XE4RS: 1000-0615(2026)05-059103-14 ﬂ‘j%‘?ﬁ, 2026, 50(5): 059103

2 s 2 8

JOURNAL OF FISHERIES OF CHINA

Science Press

DOI: 10.11964/jfc.20251215238

TRF53C, KA. B SAL RS R EYE A R SRS AT OIS AR LA [9]. K72 23R, 2026, 50(5): 059103.
Xu X W, Zhang X M. Biological basis of social hierarchy in fish: hormones, genes, and behavioral interaction mechanism [J].

Journal of Fisheries of China, 2026, 50(5): 059103 (in Chinese).

e
N =

BREBFRNEDFEM: HE. ERSITAN
X EAERHH
#wEX, KFEE"

(1. WL KGRI SRS, WL 410 316022;
2. WL K FK =50t Wil fHih 316022)

i

. =
EAN

TE: EAMBERRESRAAY) EHREAANMEENEEAERER UMM AL, &
FR, WENPWABEREEXAEBFTAFHERAEHZE KT AXERLESHER
DWFE FAFERTREFFRAEKR, RAZR T EXEHERNENFNF . HER
B HHR MR LSRR (MEREAWEER) FXRETOTELABERET
S%rrr e REER; HREITATH G HE B K KBALH, AT B 5
BB 0 A - wk 2R Al B AR G R B B T A B AT A W e R A R
EENH . BAHE K- EE-TAERRERRER, §AERMA & RAHFRM
GRS WTRAENF NER, hEXFEEF P ABEAEERT RN RAHRN RESLFE
A RE TS ARRGEELIER

KA w2k HBER; WEAALW; WE; BE; HBETA

RE325:5917.4

PR ORI A T H G
HLML ARSI, XM TIRR-HH R
AR RELS M, MR —Fh RS E RN, REAE AT 2K
AR NFE, AT . BNl S A A
MR TR, AR E R
ZAEME . 2R R T AR DL B AR T S 6 WL
BIRRIE, B ORI FEAT ST SR IR -5 N AEHL
Tl By AR AL B MR B A R Al 5 S AT Ry 1Y
Z 0 (Cichlidae), FIAF by it i 2 B0 W BE 5
i (Danio rerio), Hif M55 S HI B2 AR AT HEAT

Ugis BHEA: 2025-12-05 EE HEA: 2025-12-30

BEIE: EREARREES (32072966) 5 FHLTIRMHGHRITHE (2022C41016)
B—EE: BFHL, NFFRHEARITAHESEIR, E-mail: xiuwenxul207@zjou.edu.cn
BIEEE: KEM, NFOERITAHESS. REMEAESEHR, E-mail: xiumeil227@163.com

© OUKF=2AR) il (CCBY-NC-ND 4.0)
HPE K #2425 376 sponsored by China Society of Fisheries

SCERARSRD: A

A E PR R SR TS B

TR FF N AT RAE . e
Feah SR C AT TIRAES, B T EAMA
A S R A A7 D JUIEN [ B sz, T 45 FA AR
DU P ST MR [ 38 555 g SR SR AT AR A SR
JUETEAT w2 AR T AR Y 583, R/
AW B, RIS PR B3R P 2 A A T
A se BT AR, IR BI RS GEntse
FEAEJRIBR T B — JZ AT« 30 (S0 B 80 3R A B 1 i
AL, SO E RN B R IA 22 S, BT

Copyright © Editorial Office of Journal of Fisheries of China (CC BY-NC-ND 4.0)

https://www.china-fishery.cn


mailto:xiuwenxu1207@zjou.edu.cn
mailto:xiumei1227@163.com
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

534 Ko

% 50 %

WGP T H AR BRI Z Ak o X AR 7 AR O3
A5 2O A48 7m 4% DR 3% i) 52 2% 1) DR R BB R AN 3l 25
(PR T p 0 R R 2 g UL Pt 7/ et T T
FNAERF X — A% O RS A AR AT A 2T S5 Tt
AL BIEATHFRIEE R, G TN
A% 50 TR ORISR, JE AT RS R - 2
PR A S 2Z ) B B 1) 32 5.5 8l 285 R A I e o AR S
S AL HEIREE (ANAEAE SR S B RERS I i 45 E
22 T B ) R PR B B S R, O — 2
fEF B VLI A% S BT B R D SRR, AT
EAT O BRI R B O X —
A VERESY, JUIEE O PR £ AT REA T O B0 AR o Bk
Al S R ST R G BIE LA

AREERFMN=AJZHETT . Hoo, REMmE
PR R GRS S 1, ELAR DR
PR P 2R IR B 228 i M I PILAR] 5 LY,
AT SR A Sh A R BL bt
R T N R A 2 N o I A, DL R
ZR AN T 3 5 P 2 T R S BN AT R A
s fn, NBHE 5 RVGRALZ T, BT
N BISERIBALFER, IR AT A G oy i 20
PR IERE, WEERRIR . BN 51T 8 Z Y
PAERF R . AR B TEM I — B SV R PR Pt
B, AT PRI TE 5

| RBEECER AL RS 2R B 1E

1.1 R E: KRB

B JoT Tt 2 £ 288 T N PR BE SOAt B R I, B
T e ik -3 R -5 ) 20 20 (HPT ) Rl i) i 2 Jot
PR, 2B S PO B A8 b 40 i DG B AR
@l AR, BT B P R
I R A SR A R S R s K. B
TEUT B (Oncorhynchus mykiss) BB % FT 3 5256
HHENRIEATE BB 1 d A7 d 534 5o i % Rz T
Pk B2 & e, Rl A B TR A POMC mRNA |
PHFRIR, FRWIHAL T8 R HORAS 3X B2 i
P R 2 T iy 5 AR S BB (AR AR A7 E) %
YIAOG, MAEA AT A7 A G5 Y, L
ANA B Bz BT B K P AE AL R Bl R A T,
ZETEHEAMNE, DFrReETR R, (H—BAEHf
MO AL ST, G JBT K T R R AR KUY
PRI, R 5T e 7K ST R S5 40 110 56 22 5T AR 1R B Y

IEARSCERBAAR DG, T 2 e EE AR T R 1) 5 LA S A
FESFIUIE T

B I B A £ AR A 9 S i AR T AU
FEIRAEYRREY), 2517 0REIET . £
BIWFFE R, i B BTl AP 2 i & ORSF AT R 3R
AR S LAY R S R o | B S iy S S
NIRRT AR SR AE A A AR e 1 18 M g K
JOT I 7K P30 3 3 AR T P - - 1 A (HPG i)
o5 ZU R 25 F A B PR T R E AT . B
n, FELETT KRG 4 (Oncorhynchus gorbuscha)
WEFEH, A N B v B B BB B, 5
A PEAR LI [ AT A7 R R A OCE, X
ELHE P BOL A MBS AT R el
TERL M 22 JL 85 (Colisa lalia) WP, HEVE S A Y
PERRFE R, K 1A A5 e A ]2
MHEAL T, TERE IR IRA S R g v, fa 3k
P BAEGANTIAT 2} | B F AT R B T
N — R A A7 R U TE 3 1 SR

1.2 MHE: Z5 1-FE=E

ST (T) WA I 8 AR B, B R A
FEAT AR OCH T 3, (HAE e, HEEY)he
B HACH P L AR SR DY, SRR
PR — SR AE YA T, MEHEZ80r 1
T id 3t 11B-FR AL B TEAR P % A 007 S Y 11- 1
FLEEW (11-KT), J5& 2 R st i k170 |
PESASEGA N AN PR R B 1Y R,

KREIEREERY], SRR A5 AR T
Ry R A G T B DI AH O . 7R U0
(Amphiprion akallopisos) 1, EFHENEA AR 127
VKT KF . 35 0 T 4 3k, B 11-KT Wz Rl
FEBESE T R AR S, 7R R B £
(Amphiprion ocellaris) ', L F A K ) 11-KT ¥
JEW R EE R, X5 ENERR bR A4
SEAT R H AR ™, TR [RAE TN £ (dstatotilapia
burtoni) 1, ARHMEMARR T ACHE T8 M
i, H X2 B AE AL RE SR AR E A o Sy B
WP LIRS — PR S T SR K 5
TR Z AR R OCHR . Fln, xb g i oK FH
(Lepomis macrochirus) WIWF5¢ 27, #hFE 11-KT 0]
S R 2 AT R N 64%, T i FH e U 2R A2 AR
70 350 A e D0 4 1 AT R D 7% HE/
fifi (Micropterus dolomieu) B S50, B Az
RS AN T K B, H T WREE SR
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54 WFHL, A

RS R EY AR R BRI 54T ORI SS EAR AL 50 &

T A AF S PEKOF S IEAR DGR dh b, Xt 2K 6
AT ST R 4 7R T 5 A% 2 T R AR, MR 2 A
(ar) FERI W 272 23 52 W U S- A7 g fAL FE b A7, T
H. ara F arp SZARTEH P8 7 AN £ 40,
SR, HEr s M ORI AR B A= 3N
TEMFLB YR, T A5 KT B MR A A SR —
PEAE (hnfef 4 2 505 5K AT R) BRI, 23Rk A
FERGIIIRE, RAMERCROL R4 A A RE K Z
XA I B J 7R X SERRAE P R,
DAAE U ZE 60 S 151, P e v B At 3 B v 1 2
T A L1-KT K, 35 HAE 3 PR e a2 A
BEHEAT N HAHA G, IR B IE H
e s, (H L T e e e s AU R L (ICHH),
AT HE T AR FE O 5 b 457 7T BB B Bl A RE A R 2
Dy fe i ALY, S — T0XF K Il AR i (Cichlasoma
dimerus) W5 B~ ,, TERERERESSd, B
IROEHAME TEIBTER]) 1Y B BRI K F 8%, {BH:
R EARTS5LEENMET R EEER . XKML
PR HERCR 73 W AT RESZ B 3, X e
JE—MREE AR, BIERHERE S A
FE I FE RIS TE B S AU
1.3 HEKK: BEBRMERS5ES~R

KR RIMEZE (AVT) A =% (T) &l
FEBBIZN, S BIE i FL s ) 8 N R
(VP) Flfi &K (OT) MRIEY), EANEaSERHERT
17 i) b AR A T

AVT Sl . AT A B BAT A,
T ST AAERF LSS TN, 7 4
B A (Neolamprologus pulcher) W', PR BIRIL T
DX/NAEML AVT & ockice B 2 T4 %Mk, H
MG TR S IR AT B IEARSCH,
18 XY B 1 (Thalassoma bifasciatum) W, FMEVE
AVT {141 815 5 2 B PR B A 34T 0, i
AVT Vla SRS a0 S e 1 A DG A
11 0™, 78 = U i1 (Gasterosteus aculeatus)
i AVT 7P AELS S 5 08 I e 1 v e e
B AVT 5054 R 9 5 2 AR DG,

SR, AVT BIME IR —, AN Y b
BCHERE T SR T AT RE R I AR SR RO, R 4
S OEHEITUNA TRy FEMTEE D, SR E AVT TE
SHEAMETEALRE B3 BE By A S B HAFR M, A
P&, MR AVT S5 RSN, T
TEPURAE AL PRALRE S 90 E TR i, 2 H

BT R o XN B ZREVE IR T AR S S 52
RERIARE AR =, FEXCTE Mt AVT X4t
FEAT N Y52 0 e T AR i AL R S 0 i 7 B
o, % % s (Cyprinodon nevadensis amargosae) ' ,
NI AVT 324K (Vlal, Vla2) i kiR 54t
GRA, PLIAHEET i Va2 5K P8 & H
SRR SG, TS e K Vial B K
W, PR AN [FSZ AR AT BEA A S AT RO
FHECT AVT, g fafiE= R (IT) 76 a2t
F1 R RS M AN TS, (HES WA B BRI Y 4
T HREEG R, WL R, PR R
Gt SALRESE ORI T AR S AR 0 OCHk . il
et /NER o, 8 FEA R Bk PO AT X
(MPA) R B B (i = R AR R R ik, X RE S
U SRV BEFIGNAT S 35 A ™, A, FERE
b, DLFAS A B B 5 R 7 2 KRG, AT RE
VE “FaAS G2 vh )45 B A R g o fE 2,
RO TE WA 7s 1 HM AR T 7R s 1 B8 4
FeR D, PRHAMEMERUAT X B IT 2R KA 5584
MRIBAAT o R AAAHDC, RWI IT KRG8 AT REIH 15 HEPE
FEREAA CRC, AN 1T {5532 23061 Pl Re fe i 2%
RALHEAT Ry, T IT {55 s ] g4 A+ et 3
B, DTS M E AR P9 A A B B0 RN A A4

1.4 MEZER: s-BEES5ZER

P IEGRIE S I SR (5-HT) 1G5 3h
WRRA DG, IR SR AN S-HIAA 5 5-
HT 1 Fb 3 (5-HIAA/5-HT) FFntl, i, 76K pE
PEEE (Salmo salar) T, 95 #A KRR il 2H 2 5-
HIAA/5-HT LT E, X B T 5-HT JA 5350,
LSRN FE ) B 08 A s, (AR 4 B
ANMAATS B A KA A 5-HT 35 Pk Az 24
M, AEATEE 2 IS RAE AR BB S kT R
MG i) S-HIAA/S-HT bR 8 Th i, [R]E A B i 2%
Bz JR K SF L T A K POMC mRNA k34 i,
T S-HT RE 5 T ik -a44-5 (814 (HPT $l) 19
N7 % L VI AR B AE AU 2T 05 B (Salvelinus
alpinus) H, i 5-HIAA/5-HT AR5 194t
BESER A DB UIMOG, RUIAR 8] HiE5E
S-HT RGEMAAL, SR 2 fh 24 A0 Ak ] R i fp
WL A7, SRS Y RS GOE Y, A
WFIE R0, S-HT 2RV 745 R i [X A9 #3878 1k
XA E AR I M AR5 A e, 7EAE N &
b, 2 FfE Ve 475 1% (DRN) FIHLHT X (POA)
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WoRH Y 5-HT JHFE 3, Rt 5-HT 324k
W7 %Y 5-HTR1a F1 5-HTR2a ) mRNA 35800, X
SEARAL 5 BRI 1B SR K UG, $ER
5-HT Z G038 1 989 A R AR m 4k e b o

558 ERIE AR S-HT REM L, £
ELIE (DA) RG-S HEDH . shBLFI B 1) B H
SRR, R AL, AN 2 R A2 R (D
Dla il D2 ¥ 7)) 78 Al o i () 2 A XS ik, 2
FEOUETIX . /R Fefid . M PR P i DA K R g
T X /PR T U RO T XN B i DX 5 AR B
15 0 At B B8l (SR AR RN AR08 i) AHG, T HE
4k 55 X/ P B U R AR R 22 L e R A 28 T 1Y) F2 2L
KR, P Kl i AL BEAT R (5 Al a2 BT,
WE A E A BAEH, SRR ¥ s 2 i rh
roBis, Bk, RGP R et S
THBFERMWIE RS iR . PR A, JEIHNZE0
i 5 J i 2 2 rhopp e — SR R Tl Y SRk B
MBS RESA, X—HEER AR A
5 38 I AR BN AL AR 5 Ik & A AT Sy R v
P E B A, 25 BT, RS ) b
2N WY 2 — D AR LA S 5 RE U FE
RS 2%, S R 238 A B sg 40, JE[F]
P T AR AR SR 517 R B,

2 TN EEENSES R

2.1 BRI

P A8 UL Wingfield 25 78 1990 4 15 K 4
W U T — R R S R R
] S A SRR . B FT 3 S ah BBk R 2> fir
RE (ANE2ER) KA, SE R AT AR TR
T s MiAT R RN AR FIE W, B
Tl PEPE R 3 — AL A R R AR B A R B
RGP A BRA, BIUTEST 3 s 38553 =) L,
BB e AL RE ARG, BAEAL T 45 34545 G 1 o)
BIHAT A MR RE R, e B R ST
i,

AL AAZ O JE N AE S A 31 T2 B0
VAR ZR G A 101, #H A o E H0 TMR 54
RS B SCHE . DL 5 S2 R K OF 5 AR Ak
R SAH G, XA B F 4R oAy S|k 5 A A 3
117 45 AR 22 T e 1) Bz J5T et KT D 5 e A4
VPR, 3 B R R XA P 7 3 ) A B N, A
AT BEAT S AT R R AR AR AR A, A

BEFHNEM T, MAKRFZORES 5t
i, A HAREGS RS AR IR R (AVT) K
B HR AT RS IAR G, T HIE 3 1A DU 3 i 7
TR MR DU AT AR X SERT SR
£ 28 10 1o 52 2% A M 22 P 0 A B S IR S AT
A XL 4%, TR AR A A7 5 BAE R & . BEE
PRABE N AR, BFFE B, S Atk
fif AT [ T T i - - T il (HEPT ) A0F
IR -0 (A - Ji Al (HPG ), 51 K B o i 5 e B R
IR BRI AS AR e b, R R BRI 3R /e
72 (AVTAT) S0 2 Ik & e 75 vl 3 i3 96 75 GnRH
METURETE, 52 WA AR P O O 14 3R i
B,

IR AR U B AL R T SR A T RO
2, BHEHEZ IR A DB R, S s

i JR R T S R AR, T X AL AP A [ A
SR Dl (B ) SR (FOR BRI 2F
RGIIRE T A o XEHIRER L, R TS
F AT D PN 3 ISR AL 1 e v A

2.2 CREEURL RN E RN B HLFI A

JPE 5 000 55 WL OB 4R S i AT o BBl 48
B %f 5 GEAT AT N YRR R Y RO AR
AT — AT 35, TR SRR AR 2
A E— 2D DU AR AT WO RO 8 7 3} 2k
WA, R SRR BT, JF T RS & [l
F1 o, XN AR R E I RS, ARG
PLEIFFEIETEARWTR A

JPE 2500 1) A= BRI S 20 ROMELR RGE
PR O S5 R A 28 P T A TS AR M
WK, I b DR A A DX e 0 R 32 A
(ar) BEAIRE, TIHESRIT Sl AfE O, 18
v & W ve B 3E i (Oreochromis mossambicus) F
U MR T R BR DS A A R 0, O
ROV B e A BE T, R B BEALKF (44%),
T U0 3R A A AR5 T O 3 b R A O A T TR A5 LA
UESETY, AN, 2 B R R AR G Rl e A 1k S 5t
PSR ALAT 170, A AR 0 2 b i B R IE A
W RFANFE o 5 M RO AR, T 250 I 5 38
M RGEMBOE B, T3R5 5%
@ (5-HT) RGE, FElE 5-HT1A Z R BN Kk
VA, TR PR BT K T,k 2R [
SEAEIE . AT IR AU SFERER . [, e
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54 WFH, A BIGERESE QKA ARG B R 5T RS AR AL 50 &

RIACOF T I ar FER B IH], oE— 2 H) 55
TAMRRIT Sl SR B sh 2 Flin, A
LB/ N (Kryptolebias marmoratus) ', #E K
W2 REAR ar FERFRIK, JCHIEAE RS2 B A A rp o
A, AATRTE 55 FLAE S s [FIEE, S-HT1A 324k
FIRHE K7 2R 2 AR (gr) FE R IR ek AR fu b 5 4T 3
AT R A AR SE T, X B 3 5 A2 R KT I PRk
WUAE R T I ORONE B 4 - R, RT R e e
TR AL BB R PR T4 A R, AT R
WA

CAM IR T MR R 5 32 1k
PUk, (BAE R RR . AR KZE T T4
B, e X T BRI 5 X I
ROV | & P B el 28 TS PR ARG R AN 2 o IUAR,
TEOCHE G DX (AN 5 1] % . PSR AH DG X)) frg PR SR
PRSI TE AR IR W5

23 BERESWMETEMN

A T 355 o7 2 MR AT 0 T A % e S K g e
IR SR, WA T T T IR JZ IR A ) 2 5
filt, B phzeml S8 pET, g ml oA M R e K R b
o I B 100 7E 45 40 AN T RE I 2 AR R AR (D RE T
LRSS T I (ansh 2 oe AR ) AThRg T s (i
ZARFIR G R MACR PN, R, dhRE
GO AR RE B IR Sh M T BB BN, FEBE
i PR RIBCE TE R A BE DR 2% (SDMN)
rF RIS P T I PR DG BE R (R A
AT bdnf FI# 40 PAS L5855 H 4 npas4) 22
SR, XFP 2SS A TR AT R A
o7 R AR, DT A JEE A T Sk 6 s 1 K 30 A4
BEE T TR

THE AT B PR 28T S 2 S Bk 4 i 4
A% OO WL o I8 382 3K Bl 5 P 34 A5 A DG 1) 45
PR IA M A O BT, AERER e B A, 52
S UEHE U B AR MEYEZE 11-8 SR (11-KT)
AbEE 28 d Ji, HALETIX (POA) ity s o 20 ffd 35 5
(PCNA FHP: 41 ) & 3, BB & ook b
T, I FEARERRIS R BB E (GnRH3) # £ 50
O 30%, IAF] 5 R AL KT
X KO M RS H i E I T 5 AR Ay
SRAT AR B X S5 . 55 R R B4 AR F A
B, KR R R R E O A A R R T A
il R 2 & A, XA AR R AE 5 A0 Bz 38R R
YIS Xt o 3 FERPE ik, 4

PAERAMRAEZ J 2 NS, H SR B BTl K
AR, R S R [T X il DL DX 54 B
2B IR T (bdnf) FRIXZFMH], X 5N
RE TS B3R SRR M I g DD AE T R
T A A1 ORI E— 2 S, KA T R
IR IR 028, HE T R [R] 51X A b 2 mT 2
PEARICY RIKRFEAT, RGN MM F TS
TE N RE S AL AR A 2 K FR e T g A T 5 ik
IR, KA s R K B R T . ildn, B
o, TGO A 00 i R DX I3 R ) 5 A A G B
K nign2 (A EE R 3k, B S I 3 2 I 28 1 %o 58
finh i J3 P A A S A PR BT SR Bl
TEVE Pl (Sebastes schlegelii) W, 381 3016 5 1
2R R G252 .1 BDNF {5 5@, REAE ) &t i
PEHREAR A S AT 8, [EES R AG A bdnf K32 4K
rkB mRNA 7KV 197284k, i B 1 58 fih & 90 7
A R R i R SR I

3 AREAT WAL B RO I AL FL

3.1 EEZSMXHEIT AN

FEH AN (R R 2P SNPs, A AE
BHPRIKESE VNTR 45) SRR N B G A 51 H 2
KR Z— o o FE R 910 A% 5 AT 3 ok 5 i i 42
W RGN IIRE, M MARTERLRE TR (s}
PE L SERPERUGTE) EASeRmm, RIF5 g,
UG R 2 i 75 2 H R Y SRy, HIET
N R H AR S sE, PR — = 4%
T AR T O Y BRI SAE SR AL A A

fENEE e, AL A (MAOA) 2
P4 << % 3 PRI e PR -3 85 58 AR FH ) 8 i
BHE®, MAOA J:[H A 81 X ) VNTR £ 4548
FE T A SRR S K . P IRTE % MAOA 54
AR, HRR g R . 2 ERELE
BT 1) R S SR BRA, DTS5 T wp sh 4 il 5155 24
PATRE ST, KA R, A R AL )
P14 A 7 2 38 2 A 1 oy 1l R R S AR TR )
BF, 2 3 BN L S A A T oA A0 T 1] 118 XU
IR T AL e 5 R e W 8 i A7 oy A
28 AR B SRl i, % Gl G B b 22
[ HE PR 2 Ak B T 98— 25 R S T X R A AL
Hil o sg e Bz B, R 2RI
(OXTR) HY%HFE SNPs # & Bl -5 1% 8RR 46 MU
ik R BRI (ASD) H B 38 Va3 Bl i AH O o X AR
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] g o T A R A Tl B e R DI RE, iF

SO A A% RV A0 g )2 48 DB il IX 1 D) B
22 11 g 22 295 5 DL 1 22 250 D 3 el 9] 1 24 il A B L
W, e AR R AT . N, R
S BB (Papio sp.) WiFPrh, 2B BRAHE L
R Sos HE FEAAl, $i R i LR S5 AT g 1o 1 o
AR PR Bl PE AR 55 G AT R R s I BEAAR Bl 2R,
TR T HIL T AIF 5 000 2R A T 5 f Ty 3 R e Sk o 42
J2 . 7E RS (Mus sp.) BRI, SHANK3 A Ay
O AR 5 5 IURE S 4 A7 o AH G, LAY
WRERMIGE TR, 2S5 EBAEMAEY AN
ARFEAEOCHR , KW/ BN Z 8 Ml i L RS
5lg-ish a2 RE ML EAER, &1
FRUEN ) — A A FE I MECP2 1E M5 Skl 8 A
+, HEZEMWERFBEE 5T /MR
AT SR B BB AN, DN T ) H kB T
FERRON T S, B — D 2 B R AT
S A2 BN FE D H B IR Z 52 ma ™, w5
KB, PR Z2 A 05 i A R T AR B
3 A AR S X 4% B A M YR A AR AT O . AR SRR
(Drosophila sp.) B rh | WS IR T “[a] 3250454
N (IGEs) 7E 98 5 HEPEEF 47 R B OCREAE ] o 52
BRI, ARG AU T B SRR R,
A 32 B HO T JE PR R i J 2 ™ SRR,
[N 2 2538 2 4 B S RUR B o] SR AL 3 A5 b
IREAT B, T AT PR R A AR AN PR

32 HMBEFENEEFENELE

FERESEGL (AnPL el 5 At i) FHAE RS RIAT
HBRAE, TR e 2 G0 I R PR 2 0k R 1Y
SR FRBE I . 3 8 982 B W o A A A
AR BERSF AR 10 1R REDY R R
SR EAEE I KB, AR ARG ARAR S YRR bl
B R R 2 X B, 0 R AR UK M 4% (SDMN)
CA SRR 22 RARE, B YRR A
£ FH DT BC A At A A SR 2 REAED Y

X R 3R A Y B B SRR A S B e 2
G U6 B ) R G MR L, RS 2
JHe Y 5% €6, i 3 g% v A T A R GATE ML Bl
FEBEDfarh, Joig R MM A R e A A,
T F G g i 22 e T ) R L (o) R G e
Uit 22 VL i B ds AR R 3k TR (sle6a3) 359 0 3% B,
X AT RE -5 0L AR T 5 i S LA B TR AT A
Ko [FIEF, S-ER NG S S2 ARG (n oph,

htrla) TEARSEA PRt e B 0 R e M X 1) o, I
W 1 AR 2608 55 A s b i &2 A E R
T Fr B -3 A - (R) (HPT) Bl F0 T B B - A - iR
(HPG) HliAE R A% 0o 10 100 305 A B P9 4 i Bty G
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Tab.1 Representative model species in fish social hierarchy research and their key findings

Yo SRR AT NS KM N 5 b T FEHFEA R BTN
species hierarchy type / behavioral focus key neuroendocrine factor major techniques reference
W MG RN R 2R, S-ROK. WMEMEMEE R, HBEELR. 2B, [6594]
D. rerio linear hierarchy, winner/loser effects, FER T HEEER s 2

epigenetic regulation

dopamine, serotonin (5-HT), brain-

CRISPR/Cas9, transgenic lines, whole-

derived neurotrophic factor (BDNF), brain imaging, transcriptomics

androgens (AR)
Rz MEVEOL A TR AL 1A SR RSRBRINE R J AT 2B, X BREN . EE [34.37]
A. burtoni male dominance hierarchy, reversible (=N N Lk
social status change 11-ketotestosterone (11-KT), arginine behavioral pharmacology, brain
vasotocin (AVT), cortisol, androgen  microinjection, gene expression
receptor (AR) analysis
YT fif - NJEIR R 12RO BREE . S-FRafi. B R R MIEHEENE . $REESHT. R [16,18]
O. mykiss dominant-subordinate relationship, chronic cortisol, serotonin (5-HT), W TR
stress effects proopiomelanocortin (POMC) plasma hormone assay, neurochemical
analysis, stress exposure experiments
=R £ FURAT A HEPESR B 4 2 FERERINEZE . 115 22 TG ISR 2 [43]

G. aculeatus territoriality, male courtship and

aggression

S P AR PR RN MR . AR A

O. mossambicus winner effect, neuroplasticity, androgen

(GnRH)

WU 161 ) BT RIS R0
Amphiprion spp. size-based linear hierarchy, gonadal
suppression

BESg. AKEHL R
feeding hierarchy, growth dispersion,
stress

PNt

S. salar

arginine vasotocin (AVT), 11-
ketotestosterone (11-KT)

VI-BAEE 2 (RSB G R BRI SR gl 4n i ig [71,75]
11-ketotestosterone (11-KT), bH)
action gonadotropin-releasing hormone
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11-ketotestosterone (11-KT), cortisol ~ field sampling and hormonal

FREE, 5-Ftafi
cortisol, serotonin (5-HT)

behavioral observation, brain tissue
hormone measurement

hormone implant,
immunohistochemistry (cell
proliferation)

FF A RFE SR KRBT [28-29]

correlation analysis

TV FRIEF LT AT i B I [52]
commercial aquaculture studies, brain
monoamine assay
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Fig.1 A framework for the dynamic “Hormone-Gene-Behavior” interaction system in fish social hierarchy
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Biological basis of social hierarchy in fish: hormones, genes, and
behavioral interaction mechanism

XU Xiuwen ', ZHANG Xiumei >

(1. Marine Science and Technology College, Zhejiang Ocean University, Zhoushan 316022, China;
2. Fisheries College, Zhejiang Ocean University, Zhoushan 316022, China)

Abstract: Social hierarchy, a widespread social structure in aquatic ecosystems, plays a crucial role in optimizing resource
allocation and individual fitness. In vertebrates, fish serve as ideal models for investigating the evolutionary origins and internal
mechanisms of social behavior due to their rich species diversity and clear dominance structures. However, while behavioral
descriptions of dominance-subordination relationships are well established, the complete regulatory pathway from genes to hor-
mones and complex social behaviors remains fragmented. This review integrates findings from neuroendocrinology, behavioral
ecology, and molecular genetics to systematically elucidate the biological mechanisms governing fish social hierarchy. The
objective of this study is to construct a comprehensive “hormone-gene-behavior” interaction framework, aiming to clarify the
bidirectional feedback loops that regulate social rank and behavioral plasticity. By synthesizing literature across disciplines, the
review analyzes key signaling molecules, dynamic feedback mechanisms, and genetic bases. The results reveal a complex inter-
play of regulatory factors. Stress hormones are critical markers: subordinate rainbow trout (Oncorhynchus mykiss) show signi-
ficantly elevated plasma cortisol and POMC mRNA expression, indicating chronic stress, whereas dominant individuals exhibit
transient spikes that stabilize at low levels once status is established. Sex hormones are pivotal for dominance; plasma 11-
ketotestosterone (11-KT) in dominant Amphiprion species is significantly higher than in subordinates and decreases with rank.
Experimental evidence confirms this causality: 11-KT supplementation increased aggressive behavior in bluegill sunfish
(Lepomis macrochirus) by 64%, while flutamide (an androgen receptor antagonist) decreased it by 7%. Furthermore, the “win-
ner effect” is mediated by androgens; treatment with the anti-androgen cyproterone acetate in tilapia completely blocked this
effect, reducing win rates to 44% (random levels). Neurotransmitters also modulate status, with subordinate salmonids exhibit-
ing elevated serotonin metabolism ratios (5S-HIAA/5-HT). Neuroplasticity provides a structural basis for long-term strategies;
28 days of 11-KT treatment in female tilapia increased GnRH3 neuron numbers by approximately 30%. Social status also
remodels gene expression, with hundreds of genes in the social decision-making network showing differential expression,
including upregulation of dopamine synthesis genes () in dominants. Additionally, social experiences induce epigenetic
changes in chromatin modification genes (epcl, jdp2), facilitating long-term behavioral adaptation. In conclusion, fish social
hierarchy is governed by a precise dynamic feedback network involving hormones, genes, and behavior. This review emphas-
izes that behavioral strategies are flexible adaptations driven by neuroendocrine states and genetic backgrounds. These insights
provide theoretical guidance for aquaculture, advocating for “hierarchy-friendly” strategies such as environmental enrichment
to provide visual barriers and physiological phenotype selection to mitigate chronic stress, thereby improving fish welfare and

production efficiency.
Key words: fish; social hierarchy; neuroendocrine; hormone; gene; social behavior
Corresponding author: ZHANG Xiumei. E-mail: xiumeil227@163.com

Funding projects: National Natural Science Foundation of China (32072966); Zhoushan Science and Technology Program

(2022C41016)

https://www.china-fishery.cn HPE K FE2:2: 3290 sponsored by China Society of Fisheries

14


mailto:xiumei1227@163.com
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

	1 关键激素在社群等级调控中的作用
	1.1 应激激素：皮质醇
	1.2 性激素：睾酮与11-酮基睾酮
	1.3 神经肽：精氨酸加压素与催产素
	1.4 神经递质：5-羟色胺与多巴胺

	2 行为与激素的动态反馈
	2.1 挑战假说
	2.2 “胜者效应”和“败者效应”的机制解析
	2.3 激素反馈与神经可塑性

	3 社群行为的遗传与表观遗传基础
	3.1 基因多态性对社群行为的影响
	3.2 社群等级对基因表达的重塑
	3.3 表观遗传调控机制

	4 总结
	5 水产应用展望
	参考文献

