%539 HH S
2024410 H

A % B F K ¥ ¥R
JOURNAL OF DALIAN OCEAN UNIVERSITY

DOI:10.16535/j.cnki.dlhyxb.2024-009

INGE F 5 3T VF K F i 2 £ A A 1 B9 22
ME, e, HR', BEHE, BE, Fra'

(L KIEMH RS L TREHER TRERTIE DO,
T K 116023)

WEE . %SRS F 250 FCOF il (Sebastes schlegelii) %W (KBl 7.25 g+1.89 g) A KMAPERI
W, LI T ATEAIEE (ABEESYL, EE) MLHEAIEE (R4, ©) &KMUTiREANAERER (EE
AR ERE) MAMEATTeR (B R WEREML ), SR RA . FEARRIEE T I
8 JHJ5, EE 41 C 2H I8 fh i 18 F R FRR o AR ORI T W 3 25 55 EE Al i B B (44. 44+
9.30) BEMT C AR M (166.11£55.92, P<0.05), {H EE 41 C 2056 £ (17 1 88 e X vk 8. I h
XAERRTE LG B AR R B A Wy PRI (B B | B A (R B g R O Uk A ] L 3 T 8 3 e 25 5 AH G A AT
N, TR £ (1 T I DX 45 B ESF T b5 00 1R SR X B IEAH G (P<0.05) , B YR 23 B AL Wy Ak it [a] bE 5 7 1)
X452 B T[] G 007 1 SRS X VR BUIS SE TAAH 56 (P<0.05) , 1 S5 E A A= A - ¥ E Bs B IEAH & (P<0.05)
R A KRG SAT NS R PR MBI TR e, TFRRY . A E AR [P 4 r K ke . B
PE . PREMEREBREYY T W E P, 8 SRR T iR i B SRR R EAHDE, TS

Vol.39 No.5
Oct.2024

X E S :2095-1388( 2024 ) 05-0797-07

T KIE 116023; 2. @il B H W E AL E (KEFERE), I

TG BRAE RN S PER ARG s a6 #1024 (MR RE 5 AT 48 FR AR A1 45 JEAH G

K IO, R, K, M
HESES. $917.4 XEAFRERD. A

AR S H TR AME R 1 KRR |
YL AE) FINTER ¥ (BRI BFRAM
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ISR MBI, B AR X&) =S (8] 52 4 i
Jl, BOEARRIEI, WY AR AT
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ARKZNE, HS5IH MR ZEEREHE R, R+
BREMS BRI FESh Y RS W), S8 AL N el AR
JRA S, LR RIS T REZ 1 AR AT,
It R HARME T Z AT ik eas |] . AR5 R, ANIH
PAERRE R AR BE T AR Y AT TR BRI A L 55
FERBRAEAE FIAC P WA SR R, n e 3R
BE KA S INBEAi Y, AT R ARG A A ] 58 4 1) SR 21 AR
B, JFBCEINI B IREE  PREE 2 T R G
A IGE | SRR, HRRIASIEE ), i
MBGEEHARFIKE, $EmE R rERE . AnTE R Va Vb
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W R AT O I BR M S R AN R TE TE S
oL BN A s shiir o, WSE . e, 2k
R HE P RESFAT A B UIANSE . 4 4R R Al 3l
YA PRIE] PR 23 2 | O AT A 2 A B9 A LA
ik AR AT A PO FE AR ] ] BE A7 1
FAOGHE, AR EQP- b Y 58 Ve S sl 1k | R
R TEAMIOC S AP £ e £ 2 () B8 £ AN UK
REST, HETTRZ M AR R PERE . 4 B3 BICPE A IR T
SRR R ( Solea solea) FEERCRE &, 4Kl
FETE P Xt 9 B 5 W B8 ( Neolamprologus pul-
cher) FIWFFEREL, SEGBRAY A LA SRS
HA TR AEREE ",

UTAESR, AN XTI R AR B R AT N
ISR R T35 R GERIATIT, 1 N A AR DG
A A EEAGE . ASHFFE o i 5 AT O AR,
FUEE T AN R PR BT 42 B B 1 FQF i 4 £ A A Rk
REM BN . BRRE | IRERPE RIS, R
TAERT A AN A b 22 8] SO 5 A KAV R R AR
ZIRIASEHE, BIPIRTE T 35T 4 AV IR il 4
AR AT AR, LUE i PR A B SR
TR O A8 AR A K P RO B G 5, e
JCRC I v R B 8 OB AR Y R 4R A 2
ke

1 #E5EFE

1.1 ##

TR FHIA FCOT-firh &)y 8 0 G R AE S A BRZA
Al I AR o 79I PR 5 A KA T 3% 4 A
BFRIN] H oK 5 24908 KR 10%, KRR
(14.26+0.12)°C, #HEH 32.0+1.0, B0
RARERERR, URIEREMA KT 6.0 mg/L,
BH9: 00 F16. 00 HEMEELAREL, MEEIHR
BRI RIZEfE

1.2 Ak

1.2.1 Kkt Rl myifbsas i s, MLk
PR N (6.60+0.63) em, R K (7.25+
1.89) g MIVF G-l gh 1 30 AR Mk x4, It
O, R 15 R, NIXAAREAME, A I
0 F 1 B D9 T S 0 Bl R BN B #S (passive inte-
grated transponder, PIT) ., X553 & A K B
FO B KA (K x5 x % N 100 em x 90 X
70 em) , Hir, HEEFEAEA (EE) KN IES R
PRI — 2 TE RS HL0 1 R T A, MR

50 emBEE X3k, HAXI T ESY, TFEHKE
(XPREZH, C) TN BR BT R B S SR AN TCAT:
farik, 3254 8 JiJ5 g 25 4 ige s iy AR (K
KRR RD) FASPE (B HEOE, SRR, ISR
HEFsl ), IR AR . Kl 14 C ~
19 °C | FhEEFNA A & R IR 450

1.2.2 A¥$ginle sk B GA T, st
A E — IR I 0 ) R R A BT, R AR KR
(specific growth rate, SGR,%/d) . X (weight
gain rate, WGR,%) THHE A5 H0

Ryyw= (InW,~1nW,) /1x100%, (1)

Ryen= (W,-W,) /W,x100% . (2)
A ¢ HIREREE (d) 5 WoNES 0 RER A Y
Fig (g); WoRHSS : RiIREAT AR RE (g),
1.2.3 AdalZ kAP B I E 2 B ol
FI ] B9 £ 2647 D LB KR, SRITTE @ PVC AR,
A% A 60 cmx 20 emx20 ecm (K xTExiE) o KAE A
B —ANFE IR H AR 2 A XKL, 403 o I X
(K40 em) FHERKIX (120 cm) , Hdr, X
St e R b e, ERE X R £ 5 A RS
HHb, AR R . A B IR AR Y
JEERA —IF I (KXBEH 7 emx5 em) 3% i X
FIFFRE X, FFEE BRI FRE N, KIEE BT
LEA—BBL (BEREAL, BI2HV2-1A), &
LR RS (1 HEBEAL, 7104N-F1-4P)
BATRFRPRINE T

M. F— Bk e fh i TR W XA
30 min, Pifi J5 22 12 28 O AN T, dEAT RRSE
20 minARIBHASE , S Tig A, Seitilge i
EE B X IR B S AE T R X A= BRI TRT LG (%)

RN BEUENNAS AT, Rl b i I
XBIAERLIX, BEE G/, THREE IR X — 5
OB — AWK 4 em ) PVC HAE, (ZWIKIE
TR B Z A0 15 em &b, FFE T GEHRIX) o FF
T FE i X AR B 20 min J5, FRIREEAL /NI I
FUE SEHIA, $A45% 20 min, TS, St
G R B A IR BT I LG (%) FRER
B A AR BIBERS (em) , AR A IEIR R
7 b A A I S S DX AT ) X4, AT
AGeit,

TEERYE . REMERW UG, 7 RUR A A ik
By, Ao A ek a4 40 T RE XS 37 BT /)N
1T, FFHAKA 10 min J5, TG AT TG BRAE 404 S
AmFAE, WA 10 min NI B & FKAT R .
SRJG A MBS A, I gtk 7E T RE X 9% 3
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R (%)

U3 SRR e o 5K R SR
Ffa PVC A, MK 40 emXx20 emXx20 cm
(KexTExig) o K IE i g il B — U B 2y
SN IX 8k, XA e 2 1T A v A R kR, 1R
B, PEH 2 R o3 I TR g KR Y P A X
B, 3ER 30 min J5, Bk WU BT 2 T 1 2A 4 9
B, R AR S B 30 min, [RIRHAEBC
SHBCEAT R, H T, 43 46
. IR R ERIRGE 4 DM RRLY BksE
SR, . PREiEm BT, RIS EI I
F1k, ZWWE. i PsE g, SRS 3 JER Y
P, RKRAE G AR, L AR T B
(0.5~1.5 fistA ), WL 5] w5 U o 32 B @ 5K JF
HREERAR A, BEREST, BIRPRAE, LR, THEm
HIEATIRSE, ARG RN — R 2 8eA T,

1.3 HiELE

RIS B R Excel 2019 34T 38 K it44
J&, KM SPSS 26. 0 FAF# 4TS 0B . RS
FEAS T K 56 43 A P 58 2 258 % i 50 f04 k Fn A K F
MAEAR R BB G 2EE X, MET AN
PR TG bR 2 18] B 5 A KRR Z [ A SR Per-

son FHOCHESHT . i R, AP AT SeitE R
SEXIE TR (meansS. E. ) Fon, WEMIKE
WM 0.05,

2 GRE545H

2.1 IMEFAEXFRFEh4) & E KA

WEERMH (EE) 54 () R¥mm
WA . WA AR R | AR K AR R S48 B
FEZESE (P>0.05); EE ZHiR56 0 1 14 8 R gy
EERKRREKE T C4, o EH LR EEER
(P>0.05), A 325 PR 5 [CF- il 4 4671
AR R (£ 1),

2.2 IMEFAEXFRFEh4) &R

EE 41 C 2H i85t 19 i X B, [
DXAERET IR LG B IR R bE A Rk o B (R b R
B A 4y AR R e ) L 38 G B MR 22 R (P>
0.05), FEHIHE A =F 28 IR BT X/ FC V- 40 £ 1) B5 B
P RS T B E R (R 2), M
EE 23050 fa (9 250k O8O0 B E I T ¢ 4l fa
(P<0.05), FWIHEA T2 P08 W 2 R T [0F
il 4y £ A A Sk

F1 MEFFIMFRTEEHLEE RPN

Tab.1 Effects of environmental enrichment on the growth of juvenile Sebastes schlegelii

415 B/ em LK/ em PR IR B/ g LR BT/ g WER/% R LR/ %
group initial body length final body length initial body weight final body weight weight gain rate  specific growth rate
EA4 (EE)
6.62+0.23 7.71+0.27 7.09+0. 65 13.95+1.39 98.01+7.76 2.26+0. 13
enrichment group
MHIRAL (C)
6.59+0. 16 7.72+0.22 7.25+0. 63 13.96+1. 05 94.43+6. 00 2.20+0. 10

control group

R2 FEFEMFRT@GSEHE, KR, FRENFHER R0

Tab.2 Effects of environmental enrichment on boldness, exploratory, activity and aggressiveness of juvenile Sebastes

schlegelii
B ELE boldness BREME exploration TEERPE activity If31-HE aggressiveness
A5 Wt Be FRERIL /% ERIRRERIG /% BEREARIEE /em  WEIKET ] L/ % [
K
group frequency of  percent time to percent time to distance to strange percent time to
attack times
inspection inspection first exploration objects swimming
FAHH (EE)
2.56+1.00 16. 17+7.96 45.00+13. 69 2.18+1.05 10.91+5. 83 44.44+9.30"
enrichment group
XFHRZH (C)
2.00+1. 33 9.91+6. 44 61.00+14. 09 2.96x0. 65 10. 89+5. 35 166. 11+55. 92

control group

W o« FREMRAG BEEZR (P<0.05),

Note: * means significant difference compared with the control (P<0.05) .
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2.3 BUUTAHSHZ EEXES T

AHFE A I, K £ B ] X A7 B T ] 1L
i HH R X PO IERIG (P<0.05) 5 A8 1 I
TR B A W AR 18] 5 I DX 45 B ESF ) LRI 20
X B S S (P<0.05) , 1 SRR FE £ 9y A
BEES I IEAIDE (P<0.05), FUIVFICT- 0%

B SRR IEMAX, B8R MARR
PR (3£ 3), X A 0y 3k B R] B A ik
B HAAT I E FEAR Y TOA L (P>0.05), 3°
A ECT i 4 £ ) 36 BRME Ay S vE S B EOhE | R R
PR ToAH e, R R R KR S H .
R TEERME G- v 2 R A S (P>
0.05).,

£33 FEITASHBEXES T

Tab.3 Correlation analysis of different behavioral parameters

55 ok TR TR b3t CERS
boldness exploration activity aggressiveness growth
Hhr - :
. UK ERRTRIL % HUCREIIIL % BRI o WRKMRI % SCRUOR R KR
frequency of percent time to percent time to distance to strange percent time to attack specific
inspection inspection first exploration objects swimming times growth rate
HHEREL
frequency of 1
inspection
R
[ZIEIERS Re0.767
percent time to 1
. . P<0.001 "
inspection
HUARR R/ %
R=-0.738 R=-0.735
percent time to 1
P=0.023" P=0.024""
first exploration
R R A= Yy AR B 25/ em
R=-0.470 R=-0.330 R=0.814
distance to ) 1
P=0.201 P=0.386 P=0.008""
strange objects
TF DN ] E 9%
R=0.203 R=0.253 R=0.048 R=0.240
percent time to 1
o P=0.419 P=0.311 P=0.903 P=0.534
swimming
Wik & R=0.280  R=-0.060 R=0.459 R=0.297 R=-0.073 ]
attack times P=0.261 P=0.812 P=0.214 P=0.438 P=0.774
e Kk®/%  R=-0.285  R=-0.097 R=0.113 R=0.306 R=0.258 R=0.127
specific growth rate P=0.252 P=0.701 P=0.771 P=0.424 P=0.302 P=0.616

e ox FRTEFRAIRLFAIC (P<0.05); *+ FoRIEAREL BEAHI (P<0.01),

Note: * means significant correlation between the indicators ( P<0.05) ;
Ry
3 itig

3.1 REFEFEIFR T8 LRI

AR A i B OCE E A R, A
SR S T AR AR RS, MRV Al
A BHIRAE ST IR bR . PR RO R R R
AR S, Rl — A A A R A R R G
T, MR SEERE AU R, AR R AT
RS e A I R BT D - 6 UL
DGR A S AR A N B R A A Y R
TGS L PRI5E REAS I /D S IC 3 1375 MU St 34

# % means very significant correlation between the indicators (P<0.01) .

RZ a4, ARSI KT, SEim
M A K PEBE, &0 Brockmark 2610 %6 K g
PEBERIT I R, S5 2258 T HAE K o
P, B, FEARMFIEH, A FEAIRBERA V-
gt R PERE I TC B B e, A HrA T, XAT
RESEFE IR0 I AR R T T8 AL I IERE, R BRI
R B P TS, ARMEAS TR &
WEiR =g, A S AP/ MR ETT
HZEME, ERKEE, Moberg 551 KB, HHE
FENH AR T REANE £ PR, SR
MRS [R] R S s m HAE KW EELH 7

FEESRA Y, A28 i e B N SR R
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A BT )R S S B AN ER S, XA T A H R
AP R BREEMME . PR AR H AR
HIA K, RIEFRFE PR BB al RN 5 I AR
S M P 2 P A iy NG P, AT R #0288
MOfERE . AR MIAT o BEF S ARSI 3 A
I R B SRR A DGR H S5 TR S, PRI = A
A AT, A A A K AR A YRI5 2
T SRR T R R, R UAESMIEE
BT R 9 i 1O B 55 R R 22 B L A b
o TR IR G H AR B A sh
4 FERRWILAN, FRFET7 UL S8R =
WRETRIE, IR P R P v AR AR BB B
PeTSLPR A . XESRIERUL, FERK SR
PREE F= B84 — T B 4 B S BUS, Al g2
PR R SR B R R BN 2 TR 3R LB T = 464
A B B A ARSI, FERIFRIEE T, T
R WA e, HEWitis ARE
AR e, P b e vt A= K AR 9
A LETRIHFE VAT EA LSRR AR SR AT LI
WLEE, BEEDTFCEATRA , HEPRIRAE I
Y AU A B R IINZS A B AP R AR I, BB
BT A RAR A D0 22 O HAHE T 1) B 3 A% T

B,
3.2 IMEF AR T TR m

A E SR EE T BT AR R
BEARSE, HEAB WIS, a2k b
5 A B AR RRS R A R, HAM 2 Bz Bl
AR, PREE AR R AEAT R 2, UL
“HEEE” AR R B B O IR, TR
o) 22 S, T[] ol £ 28 SO OS PR R BRI R 45 07
XA R 225, IR S R b
FEES BN, KPS (Gadus morhua) TE
UG FAE CMHE” BN, TR T
[, HER 5 2 25 Bl U 8 ( Oncorhynchus
mykiss) W) “JHE” R TN B SR A X
Qi 4 f B AT N BIBETE R, — € BT AR
YRR T A B 1) =5 25 A B A ) T R B
PR, XA B TR BSOS BTG R, (BAEA
wgerh, WA FAPREE XA P-4l £ 55 BT
BEVEZW , T, FAEYIZEBIAF KR
2 5] BB AR 1 U A5 R A — B A

PRENE S T 10 2 0] BA AE PREE Bl B A S i 4R
KA, MAAEHAEELM, Lee 50 Ak
FSBEHEIVE I 25, RIR B 2K 0 b 6l

R RAT I, e P P AEM ( Oreochromis
niloticus) BT FEM A I, FOHE IAEE 230 55 HARR
FEm, AP SRR, MR B IR
V4l B AR R PETE W, A, TEE
X RS v 7 AN [ 7T B A S R f AR R
AU, RFVF T Sl O B 58 R B, PREE %% 25 d
R £ X KRS h R T B SN, T BB R A
47 d IR fa 0 P A T A R R A Y R
HHRARRIT N

TEERE S e T 20 Tt A9, R, T
BHEERCSE A AWK S, WP R, TEFRAME
HRIFR I PG PR, VKIS S e (]
TEAWIIE T, WA A FREEO T [P il &)y )% R
PEIFIC B E R, X A) Be S H o i AT
BRI L, BREED U LI, VKT ah
AT B T RS KRE (%) £ v Sl g X, Uk sh#
MIRZE, I, AR TIRERTR B m a2, 1FIRF
i R 136 BRAE A AR AL, T BEAS 5 52 B 1 L3R
Y5

FERE SRS T, 5] AP ERES # AT LR i 2 5E
AR 22 [] A R 5 2 Ak D08 /0 I H s sk, R
R, X KPS (Sparus aurata) #yfa
AL R, TEFRGEM P AN — 2 O aR A R 3
HY, ATLUA AR AR Y AR e A
K, EE 50 0 Wl o e KT ¢ s
fh, WA FAPEE R TR T4l fa i
Gl b, X — W4 AL Zhang % X G
fily 4y 0 R BIF Y — 2

ANRIASEAT S Z A SR AR R B AT
ZEAAE (behavioural syndromes) , H: 3B A 7E A ]
BT s IE L T L R AR — RINAT RRRAE S, I
OIS Z st (adgfmazs) rhasiEs,
MEW (Gambusia affinis) B3GR S R MM
BECHE R W EARCY S LA IR )
AR ) T BLORSF ROAT M ARAE T 5 B A
MR 5 IR R B UIAR G . AR5, H
KT R BL, VPVt &) 0 1 B8 Bk SRR PR 2
AR, X5 Sneddon " Xf T S 157 45 R —
%,

4 it

1) A7 5 8 PR 50V FCF il 40 0 ) A Pk
AE. HEME . RREVERIE BRI JC R, H
MRS T A

2) VBT il 2 £0 00 B3 PR SRR R B E A
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Effects of environmental enrichment on growth and personality
of juvenile rockfish( Sebastes schlegelii)

WEI Tao', LI Jinyao', JIA Biao', HAN Yanke', TIAN Tao"?, YU Xiaoming'*"

(1. Center for Marine Ranching Engineering Science Research of Liaoning Province,, Dalian Ocean University, Dalian 116023, China; 2. Key Laborato-

1y of Environment Controlled Aquaculture, Ministry of Education ( Dalian Ocean University) , Dalian 116023, China)

Abstract ; To investigate the influence of environmental enrichment on the growth and personalities of juvenile rock-
fish Sebastes schlegelii, the growth performance (weight gain rate, and specific growth rate) and personal behavior
traits ( bravery, exploration, activeness, and aggressiveness) were investigated in the test fish with body weight of
(7.25+1.89) g injected intraperitioneally with a passive integrated transponder ( PIT) disposed in two plastics
tanks of each 100 cm in length x90 cm in widthx 70 c¢m in height ( environmental enrichment group, EE) and
without (control group, C) irregularly shaped black reef of 50 cm diameter at water temperature of ( 14.26 %
0.12) °C for 8 weeks. The results showed that there was no significant difference in weight gain rate and specific
growth rate in the test fish between the EE and C groups, with significantly lower attack frequency in the EE group
(44.44+9.30) than that in the C group (166.11£55.92) (P<0.05). Correlation analysis revealed that the open ar-
ea residence time ratio of the test fish was found to be positively correlated with the number of times they swam out
of the sheltered area ( P<0.05). The time ratio of first approach to unfamiliar objects was shown to be negatively
correlated with the time ratio of staying in open areas and the number of times swimming out of sheltered areas ( P<
0.05) , while it was positively correlated with the average distance from unfamiliar organisms ( P<0.05). It was
found that there was significant reduce in the aggressiveness of the test fish in C group, without significant effect of
environmental enrichment on the growth performance, bravery, exploratory ability, and activity of juvenile Sebastes
schlegelii in C group. The test fish had positive correlation with bravery and exploratory nature, and did not have
correlation with activity and aggressiveness, without correlation between the growth performance and individual be-
havior indicators in the test fish.

Key words: Sebastes schlegelii; environmental enrichment; growth; personality



