N,) ] x 100%,

4k SR = (N,'/ N,') x 100%,

gyl WGR = [ (W = W,) / W,] x 100%,

4k SGR = [ (LnW! - LnW,) / (T+T,) ] x 100%,
2 N Ry RIS 46 B 5 N R R TR 80 d i R k)
FN Gk 1) A7 5 HRCEE 5 W, o BRHISE ) 4 1 o i 5 w7 R IR
WS} SR X8 o o 5 7 oM RIS SR BE R B N, R Ak T Gosner
stage 42~46 SRS 5 N, Ay e LR} e ) e v A o
N, Ay fide F0) el e (g E PR B8 5 N, R B ) I R
N,y 3 BE R A2 S 56 d I Al A7 RO s N
YIMER Y 5 T, A 4l R 58 KA
1.5 HAAEBENIERANE

K 4y e g TRV EE 23 3 PR IBL0.1 g, FIA 0.9 mL

9 w=0.9% A= BEER K , 213 )5, 724 °CF 2 500 r/min
#5015 min, U EVH. WATEZH L a-VEREE (a-AMS,
a-amylase) | fig JIii i (LPS, lipase) . & 1 i (PES,
pepsin) R PR i (ACP, acid phosphatase ) | JILFR
P (CK, creatine kinase) i %A 164 AL (SOD,
superoxide dismutase, ) .1 % L & fif (CAT, catalase)
FIA ¥ (MDA, malondialdehyde) , X I JJE 4H 414
N %% & (GPT, glutamic pyruvic transaminase) , 4%
L (GOT, glutamic oxaloacetic transaminase) |
SPrA L RE J1 (T-AOC, total antioxidant capacity) .
SOD , CAT Fl MDA % J g 5t 8 2R ) T REE Y

JITHE 7= B B
1.6 #HEAIE

JT1IBM SPSS Statistics V22.0 {4 , %tk i} F14);
e ) 348 T 3 AR R B A T LR 2R T 22 40T 5
A B R B R Ry 22 08, -3l 3 Turkey 75 3E
TR L E I, BUE L P hr 22" F R,
P<0.05FmZREAGITEE L,

2 SRS

2.1 AEBEAFHERNERKEERTSEXE
FRETEE B

80 d A S I , 45T 4L R isE SR Y 22 0 4E 1T
5 Y (P>0.05) ., 30 °CZH 18} i) FBW . WGR #l
SGR i FAK T 24 F127 °CLH MR (P<0.05) , {Hjx 2
FEARAYAEAE 24 F1 27 °CHL[A] () £ R LG T 2¢ B X
(P>0.05), 30 °CALIFHE}HY MR AT MMR 3% 5 F 24
H127 cCLLIRIL(P<0.05) , - H.27 °CHL IR} MR FI
MMR W i 2 5 T 24 °CLHIFEH P<0.05) (£ 1),

SR B RO 7K X BRHIRE % WGR Fil MMR 277
AT BER(P<0.05) . HHFEZKET , MEFRIE K5
(9 3% i, R BsE B WGR A MMR 3 8 3% | Ik (P<
0.05) o AHIFI FEFE R ECT , Bl K IR 38, o5 i} iy
MMR & % [ F} (P<0.05) , {H WGR {75 fb#a # 5
ZHR(P<0.05). BLAF, TEFRIAE 45 KAT,30 °C4l
IRISE S LSS 1 AR Al . AESRBH A 55 KM, 27 °C
2 BRI B EE 1 RAR IS Ly . 7E FRAE AR 60 K,
24 °CHLIRHBL Y BLER 1 RARES Gyl X SETEET , 27 Al
30 °CK R BEAT 240 J T R AR A5 B (] (&1 1~2) o
2.2 AEIREASEEKMEEEEXIEIRILER

56 d i & I 25 5, 30 °C 4 i) FBW . SR,
WGR F1 SGR & # ik T 24 i1 27 °C 4 4 itk (P<
0.05) , {H X B H8 AR (R {ELTE 24 F1 27 °CHL ] 1Y 2 5% T
GiiteFE L (P>0.05)(52),

1 KA AR AR P R A AR A AR IR

Table 1 Effects of water temperature on growth performance and metamorphosis in bullfrog tadpoles

S 24 °C#H 27 °C#4 30 °C4
AR (FBW)/g 6. 97+0. 26 6. 73+0. 05° 6. 03+0. 09
B4 (WGR)/% 19 163. 74+706. 39° 18 478. 66+136. 45° 16 568. 99+257. 93
FrE A KR (SGR)/(%-d™) 6. 58+0. 05 6. 53%0. 01° 6. 4+0. 02°
FEIGEZ(SR) /% 96. 30+0. 93 95.38+2. 75 92.29+2. 94
AAH(MMR) /% 58. 02+6. 96° 68. 60+1. 60° 85. 101, 31°
T2 (MR) /% 55.56+2. 97° 77.36+1. 42° 84.2142.57°

D) [A—47 AR EAr iRl 22 5 RA Gt L (P<0.05).
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Fig.2 Effects of water temperature and breeding days on metamorphosis rate (MMR) in bullfrog tadpoles
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Table 2  Effects of water temperature on growth performance in juvenile bullfrogs

EiEtan 24 °C41 27 °C41 30 °C4H
YA 5 (FBW)/g 76. 66+5. 31° 73.36+4. 08* 59.03+3. 33"
TEHER(SR) /% 78. 97+1. 03 75.43+2. 73 69.33+2. 67°
B A (WGR)/% 211 655. 52414 677. 59° 202 553. 37+11 257. 56° 162 971. 48+9 210. 30°
R B K H(SGR) /(% d™) 5. 63+0. 05° 5. 59+0. 04° 5. 44+0. 04°

1) [ —4r AR B bR bR gl a) 22 v B G L (P<0. 05) .
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TR B R BOFIRHISL I 7K IR X 2 ik A WGR P2 T
WEHM(P<0.05) . HIFIKIRT , BEFRHE KB 3
i, Gk WGR 4 8.3 - FH(P<0.05) . b4k, AHIF
FRFH KRBT, Bl AR A3, 2 1Y) WGR I 25 R %
(P<0.05). Z5ALRWI, ML 7E 30 °CoK IR T #7248
HILIE , FEPR S 5] 24 °COKIRFRFA IS , 80k 4 AR KL
REARAEMK T IEH (F3),

2.3 ARIREALEFERETENILE

M 4 F IR ATTRT LAAS AT, 56 d 1 A IR S8 )
S Yk 7 18 a-AMS 3 PR 25 F g B X
(P>0.05) . 24 °CZ %)l 17 1 %) LPS Fl ACP 3 1
I 2 T 27 A1 30 CCAL 4l (P<<0.05) , SA i iX 4&
FEFR A (EAE 27 A1 30 °CHLIA] il 22 57 LS i 7 X
(P>0.05). 30 °CH %k 18 i PES 1 CK i 14 5

(a) WGRH A

™ N X N
ROASAR AU P
Pk A N A DD D D

F (P<0.05) & T 24 F127 °C 40 4 ik, {H ixX 2L 4

P (A (E FE 24 F1 27 °CHL ] 1 25 57 R Ge i 24 & X

(P>0.05),

2.4 AEIREAHEHALREANINEEREKIEIRN
7%

56 d {52 i S0 I, 45 20 4 i i 3B ) MDA
THEEF LI L (P>0.05). 30 °CAL 4k
J¥ 18 ) SOD il CAT ¥ % W 2 ik T 24 F1 27 °C4H
(P<0.05) , 1 FFHEF) GPT .GOT . SOD , CAT 3% 7 il
MDA & & i 2 5 T 24 f127 °C4H (P<0.05) ;27
H130 °C2H HT E 19 T-AOC {1 . 35 &5 T 24 °C#H 4))
I (P<0.05) . [A]I, 27 °C#H 4y i3 i) CAT 7 1
FUIFIE A9 GPT .GOT .SOD HI CAT iif ¥ 5 T 24 °C4H
Ly (1 5~6) o
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Fig. 3 Effects of water temperature and breeding days on weight gain rate (WGR) in juvenile bullfrogs
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Fig. 4 Effect of water temperature on intestinal enzymes activities in juvenile bullfrogs
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1 EAT 2 b an R R AR S P IR IR 4
ELHERZ A E A4l AN g A (4 2 KRS (Pechenik,
2006) o o I EE BRI A R R T PR AR B ) A RN
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B, 30 °CoK i i 25 02 0 A e s () R 2 (H 3K
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Kdm6b) {35 1, 30 v AR G SE DR i 25k, Al |
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4 4 g

27 °CK IR RE S 4L v A ek R} 0 2 KPR AR S
SR 2R, I H A B o 728 AR 0 [R] B R i ple ™
(R HEAL R RS o o5 LB (30 °C ) £330 A e 1) ekt B A=
KA AT 3 T A . A S AR RIS
AWG . ferEE KR I8 32~34 °C, ik H
HERH IRIKAE AR 7K S5 R R A it



2 T, %.

1o i R TR S 08 2 e R e e e A I L AR SR R A T RE A5 107

SE 3k

FISC, TRE, 255, 25, 2012, 5L it G 4 i AR
0 fi T8 AL Bl T R g s e (T]. T KRR, 19
(5): 799-805.

AT, ShENAE, AR, 45, 2025, I PERI T 4rT
BUEN LT ] e 2 i A AR B iP5 30) , 64(1)
133-146.

20, IKBIEGAR, R, A, 2024, IRLEE A 1 70— F LSRR Ok
ot s T S M ek B VAL B ST D). R RD R BF S AE Y L 27
(5): 1-7.

BRI, XVOAE, LRZE, 2023, KIRAKEH S 254
I AT K S B 52 (], B R,
30(12): 1429-1444.

Merh=s, Aoy, Ak, 45, 2018. UMk 1) 1 M o Te B i
JE XA Sl B s B R [0 ], AR SR, 38(13) : 4809~
4816.

WL, ORISR, SR, AF, 2014, TR S AR R
P 8 21 AR OO R B A A A AR e A RE T 5
M LI ] PR E A (A ARRERRD) L 53(3): 101-109.

BRI, ZR5PHE, Rk, 4, 2023, FE0EFE0E X A ek apHsE AR K
HMAT IR EMA [T ]. K724, 47(10) : 72-83.

AR, BXEHAE, Th/Nik, 45, 2012, Rk A S ek i )
AN [R] I T 28 B AR AN AT 52 V[T ]. R3S E 4, 32
(2): 465-471.

JEH) L 2021, PRS0 SR A R S 1 i B A 7 A B 6 50 5 )
BRI SR 2T (D] VTR BRIl

Forak, 2SR, 2007, X ] Al B0 Ak RN AR
SRR [T ], skl (1) 121-127.

FALA, AN, 2005, o FE b RIS F O B R e i i
JE R R BOTIR R (T ]. SRk, (2): 23-27.

BRI, 22 ERY, BEDOME, 2018, AN [ 7L S J0E ek B FE D
T A KRB mI] BIEILHERGSE, (1)
207-210.

RFEE, BRRA, IMERL, 55, 2024, 24T HRL) 6 5 b
385 SRR SN S A B BORSE AL [, v B R
2, 31(11): 1351-1364.

AGUIRRE - BECERRA H, GARCIA - TREJO J F, PENA -
HERREJON G A, et al, 2018. Effect of two levels of
temperature and natural and artificial photoperiod on
growth and metamorphosis of bullfrog tadpoles in an
intensive rearing system [J]. North Am J Aquacult, 80
(4): 388-396.

ARRIGHI J M, LENCER E S, JUKAR A, et al, 2013. Daily
temperature fluctuations unpredictably influence develop-
mental rate and morphology at a critical early larval stage
in a frog[J]. BMC Ecol, 13(1): 18.

BELLAKHAL M, NEVEU A, FARTOUNA-BELLAKHAL

M, et al, 2014. Effects of temperature, density and food
quality on larval growth and metamorphosis in the north
African green frog Pelophylax saharicus [J]. J Therm
Biol, 45: 81-86.

BUSTOS C A, LANDAETA M F, BAY-SCHMITH E, et al,
2007. Effects of temperature and lipid droplet adherence
on mortality of hatchery—reared southern hake Merluccius
australis larvae[ J]. Aquaculture, 270(1): 535-540.

CORRIE LM, KUECKS-WINGER H, EBRAHIMIKONDORI
H, et al, 2024. Transcriptomic profiling of Rana [ Litho-
bates] catesbeiana back skin during natural and thyroid
hormone-induced metamorphosis under different tempera-
ture regimes with particular emphasis on innate immune
system components [J]. Comp Biochem Phy D, 50:
101238.

DALVI R S, DAS T, DEBNATH D, et al, 2017. Metabolic
and cellular stress responses of catfish, Horabagrus
brachysoma (Giinther) acclimated to increasing tempera-
tures[ J]. J Therm Biol, 65: 32-40.

DAWOOD M A O, ALKAFAFY M, SEWILAM H, 2022.
The antioxidant responses of gills, intestines and livers
and blood immunity of common carp (Cyprinus carpio)
exposed to salinity and temperature stressors [J]. Fish
Physiol Biochem, 48(2): 397-408.

DENVER R J, 1997. Environmental stress as a developmental
cue: Corticotropin-releasing hormone is a proximate
mediator of adaptive phenotypic plasticity in amphibian
metamorphosis[J]. Horm Behav, 31(2): 169-179.

DING G H, LIN Z H, FAN X L, et al, 2015. The combined
effects of food supply and larval density on survival,
growth and metamorphosis of Chinese tiger frog (Hoplo-
batrachus rugulosa) tadpoles [J]. Aquaculture, 435:
398-402.

FIELDER D S, BARDSLEY W J, ALLAN G L, et al, 2005.
The effects of salinity and temperature on growth and
survival of australian snapper, Pagrus auratus larvae[J].
Aquaculture, 250(1): 201-214.

FREITAS J S, FELiCIO A A, TERESA F B, et al, 2017.
Combined effects of temperature and clomazone
(Gamit®) on oxidative stress responses and B-esterase
activity of Physalaemus nattereri ( Leiuperidae ) and Rhi-
nella schneideri (Bufonidae) tadpoles[J]. Chemosphere,
185: 548-562.

FURNE M, HIDALGO M C, LOPEZ A, et al, 2005. Diges-
tive enzyme activities in Adriatic sturgeon Acipenser

naccarii and rainbow trout Oncorhynchus mykiss. A com-



108 iRz (HARHERR H3E30)

%65 4

parative study[ J]. Aquaculture, 250(1): 391-398.

GAOY C, WEIL'Y F, CAO D N, et al, 2021. Transcriptome
analysis reveals decreased immunity under heat stress in
Mauremys mutical 1]. Aquaculture, 531: 735894.

GROTT S C, ISRAELN G, LIMAD, etal, 2023. Effects of the
herbicide ametryn on development and thyroidogenesis of
bullfrog tadpoles (Aquarana catesbeiana) under different
temperatures[ J]. Environ Pollut, 322: 121159.

HAN P, QIAO Y J, HEJ Y, et al, 2023. Stress responses to
warming in Japanese flounder (Paralichthys olivaceus)
from different environmental scenarios| J]. Sci Total Envi-
ron, 897: 165341.

HE G X, LIU XL, XUY, etal, 2021. Repeated exposure to
simulated marine heatwaves enhances the thermal toler-
ance in pearl oysters[ J ]. Aquat Toxicol, 239: 105959.

HE G X, XIONG X W, PENG Y L, et al, 2023. Transcrip-
tomic responses reveal impaired physiological perfor-
mance of the pearl oyster following repeated exposure to
marine heatwaves[J]. Sci Total Environ, 854: 158726.

IBRAHIM R E, EL-HOUSEINY W, BEHAIRY A, et al,
2019. The palliative role of Eruca sativa leaves dietary
supplementation against oxidative stress, immunosup-
pression, and growth retardation in temperature—stressed
Oreochromis niloticus[J]. J Therm Biol, 84: 26-35.

LIU M, ZHOU Y L, GUO X F, et al, 2022. Comparative
transcriptomes and metabolomes reveal different
tolerance mechanisms to cold stress in two different
catfish species[J]. Aquaculture, 560: 738543.

LIUY, LIUJ S, YE S W, et al, 2019. Global metabolic
responses of the lenok (Brachymystax lenok) to thermal
stress [J]. Comp Biochem Physiol D: Genomics Pro-
teomics, 29: 308-319.

LUO M K, ZHU W B, LIANG Z Y, et al, 2024. High-
temperature stress response: Insights into the molecular
regulation of American shad (Alosa sapidissima) using a
multi—omics approach [J]. Sci Total Environ, 916:
170329.

NIU Z, XUE H, JIANG Z, et al, 2023. Effects of tempera-
ture on metamorphosis and endochondral ossification in
Rana chensinensis tadpoles [J]. Comp Biochem Phy D,
45:101057.

OHMER M E B, HAMMOND T T, SWITZER S, et al,
2023. Developmental environment has lasting effects on
amphibian post-metamorphic behavior and thermal physi-
ology[J]. J Exp Biol, 226(9).

PARK J K, PARK W B, DO Y, 2023. Tadpole growth rates

and gut bacterial community: Dominance of developmen-
tal stages over temperature variations [J]. PLoS One, 18
(10): €0292521.

PECHENIK J A, 2006. Larval experience and latent effects:
Metamorphosis is not a new beginning [J]. Integr Comp
Biol, 46(3): 323-333.

REITER R J, MAYO J C, TAN D X, et al, 2016. Melatonin
as an antioxidant: Under promises but over delivers[J]. J
Pineal Res, 61(3): 253-278.

SCOTT D E, CASEY E D, DONOVAN M F, et al, 2007.
Amphibian lipid levels at metamorphosis correlate to
post—metamorphic terrestrial survival[J]. Oecologia, 153
(3): 521-532.

SUZER C, COBAN D, KAMACI H O, et al, 2008. Lactoba-
cillus spp. bacteria as probiotics in gilthead sea bream
(Sparus aurata L.) larvae: Effects on growth perfor-
mance and digestive enzyme activities [J]. Aquaculture,
280(1): 140-145.

TEJPAL C S, PALA K, SAHU N P, et al, 2009. Dietary sup-
plementation of l-tryptophan mitigates crowding stress
and augments the growth in Cirrhinus mrigala fingerlings
[J]. Aquaculture, 293(3): 272-277.

WALLIMANN T, HEMMER W, 1994. Creatine kinase in
non-muscle tissues and cells[J]. Mol Cell Biochem, 133
(1): 193-220.

WANG C, ZHOU Y L, ZHU Q H, et al, 2018a. Effects of
heat stress on the liver of the Chinese giant salamander
Andrias davidianus: Histopathological changes and
expression characterization of Nrf2-mediated antioxidant
pathway genes[J]. J Therm Biol, 76: 115-125.

WANG Y, BRANICKY R, NOE A, et al, 2018b. Superoxide
dismutases: Dual roles in controlling ROS damage and
regulating ROS signaling[J]. J Cell Biol, 217(6): 1915-
1928.

WEBER C, ZHOU Y, LEE J G, et al, 2020. Temperature—
dependent sex determination is mediated by pSTAT3
repression of Kdm6b[J]. Science, 368(6488): 303-306.

WOLFF S E, VELDHOEN N, HELBING C C, et al, 2015.
Estrogenic environmental contaminants alter the mRNA
abundance profiles of genes involved in gonadal differen-
tiation of the American bullfrog [J]. Sci Total Environ,
521-522: 380-387.

YUTL, HAN Y T, ZHANG S P, 2016. Plasticity in meta-
morphic traits of Rana kukunoris tadpoles: The interac-
tive effects of food level and rearing temperature[ J]. Russ
J Ecol, 47(6): 552-556.

(REHE K k)



