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1) B A fip T 2 AR 20001 g, 3R R EAARLEL 1900
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. 4R J5 F Primescript © RT I & (£ £, H
A )HEHE B S RNA K % 5 e DNA . I 5 fiff 28 27
Mg H R ARIL-6. TNF-o. HSP70F1 HSP9OK: [A]
ZRIE, MRS YT FI LR 1. %6 E EPCRR
MK Z 920 pL: 2xChamQ Universal SYBR qPCR
Master Mix 10 pL, b Fi# 5] %% 0.4 pL, Template
¢DNA 2 uL, ddH,0 7.2 uL; ¥ ¥ F2 N 95°C Fil 48
#£30s, 95°C AP 10s, 60°C iR K 30s, FL40MEIF, 14
fift B £895°C 15s, 60°C iR 4k 60s, 95°C 15s, 3k [K AH Xf
Rk R AT L
1.6 F7EEEE16S rRNASIBENF

[ 38 P9 YRR S T UK R 2 Bl se i E
Y= 25 R B A BR 2 7] 33847 16S rRNA S B 2 /7
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TACGGRAGGCAGCAG-3)F1798R (5-AGGGTATC
TAATCCT-3")¥ 14168 rRNAKE A [ V3—V4[X ,

T S R 4G Reads /7 134T I 45 A I 98, SR )5

FFHDADA2 A FE47 7 51) P M b B DA SRAS A 30
H1); 3T Silva (v. 138)%4 2, F| H q2-feature-classi-
fier A 3E4T 7 H1 LU AV RS, 3843 ASV (Amplicon
Sequence Variant)fCERFFIFIEEE S FIHQIIME2
At 3 17 PCoA (principal co-ordinates analysis)Z)
B+ AlphaZ #1473 §t Al Beta 2 A5 14 20 #1; B HREK
4, 3 T vegantl i3 4T £ J6 77 % 73 #T (Permutational
Multivariate Analysis of Variance, PERMANOVA)
HTAR L 14 43 HT (Analysis of Similarity, ANOSIM).
I FH Bt B 0 B 2 0 A 2 T B R Y 2%, B T fast
greedy modularity optimization /7 V2 HE4T W 4% i Hefl,
3 M5 B FH Cytoscape (v. 3.10.2)%8 A4 iz 18 & B M
ZE AT P RAL 37 o
17 BRI

Fr A5 E 4 25 LA I E+FR AR 1R 2R 75 A I SPSS
23WRAE XS AR AR B A AT 1 AN AH 5K f %
RIS B AE AT B R FR 7 2250 H1(One-way ANOVA)
H Duncan’s% L 50 #r i 18 T 208E K A
Kruskal Wallist 46 747 LB AP BT . P<0.053% 7R 7%

R,
2 R

2.1 2HFEXESE KBRS

SIG 0 FR A 120d )5, %of R ZH K78 a4 KR
1 () OE R I AE95% L . BB 1AT S, £ A BURE
IS 7] 55 AR A& K 5 CERMICMAM L ik A B % % 7
(P>0.05); £30dF160dF, CF. CMAIAF X [f] {4 & 1)
T i # 72 5 (P>0.05), 111 7E 120di}, AF) & & 7 3%
= T CM (P<0.05), T 5 CFE & % % 7 (P>0.05);
CF5CMPIARE TC 2 3 7 57 (P>0.05).  HH# 27141,
AF [P R 4 3 R0 3 25 22 45 6 3 15 T CML (P<0.05), T
5CFL &% % 7 (P>0.05); CF5 CM1) A {4 5 Al i
R TE T 2 7 57(P>0.05); CFAIAF BT B 15 5

*1 HREESY
Tab. 1 RT-qPCR primers

514 21! KA
Primer Primer sequence (5'—3") Source
IL-6-F  TGAAGGCTCCGACGAAATG Cen et al."

IL-6R  GTCCAGTAGGCTAAACTGCTATC Cen et al"

TNF-0-F CGTCGTTCAGAGTCTCCTGC Tan et al."”
TNF-a-R TGTACCACCCGTGTCCCACT Tan et al."”
HSP70-F CGCAGTCATCACAGTTCCG Lveral"
HSP70-R TGCCGTCTTCAATGGTCAG Lvetal"
HSP90-F CCGCTACGAAAGCCTGACTGA  Lvetal
HSP90-R  ACGACCACCTTCTCGGCAAC Lveral"
B-actinF  GACCTGACAGACTACCTCATG  Tanetal”
-actin-R_ AGTTGAAGGTGGTCTCGTGGA __ Tan et al."”
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Z 5T CM (P<0.05); 4 i 77 5E K 35 f (1) TRk R 3
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Fig. 1 Comparative analysis of body length and weight of control
group and all-female culture of L. crocea

BhE s PRDRAN MK . 2R 20 i S BE RN I v B 5
(K 2B).

23 EEZEEBENAEGEMPBERSCEEERN
Al

SRR IR ST CE. CMATAF F 8 A1 i 1 21 22 1)
PSR A B S M (RS2 P 3TN o % R PR IR B I,
CF. CMMIAFRE-FSOD. CAT. GSH-Pxif %Al
MDA & &) B 56 W35 T )5 W 2 PR AR B 3
FE6°C ], AFff 1 SODVE 14 & 3 IK T CFHICM (P<
0.05). AFfEHCATHHEMAE12C, 10C, 8C. 6T
MRS 5 1 12°C IS 35 2 KT CFAICM (P<0.05),
CFAICMIH] £ 5 N & 2 (P>0.05). AFfi f GSH-Px
TG TETE12°C A8 C I 1 2 3% & T CFAICM (P<0.05),
CFEE H MDA & B E6°C AR & J5 (1 12°C I ¥ i3 %
= FCMAIAF (P<0.05); 1M 7E10°C I8 CHY, CF. CM
FIAF 8] 22 54 1235 (P>0.05)

4 AR WA TE], CF. CMAIAF) i1 F1SOD.
CAT. GSH-PxiG1EANIMDA & &3 25 83 7
Ji $2 2 PR I i #4 (P<0.05) . CEfi% &t SODVE 1
TE12°CA110°C i 34 2 3% & T AF (P<0.05). AFJiziE
HCATIEMEAE12C . 8°C . 6°CHIMKE 5K 12°C I}
)58 Z % T CFFICM (P<0.05). AF[%i& o GSH-Px
WEMEAE12°C, 10°C. 8CHI6CH B FMLTCFY
CM (P<0.05). AF[71E H MDA &= 1ERC. 6°CHl
WA G 12 C 34 5 K T-CF 5 CM (P<0.05).

24 EEFERMNABRGEMPFEREXERERER
ey :opA1

T 4 [ I 6 CF. CMAIT AFRY 8 A1 figg 3
HSP70F1HSPYOXEH R IA B (s an i 4ffoR . %
SR [R5 6], CE. CMAIAF (8 A0 iz vh HSP 703
(R IA 7K P38 B JG B 38 T v ) W 3 PR AR ka3
1M HSP9OKE K 35 KV LB B 2% T m#a$h . CFf
HHSP70FE K R IAEAE12°CL 10°C RIS CHE I 8%
i FCMAIAF (P<0.05); CMfil Hi HSP703: R ik &
FE10°CAIVKE JG i 12° CIR 1 52 = T AF. AFfifirh
HSP90X: K # ik B £ 12°C . 8C M6C I 5 CFY5
CMAH tt & & 3 % 7 (P>0.05). CMAIAFJij iE

*2 WMRAMEMEFRBERAENEKIER

Tab.2 The growth indexes of control group and all-female culture of L. crocea

5l WA FNIN W E AR R AR A e TR R
érou Initial body Final body Weight gain Specific growth Condition 3factor Feed conversion
P Weight (g) Weight (g) rate (%) rate (%/d) (g/em’) ratio
CF 14.0142.52 70.04+11.37" 401.45+24.83" 1.34+0.04 2.09+0.28" | 4740.14°

cM 13.8743.17 66.56+7.00" 390.45+49.50° 1.32+0.09 1.88+0.17° B
AF 14.09+2.72 74.16+£6.39" 438.04+66.52" 1.40+0.23 2.11+0.17° 1.35+0.26"

VE: FIFIAN /NG FRER IR 2 7 .35 (P<0.05)

Note: Different lowercase letters in the same column indicate significant differences (P<0.05)
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HSP703 R 2 15 f: /£ 10°C f18°C i #4 &5 2% = T CF
(P<0.05). AFJif it vf HSP90%: [N % iA & £ 10°C .
6°C MK & J5 1112 C I 34 2 K F CF (P<0.05).
2 [ R W1 1], CF. CMUAT AF ) 8 1 iz 1 v
IL-6F1 TNF-o38 R 32 15 535 2. 3% F 11 (P<0.05). CF
5 CM#E A IL-63 R I8 B AE8 CRI6 C R 14 .3 1
T AF (P<0.05), 1i CF5 CM[a] 2 5 A4S . 3 (P>0.05) .
CFHI AFHE 1 TNF-a & [K 3R 18 8 7E6°C MK & J5 1)
12°C i #4 . 2% & T CM (P<0.05). CF5CMJiE
IL-63E [N 75 B AE8°C fl6°C I 15 i 3 7 T AF (P<
0.05). CMJ7 i H TNF-o: R 3R 18 B 1E6°C Fl Ik &
J& i 12°C i 34 8 2% & T CFAITAF (P<0.05); 11 CFi%
B TNF-o 2R FRKILEFE12°C. 10°C. 8C. 6°CHI
R JG12°C I 5 AFAH LL I T 2 35 22 57(P>0.05).

25 (RIRAMBX KE & FEREREFN
KRB X K 2 & A 18 B BE % 45 1% Fn2E R B9
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Fig. 2 Effects of low temperature stress on the gill (A) and intestine (B) structure in L. crocea (X200, scale bar=50 um)
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SL. Secondary lamella; PL. Primary lamellae; 1. Curved tips and hyperemia at ending; 2. Epithelial oedema; 3. Cellular vacuolation; C.
Columnar cell; G. Goblet cell; SG. Swelling of goblet cell; N. Necrosis in the mucosal layer
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Fig. 5 Effect of low temperature stress on the diversity and composition of the intestinal microbiota in L. crocea
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A. The principal co-ordinates analysis of the intestinal microbiota; B. the a-diversity of the intestinal microbiota; C. the composition of the

intestinal microbiota at phylum- and genus-level
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Tab. 3 Differences in the intestinal microbiota among females,
males, and all-females were analyzed under low-temperature stress

Bray-Curtis distance

P51 I C PERMANOVA ANOSIM
F P R P
M1 12 vs. 6 1.550 0.010  0.060  0.004
el 12 vs5. 6 1.051 0.268 0436  0.226

A 12 vs. 6 0.771 0.728 0.108  0.628

x4 ETHNARFESLEAEERIFLEE - ZHEMEEE
Tab. 4 Comparison of a-diversity indexes in sex and temperature
based on two-way ANOVA test

Chaol Shannon

Two-way ANOVA test
P F P
0 (M, e, 4= 0E) 1.380  0.018* 3.912  0.001*
IREE(12, 6) 1.184  0.148  1.523  0.170
4 ) < L 1.081  0.253  0.809  0.594

H R EREE

Note: * indicate significant differences
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Fig. 6 Effect of low temperature stress on the network structure of the intestinal microbiota of L. crocea
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Tab. 5 The networked community differences among females,
males, and all-females were analyzed under low-temperature stress

Bray-Curtis distance
PERMANOVA ANOSIM

F P R P

i) 12vs.6  11.134 0.014 1.000  0.011
sl 12 vs. 6 3.886 0.011 0.530  0.004
A 12vs. 6 4.598 0.009 0.820  0.009

e BT

33 EEREBEFSAEGNRAPBESUNERRE
&R
RV 3 2 T 80t KR N K& 7 14 % (ROS)
IR B, MM 5] R S AR, BN T B A A7
gt 24 2 e ST 3 s e L N i P A
Tt 98 1 R AR AT L S B A LA SR B A% Bl
TEAR IR B 18 25 f8 R 35 4l 81 (Nibea albiflora) i it
FUh R I, SEZH 2 h HAA LB (SOD. CAT)IE 14 %6
ST R R R, IR A R SR Ty
fiili(Takifugu fasciatus)FRK B BT &I, H
EHSOD. CAT. GSH-Pxi&th &MDAS &1 5%
w5 DL T S A SRR i
Xof B AL I A A M R B K 7, T R P P e
#RAf7iE HSOD. CAT. GSH-PxiE MDA S &
PR RET S G W . X AT RE AR R VIR
25.6°C I 0 73 52 1 7 5 4 A0 R 1 ™ 2
IR T B R AR R R R A A2 B T
Riggbr P BRI, A R R R
5 HL P o bk o 2 P B S 3 g O,
£ 75 8°C A H 3d 5 AT T Hh HSP70M HSP9OKE K f1 3%
BRI R EM, AR, S SRR E
%/FF, CF. CMAIAF{IHEF iz 1 HSP70F1HSP90
TR EET A HEE R G, JLHSP70FIHSPI0
R R R I8 B AWK 2 1EF KF, X AT R & AN
f AR AN HEAT H 38 M A A BRI .
iR % 73 25 fih & TollBf 32 4 (TLRs) A 3%, U
TLR4FITLRS, B J& 2 BINF-«BfE Sl %, S UL &
STt R 7 AH G BE DR 3R IA, T 51 AT 4H 2 J0E
2P0 g, AR B T K T e R Sk TN
o TR 2 B 5 35 08 I 7 ARG T A K 2
i Ji7 i L6 R ek By St e AR
o RS IE P8 2%, CF. CMAI AR 1
[ 38 o IL-6F1 TNF-adi IR 2 35 B Y5y 85 3 18 ; 17 76
6°C i, CFARICM 18 A1 18 H IL-6 55 R ) 3Rk 51
& T AF. MAh, fE6°CH}, CFiE i IL-6F1 TNF-
oFE R R IE T B 2 = T CM; /£ CFAIAF I i 18

W TNF-o 2 [R 315 8 2 3% ik T CM, CF5 CM A IL-
6REFNFEELEEER. 4 Fa50, CEAIAFELCM
5 RIR T 52 68 71, X ] B8 -5 MEME £ R b ia
FH K B 12 2 g B B R 7k — 45
HIHE 5T
34 (KEMMEXN KHREFEREREAZI

T8 B REEAE NTE E R B, HAETE Rk
NI Z A AT 0 o e E e P R
2 B MR Jig T A D T A RSORN B e I B R IR IR R
A RT3 R R AR, TR S R
“TELTAEMBE MRS . TEAHE T, IR e
Jii CFAN AF i1 1 B 4H B8 35 A8 1k, I CMIR A 1IX
B CFAIAF I 18 B B 2H B 3 5 52 BMIRIE 52 ) It
A, KI5 W 38 5 CFAN AF % 38 B B v 1) 5 TR Ji A X6
5 WM, CMg TE B R A ) IR & AR X S B
—HRFRENFEE, X— &R 5N B K3t
8 ) 6 7 A% R A — B0, H 3 B, ARG AN 1 1%
TR K fi 1 A P I R 4 R YA

J¥ 18 B T AR S W28 o i A Bl T3t — 20 AT K
PR YRR e T 7 E E R AR e .
P AN 5 5 22 ) F) T 2 s A ol ) £ A LA B
LR RN TEG R R, A R R HA| st
g, FEARTIH, RGBS R, CE. CM
FNAF iz 18 B e A 25 ) &8 &5 by 1 O 28 I8 35 088 78
R W38 J5, CFg 8 & B 9 R 8] 7% 28 25 & kb
50.67%, 1 H. 3= Z 2 AR YR 8] BA) s 4L 42 ¢ R 11
EA B 2RI /D 1IX R B CFiZiE B 4% R Gu ke
SEVE BT R PRAR . EMRIE A T, CMZIE B RE M 4%
RAEH, T —AH S fEAEY R AT, TR
WP R e — PP AR RV, o vt b AN 2 RS Ay
SE, T A HH RE A DX 285 110 468 ) AT PN S8 AH ELAE F B = A
fy &5 S0 FE R R o X R AR TR R
) 4 720 285 U A L e R 7 3 3 43 3 4 B,
U, AEARIR WA 5, M T8 T T R0 2% 38 3o 2 20 ] 2%
R, I AT BESEEN LU i 4 A B B 22 50R i Th g
DL R AR 4k . AHE T CFAICM, KB J5
AF 738 B FE N 48 2R i A4T 2 B o, 3% 38 A
T R AR A1 5 25 5 ) L i T T X £ 5 4, {EL L R 4%
RO FaE AL T CFRICM.

4 ZEig

FEARBT TS, EAR R TR AT, Ao MR 3
i R TR DR B TR AR R . IR IR S
AT SO0 AL A2 L xR 2 e e A 4 fE SR 5 K B
A FR) UM g 3 2E 35 L IR A 05 0 S8 A BB, B2
AR JEAE SOBE; T AE A i fR 12°C B, o I8 2 1 A



AR A ME R SR f R SR A O AR A AT DA B R SR AR s LA IR« A B J ISR 7 T TR F) B 11

X 68 2L e 1 ) LR i 3 2H 3 v e SR S Bl i 2 AT
NS AR 2 T A TR K A,
S ZEL e 0 0o R L Y 0 2 2 e A S SRORE 2 R
FABIKVAT 3 v T A TR K o L IR TR P aE ]
AT X 2 M e A1 2 R B K B ) 3 T R
L BSG, T X ef MR L 2 P A T D0 95 2 R G 2 2%
SO 2 SR IR A e 0] U 2 A AT TR
B K L FR) g A TR DX 24 45 ), L Al O B £ 1 i
L BT 19X 245 445 g R A2 A 00 7 0 S 2EL O 0 0 JIEE
At

(VB A AR SCRT & AR AR B EER)

S ik

[11 Cen H X, Li H D, Chen R Y, et al. Exploring the sex
dimorphism in the expression of intestinal barrier and
immune-related genes and intestinal microbiota in cage-
cultured large yellow croaker (Larimichthys crocea)
during the overwintering period along the Zhoushan coast
[J]. Frontiers in Marine Science, 2024(11): 1391035.

[21 MulJL,HuW H, Chen RY, et al. Production of neomale
and neofemale large yellow croaker (Larimichthys
crocea) and establishment of all-female populations [J].
Aquaculture, 2024(590): 741010.

[3] Kunda M, Pandit D, Harun-Al-Rashid A. Optimization of
stocking density for mono-sex nile tilapia (Oreochromis
niloticus) production in riverine cage culture in
Bangladesh [J]. Heliyon, 2021, 7(11): e08334.

[4] Pan S H, Zhou T, Yuan J H, ef al. Transcriptome analysis
of hypothalamus in male and female spotted scat
(Scatophagus argus) and differential gene expression in
17B-estradiol injected males [J]. Acta Hydrobiologica
Sinica, 2023, 47(8): 1195-1210. [ 3, ¥, %3 &,
S5 AR e S5 2H O3 BT R S ME IR A R v
B R [J]. KA 2EKR, 2023, 47(8): 1195-1210.]

[51 SunY X, Zhang M Q, Li L, ef al. Differential expression
of the rimocl gene in male and female chinese tongue
sole (Cynoglossus semilaevis) [J]. Progress in Fishery
Sciences, 2024, 45(4): 34-42. [FNF-FF, 5k A5 1, Z2=0%, 25,
2P B rimoc 137 R 78 MEME £ v 1) 22 73R8 (0], ok
REZEERR, 2024, 45(4): 34-42.]

[6] Gorelsahin S, Yanar M, Kumlu M. The effects of stock-
ing density, Tubifex feeding and monosex culture on
growth performance of guppy (Poecilia reticulata) in a
closed indoor recirculation system [J]. Aquaculture,
2018(493): 153-157.

[71 Wang LY, Qi P P, Chen M, et al. Effects of sex steroid
hormones on sexual size dimorphism in yellow catfish
(Tachysurus fulvidraco) [J]. Acta Hydrobiologica Sinica,
2020, 44(2): 379-388. [ 5, S AN, PR, 55, K
] P i 2 o 9 0 M A A A MR e [0]. KRR
YR, 2020, 44(2): 379-388.]

[8]

]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Zhang F Y, Li K, Wang W C, et al. Molecular character-
istics and expression analysis of amhr2 gene in bastard
halibut Paralichthys olivaceus [J]. Fisheries Science,
2024, 43(4): 509-519. [5k & 4%, 23, FEAMEE, 5. O 67
amhr23E R 53 FUFIE R AR RIE [7]. KFPRF2E, 2024,
43(4): 509-519.]

Githukia C M, Ogello E O, Kembenya E M, e al.
Comparative growth performance of male monosex and
mixed sex nile tilapia (Oreochromis niloticus L.) reared in
earthen ponds [J]. Croatian Journal of Fisheries, 2015,
73(1): 20-25.

Lavrutich M, Markussen J, Rystad N. The value of mono-
gender production in Atlantic salmon farming [J]. Aqua-
culture, 2024(578): 740089.

Wang T, Chen S A, Liu Y M, et al. Research progress on
the mechanism of low temperature adaptation and
antifreeze protein of fish [J]. Marine Fisheries, 2024,
46(4): 509-519. [Ef¥, BRAERK, x| —1f, 55, fRACIRE
SVEALE S Uk SR AR FURE R (3], i, 2024,
46(4): 509-519.]

Donaldson M R, Cooke S J, Patterson D A, et al. Cold
shock and fish [J]. Journal of Fish Biology, 2008, 73(7):
1491-1530.

Wang Y H, Wang W Q, Zeng L, et al. Effects of heat
acclimation on energy metabolism of juvenile Larim-
ichthys crocea under temperature stress [J]. Marine Fish-
eries, 2024, 46(5): 599-607. [F K4, EalIW, ¥ 7F, %
FH IR I AR 5 B Bl A T K B £ 40y 1B = A I 2
[I]. LY, 2024, 46(5): 599-607.]

Zhang D L, Xu H, Zhang Z X, et al. Molecular cloning of
c¢GPDH and mGPDH and their expression analysis under
low-temperature stress in Larimichthys crocea [J]. Jour-
nal of Fishery Sciences of China, 2021, 28(3): 253-264.
[BRZR3L, fR¥G, sk, 55, K3 ficGPDHMmGPDHY:
5] v B B AR Wl N I 2B 22 S 40 A (30 Hh K R
2%, 2021, 28(3): 253-264.]

Suo N, Wu Y D, Zhou Z X, et al. Genome-wide associa-
tion and expression analysis revealed the candidate vari-
ants and molecular underpinnings of cold-stress response
in large yellow croaker [J]. Marine Biotechnology, 2022,
24(5): 927-941.

LvHR, Liu YL, Li HD, et al. Modulation of antioxi-
dant enzymes, heat shock protein, and intestinal micro-
biota of large yellow croaker (Larimichthys crocea) under
acute cold stress [J]. Frontiers in Marine Science,
2021(8): 725889.

Tan P, Dong X J, Mai K S, et al. Vegetable oil induced
altering TLR-NF-xB

signalling, macrophages infiltration and polarization in

inflammatory  response by
adipose tissue of large yellow croaker (Larimichthys
crocea) [J]. Fish & Shellfish Immunology, 2016(59): 398-
405.

Wei M L, Zhang Z W, Zhang Z Y, et al. Effects of cold


https://doi.org/10.1016/j.heliyon.2021.e08334
https://doi.org/10.7541/2023.2022.0286
https://doi.org/10.7541/2023.2022.0286
https://doi.org/10.7541/2023.2022.0286
https://doi.org/10.11758/yykxjz.20230307001
https://doi.org/10.11758/yykxjz.20230307001
https://doi.org/10.11758/yykxjz.20230307001
https://doi.org/10.11758/yykxjz.20230307001
https://doi.org/10.14798/73.1.788
https://doi.org/10.3969/j.issn.1004-2490.2024.04.010
https://doi.org/10.3969/j.issn.1004-2490.2024.04.010
https://doi.org/10.1111/j.1095-8649.2008.02061.x
https://doi.org/10.3969/j.issn.1004-2490.2024.05.008
https://doi.org/10.3969/j.issn.1004-2490.2024.05.008
https://doi.org/10.3969/j.issn.1004-2490.2024.05.008
https://doi.org/10.3969/j.issn.1004-2490.2024.05.008
https://doi.org/10.1007/s10126-022-10155-7

12

KR R

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

stress on black porgy tissue injury and apoptosis gene
expression [J]. South China Fisheries Science, 2022,
18(5): 110-117. [T, 5k &M, 5k &E 5, & W RO
SRR ZE 24545 S A B 0 T R DR B s [T, FE 7K
PR, 2022, 18(5): 110-117.]

LiY, Huang J S, Chen Y M, et al. Effect of low tempera-
ture stress on antioxidant stress, apoptosis and histologi-
cal structure of gills in cobia (Rachycentron canadum) [J].
South China Fisheries Science, 2023, 19(3): 68-77. [Z&
B, W, A, & (GRMHE X 7 6 4 i 21
PUAALRE JT 4N R TR ZH SR B RS ). T 5 K
FEREE, 2023, 19(3): 68-77.]

Ou Y J, Liu Q Q, Wen J F, ef al. The effects of acute low
temperature stress on liver, muscle and gill tissues of
juvenile Eleutheronema tetradactylum [J). Ecological
Science, 2018, 37(5): 53-59. [[X X B, X & &F, i A4,
S5 SRR B 0T DU 5 B i 4 f RIS UL AR
MR (1], A£SE, 2018, 37(5): 53-59.]
Xing X, Song R X, Wang L, et al. The different response
of the intestinal mucosal histological features in different
sections of juvenile chinese soft-shelled turtle under acute
cold stress [J]. Acta Hydrobiologica Sinica, 2019, 43(1):
102-108. [JB3#, AANHT, F22, 5. SPER aa s o
4J) % i TE R AL 2L S [T]. K AR AR AE A, 2019,
43(1): 102-108.]

Li HD, Bai X F, Sun H S, et al. Types and distribution of
mucous cells in the gill tissue and digestive system of
Hippocampus trimaculatus and H. japonicus [J). Chinese
Journal of Zoology, 2014, 49(4): 552-559. [Z=¥ 7R, S
W, PG LI, S5 T Ao b 2 2R AT 1 R VR 4
AT AT [T]. hW 2%, 2014, 49(4): 552-559.]
FuDY, Zhang Y R, Chu P, et al. Effects of low tempera-
ture stress on the oxidative stress, apoptosis and intestinal
microbial composition in intestine of Takifugu fasciatus
[J]. Journal of Fisheries of China, 2024, 48(1): 42-53. [}
R, TR, FEMS, S5, AR 8 X R SR T fi i T 4R
PCRLH A T2 2 o SE AR AL R R BT (D). K
23R, 2024, 48(1): 42-53.]

Lushchak V I, Bagnyukova T V. Temperature increase
results in oxidative stress in goldfish tissues. 1. Indices of
oxidative stress [J]. Comparative Biochemistry and Physi-
ology Part C: Toxicology & Pharmacology, 2006, 143(1):
30-35.

Xu Z H, Regenstein J M, Xie D D, et al. The oxidative
stress and antioxidant responses of Litopenaeus vannamei
to low temperature and air exposure [J]. Fish & Shellfish
Immunology, 2018(72): 564-571.

Luo SY, Xu D D, Lou B, et al. Effects of low tempera-
ture stress on activities of antioxidant enzymes, Na'/-K -
ATP enzyme and Hsp70 content of Nibea albiflora [J].
Marine Science Bulletin, 2017, 36(2): 189-194. [% It &,
IRAA, R, % RIE A X 55 & 4 (Nibea albiflora)Pt
LR, Na'/-K'-ATPH J Hsp70%E ([ 3 & ({520 [J).

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

HFEEIBIR, 2017, 36(2): 189-194.]

Guo M J, Mei J, Xie J. Effects of temperature and vibra-
tion stress on tissue damage and biochemical indices in
sea bass (Lateolabrax japonicus) during the process of
keeping-alive [J]. Journal of Fisheries of China, 2024,
48(7): 69-81. [FN vk, HEfR, W&k, IR BE AR B0 65 T
XS FEGTH K ORIE IS K P 2 2R 0 B AR AL R A 1 5 )
[3]. /K= 4R, 2024, 48(7): 69-81.]

Luo S W, Cai L, Liu Y, ef al. Functional analysis of a
dietary recombinant Fatty acid binding protein 10
(FABP10) on the Epinephelus coioides in response to
acute low temperature challenge [J]. Fish & Shellfish
Immunology, 2014, 36(2): 475-484.

Chen Z Q, Zhang Z Y, Zhu F, et al. The effects of acute
low temperature stress on activities of antioxidant
enzymes and heat shock protein content in Acanthopa-
grus schlegelii [J]. Chinese Journal of Zoology, 2020,
55(6): 784-792. [FR H i, K& 5, B, 5. SRR XS
RGBS 2 B R R [T]. 304
229K, 2020, 55(6): 784-792.]

Chen H, Liang Y, Han Y W, et al. Genome-wide analysis
of Toll-like receptors in zebrafish and the effect of rear-
ing temperature on the receptors in response to stimu-
lated pathogen infection [J]. Journal of Fish Diseases,
2021, 44(3): 337-349.

Cui Z B, Ren J, Long Y. Signal pathways and regulatory
mechanisms of cold stress response and injury in fish [J].
Journal of Henan Normal University (Natural Science
Edition), 2023, 51(3): 11-21. [#£ 535k, (T &, 5. %
R IEL S BRS04 0 45 5 38 B 5 % L [0, 9T R U S
KEEER (B ARRERR), 2023, 51(3): 11-21.]

Jensen L B, Boltana S, Obach A, et al. Investigating the
underlying mechanisms of temperature-related skin
diseases in Atlantic salmon, Sa/mo salar L. , as measured
by quantitative histology, skin transcriptomics and
composition [J]. Journal of Fish Diseases, 2015, 38(11):
977-992.

Hayward S A L, Manso B, Cossins A R. Molecular basis
of chill resistance adaptations in poikilothermic animals
[J1. The Journal of Experimental Biology, 2014, 217(1):
6-15.

Shortt C, Hasselwander O, Meynier A, et al. Systematic
review of the effects of the intestinal microbiota on
selected nutrients and non-nutrients [J]. European Jour-
nal of Nutrition, 2018, 57(1): 25-49.

Mackos A R, Varaljay V A, Maltz R, et al. Role of the
intestinal microbiota in host responses to stressor expo-
sure [J]. International Review
2016(131): 1-19.

Zhou E, Zhang L, He L, et al. Cold exposure, gut micro-

of Neurobiology,

biota and health implications: a narrative review [J]. The
Science of the Total Environment, 2024(916): 170060.
Chevalier C, Stojanovi¢ O, Colin D J, et al. Gut micro-


https://doi.org/10.12131/20210372
https://doi.org/10.12131/20210372
https://doi.org/10.12131/20210372
https://doi.org/10.12131/20220227
https://doi.org/10.12131/20220227
https://doi.org/10.12131/20220227
https://doi.org/10.1111/jfd.13287
https://doi.org/10.1242/jeb.096537
https://doi.org/10.1007/s00394-017-1546-4
https://doi.org/10.1007/s00394-017-1546-4
https://doi.org/10.1007/s00394-017-1546-4

AR A ME R SR f R SR A O AR A AT DA B R SR AR s LA IR« A B J ISR 7 T TR F) B 13

biota orchestrates energy homeostasis during cold [J]. emulsified vegetable oil amendment for uranium biore-

Cell, 2015, 163(6): 1360-1374. mediation [J]. Environmental Microbiology, 2016, 18(1):
[38] DengY, Jiang Y H, Yang Y F, et al. Molecular ecological 205-218.

network analyses [J]. BMC Bioinformatics, 2012(13): 113. [40] Bhalla U S, Iyengar R. Emergent properties of networks
[39] Deng Y, Zhang P, Qin Y J, et al. Network succession of biological signaling pathways [J]. Science, 1999,

reveals the importance of competition in response to 283(5400): 381-387.

GROWTH ANALYSIS OF ALL-FEMALE LARGE YELLOW CROAKER IN
SINGLE-SEX AQUACULTURE AND THE EFFECTS OF CONTINUOUS
COOLING ON ITS TISSUE STRUCTURE, IMMUNE RESPONSES,
AND INTESTINAL MICROBIOTA

GU Zhi-Qiang"?, XU Dong-Dong” >, HU Wei-Hua’, XIANG Li-Jun"’, LI Wei-Ye', YIN Xiao-Long",
LIU Ying5 and LI Hai-Dongl’3
(1. College of Fisheries, Zhejiang Ocean University, Zhoushan 316022, China; 2. Zhejiang Marine Fisheries Research Institute,
Zhoushan 316021, China; 3. Zhoushan Fishery Breeding and Hatching Innovation Center, Zhejiang Ocean University,

Zhoushan 316022, China; 4. Zhoushan Fisheries Research Institute, Zhoushan 316100, China; 5. College of
Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310058)

Abstract: This study investigated the growth performance of monosex-cultured all-female large yellow croaker (Larim-
ichthys crocea) and their response to continuous cooling stress. The experimental group consisted of all-female fish
(body weight: 14.09+£2.72 g), while the control group included naturally reproduced offspring, comprising females
(14.01+2.52 g) and males (13.87+3.17 g). Over a period of 120 days, growth performance was compared across groups,
and the effects of cooling stress on tissue structure, immune responses, and intestinal microbiota were analyzed. At days
30 and 60, no significant differences in body weight were observed among groups. By day 120, the all-female group
exhibited significantly higher body weight and weight gain rate than those of control group males, with no differences
compared to the females. Under continuous cooling stress, all groups exhibited vacuolation in gill cells, severe gill fila-
ment deformation, intestinal cell fusion, goblet cell swelling, mucosal necrosis, and shedding. Enzyme activities (SOD,
CAT, GSH-Px) and MDA content initially increased significantly, followed by a significant decrease. At 6°C, SOD and
CAT activities in the gills of the all-female group were significantly lower than those of the control group. Similarly, in
the intestine, CAT and GSH-Px activities, along with MDA content, were lower in the all-female group. /L-6 gene
expression in the all-female group was also significantly lower than that in the control group. Intestinal microbiota anal-
ysis showed that low-temperature stress altered the relative abundance of dominant phyla and genera in the all-female
group and control group females, with no significant effect on males. Microbiota network structure changes were
observed across all groups. In conclusion, monosex all-female large yellow croaker maintained rapid growth under the
monosex farming model. However, low-temperature stress induced tissue damage, oxidative stress, inflammatory
responses, and microbiota network alterations in all groups. This study serves as a valuable reference for advancing
monosex farming research for large yellow croaker.

Key words: Monosex culture; Low-temperature stress; Tissue structure; Intestinal microbiota; Larimichthys crocea
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