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Fig. 1 Effects of environmental enrichment on fish and its mechanism

3 W) E AN IR A R R N FL AR
PR

3.1 $THTHA

) KA SIS Y, i B A 800 S D £
PR P BBl o, Bk T8 A FT 247 O B AR 3t
Pt o 0 R N A G g
R RS By T WS M GETH I AR 0T 3R Jn LA
i, ARTVFZAE R, PR ] Rl
JE fa BE A, HALA DSOS B IR A
(1 A ol B TR S WA B A 2 M A B
TRV T BT L5h, I AT RE T k5 375 b
BE A B 3 P R R P B, DN AT
XTSI AT AT T ARSI . [ARE,
WFFE R WIPREE A RE RS 2 35 I 4 (A AR A T3}
i AR A [ A A DA A A 1 Ao e
MR ELr @Al TR S b iy 1 R T A7 N 1}
"B BRI 2 A L el A £ SR8 £ AT A7 o o
T 7, [ A 3 A7 A H Al DR 3 53 Wi B85 = 2%
AT AT IR IO

R E K7 2: 2 E /) sponsored by China Society of Fisheries

A BRI I TS 2 (8] 0 24T 247 O 25 57 1Y
JELPAL, 5 250 A B 2 A X 0 28 4T S AT AR
FIPLEE . ZR8 SCHR AT, AT REAF 72 LA R =Fh ALK
(B D9 S — B E P T LAk 28 L
W T, TR ISR 3 ) A By mT R RELAS #2042 6] 4 1R 5
HE b IR U Y, SRR, el
FI AR BT, R AR AR AR o] A A A A A e 2
REARAT SF AR 53X — R0 AT WK Sy B e R
5, BRARMIE W AT B o fa 2E B AR
AR 2Ky 7 By B — FH R, iR IRl T RE T
X — B A TR ST, AR AT 23
X ROV T AR A BEIRALN B =, S A
Yy ] BE VA A0 O A A% B FIAL RS RS IR
AR E St R DL e AL 11T S/ T8
b U POA WS TIMEI N E A X, X—id
AT RE S ECS A IR AR, iR S ;
Fr R bR W], R BB, SRR A
A AL HT S| A7 /A O G — R T A RS H
F B Al AR O < ABR RN, T DL = Rh
Ui, 1T DL BN = 2 KPR PR R AR R £ 2

https://www.china-fishery.cn


https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

s 5

IK P24, 2024, 48(4): 049106

FIH AT R BT . RS A S Y i
B, BEURRON 5 A, AT REOL AR AT S
TR BEEFRAKFBE TR, BRI A2
RO ZH I, SEAT T . X —E
T A5 T AR VT TGO fily R0 R U0 7 S £ e 52 5%
IR, ZRATHEM E 2R 28R FARRTK . BRI
DA S P 14 PR 1] 19 28 B A FH 349 AT e S i PR =F
BXTAT SR AT R PR RCR S, filan, F4 2R
350 ) A AR BRCRICR, 2 T 52 i e A 6 ) 38 ) AR
BVER T UR B TEAL ,  E 52 ) L BR8]
IF, SEMaBEIAN ;2SI AT RE S M RN 5
BE R 9% B2 T R 52 ) 55 4 3000 R A 28 280 0y 4 25 1,
AL, FABE O OIESE SR 02T 7 A
7 A i ZE S, R I 1Y S DT RE % i 3 AR
43K (Sparus aurata) WIFT AR, fRIEA K,
X ] R A AR AR B D) K S A O, (HAR G
YEHPLERAN A EIE R, FAEBEXT A A KR
S M 2 A 0 ot R B IE

32 MERN

0 IS WIS N P Efigt ha A kg B I M A B
RPN JZ RN A7 Ry i B . 2 AR B
WA TS, PRAFTER h AICAZ BRI, Rl AR Tk
fIgac s CEREPOREITIT, RIER S
POCH] s H AR ST RIS R TEAESEA T 9 HAB TG 3 (At
1), FHERIED TREN T b5, e
SRR RR AT R A A B N A 2, R
Wy = AR B, P k- R LR
5 1] 20 21 4l (hypothalamic-pituitary-interrenal tissue
axis, HPI axis) Fl T . fii - 38 J8&% fft 25 - 5% 248 Jfd il
(hypothalamic-sympathetic-chromaffin cell axis, HSC
axis) BOMIE , o0 WA B RS [ A (FE e R EUR
BBl AL W e (2R E IR R A EHE -
WRER)s 0 DR R AL BT | Rk — RS0
BAACRONL, e Bk, PR AEBRACHE, Sk
RE . BEWR AR f)n s A B AL
RO R A4, gt h AR AR ST L
X RSO B, RS P SR ] — 26 AT
Az PR AR VE M (2 A RERRO N, N B B L b
SRR, MRS . ST SRS,

WAL BRI S HLAT WO 5 RS R
KU, AR X TS AT N B RE i, V2o
HRIE T IREE P A X R BE Al AR B ) RS
ZHWIFEY, R F AR B PRI fa 2k

https://www.china-fishery.cn

1) LAtk i 7 7K SF- G 8 LA 2 TR P ve B f )™ 7Y,
B b7 5 o0 BF 5% A A5 3 I 3 45 R s 5L A A T R
M B35 57757 1 en] B IR BT E AN AT T R
PRI OC, RIORRMFSE o fa 28 S b A 3% 7 1Y)
2SR T AT ST R 25 S . FEAK PR 3R A
CEEIWES - NSRS A = RN OE U E oS e i sl
Shy F ) A AOG T b sONE E E AT  AAE
PR RES, RIgTaitE. A Barcellos %577 1 it
T B F 25 Re 8 W 2 B IR SO AR TR [ B (Rhamdia
quelen) [ NI N5, HoAth2iE fE 1 £ b
AHEARIE S T3k — s 07 7550 {H A A 4 5 15 B A
ZE U708 s Rl ge SR AR KB
DN ey U 2 SN NI DN VR €=t A D WS 3 SR
B (2R, KL K Biad) F6. A
BT, A E 1 A0 2N R N ] g S
FLAHE S 7K A 2 . Barton 25 3 i 5 ) 35 0H 5
FEPRSE TR IE Iy K 5 (55 85 ) % 4 Sk 8 2 P 1
s QAR L B T TN = 0 i R R L RN |
AbF R HORAS (GERb A S THE), A FEH
MR NV RE )2, B2 2 30 s 2RI 1 h
2 h 5, %R 4L %o f7 K 7 2 I T
WA G, B B — TR 5T 38 A 1 B R 4 P
FA AT, T 3052 50 20 ) g il 1 Joit st e
FERZYEN IR E e TR 2R, H2H
FETER B MRS R, FRZE IR, iR
F2 25 0] B8 AL PR R A RS R ) KOF, BT
JEA 55 RO A DG YRR 2R N AT M R G, B AT
ST 98 P2 7 W (I RTS8 AR B2 R 7 A A R P

33 Ri5HH

ZIWEIERW, FFE AR B F R 2
(1 s T A 30 ARG R0 R AR 25 R A 1 HA
FRAE, TEARAIFTRE TR A A PRy a2k
HA B2 2 2R M IR R R, A 18 37 7K
PR G LA 8 Byl i e 2 B KA, o HORR e
PRI AT ARk, T AR R A B T A
FRBIACE W, M Wl 4 D R A AL Y B
Wi, wb mIEH TR . A K SRR B
KPR RER" . Fn, YRR A
WA RIAE IS AR, T RE S BUB A . Al R
R, BN AR BT, TERRE LT
TR R LT SR

AR IPAP S EE 1 A I i i DR YIRITE =F
FHBEALEANTFN T, —BRWRL, &

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

s 5

IK P24, 2024, 48(4): 049106

JE R A 0 S R R 0P B R A AR A
AR 2P A 7= i Z2 5k AL 22 25 B if fa i, (5
i3 Z (25 W) 1l 75 50 51 AN T A i S A
AR I, I & AE = AT B £
B 45 07 W BA WO A SR S I BRI,
L A BT A RE A5 A7 54 ) £ (AT B
LHAT N WA A RIS WD R R
A I A B Ty oK, I RE 68 1 AR G g
1 ARG 2 R AR LA o (HA2 R SRR Ik )
A O T EEARAIG,  AAE A B LAS £ b o 470 2%
W e e R MR, IRANLEUK
SRS AR IR (EA AR, fEX LI
e, IBEEA YRR —E R bR RS
J1, WG TEAFRRCR . BT, ARRATEHAD
L I RSN S UE PRI ST, TR A F A4y
T AT PRI 20 8 00 1 B R PR

34 K55

AR —E R b B HE T IR
AR R IR RS2 R PRIRZ — o TEIR
FAMEETI A FRA IR LK 15 2 30 4R 1L,
SRR A R A K B TR T O
FRBETT, WFFE geia 7 HA EE LT ER
L XA B PR B8 S A S R R i R 2 K
P2 B BAORE, 2R T AR RS
W EARE B e gt 2R K, 0 F
o TR A G R UL, XA RE S A
RARKBrB ., SHEFAELR ., KF, BiE, Hib
SCH I E (NFRIE R L) LIRS T R S B A
K, AHIZ AR DR B IE 22 152 FATE AR 5C
W™ LR SCHRE , ATREA 2 FlR ARl S 5l
LHA T TR AR RO, &
Je, SIAMEY SRR e, A
KGsh, MR R R MR, MK
O BSOS — T T, R R
RESE IR/ B A 45, WS RE SR 4, Bk U
Jy, iXedT o A PO R RE S A SRR, B
TSI RN 0047 o A2 BRI ) Al e e
TRDRH AR (R AR BE J1), AT fie a2 £
AR BT R IR R A RE S R v I A K
i EIEN G N S N S S s e N R
BHEHRCRIR R A K. Ji0h, I F A AR
P AERRAR, WATRETTARERT TAERK . B,
R S PR AR R R 2 A K PR P R Y

R E K7 2: 2 E /) sponsored by China Society of Fisheries

Ak, Hoh Rir 247 - A B R AR, X
QURLDIIINEEZS PO K e o8 S A (AT NP N s
PE, TETF R LA H i LIE™ S
] 30 H ) I, B850 I8 H W SEPRIg B0 (i
BREAF), ANEC Al RS . SRS R B 4
RS2 HADAE I

PR A2 25 X0 £ 25 A B 2 5 T ) AH DG S AR
A, BEA W LI o 45 34 750 fE X Fh
TEOLT , ARMEXT PREE 2502 5 A A Tt 28 A FH A
R BT . BE T IREE R AR AT AR FRAL
N, DT REAEAE LA T ALE S 5 T a2y
FEIG S, BE, MEEEAREME R AR B & TE 5,
X G M £ 1 A2 5% T (mate searching) F1A: FE
i 18 (mate encounter) 23 AHNFEAL, MM T 58
B JLARES 5 —J7 I, FREE F 25 s 38 i Sl 2
L ] S S N s R % vl et e P i
BBl (23 (], I A T o 2 g H S AR T T 1Y
JLE, AR TSR R AR, A5
UESE R 3R B S B £ 28 A= B il (hypothalamic-
pituitary-gonadal axis, HPG axis) H. 7 P& #4F ",
W AR R iR A B 0y, AT R i i
— LI HPG o0t A= 58 L2 7 A 52

4 WpEE RN I A £ SR

41 1TAENM

HY T2 N AT g2 S0 ELA IR R 28 5% ARG
B AT R RAIIIN | BRAE AT AT 4 v R A5 O
S AR T R R R . K
PR, B EA R BE R S 4 i —
ERE AT NE N RE ST, LARIEIRAE S RER
(T RN 1 1= N /- B/ N 1
Fr ol 105 I8 A b R Y R e e 1
RAERE SN DL R AT RIS T, (B
B DEWETEARKIF) EIRBE e R Ek
BERAT G NLRE S LAAL, I JLARE U H A2 B 5GTHEY
AR R PONRBE S (s FeICRET) ).
F 77 > 58 A a8 TT DL Rl pE el B B 22 g
FRELAWTHL I A . FRB AR, WA B1Th
LS G M 33 PR A, AT i g AR o i 12,
P, T PLA 2 > g 2 Al AT A e ) R Bk,
S VPG 8 AT S 3l PR 9 55 B R AT SE R R bR . A
Strand 251" 15 R IR - 25 RE A8 £ R P VA
(Gadus morhua) WAt HE2= 2T RETI LK, WFSE N RAE

https://www.china-fishery.cn


https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

s 5

IK P24, 2024, 48(4): 049106

Z i e P A AR IR SE RS = A E AR T2 (] 127
FERERIOCI R 27 ST A2 RE T T RIPE T, [
P G B Sk 52 0 G — 5 R JEE 14 070 1 2 ) A — LE A
P R VIR S

42 MrEEE

1T HF R G R — PR L] T3+
FARTH R AT NS T, (0% BR8N
P AL YA (BT 2 B A, s SRRy
FE AT A RE ST RE S 0 SR TS MRS S B
RP — F AR RO 1) — b CERRE), 5IE T —
el B AL, JET UL, TF R B FE AO 5C 5 al
H AR B LI L R BN ZRARIRE
HARTT NS . B Worir . o mE & ik,
Rodewald 25" Hyvirinen 5% Hirkonen &5
FRET —RINLE, HIRIRA I FEEX K
fi: (Salmo salar) F14E 85 (S. trutta): 25386 N 19 52
W, RN, 5% E A E 4 A
o, FAG M RARE NIRRT B X AR
PERR R H B R Ay . NEWE Ry | A O T
P BCAEIE RS . A5 A = WAT LI A
HhSEYE, D'Anna 45U LR B PR A SR B
YIZREENS o & 8 Vb 35 2F 8 (Diplodus sargus) A7
SRl SN S-S WA | BoN 57/ 0] o [21 S1 |
SRlFIRT AL, W] R R A O AT A Wb
PO B, USSR T AE R PG PREES D i
(Oncorhynchus mykiss)"'" . #8§"7 drglk ZYRGIESE,
(BT A TIN5 /s BRI = 2 6 2 b A0 2R I 0 it
AENG 2 T0 I 25 S g U 1 0 S 2 O 1) 671 T 52
M DAL A X 0 S AT Ry 3 IO A
WEFTLERVAIA ,  BRBE 5 25 7 0 238 BE O aff S
HA—@mig Iy, AR Z 2 280 R A5
PUBZNS 5 S0 s W P I KOS = e v < e S & i 1]
FH I 2 DL B (Salmonidae) 128 S X 5229
B 0 LAt T A5 5 2% AT 6 R PR 2 3K A S Sl v Vi
AT, AR T2 X X — s I
JEAHOCSESS, DL AR AR I MR TR 45
BRI R

5 WERA OGS SR VR TP LEE

51 E£X5#HNA

MR E, BRSZRN LN RPN, EH
() PRI 2 2 it E A% 2 i 41 25 A AT o o 1 R
WMALTH R WAESMLME RS, WA %

https://www.china-fishery.cn

FEAL 2 5 R T PRE X £ 28 A 2850 A )
EWE R B, WHA R AT 24 H
XISE B 23 6], I Z A AR B BT IRAN, AT
AR RIBILRNE (SURYE), 4ef5—E 1T
SEAT D, BRI A A U 4 R A T BB v LS
FrREIM. B T, R B AS A A o3 R SR —
SE R L B HOAERESS T B0 3B, 33k AT BESE M A
PR B B AR E BORE T, st n] A
PREE A AT ) T 2585 A TSR A4 S
BT R SR, T AR = A R SR T R A1 R
K LATE T BB 3 HAA S B AP RE . B I8
FUSE TR AR SIEE A I, AR JUHZ 4
SR £ 20) A A A AR T REPEROR, NI IREE AR
PETH O AF T R IR . 28 =, PR FR
SR KRG (1 S B R 2k, XOERE
YA B IS o e S R R, TRE

By TARRRAT R B B ML S e m

52 MELRENA

MAME K BB MERE, T LR MBS
R TN EANR R R R SR,
PRBE T 250 2 WRAIE SE RER /D fr AR 45 . HE K
B, X NI R B T4 e fa AR UK R Ol A e
PRV, SN, BRBE 2R AR NS UL U B 7 TR BE A Y
KB, 0] LIAE R — R RO SR R TR M R e i
WAFIE R, G, W FE R IR S R A
LA ZREME, % 3] [ SR 5T 76 I R) A as (6] L
S A AR VE X R BRI IE 25 2 REPE A 3R T
A G Al A5 A A TR R T I D R 2% £ A8 1) BF AR IR
BRI A A BROKF, F E B AL AT RE SR EREE
FAAR AP, R 2R AL RE ST .
SRR U YK RE AR, IR EI AN A 5 I
FEIEE B R 22 5 LA RGO FR A B 78 5 6 45 b
IR 7, A AP 30 el 45 £ 2 RE A% PR i
B ECIR S VK A 2 IE A PR A, AR LR AN Bl Al
RS, Ak, BT 25T LARR AR £ 28 S Al
FRGHFIDF W ARG, X R 5 IR REAS 3 L BE 211
e T2 LT, IR m AT A ar e,
TEAT KK, A0 2RA 5 03l Ny Pk P 34 Bh T By
AMEE IR, HRT2AAR AN I E R
53 HEREMHUA

WHINA, WA 54T R T Y % D) A
SN, M T YA R BT EREE (8T ) B
W28 R GEAE 22 B S R R BT R AR B S5 R RN ) RE E Y

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

s 5

IK P24, 2024, 48(4): 049106

Bthi, HAERE BRI B A, s
WA BT R, SR AR T AT
gl [ Kihslinger 5" Bk & MR 45 fig
% 8 2 1 T BN AR FR LR, 2 I 5T AR 52
T X A L 2 G D B W R
FAEWFFT AT AN I G 5T 1
B B o) B S 2 ) 2 28 e A ) R ) T TED
PSR A AR 28T 2R B AR D e M el 2 oT Yy
AR, TR A B A R A . P oT oAk
FIERS | PR TOAEIE S AP BRI Wit 55
L 28 E S i 28 S A T g S 45 RN S e Bl 0 ATl
LA P R R AT, WELE
0 2 85 K DX 7 T 0 FLS R 8 A A A 7
28 R A A AE TSI X, B S R DR [l
URE T J2 VN i 2 DX 2 Y B A X AR
HFZRX A, METHILE, BAURE
T A A 8 A R IO 3 — DX R R A £
A HEHE & 32 B PR R e ), AT 5T 5 1) pf 28 W] 2
o Wi RIS A A B AR T S A T fig
FI AL Z — SR iR A 28 A A s R Y
HI, fEiE 24k, Z2BMRER, AEFERE
RE W8 (2 1 22 i £ S AR s il DX 1) R i 28 R A i 7
TR 248 g 7 129 120 O B AR VR R 245
T A T Sk 35 PR 4 4 R AR T SR itk — 20 D) RR IR
XSO A 57 45 B FUME /R IR E AT AR (I
Shy) 3 N B AT RE SR i il 28 A LR T
TEXFPE X L, WA 2 kA 28 5 A i
AT DUAE Ay 0 28 A 25 oy Pk 1 R B e R AR o 1,
AR, X PRI RS S A 2 A a2 h g R R
FEARR I UEREY o WY E R, A 55
(Danio rerio) R (O. kisutch) W HF 53 K 56 3] T
DRI AU BZ S S o W E2Y 2 R
Bl X af RE 2 2 I 58 SE g0 I T AR 2 . FEAS
DD AR EFREAS Y, NEmARE
FRR I AL LA RS E . R,
FE A AR R AR 3 AR &Y . F AN [
(1 PR 5% = 2B X b 22 T Jre 0L 1) 99 S PR i 52 4T 2
WA, XA BT 20 T R A A 2
2 R B E IR L HSE R R

A2 AR SN PRI 2 24 £ 2 pi 28 AR 1Y
BLI N Z e E 5 i v A X 3h 1 (0 F 52 285
RN, RATRe S MG TN FRAEEE AR
M) E A A A O, PR o, AR
% 300 Ao 1 1 G AT IV T A b 25 5 TR KT DT

R E K7 2: 2 E /) sponsored by China Society of Fisheries

fRifEth A, BAUEE AR ™, EEEJL
o £ 24 v 298G ARG 38 R ARL ) A0 12 B oy
BRI JE, BARY I AR X S 28 TR A 1
AR, [ F AR g E AR hE B 4R
e RE D 0 R VG VR B 1) R Ao 2275 % X (brain-
derived neurotrophic factor, BDNF) FEH ik w7
XIERA PR F AR GBI, B
55 AT RS XM E RN A s, Aok
BEXF I R AT ST . Meoh, FIERIREE F45%
2l Dt AR SRR RAT SR, AR Tl
A RES 55 T BB X i 2 K A AT S 3l
PERYSZ I o WG RIS s, W8 R B X p
28 R BA R DG R AE T G 2 A
RIAEHSE U B, BI3E b i K e kw22
KA, MR I R B N 2 A — g B R A
FHUTET ST oy — a2z 5 D\ R B TR X 48
A OVE ] SE R A R M E R A
AVF 2R SCHE, WTAAE— 25, (HEAR —
SR E TCBEIY, BIVHE e T3 e 0% A 45 i 145 26
FEE BN X IR E R R AR R BT, 27
T g S5 /D B A R IR SIS TR JB S A 8 O A g
HlVER, ARSI R TR B 28 U e
YEHI 5 i — 200 5%

6 H4iEREE

AR SRS A WTR AN L, 2
B3 P 008 3 SR A £ AR R A e S AR RTHLEE
IR K P S I e IR . AR H AT R A n]
REAFAEE 1 QAN GE T IS AR SR S A, FRAE MUAS 4R
L MEYIARE B BoE | Bl B
5 S5 52 B L A IR, (T 5 i A T
ARG B, Rt TR A R T R
A A N L B B R A AR R R HA R
ATETER I (. B3R, PREEE A IRE
THrA M, wTIE A E YRR 2 A i
TP TR, Hxbh B2 KRR mEsN, W
BEN T8 % e e mp ] 22 5%, X TH TR, BIK
ARG . HAT RN R A R el — A R
KH B BORA SRR, Rl e A R IR
H A P B A D b B AR A SR PR (2, TR SR A
IS Y AT IR 2, Al RE A R AR

PAFE R BIFSE i RO 2 R R, (HAE
W FARME S B o HUESE TS TS B
AT Z=HS AR

https://www.china-fishery.cn


https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

S

ko, 2

IK P24, 2024, 48(4): 049106

ORBEERNMS ., AMELZHERISHEER
] SRR AR5 1A A
T RAENAVEIRBE L7 JUHIE TR E K #e it
X — A A g A, fH

Bt JapON BN ATTEE

RO T,
WE HAh A HETE

QHIEFARX . TECAHBI T, HEF
ARRMWILREEA | BBFE84F, T RIMNE
AN MM AT T, . L 4.
JRAR BT TR [ £ 2 ] — PR 42 A T 5
RFEIRGE A= 8 RO A ) A K K I 30 0 2 52 )
XX T RE TR 4R B < PR = A AU

AR D,

HABEEZE L, [HERARR

@I FARON . M) Z A A B b i
PR MR iy, H 2 75 U8 57 5E B H Y
AR, BRI T8 5 4 3 W0 A7 44 fh ) vh

FREmE, ﬁAﬁﬁ*M%ﬁﬁo%ﬁ$§ﬁﬂ

fRie STty s AN UER 7R ARIEFSIER TIPS s

HFAI O S B 45 RAT I 5 2 AT A S g 4G %K
— 5, IRARBLER G BT AT hE
B w0 TR ARG

OIS -EAAE OISR BRI 4= 28 X 2R
Mg BN T, ZETERALUES
MR REAREYETTH, AN A
WM . AR o B 2T
PRGN IR ES S, LA R KR
P QIO SRt 7/E oy R g I FEB ikt ol V5 259 NAIE £ S 12
B AR AR A S 2 ] B AR, E RERS

WAL it

ARGUEAT TSI B — B
(& 7 WA A U 52 B s A2 B Al 32 )

SE ik (References):

[ 1] Lorenzen K, Leber K M, Loneragan N R, et al. Devel-
oping and integrating enhancement strategies to

improve and restore fisheries[J]. Bulletin of Marine Sci-

ence, 2021, 97(4): 475-488.

[ 21 Gerber B, Stamer A, Stadtlander T. Environmental

enrichment and its effects on welfare in fish[R]. Frick:

FiBL, 2015.

[ 31 Kiristiansen T S, Fern6 A, Pavlidis M A, et al. The wel-

fare of fish[M]. Cham: Springer, 2020.

[ 4] Brown C, Day R L. The future of stock enhancements:

lessons for hatchery practice from conservation bio-

logy[J]. Fish and Fisheries, 2002, 3(2): 79-94.

https://www.china-fishery.cn

(5]

(6]

(71

[8]

[91]

[10]

[11]

[12]

[13]

[14]

Macaulay G, Bui S, Oppedal F, et al. Challenges and
benefits of applying fish behaviour to improve produc-
tion and welfare in industrial aquaculture[J]. Reviews in
Aquaculture, 2021, 13(2): 934-948.

McKenzie D J, Palstra A P, Planas J, et al. Aerobic
swimming in intensive finfish aquaculture: applications
for production, mitigation and selection[J]. Reviews in
Aquaculture, 2021, 13(1): 138-155.

Nislund J. Reared to become wild-like: addressing
behavioral and cognitive deficits in cultured aquatic
animals destined for stocking into natural environ-
ments—a critical review[J]. Bulletin of Marine Science,
2021, 97(4): 489-538.

Tetzlaft S J, Sperry J H, DeGregorio B A. Effects of
antipredator training, environmental enrichment, and
soft release on wildlife translocations: a review and
meta-analysis[J]. Biological Conservation, 2019, 236:
324-331.

Arechavala-Lopez P, Cabrera-Alvarez M J, Maia C M,
et al. Environmental enrichment in fish aquaculture: a
review of fundamental and practical aspects[J].
Reviews in Aquaculture, 2022, 14(2): 704-728.
Buenhombre J, Daza-Cardona E A, Sousa P, et al. Dif-
ferent influences of anxiety models, environmental
enrichment, standard conditions and intraspecies vari-
ation (sex, personality and strain) on stress and quality
of life in adult and juvenile zebrafish: a systematic
review[J]. Neuroscience & Biobehavioral Reviews,
2021, 131: 765-791.

Johnsson J I, Brockmark S, Néslund J. Environmental
effects on behavioural development consequences for
fitness of captive-reared fishes in the wild[J]. Journal of
Fish Biology, 2014, 85(6): 1946-1971.

Jones N A R, Webster M M, Salvanes A G V. Physical
enrichment research for captive fish: time to focus on
the DETAILS[J]. Journal of Fish Biology, 2021, 99(3):
704-725.

Naslund J, Johnsson J I. Environmental enrichment for
fish in captive environments: effects of physical struc-
tures and substrates[J]. Fish and Fisheries, 2016, 17(1):
1-30.

Stevens C H, Reed B T, Hawkins P. Enrichment for
laboratory zebrafish—a review of the evidence and the
challenges[J]. Animals, 2021, 11(3): 698.

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


https://doi.org/10.5343/bms.2021.0036
https://doi.org/10.5343/bms.2021.0036
https://doi.org/10.5343/bms.2021.0036
https://doi.org/10.1046/j.1467-2979.2002.00077.x
https://doi.org/10.1111/raq.12505
https://doi.org/10.1111/raq.12505
https://doi.org/10.1111/raq.12467
https://doi.org/10.1111/raq.12467
https://doi.org/10.5343/bms.2020.0039
https://doi.org/10.1016/j.biocon.2019.05.054
https://doi.org/10.1111/raq.12620
https://doi.org/10.1111/jfb.12547
https://doi.org/10.1111/jfb.12547
https://doi.org/10.1111/jfb.14773
https://doi.org/10.1111/faf.12088
https://doi.org/10.3390/ani11030698
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

s 5

S

IK P24, 2024, 48(4): 049106

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Pl A R IR IR F 3 AT 9 R A A
EMME D] B R, 2014,

Du H. Conservation aquaculture of Dabry’s sturgeon
(Acipenser dabryanus): fitness for survival of the fin-
gerlings and juveniles from enriched rearing environ-
ment[D]. Wuhan: Huazhong Agricultural University,
2014 (in Chinese).

UG T AP R IR B I B AT AR A
ISP TT [D]. 75 5 R, 2017

Guo H Y. Feeding behavior traits of black rockfish,
Sebastes schlegelii, during early developmental stages
and the optimization of culture strategies[D]. Qingdao:
Ocean University of China, 2017 (in Chinese).

RN, T, REM, & IR A A H B
B IRCT i@ i AT A I R ma (D). 2B 2k, 2018,
38(22): 8223-8233.

Zhang Z H, Dong J Y, Zhang X M, et al. Effects of
environmental enrichment on the distribution of
Sebastes schlegelii in early developmental stages[J].
Acta Ecologica Sinica, 2018, 38(22): 8223-8233 (in
Chinese).

TRERA. PREE AR ALK G 77 5E v SV ) Al
Y Pl SEUE T A0 5 SCHR meta 37 [D]. 5 & o
IR, 2022,

Zhang Z H. Evaluation of the application potential of
environmental enrichment in aquaculture and stock
enhancement fields: the empirical studies focusing on
black rockfish Sebastes schlegelii and a meta-analysis
for scientific literature[D]. Qingdao: Ocean University
of China, 2022 (in Chinese).

Y A NCIES Sy e Wi R e o AR SN TS LSRN
FIRE I IRLNA [D). T & o B K, 2022.

Shen F Y. Effects of different environmental enrich-
ment methods on growth performance, behavior and
cognitive ability of black rockfish Sebastes
schlegeliilD]. Qingdao: Ocean University of China,
2022 (in Chinese).

FH . A 22 32 2 HORTE v, IR i B 77 9 o f) 52 FH AT
JC [D]. H HL: B UK, 2020,

Tian J. The study on the application of social enrich-
ment techniques in Procambarus clarkii farming[D].
Nanjing: Nanjing University, 2020 (in Chinese).

A BHRK . BRI Ak T = 2 T T A o i 4 e 2 S AT
NI [D]. 75 5 P EEEE R, 2022

R E K7 2: 2 E /) sponsored by China Society of Fisheries

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Fu Y Q. The influence of environment and social
enrichment on territorial behavior of two species of reef
fish[D]. Qingdao: Ocean University of China, 2022 (in
Chinese).

Xu C S, HouM M, Su L X, et al. The effect of environ-
mental enrichment on laboratory rare minnows (Gobi-
ocypris rarus): growth, physiology, and behavior[J].
Animals, 2022, 12(4): 514.

FALHT, WS, TN, 55 KAEEMIFEEREARK
FLN IR FUt e [J]. vl R R, 2020, 41(5): 185-
193.

Qin C X, Pan W N, Yu G, et al. Review on environ-
mental enrichment for aquatic organisms[J]. Progress in
Fishery Sciences, 2020, 41(5): 185-193 (in Chinese).
Newberry R C. Environmental enrichment: increasing
the biological relevance of captive environments[J].
Applied Animal Behaviour Science, 1995, 44(2-4): 229-
243.

Bloomsmith M A, Brent L Y, Schapiro S J. Guidelines
for developing and managing an environmental enrich-
ment program for nonhuman primates[J]. Laboratory
Animal Science, 1991, 41(4): 372-377.

Young R J. Environmental enrichment for captive
animals[M]. Hoboken: John Wiley & Sons, 2003.
Young R J, de Azevedo C S, Cipreste C F. Environ-
mental enrichment: the creation of opportunities for
informal learning[M]/Melfi V A, Dorey N R, Ward S
J. Zoo animal learning and training. Hoboken: John
Wiley & Sons, 2020: 101-118.

Zhang Z H, Gao L J, Zhang X M. Environmental
enrichment increases aquatic animal welfare: a system-
atic review and meta-analysis[J]. Reviews in Aquacul-
ture, 2022, 14(3): 1120-1135.

Arechavala-Lopez P, Diaz-Gil C, Saraiva J L, et al.
Effects of structural environmental enrichment on wel-
fare of juvenile seabream (Sparus aurata)[J]. Aquacul-
ture Reports, 2019, 15: 100224.

Arndt R E, Routledge M D, Wagner E J, et al. Influ-
ence of raceway substrate and design on fin erosion and
hatchery performance of rainbow trout[J]. North Amer-
ican Journal of Aquaculture, 2001, 63(4): 312-320.
Berejikian B A. Rearing in enriched hatchery tanks
improves dorsal fin quality of juvenile steelhead[J].
North American Journal of Aquaculture, 2005, 67(4):

https://www.china-fishery.cn


https://doi.org/10.3390/ani12040514
https://doi.org/10.1016/0168-1591(95)00616-Z
https://doi.org/10.1111/raq.12641
https://doi.org/10.1111/raq.12641
https://doi.org/10.1111/raq.12641
https://doi.org/10.1016/j.aqrep.2019.100224
https://doi.org/10.1016/j.aqrep.2019.100224
https://doi.org/10.1577/1548-8454(2001)063<0312:IORSAD>2.0.CO;2
https://doi.org/10.1577/1548-8454(2001)063<0312:IORSAD>2.0.CO;2
https://doi.org/10.1577/1548-8454(2001)063<0312:IORSAD>2.0.CO;2
https://doi.org/10.1577/A05-002.1
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

gk oEML, 55 IK P24, 2024, 48(4): 049106
289-293. [42] Gustafsson P, Greenberg L A, Bergman E V A. The

[32] Bosakowski T, Wagner E J. Experimental use of cobble influence of large wood on brown trout (Salmo trutta)
substrates in concrete raceways for improving fin con- behaviour and surface foraging[J]. Freshwater Biology,
dition of cutthroat (Oncorhynchus clarki) and rainbow 2012, 57(5): 1050-1059.
trout (O. mykiss)[J]. Aquaculture, 1995, 130(2-3): 159- [43] Hasegawa K, Yamamoto S. Effects of competitor dens-
165. ity and physical habitat structure on the competitive

[33] KientzJ L, Crank K M, Barnes M E. Enrichment of cir- intensity of territorial white spotted charr Salvelinus
cular tanks with vertically suspended strings of colored leucomaenis[J]. Journal of Fish Biology, 2009, 74(1):
balls improves rainbow trout rearing performance[J]. 213-219.

North American Journal of Aquaculture, 2018, 80(2): [44] Kadry V O, Barreto R E. Environmental enrichment
162-167. reduces aggression of pearl cichlid, Geophagus brasili-

[34] Wagner E J, Routledge M D, Intelmann S S. Fin condi- ensis, during resident-intruder interactions[J]. Neotrop-
tion and health profiles of albino rainbow trout reared ical Ichthyology, 2010, 8(2): 329-332.
in concrete raceways with and without a cobble sub- [45] Oldfield R G. Aggression and welfare in a common
strate[J]. The Progressive Fish-Culturist, 1996, 58(1): aquarium fish, the Midas cichlid[J]. Journal of Applied
38-42. Animal Welfare Science, 2011, 14(4): 340-360.

[35] Persson L, Alandrd A. The effect of shelter on welfare [46] Torrezani C S, Pinho-Neto C F, Miyai C A, et al. Struc-
of juvenile Atlantic salmon Sal/mo salar reared under a tural enrichment reduces aggression in Tilapia
feed restriction regimen[J]. Journal of Fish Biology, rendalli[J]. Marine and Freshwater Behaviour and
2014, 85(3): 645-656. Physiology, 2013, 46(3): 183-190.

[36] Rosengren M, Kvingedal E, Néslund J, ef al. Born to be [47] Barreto R E, Carvalho G G A, Volpato G L. The
wild: effects of rearing density and environmental aggressive behavior of Nile tilapia introduced into
enrichment on stress, welfare, and smolt migration in novel environments with variation in enrichment[J].
hatchery-reared Atlantic salmon[J]. Canadian Journal of Zoology, 2011, 114(1): 53-57.

Fisheries and Aquatic Sciences, 2017, 74(3): 396-405. [48] Bhat A, Greulich M M, Martins E P. Behavioral plasti-

[37] Barnes M. Addition of vertical enrichment structures city in response to environmental manipulation among
does not improve growth of three salmonid species dur- zebrafish (Danio rerio) populations[J]. PLoS One,
ing hatchery rearing[J]. Journal of Marine Biology and 2015, 10(4): e0125097.

Aquaculture, 2018, 4(1): 48-52. [49] Da Silva A, Lima M R, Meletti P C, et al. Impact of

[38] Boerrigter ] G, Van Den Bos R, Vis H, ef al. Effects of environmental enrichment and social group size in the
density, PVC-tubes and feeding time on growth, stress aggressiveness and foraging activity of Serrapinnus
and aggression in  African catfish (Clarias notomelas[J]. Applied Animal Behaviour Science,
gariepinus)[J]. Aquaculture Research, 2016, 47(8): 2020, 224: 104943.

2553-2568. [50] Hoelzer G. The effect of early experience on aggres-

[39] Barley A J, Coleman R M. Habitat structure directly sion in two territorial scorpaenid fishes[J]. Environ-
affects aggression in convict cichlids Archocentrus nig- mental Biology of Fishes, 1987, 19(3): 183-194.
rofasciatus[J]. Current Zoology, 2010, 56(1): 52-56. [51] Kemp P S, Armstrong J D, Gilvear D J. Behavioural

[40] Basquill S P, Grant ] W. An increase in habitat com- responses of juvenile Atlantic salmon (Salmo salar) to
plexity reduces aggression and monopolization of food presence of boulders[J]. River Research and Applica-
by zebra fish (Danio rerio)[J]. Canadian Journal of tions, 2005, 21(9): 1053-1060.

Zoology, 1998, 76(4): 770-772. [52] Kochhann D, Val A L. Social hierarchy and resting

[41] Bilhete C, Grant ] W A. Short-term costs and benefits
of habitat complexity for a territorial fish[J]. Ethology,
2016, 122(2): 151-157.

https://www.china-fishery.cn

10

metabolic rate in the dwarf cichlid Apistogramma
agassizii: the role of habitat enrichment[J]. Hydrobiolo-
gia, 2017, 789(1): 123-131.

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


https://doi.org/10.1016/0044-8486(94)00223-B
https://doi.org/10.1002/naaq.10017
https://doi.org/10.1577/1548-8640(1996)058<0038:FCAHPO>2.3.CO;2
https://doi.org/10.1577/1548-8640(1996)058<0038:FCAHPO>2.3.CO;2
https://doi.org/10.1577/1548-8640(1996)058<0038:FCAHPO>2.3.CO;2
https://doi.org/10.1111/jfb.12443
https://doi.org/10.1139/cjfas-2015-0515
https://doi.org/10.1139/cjfas-2015-0515
https://doi.org/10.15436/2381-0750.18.1957
https://doi.org/10.15436/2381-0750.18.1957
https://doi.org/10.1111/are.12703
https://doi.org/10.1093/czoolo/56.1.52
https://doi.org/10.1139/z97-232
https://doi.org/10.1139/z97-232
https://doi.org/10.1111/eth.12456
https://doi.org/10.1111/j.1365-2427.2012.02767.x
https://doi.org/10.1111/j.1095-8649.2008.02133.x
https://doi.org/10.1590/S1679-62252010000200011
https://doi.org/10.1590/S1679-62252010000200011
https://doi.org/10.1080/10888705.2011.600664
https://doi.org/10.1080/10888705.2011.600664
https://doi.org/10.1080/10236244.2013.805053
https://doi.org/10.1080/10236244.2013.805053
https://doi.org/10.1016/j.zool.2010.09.001
https://doi.org/10.1371/journal.pone.0125097
https://doi.org/10.1016/j.applanim.2020.104943
https://doi.org/10.1007/BF00005348
https://doi.org/10.1007/BF00005348
https://doi.org/10.1002/rra.864
https://doi.org/10.1002/rra.864
https://doi.org/10.1002/rra.864
https://doi.org/10.1007/s10750-016-2806-7
https://doi.org/10.1007/s10750-016-2806-7
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

s 5

S

IR 4R, 2024, 48(4): 049106

[531]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

Lachance A A, Dutil J D, Larocque R, et al. Shelter use
and behaviour of juvenile spotted wolffish (4Anarhichas
minor) in an experimental context[J]. Environmental
Biology of Fishes, 2010, 88(3): 207-215.

Mikheev V N, Pasternak A F, Tischler G, et al. Con-
testable shelters provoke aggression among 0+ perch,
Perca fluviatilis[J]. Environmental Biology of Fishes,
2005, 73(2): 227-231.

Zhang Z H, Fu Y Q, Zhao H C, et al. Social enrich-
ment affects fish growth and aggression depending on
fish species: applications for aquaculture[J]. Frontiers
in Marine Science, 2022, 9: 1011780.

Zhang Z H, Fu Y Q, Zhang Z, et al. A comparative
study on two territorial fishes: the influence of physical
enrichment on aggressive behavior[J]. Animals, 2021,
11(7): 1868.

von Krogh K, Serensen C, Nilsson G E, et al. Foreb-
rain cell proliferation, behavior, and physiology of
zebrafish, Danio rerio, kept in enriched or barren envir-
onments[J]. Physiology & Behavior, 2010, 101(1): 32-
39.

Heuschele J, Salminen T, Candolin U. Habitat change
influences mate search behaviour in three-spined
sticklebacks[J]. Animal Behaviour, 2012, 83(6): 1505-
1510.

Myhre L C, Forsgren E, Amundsen T. Effects of hab-
itat complexity on mating behavior and mating success
in a marine fish[J]. Behavioral Ecology, 2013, 24(2):
553-563.

Zhang Z H, Fu Y Q, Shen F Y, et al. Barren environ-
ment damages cognitive abilities in fish: behavioral and
transcriptome mechanisms[J]. Science of the Total
Environment, 2021, 794: 148805.

Utne-Palm A C, Hart P J B. The effects of familiarity
on competitive interactions between
sticklebacks[J]. Oikos, 2000, 91(2): 225-232.

Zavorka L, Nislund J, Aldvén D, et al. Effects of

threespined

familiarity and population density on competitive inter-
actions and growth: an experimental study on a territ-
orial salmonid fish[J]. Ethology, 2015, 121(12): 1202-
1211.

Zhang Z H, Bai Q Q, Xu X W, et al. Effects of environ-
mental enrichment on the welfare of juvenile black

rockfish Sebastes schlegelii: growth, behavior and

R E K7 2: 2 E /) sponsored by China Society of Fisheries

11

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

physiology[J]. Aquaculture, 2020, 518: 734782.
Batzina A, Karakatsouli N. The presence of substrate as
a means of environmental enrichment in intensively
reared gilthead seabream Sparus aurata: growth and
behavioral effects[J]. Aquaculture, 2012, 370-371: 54-
60.

Batzina A, Kalogiannis D, Dalla C, e al. Blue sub-
strate modifies the time course of stress response in
gilthead seabream Sparus aurata[J]. Aquaculture, 2014,
420-421: 247-253.

Wendelaar Bonga S E. The stress response in fish[J].
Physiological Reviews, 1997, 77(3): 591-625.

Galhardo L, Oliveira R F. Psychological stress and wel-
fare in fish[J]. Annual Review of Biomedical Sciences,
2009, 11: 1-20.
Ashley P J. Fish welfare: current issues in

aquaculture[J].

2007, 104(3-4): 199-235.

Applied Animal Behaviour Science,

Barton B A. Stress in fishes: a diversity of responses
with particular reference to changes in circulating cor-
ticosteroids[J]. Integrative and Comparative Biology,
2002, 42(3): 517-525.

Mommsen T P, Vijayan M M, Moon T W. Cortisol in
teleosts: dynamics, mechanisms of action, and meta-
bolic regulation[J]. Reviews in Fish Biology and Fish-
eries, 1999, 9(3): 211-268.

Reid S G, Bernier N J, Perry S F. The adrenergic stress
response in fish: Control of catecholamine storage and
release[J]. Comparative Biochemistry and Physiology-
Part C: Pharmacology, Toxicology and Endocrinology,
1998, 120(1): 1-27.

Naslund J, Rosengren M, Del Villar D, et al. Hatchery
tank enrichment affects cortisol levels and shelter-seek-
ing in Atlantic salmon (Salmo salar)[J]. Canadian
Journal of Fisheries and Aquatic Sciences, 2013, 70(4):
585-590.

Murtaza M U H, Zuberi A, Ahmad M, et al. Influence
of early rearing environment on water-borne cortisol
and expression of stress-related genes in grass carp
(Ctenopharyngodon idella)[J].
Reports, 2020, 47(7): 5051-5060.
Berbel-Filho W M, Berry N, Rodriguez-Barreto D, et

Molecular Biology

al. Environmental enrichment induces intergenera-
tional behavioural and epigenetic effects on fish[J].

https://www.china-fishery.cn


https://doi.org/10.1007/s10641-010-9631-z
https://doi.org/10.1007/s10641-010-9631-z
https://doi.org/10.1007/s10641-005-0558-8
https://doi.org/10.3389/fmars.2022.1011780
https://doi.org/10.3389/fmars.2022.1011780
https://doi.org/10.3390/ani11071868
https://doi.org/10.1016/j.anbehav.2012.03.027
https://doi.org/10.1093/beheco/ars197
https://doi.org/10.1016/j.scitotenv.2021.148805
https://doi.org/10.1016/j.scitotenv.2021.148805
https://doi.org/10.1034/j.1600-0706.2000.910203.x
https://doi.org/10.1111/eth.12436
https://doi.org/10.1016/j.aquaculture.2019.734782
https://doi.org/10.1016/j.aquaculture.2012.10.005
https://doi.org/10.1016/j.aquaculture.2013.11.016
https://doi.org/10.1152/physrev.1997.77.3.591
https://doi.org/10.1146/annurev-bioeng-061008-124927
https://doi.org/10.1016/j.applanim.2006.09.001
https://doi.org/10.1093/icb/42.3.517
https://doi.org/10.1023/A:1008924418720
https://doi.org/10.1023/A:1008924418720
https://doi.org/10.1023/A:1008924418720
https://doi.org/10.1139/cjfas-2012-0302
https://doi.org/10.1139/cjfas-2012-0302
https://doi.org/10.1007/s11033-020-05574-5
https://doi.org/10.1007/s11033-020-05574-5
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

s 5

S

IR 4R, 2024, 48(4): 049106

[75]

[761]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

Molecular Ecology, 2020, 29(12): 2288-2299.

Gessner J, Kamerichs C M, Kloas W, et al. Behavi-
oural and physiological responses in early life phases of
Atlantic sturgeon (Acipenser oxyrinchus Mitchill 1815)
towards different substrates[J]. Journal of Applied Ich-
thyology, 2009, 25(S2): 83-90.

Madison B N, Heath J] W, Heath D D, et al. Effects of
early rearing environment and breeding strategy on
social interactions and the hormonal response to
stressors in juvenile Chinook salmon[J]. Canadian
Journal of Fisheries and Aquatic Sciences, 2015, 72(5):
673-683.

Barcellos L J G, Kreutz L C, Quevedo R M, et al. Influ-
ence of color background and shelter availability on
jundia (Rhamdia quelen) stress response[J]. Aquacul-
ture, 2009, 288(1-2): 51-56.

Pounder K C, Mitchell J L, Thomson J S, et al. Does
environmental enrichment promote recovery from
stress in rainbow trout?[J]. Applied Animal Behaviour
Science, 2016, 176: 136-142.

Giacomini A C V V, Abreu M S, Zanandrea R, et al.
Environmental and pharmacological manipulations
blunt the stress response of zebrafish in a similar man-
ner[J]. Scientific Reports, 2016, 6(1): 28986.

Marcon M, Mocelin R, Sachett A, et al. Enriched envir-
onment prevents oxidative stress in zebrafish submitted
to unpredictable chronic stress[J]. Peer], 2018, 6:
e5136.

Marcon M, Mocelin R, Benvenutti R, et al. Environ-
mental enrichment modulates the response to chronic
stress in zebrafish[J]. Journal of Experimental Biology,
2018, 221(4): jeb176735.

Zubair S N, Peake S J, Hare J F, et al. The effect of
temperature and substrate on the development of the
cortisol stress response in the lake sturgeon, Acipenser
fulvescens, Rafinesque (1817)[J]. Environmental Bio-
logy of Fishes, 2012, 93(4): 577-587.

Barton B A, Ribas L, Acerete L, et al. Effects of
chronic confinement on physiological responses of
juvenile gilthead sea bream, Sparus aurata L. , to acute
handling[J]. Aquaculture Research, 2005, 36(2): 172-
179.

Zhang Z H, Fu' Y Q, Guo H'Y, et al. Effect of environ-

mental enrichment on the stress response of juvenile

https://www.china-fishery.cn

12

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

black rockfish Sebastes schlegelii[]]. Aquaculture,
2021, 533: 736088.

Boucher M A, Baker D W, Brauner C J, et al. The
effect of substrate rearing on growth, aerobic scope and
physiology of larval white sturgeon Acipenser trans-
montanus[J]. Journal of Fish Biology, 2018, 92(6):
1731-174e6.

Fischer P. An experimental test of metabolic and beha-
vioural responses of benthic fish species to different
types of substrate[J]. Canadian Journal of Fisheries and
Aquatic Sciences, 2000, 57(11): 2336-2344.

Howell B R, Canario A V M. The influence of sand on
the estimation of resting metabolic rate of juvenile sole,
Solea solea (L.)[J]. Journal of Fish Biology, 1987,
31(2): 277-280.

Millidine K J, Armstrong J D, Metcalfe N B. Presence
of shelter reduces maintenance metabolism of juvenile
salmon[J]. Functional Ecology, 2006, 20(5): 839-845.
Schwartzbach A, Behrens J W, Svendsen J C. Atlantic
cod Gadus morhua save energy on stone reefs: implica-
tions for the attraction versus production debate in rela-
tion to reefs[J]. Marine Ecology Progress Series, 2020,
635: 81-87.

Masud N, Ellison A, Pope E C, et al. Cost of a deprived
environment-increased intraspecific aggression and sus-
ceptibility to pathogen infections[J]. Journal of Experi-
mental Biology, 2020, 223(20): jeb229450.

Karvonen A, Aalto-Araneda M, Virtala A M, et al.
Enriched rearing environment and wild genetic back-
ground can enhance survival and disease resistance of
salmonid fishes during parasite epidemics[J]. Journal of
Applied Ecology, 2016, 53(1): 213-221.

Ottesen O H, Noga E J, Sandaa W. Effect of substrate
on progression and healing of skin erosions and epi-
dermal papillomas of Atlantic halibut, Hippoglossus
hippoglossus (L. )[J]. Journal of Fish Diseases, 2007,
30(1): 43-53.

Réihd V, Sundberg L R, Ashrafi R, et al. Rearing back-
ground and exposure environment together explain
higher survival of aquaculture fish during a bacterial
outbreak[J]. Journal of Applied Ecology, 2019, 56(7):
1741-1750.

Kelley J L, Magurran A E, Garcia C M. Captive breed-
ing promotes aggression in an endangered Mexican

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


https://doi.org/10.1111/mec.15481
https://doi.org/10.1139/cjfas-2014-0409
https://doi.org/10.1139/cjfas-2014-0409
https://doi.org/10.1016/j.aquaculture.2008.11.002
https://doi.org/10.1016/j.aquaculture.2008.11.002
https://doi.org/10.1016/j.applanim.2016.01.009
https://doi.org/10.1016/j.applanim.2016.01.009
https://doi.org/10.1038/srep28986
https://doi.org/10.7717/peerj.5136
https://doi.org/10.1007/s10641-011-9951-7
https://doi.org/10.1007/s10641-011-9951-7
https://doi.org/10.1007/s10641-011-9951-7
https://doi.org/10.1016/j.aquaculture.2020.736088
https://doi.org/10.1111/jfb.13611
https://doi.org/10.1139/f00-211
https://doi.org/10.1139/f00-211
https://doi.org/10.1111/j.1095-8649.1987.tb05231.x
https://doi.org/10.1111/j.1365-2435.2006.01166.x
https://doi.org/10.3354/meps13192
https://doi.org/10.1111/1365-2664.12568
https://doi.org/10.1111/1365-2664.12568
https://doi.org/10.1111/j.1365-2761.2007.00780.x
https://doi.org/10.1111/1365-2664.13393
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

s 5

Sy

IR 4R, 2024, 48(4): 049106

[95]

[96]

[971]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

fish[J]. Biological Conservation, 2006, 133(2): 169-
177.

Wocher H, Harsanyi A, Schwarz F J. Husbandry condi-
tions in burbot (Lota lota L.): impact of shelter availab-
ility and stocking density on growth and behaviour[J].
Aquaculture, 2011, 315(3-4): 340-347.

Carfagnini A G, Rodd F H, Jeffers K B, ef al. The
effects of habitat complexity on aggression and fecund-
ity in zebrafish (Danio rerio)[J]. Environmental Bio-
logy of Fishes, 2009, 86(3): 403-409.

Wafer L N, Jensen V B, Whitney J C, et al. Effects of
environmental enrichment on the fertility and fecundity
of zebrafish (Danio rerio)[J]. Journal of the American
Association for Laboratory Animal Science, 2016,
55(3): 291-294.

Woodward M A, Winder L A, Watt P J. Enrichment
increases aggression in zebrafish[J]. Fishes, 2019, 4(1):
22.

Yaripour S, Kekéldinen J, Hyvérinen P, et al. Does
enriched rearing during early life affect sperm quality
or skin colouration in the adult brown trout?[J].
Aquaculture, 2020, 529: 735648.

Zhang Z H, Bai Q Q, Xu X W, et al. Effects of the
dominance hierarchy on social interactions, cortisol
level, HPG-axis activities and reproductive success in
the golden cuttlefish Sepia esculenta[J]. Aquaculture,
2021, 533: 736059.

Ahlbeck Bergendahl I, Miller S, Depasquale C, et al.
Becoming a better swimmer: structural complexity
enhances agility in a captive-reared fish[J]. Journal of
Fish Biology, 2017, 90(3): 1112-1117.

Bams R A. Differences in performance of naturally and
artificially propagated sockeye salmon migrant fry, as
measured with swimming and predation tests[J].
Journal of the Fisheries Board of Canada, 1967, 24(5):
1117-1153.

Baker D W, McAdam D S O, Boucher M, et al. Swim-
ming performance and larval quality are altered by rear-
ing substrate at early life phases in white sturgeon,
(Richardson, 1836)[J].
Journal of Applied Ichthyology, 2014, 30(6): 1461-
1472.

Acipenser  transmontanus

Braithwaite V A, Salvanes A G V. Environmental vari-

ability in the early rearing environment generates beha-

R E K7 2: 2 E /) sponsored by China Society of Fisheries

13

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

viourally flexible cod: implications for rehabilitating
wild populations[J]. Proceedings of the Royal Society
B:Biological Sciences, 2005, 272(1568): 1107-1113.

Brignon W R, Pike M M, Ebbesson L O E, et al. Rear-
ing environment influences boldness and prey acquisi-
tion behavior, and brain and lens development of bull
trout[J].
101(3): 383-401.

Environmental Biology of Fishes, 2018,

Hérkonen L, Hyvérinen P, Paappanen J, e al. Explorat-
ive behavior increases vulnerability to angling in hatch-
ery-reared brown trout (Salmo trutta)[J]. Canadian
Journal of Fisheries and Aquatic Sciences, 2014,
71(12): 1900-1909.

Salvanes A G V, Braithwaite V A. Exposure to vari-
able spatial information in the early rearing environ-
ment generates asymmetries in social interactions in
cod (Gadus morhua)[J].
Sociobiology, 2005, 59(2): 250-257.

Thoré E S J, Brendonck L, Pinceel T. Conspecific dens-

Behavioral Ecology and

ity and environmental complexity impact behaviour of
turquoise killifish (Nothobranchius furzeri)[J]. Journal
of Fish Biology, 2020, 97(5): 1448-1461.

Ullah I, Zuberi A, Khan K U, et al. Effects of enrich-
ment on the development of behaviour in an
endangered fish mahseer (Tor putitora)[J]. Applied
Animal Behaviour Science, 2017, 186: 93-100.
Berejikian B A, Tezak E P, Flagg T A, et al. Social
dominance, growth, and habitat use of age-0 steelhead
(Oncorhynchus mykiss) grown in enriched and conven-
tional hatchery rearing environments[J]. Canadian
Journal of Fisheries and Aquatic Sciences, 2000, 57(3):
628-636.

Berejikian B A, Tezak E P, Riley S C, et al. Competit-
ive ability and social behaviour of juvenile steelhead
reared in enriched and conventional hatchery tanks and
a stream environment[J]. Journal of Fish Biology, 2001,
59(6): 1600-1613.

Da Silva-Pinto T, Silveira M M, de Souza J F, et al.
Damselfish face climate change: impact of temperature
and habitat structure on agonistic behavior[J]. PLoS
One, 2020, 15(6): €0235389.

Sykes D J, Suriyampola P S, Martins E P. Recent
experience impacts social behavior in a novel context

by adult zebrafish (Danio rerio)[J]. PLoS One, 2018,

https://www.china-fishery.cn


https://doi.org/10.1016/j.biocon.2006.06.002
https://doi.org/10.1016/j.aquaculture.2011.01.051
https://doi.org/10.1007/s10641-009-9539-7
https://doi.org/10.1007/s10641-009-9539-7
https://doi.org/10.1007/s10641-009-9539-7
https://doi.org/10.3390/fishes4010022
https://doi.org/10.1016/j.aquaculture.2020.735648
https://doi.org/10.1016/j.aquaculture.2020.736059
https://doi.org/10.1111/jfb.13232
https://doi.org/10.1111/jfb.13232
https://doi.org/10.1139/f67-094
https://doi.org/10.1111/jai.12642
https://doi.org/10.1098/rspb.2005.3062
https://doi.org/10.1098/rspb.2005.3062
https://doi.org/10.1007/s10641-017-0705-z
https://doi.org/10.1139/cjfas-2014-0221
https://doi.org/10.1139/cjfas-2014-0221
https://doi.org/10.1007/s00265-005-0031-x
https://doi.org/10.1007/s00265-005-0031-x
https://doi.org/10.1111/jfb.14512
https://doi.org/10.1111/jfb.14512
https://doi.org/10.1016/j.applanim.2016.10.016
https://doi.org/10.1016/j.applanim.2016.10.016
https://doi.org/10.1139/f99-288
https://doi.org/10.1139/f99-288
https://doi.org/10.1111/j.1095-8649.2001.tb00224.x
https://doi.org/10.1371/journal.pone.0235389
https://doi.org/10.1371/journal.pone.0235389
https://doi.org/10.1371/journal.pone.0204994
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

s 5

Sy

IR 4R, 2024, 48(4): 049106

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

13(10): e0204994.

Ellis T, Hoowell B R, Hughes R N. The cryptic
responses of hatchery-reared sole to a natural sand sub-
stratum[J]. Journal of Fish Biology, 1997, 51(2): 389-
401.

Lee J S F, Berejikian B A. Structural complexity in
relation to the habitat preferences, territoriality, and
hatchery rearing of juvenile China rockfish (Sebastes
nebulosus)[J]. Environmental Biology of Fishes, 2009,
84(4): 411-419.

D'Anna G, Giacalone V M, Fernandez T V, et al.
Effects of predator and shelter conditioning on hatchery-
reared white seabream Diplodus sargus (L., 1758)
released at sea[J]. Aquaculture, 2012, 356-357: 91-97.
Salvanes A G V, Moberg O, Braithwaite V A. Effects
of early experience on group behaviour in fish[J].
Animal Behaviour, 2007, 74(4): 805-811.

Brockmark S, Adriaenssens B, Johnsson J I. Less is
more: density influences the development of behavi-
oural life skills in trout[J]. Proceedings of the Royal
Society B:Biological Sciences, 2010, 277(1696): 3035-
3043.

Moberg O, Braithwaite V A, Jensen K H, et al. Effects
of habitat enrichment and food availability on the for-
aging behaviour of juvenile Atlantic cod (Gadus
morhua L.)[J]. Environmental Biology of Fishes, 2011,
91(4): 449-457.

Brown C, Laland K. Social learning and life skills train-
ing for hatchery reared fish[J]. Journal of Fish Biology,
2001, 59(3): 471-493.

Ebbesson L O E, Braithwaite V A. Environmental
effects on fish neural plasticity and cognition[J].
Journal of Fish Biology, 2012, 81(7): 2151-2174.
Strand D A, Utne-Palm A C, Jakobsen P J, et al.
Enrichment promotes learning in fish[J]. Marine Eco-
logy Progress Series, 2010, 412: 273-282.

Camara-Ruiz M, Santo C E, Gessner J, et al. How to
improve foraging efficiency for restocking measures of
juvenile Baltic sturgeon (Acipenser oxyrinchus)[J].
Aquaculture, 2019, 502: 12-17.

DePasquale C, Neuberger T, Hirrlinger A M, et al. The
influence of complex and threatening environments in
early life on brain size and behaviour[J]. Proceedings of
the Royal Sciences, 2016,

Society B:Biological

https://www.china-fishery.cn

14

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

283(1823): 20152564.

Roy T, Bhat A. Learning and memory in juvenile
zebrafish: what makes the difference—population or
rearing environment?[J]. Ethology, 2016, 122(4): 308-
318.

Salvanes A G V, Moberg O, Ebbesson L O E, ef al.
Environmental enrichment promotes neural plasticity
and cognitive ability in fish[J]. Proceedings of the
Royal Society B: Biological Sciences, 2013, 280(1767):
20131331.

Spence R, Magurran A E, Smith C. Spatial cognition in
zebrafish: the role of strain and rearing environment[J].
Animal Cognition, 2011, 14(4): 607-612.

Makino H, Masuda R, Tanaka M. Environmental stim-
uli improve learning capability in striped knifejaw
juveniles: the stage-specific effect of environmental
enrichment and the comparison between wild and
hatchery-reared fish[J]. Fisheries Science, 2015, 81(6):
1035-1042.

Brydges N M, Braithwaite V A. Does environmental
enrichment affect the behaviour of fish commonly used
in laboratory work?[J]. Applied Animal Behaviour Sci-
ence, 2009, 118(3-4): 137-143.

Cogliati K M, Unrein J R, Schreck C B, et al. Rearing
environment affects spatial learning in juvenile
Chinook salmon Oncorhynchus tshawytscha[J]. Journal
of Fish Biology, 2019, 95(3): 870-880.

Martinez J, Keagy J, Wurst B, et al. The relative roles
of genes and rearing environment on the spatial cognit-
ive ability of two sympatric species of threespine
stickleback[J]. Evolutionary Ecology Research, 2016,
17(4): 565-581.

Johnsson J I, Néslund J. Studying behavioural variation
in salmonids from an ecological perspective: observa-
tions questions methodological considerations[J].
Reviews in Fish Biology and Fisheries, 2018, 28(4):
795-823.

Rodewald P, Hyvérinen P, Hirvonen H. Wild origin and
enriched environment promote foraging rate and learn-
ing to forage on natural prey of captive reared Atlantic

salmon parr[J].

20(4): 569-579.

Ecology of Freshwater Fish, 2011,

Hyvérinen P, Rodewald P. Enriched rearing improves
survival of hatchery-reared Atlantic salmon smolts dur-

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


https://doi.org/10.1007/s10641-009-9450-2
https://doi.org/10.1016/j.anbehav.2007.02.007
https://doi.org/10.1098/rspb.2010.0561
https://doi.org/10.1098/rspb.2010.0561
https://doi.org/10.1007/s10641-011-9803-5
https://doi.org/10.1111/j.1095-8649.2001.tb02354.x
https://doi.org/10.1111/j.1095-8649.2012.03486.x
https://doi.org/10.3354/meps08682
https://doi.org/10.3354/meps08682
https://doi.org/10.3354/meps08682
https://doi.org/10.1016/j.aquaculture.2018.12.021
https://doi.org/10.1098/rspb.2015.2564
https://doi.org/10.1098/rspb.2015.2564
https://doi.org/10.1111/eth.12470
https://doi.org/10.1098/rspb.2013.1331
https://doi.org/10.1098/rspb.2013.1331
https://doi.org/10.1007/s10071-011-0391-8
https://doi.org/10.1007/s12562-015-0917-0
https://doi.org/10.1016/j.applanim.2009.02.017
https://doi.org/10.1016/j.applanim.2009.02.017
https://doi.org/10.1016/j.applanim.2009.02.017
https://doi.org/10.1111/jfb.14083
https://doi.org/10.1111/jfb.14083
https://doi.org/10.1007/s11160-018-9532-3
https://doi.org/10.1111/j.1600-0633.2011.00505.x
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

s 5

S

IR 4R, 2024, 48(4): 049106

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

ing migration in the River Tornionjoki[J]. Canadian
Journal of Fisheries and Aquatic Sciences, 2013, 70(9):
1386-1395.

Mes D, Van Os R, Gorissen M, et al. Effects of envir-
onmental enrichment on forebrain neural plasticity and
survival success of stocked Atlantic salmon[J]. Journal
of Experimental Biology, 2019, 222(23): jeb212258.
Roberts L J, Taylor J, Gough P J, et al. Silver spoons in
the rough: can environmental enrichment improve sur-
vival of hatchery Atlantic salmon Salmo salar in the
wild?[J]. Journal of Fish Biology, 2014, 85(6): 1972-
1991.

Watz J, Calles O, Carlsson N, et al. Wood addition in
the hatchery and river environments affects post-release
performance of overwintering brown trout[J]. Freshwa-
ter Biology, 2019, 64(1): 71-80.

Brockmark S, Neregard L, Bohlin T, et al. Effects of
rearing density and structural complexity on the pre-
and postrelease performance of Atlantic salmon[J].
Transactions of the American Fisheries Society, 2007,
136(5): 1453-1462.

Solds M R, Skoglund H, Salvanes A G V. Can struc-
tural enrichment reduce predation mortality and
increase recaptures of hatchery-reared Atlantic salmon
Salmo salar L. fry released into the wild?[J]. Journal of
Fish Biology, 2019, 95(2): 575-588.

Berejikian B A, Smith R J F, Tezak E P, et al. Chem-
ical alarm signals and complex hatchery rearing habit-
ats affect antipredator behavior and survival of chinook
salmon  (Oncorhynchus  tshawytscha) juveniles[J].
Canadian Journal of Fisheries and Aquatic Sciences,
1999, 56(5): 830-838.

Carere C, Maestripieri D. Animal Personalities: beha-
vior, physiology, and evolution[M]. Chicago: The Uni-
versity of Chicago Press, 2013.

Cooper Jr W E, Blumstein D T. Escaping from predat-
ors: an integrative view of escape decisions[M]. Cam-
bridge: Cambridge University Press, 2015.

Saraiva S D O, Pompeu P S. The effect of structural
enrichment in hatchery tanks on the morphology of two
neotropical fish species[J]. Neotropical Ichthyology,
2014, 12(4): 891-901.

Saraiva S O, Pompeu P S. Structural and social enrich-

ment: effects on the morphology of a tropical hatchery

R E K7 2: 2 E /) sponsored by China Society of Fisheries

15

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

fish[J]. Applied Ecology and Environmental Research,
2016, 14(3): 381-395.

Serensen C, Johansen I B, @verli @. Neural plasticity
and stress coping in teleost fishes[J]. General and Com-
parative Endocrinology, 2013, 181: 25-34.

Overli @, Serensen C. On the role of neurogenesis and
neural plasticity in the evolution of animal personalit-
ies and stress coping styles[J]. Brain, Behavior and
Evolution, 2016, 87(3): 167-174.

Kihslinger R L, Nevitt G A. Early rearing environment
impacts cerebellar growth in juvenile salmon[J].
Journal of Experimental Biology, 2006, 209(3): 504-
509.

Zhang Z H, Zhang X M, Li Z L, et al. Effects of differ-
ent levels of environmental enrichment on the shelter-
ing behaviors, brain development and cortisol levels of
black rockfish Sebastes schlegelii[J]. Applied Animal
Behaviour Science, 2019, 218: 104825.

Nislund J, Aarestrup K, Thomassen S T, et al. Early
enrichment effects on brain development in hatchery-
reared Atlantic salmon (Salmo salar): no evidence for a
critical period[J]. Canadian Journal of Fisheries and
Aquatic Sciences, 2012, 69(9): 1481-1490.

van Praag H, Kempermann G, Gage F H. Neural con-
sequences of environmental enrichment[J]. Nature
Reviews Neuroscience, 2000, 1(3): 191-198.
Kempermann G, Kuhn H G, Gage F H. More hippo-
campal neurons in adult mice living in an enriched
environment[J]. Nature, 1997, 386(6624): 493-495.
Ming G L, Song H J. Adult neurogenesis in the mam-
malian brain: significant answers and significant ques-
tions[J]. Neuron, 2011, 70(4): 687-702.

Aimone J B, Li Y, Lee S W, et al. Regulation and func-
tion of adult neurogenesis: from genes to cognition[J].
Physiological Reviews, 2014, 94(4): 991-1026.
Anacker C, Hen R. Adult hippocampal neurogenesis
and cognitive flexibility —Iinking memory and
mood[J]. Nature Reviews Neuroscience, 2017, 18(6):
335-346.

Deng W, Aimone J B, Gage F H. New neurons and new
memories: how does adult hippocampal neurogenesis
affect learning and memory?[J]. Nature Reviews Neur-
oscience, 2010, 11(5): 339-350.

Zupanc G K H, Horschke 1. Proliferation zones in the

https://www.china-fishery.cn


https://doi.org/10.1139/cjfas-2013-0147
https://doi.org/10.1139/cjfas-2013-0147
https://doi.org/10.1111/jfb.12544
https://doi.org/10.1111/fwb.13195
https://doi.org/10.1111/fwb.13195
https://doi.org/10.1577/T06-245.1
https://doi.org/10.1111/jfb.14004
https://doi.org/10.1111/jfb.14004
https://doi.org/10.1139/f99-010
https://doi.org/10.1590/1982-0224-20130201
https://doi.org/10.15666/aeer/1403_381395
https://doi.org/10.1016/j.ygcen.2012.12.003
https://doi.org/10.1016/j.ygcen.2012.12.003
https://doi.org/10.1016/j.ygcen.2012.12.003
https://doi.org/10.1159/000447085
https://doi.org/10.1159/000447085
https://doi.org/10.1242/jeb.02019
https://doi.org/10.1016/j.applanim.2019.06.006
https://doi.org/10.1016/j.applanim.2019.06.006
https://doi.org/10.1139/f2012-074
https://doi.org/10.1139/f2012-074
https://doi.org/10.1038/35044558
https://doi.org/10.1038/35044558
https://doi.org/10.1038/386493a0
https://doi.org/10.1016/j.neuron.2011.05.001
https://doi.org/10.1038/nrn.2017.45
https://doi.org/10.1038/nrn2822
https://doi.org/10.1038/nrn2822
https://doi.org/10.1038/nrn2822
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

s 5

Sy

IK P24, 2024, 48(4): 049106

[157]

[158]

[159]

[160]

[161]

[162]

[163]

brain of adult gymnotiform fish: a quantitative map-
ping study[J]. The Journal of Comparative Neurology,
1995, 353(2): 213-233.

Zupanc G K H, Sirbulescu R F. Adult neurogenesis and
neuronal regeneration in the central nervous system of
teleost fish[J]. European Journal of Neuroscience, 2011,
34(6): 917-929.

Kempermann G. Environmental enrichment, new neur-
ons and the neurobiology of individuality[J]. Nature
Reviews Neuroscience, 2019, 20(4): 235-245.

Abreu C C, Fernandes T N, Henrique E P, et al. Small-
scale environmental enrichment and exercise enhance
learning and spatial memory of Carassius auratus, and
increase cell proliferation in the telencephalon: an
exploratory study[J]. Brazilian Journal of Medical and
Biological Research, 2019, 52(5): e8026.

Diniz D G, de Siqueira L S, Henrique E P, et al. Envir-
onmental enrichment increases the number of telen-
cephalic but not tectal cells of angelfish (Pterophyllum
scalare): an exploratory investigation using optical
fractionator[J]. Environmental Biology of Fishes, 2020,
103(7): 847-857.

Pereira P D C, Henrique E P, Porfirio D M, ef al. Envir-
onmental enrichment improved learning and memory,
increased telencephalic cell proliferation, and induced
differential gene expression in Colossoma macro-
pomum[J]. Frontiers in Pharmacology, 2020, 11: 840.
Zhang Z H, Xu X W, Wang Y H, et al. Effects of envir-
onmental enrichment on growth performance, aggress-
ive behavior and stress-induced changes in cortisol
release and neurogenesis of black rockfish Sebastes
schlegelii[J]. Aquaculture, 2020, 528: 735483.

Zhang Z H, Chen Q K, Guan X T, ef al. Physical and
social enrichment influences the adaptability-related
behaviors of black rockfish Sebastes schlegelii: an
effect mediated by social behaviors, HPI axis and

neurogenesis[J]. Aquaculture, 2023, 564: 739056.

https://www.china-fishery.cn

16

[164]

[165]

[166]

[167]

[168]

[169]

[170]

[171]

[172]

[173]

[174]

Lema S C, Hodges M J, Marchetti M P, et al. Prolifera-
tion zones in the salmon telencephalon and evidence for
environmental influence on proliferation rate[J]. Com-
parative Biochemistry and Physiology-Part a: Molecu-
lar & Integrative Physiology, 2005, 141(3): 327-335.
Manuel R, Gorissen M, Stokkermans M, et al. The
effects of environmental enrichment and age-related
differences on inhibitory avoidance in zebrafish (Danio
rerio Hamilton)[J]. Zebrafish, 2015, 12(2): 152-165.
Barcellos H H A, Koakoski G, Chaulet F, e al. The
effects of auditory enrichment on zebrafish behavior
and physiology[J]. PeerJ, 2018, 6: 5162.

Mes D, Palstra A P, Henkel C V, ef al. Swimming exer-
cise enhances brain plasticity in fish[J]. Royal Society
Open Science, 2020, 7(1): 191640.

Anacker C, Zunszain P A, Carvalho L A, ef al. The glu-
cocorticoid receptor: pivot of depression and of antide-
pressant

2011, 36(3): 415-425.

treatment?[J].  Psychoneuroendocrinology,
Dranovsky A, Hen R. Hippocampal neurogenesis: regu-
lation by stress and antidepressants[J]. Biological Psy-
chiatry, 2006, 59(12): 1136-1143.

De Kloet E R, Jo€ls M, Holsboer F. Stress and the
brain: from adaptation to disease[J]. Nature Reviews
Neuroscience, 2005, 6(6): 463-475.

Joéls M. Corticosteroid effects in the brain: U-shape
it[J]. Trends in Pharmacological Sciences, 2006, 27(5):
244-250.

Mirescu C, Gould E. Stress and adult neurogenesis[J].
Hippocampus, 2006, 16(3): 233-238.

Schoenfeld T J, Gould E. Stress, stress hormones, and
adult neurogenesis[J]. Experimental Neurology, 2012,
233(1): 12-21.

Serensen C, Bohlin L C, @verli @, et al. Cortisol
reduces cell proliferation in the telencephalon of rain-
bow trout (Oncorhynchus mykiss)[J].
Behavior, 2011, 102(5): 518-523.

Physiology &

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


https://doi.org/10.1002/cne.903530205
https://doi.org/10.1111/j.1460-9568.2011.07854.x
https://doi.org/10.1038/s41583-019-0120-x
https://doi.org/10.1038/s41583-019-0120-x
https://doi.org/10.1590/1414-431x20198026
https://doi.org/10.1590/1414-431x20198026
https://doi.org/10.1007/s10641-020-00986-5
https://doi.org/10.3389/fphar.2020.00840
https://doi.org/10.1016/j.aquaculture.2020.735483
https://doi.org/10.1016/j.aquaculture.2022.739056
https://doi.org/10.1089/zeb.2014.1045
https://doi.org/10.7717/peerj.5162
https://doi.org/10.1098/rsos.191640
https://doi.org/10.1098/rsos.191640
https://doi.org/10.1016/j.psyneuen.2010.03.007
https://doi.org/10.1016/j.biopsych.2006.03.082
https://doi.org/10.1016/j.biopsych.2006.03.082
https://doi.org/10.1016/j.biopsych.2006.03.082
https://doi.org/10.1038/nrn1683
https://doi.org/10.1038/nrn1683
https://doi.org/10.1016/j.tips.2006.03.007
https://doi.org/10.1002/hipo.20155
https://doi.org/10.1016/j.expneurol.2011.01.008
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

gk oEML, 55 IKP= 2R, 2024, 48(4): 049106

Research progress on application of environmental enrichment techniques in
fish aquaculture and stock enhancement

ZHANG Zonghang ',  ZHANG Xiumei’, LIU Wenhua '

(1. Guangdong Provincial Key Laboratory of Marine Biotechnology, Shantou University, Shantou 515063, China;
2. Fisheries College, Zhejiang Ocean University, Zhoushan 316022, China)

Abstract: In recent years, the wild fisheries resources have been decreasing, the aquaculture production has been
flourishing, and meanwhile the fish welfare has gained increasing attention from the public and scientists. Under
these backgrounds, environmental enrichment, as a new technology in the fields of aquaculture and fisheries, has
gained wide attention and is considered to have great potential in improving life skills of released fish, increasing
the production output of farmed fish, and improving the welfare of captive fish. Environmental enrichment refers
to the methods of environmental optimization aimed at increasing production yield, improving fish welfare, con-
trolling fish behaviors and improving physiological status by a deliberate increase in environmental heterogeneity
and complexity of water environment. In general, the international studies on environmental enrichment techno-
logy has been flourishing, and the theoretical system is constantly improved. However, relevant research in China
is still in the initial stage. This paper first briefly introduces the concept and classification of environmental enrich-
ment, and then reviews the effects of physical enrichment (which has received the most attention at present) on fish
aquaculture-related traits (such as aggressive behavior, stress response, metabolism, and growth) and adaptive
behaviors and individual fitness after release. This review focuses on the possible causes and the potential neuro-
plasticity mechanism of the differences in results between studies and discusses the shortcomings of the previous
studies and future directions of the field. This review aims to provide reference for research in this field and
provide valuable information for sustainable aquaculture and stock enhancement programs.

Key words: fish; aquaculture and stock enhancement; physical enrichment; fish behavior; fish welfare; neural
plasticity
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