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R EER B2 i, 0 77 5 I 1 Hh 24T A B 9T
A HE A2 B R R IR R I — M 2507 20, 6 TR A
BRI s e,

Y IK-F-fif(Sebastes schlegelii), N 4 S4F, & fih
J% H (Scorpaeniformes), fifif}(Scorpaenidae)F fi J&
(Sebastes), FE53An T E . #HEMHA, £RE
FEANGT LRI EEAEETY. TR
s R AR R R R, VB 2 s g i A ke b [
FEEREFEE AN —. (HEATR T AR
IR 4% P T PRI K o A el £ 96 %
FRHE S5 A T VR TP fil JSLGE AN 8] 378 3 1 A2 K AT
MERE LR H . AW IT LUV IR il 4
XIG HBE T AR E S AT TR VR P i 4 £ ) A K
PEREFIAT R IR, JEAR4E DL B85 3, #fE 1
PP iy R 8 S5 A T B SR R AU 25 A, DA i ok 2]
EERKIERE . BFFAS R A% v vr IRCF il R 2010
FrRHA IS B IR T B SR IO P, T A R
AN AT e RURE R IR K .

1 #R5ERE

1.1 SCIEEI)

SEI6 N VR BT il & f, RO R IE Sl A BR
AFE (P EIL )RS . SLIRTE KT K A Rt
WA E W A SLI =T . LI TR, Shfa ek
N BRI A 2R 2 A, BT 97 W (R] A KR % ) AR
(19.0£0.5)°C, pH}8.00+0.30, A fi#4E>6.5 mg/L, &
%<0.02 mg/L, WAKAE<0.05 mg/L, Yol H1h
12L:12D. £ K8:30H116:307% 11 & # M 1 ki v
ML AARHCHL R 5 =44%, FHLE T =5%).

g ==

1.2 SBEE

SEISTE AR ) AT A R FRFE A P =40 cm,
h=80 cm; A BUKAELI /200 L)#H4T, 2 E 5 77t
IKIESRAL, FRAEA O BE ST A — AR R BT A R 1 HE K
B, KE B S BE KL, W8 KR B KA H
IKFLIRE H, TERR TR Ae e B . I T KR 1
Ih, Sk d S50 N KR B, B 2 I8 550
TR E(E 1), FHLS300-A % {5 4 2975 i A
(P B L A AT PR w) ) A P9 I B AT 0
I3 SIAE AN AH L2 A AT FAEE T 16 (1 2),
FH B L 5 IR, P B Sk R R A TR A
R, AN 3. 7 S (T AR 4G
TR o3 S HEAT T TC R e, A ARG 2 T K R
FEHEAT PR, A 7K IR PR FRTE W 8 T TE Y
1.3 LIt

A S8 Ve X WA 5 3N AL FR AL, 2 BN
0(C41). 0.5BL/s(L#H). 1.5 BL/s(M#1)#12.5 BL/s
(HZR), X R PE /3780, 4.7, 14.2H123.7 cm/s,
R EINPAT, LI ILIEAT43d. EBEYIIE K
(9.57+0.09) cm, FJHH1AFE (21.730.16) gty T fif
L1922, BENLAT B2 F2 58 M h, BEASFEFEAT A
Hl6R A, 7EFRFEM L7 1 mib 3% mid gl
(HIKDS-2CD3T35D-15, #FEEAL), F T
SIS HAE 4D AT N

TESZIG AR, % FREMEKTRSH . ek
P BN AN M (] 5 8 % B R AR R — 2. ]
WL i) 3% 2H K U PR R LR 25, R 20min 5 R A
BT 5 32 H B A, SO BEAE TRf e 48, SR 5 B T
80°C [HLAR kT 2 H 5, BRI E R

ool Wz G
23 Ui
<
e R
CH4 LZH M4 H4H
0BL/s 0.5 BL/s 1.5BL/s 2.5BL/s
gL Wk
KRR A5

1 S RGUREE

Fig. 1 Schematic diagram of the experimental system
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i 420.01 mg), tHHRETHE.
14 FKHIERE

T2 aE I 1d. 8d. 15d. 22d. 29d. 36d
F143dBE WL B AL BEZH 3 R £, 7E IR FE 60 mg/L
(1T & v i R, FrE g R ArgE. A KIF
O3, ARGV . A=K RE AR S FR bR 1T B
wmr:

1715 Z (Survival rate, SR, %)=100xfx & 4/
W16 AL

8 A2 K (Specific growth rate, SGR, %/d)=
100x[(InW,—InW )1/t

14 K (Weight gain rate, WGR, %)=(W,—W,)/
W

A%} Z2 %0 (Feed conversion ratio, FCR)=F/(W,—
W)
A, W RIGE VR H (Initial weight, g); W, AR
(Final weight, g); LA KA, FAREE.
1.5 TABERERSH

TSI IR 1d. 8d. 15d. 22d. 29d. 36d
F43d 5 E8: 15(A K RFEAT), KA AT 15min )
PR, MNP A1 0min. F AT A 2% 45 Hr B 4
A e A

a

30 cm

15cm

13 ¢m 26 cm

K2 RAEE R KR
Fig. 2 Schematic diagram of measurement points and analysis
areas

a. FREF DAL b. FREEH AL

a. lateral view of rearing tank; b. top view of rearing tank

(Noldus Ethovision XT 12.0)% 17 NAAHEAT 53 BT,
BT AL B HE I, 1L FAE I sh &Sk H
Frikoe LB 8AMT NS HOR R IR A Rl i VR
Pl AT A, 2090l 9 P 3503 5 (Average velocity,
cm/s)~ K% (The maximum acceleration,
em/s’). AAHTIX B iF 2 B i ] (Accumulated resi-
dence time in analysis area, %) T K& X E(Ma-
ximum zone alternation times, ¥X). 5K (Activity,
%)l & 4R $2 it (Physical contact, X). o, P15
F5E @ itV DRk ) 72 B0 2 I AW I I )15 21 A
RN i i i o v VR BT i 7% 2 I ) ek 22 {E
B DA 8] ZE (B A 215 40 #7 X R TH 5 B I TR 2 R VF IR
V-l 75 AN [F] 326 5 X330 PN 1R e 5 B T e K8 3 K
B A LE LI BT E] PNV EGP Bl 7E 328 5E 1 0 A X (e
J2) U7 18] B fe K ORE T R A R 1R 2 Vi G- fif (1)
TE BN IO, 80 A G AR R ARAH E  bdE
ATV SRl 48V [T il 72 75 sh i 78 b B 44
PR SR E s, i 28R, N T A T AR
SR A T Ay XA B i 4 (23 A DX 4 B T,
FRUATAR BT K1) 43 S A BT B RO A BB 3 AN 43 T X
FARMIRN13 26140 cmo FHRAT NIBFRAI T
AR
“F-34)3# i (Average velocity, cm/s)=

\/(XI_XI—1)2+(Yt_Yt—1)2 ,

At
5 K IN3% F (The maximum acceleration, cm/s’)=
V=V

At
K, X, Y, RN AR ZI X, YA KR,
Xiops Y RREW A1 ZI X, YALRFR,
At AP UCRAE Z 8] R 18] 22 V, 27 S0 8 7 )
ZI I35 TR B, VR S8 8 7R - 1 B 2 1 °F- 3
M,
1.6 HIEAIE

FIT A it BT ¥R FHSPSS 2505 4F it 47 . 4t

T 35 P 2 {H PR VR 2 (mean+SE) %K 7, i F B
=7 25 HT1(One-way ANOVA)FTukey 3 J5 16 36
AT M. BEVEKFENP<0.05, FrA R A& 518 H
Excelffll{E.

2 £R

2.1 RIEIFKF A KA

wmE VAR, T AP AP ISR N100%.
HZH 5CZ4MFL. FW. SGR. WGRFIFCRT .
F7273(P>0.05). LALKIFLE & T C4L(P<0.05),
B HABIE bR TG B 3E 7 7 (P>0.05). M4IFL. FW.
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Tab. 1 The effect of different flow velocities on growth of

Sebastes schlegelii

Kb % Flow velocity
Growthindex  C(0) L (0.5BL/s) M (1.5 BL/s) H (2.5 BL/s)
5‘1 '/' a a
U 12.58£0.11° 13.1240.10° 13.420.23" 12.46£0.05
FL (cm)
AR 54.3240.99" 58.82+1.16" 62.04+2.10 * 54.43+1.29"
FW (g)

R e A K a ab b .
SGR (%) »13£0037 2310107 2.45:0.04" 2.13:0.04

ii% a ab b a
WGR (%) 0.99+0.13" 1.19+0.12" 1.37+0.09° 1.00+0.04
’gﬂcﬁ%ﬁ 2.83£0.20"° 2.22+0.26" 2.4+0.25° 3.05+0.08"

VE: SR A R L 5 B ) I ) BOR R 41 AL
H B EME R (P<0.05)

Note: Different superscripts after means indicate significant
differences (P<0.05)

SGRAIWGRH) &2 & T C4L(P<0.05). {EFTA s
AhEEH H, MR S AR K PERE, HFL.
FW. SGRFMWGR) 3 = THA, (RS LA T R E
75 (P>0.05). 5 HARFRbRAH I, FCREILSE R FE
i EFHREa s, HRE 4 FCR & 3 & T L 4l
(P<0.05), (H5 CH LM EL A i35 22 57 (P>0.05).
22 RIEXTFECFEHIT AR

KBTI E |8 MT ASHL, & IBAT NER I
FEAE, B FLVAG N3 BAT RS TRAR, 20 A4 1)
BENSH. Wl XIS SIRAS

MIRMNIFR LSS W& 3a
JIT 7, Bl S0 I A) 38 0, V8 BCP il 1R P 25 FE 3 2
BTk ss, (HSREAR EFESAR . c4
TEBEAN FEREHIA] N P Y FE AR P AR . X T34
AT A F A SR, VT IS i (10~ 357 3 FEE 357 i s [) 4
IR E FFREa . £ S, MALF KT
fiyh {1 T~ 350 38 5 32 25 v T LA ATHZ(P<0.05), LA S
HZH 2 (8] T 5.2 % 7 (P>0.05), C4LE F LT3
H AL FRZH/(P<0.05).

WP 3bFTR, CALRILAL VR BT fifl 1) 5 K i
£ E FEAS 206 W F) 9% A 5 A 1b(P>0.05) . M4LAT
HZH 119 5 R T 5 [ i 36 B ) ) S 2 R IR 3% |
Fhitadh . 7ES25630d)5, MALFTHZH &) i i) f K i
B3 T CANLAL(P<0.05), (HMZHLATHZH, C4
HLAH 2 A6 % % % 5(P>0.05).

RIESTIFR iR XISEm W& 4a
FroR, CZH AL ZH VF EG P fih (1) ~1 ) 28 52 B ) 1) 72
RS S A [A] VA 2 35 22 7 (P>0.05) . ML ATHZ
4yt 7 A 1) B2 115 B I ] B e TR 34 in 2 30 4
TR, ERK30d)5, MALFTHZL Y FCCT- il )
A B 28 15 B I TE) S 2 I T CH AL 4H.(P<0.05), 15

M4 5 HAH 2 8 J6 2 3% % 5 (P>0.05), CH 5 LA
B) G 5. 3 22 5 (P>0.05)

W 4bfTon, CLLATLZH ¥ B fh £ o B 2241
15 B B[] 70 AN S 56 W W) 3% 0 3% 22 5% (P>0.05)
MZH o P SR 1145 B BT[] il BT[] 389 0~ A2 B, T
HZH B i () 38 0 2 B0 28 R R s, Hirp, Bt
B 15dke, HZH VR [P i (1) A el 32 015 B B ) S 251K
T H A4 (P<0.05); 7E525:30d )5, CALEIH 8 Rit
15 BA B 1) S 2K T M4 (P<0.05), LA 5M4 T 5%
Z 5 (P>0.05).

W 4cftan, CALATMEZE Y ECT-fifh 1) Y Bl 24t
5 B B ) 75 S S I6 B () 9% A I8 3 22 7 (P>0.05) .
LZH 1 PN Pl 2= U145 B I (1) [ BF ) 384 hn 22 1 17+, 1
HEH BE R (B3N 2 2 2% EFR&EA . fESL30d)E,
HAH VPt 0 P P 280145 B I () 322 325 vy T oAt Ak
HIZH(P<0.05), HiX34 2 [0 & A 3% 2 7(P>0.05).

IR X1 K e E R SR R0 WK sa
B, CHLVF I fif 19 B K %6 B I B TE S S 56 1

10 -
a
= S_ZC =L c
g M EH c
) o
w2 6 b6 Kb
w8 -
QP\JT; abb al {1 @
H—g;‘) 4+ b - ag
5 aapa
) 2&%@%
0 ¥
1 8 15 22 29 36 43
g
Time (d)
600

400

200

S Rk FE
The maximum acceleration (cm/s?)

1 8 15 22 29 36 43

it 1]
Time (d)

K3 AN TR R VT Il 2 2 A0 52
Fig. 3 Variation in movement parameters of Sebastes schlegelii at
different flow velocities
RFEL LI AR T RER R 7 7 2 (P<0.05); TR
Different letters above the error bars indicate significant differences
(P<0.05); the same applies below
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()% 52 25 7 (P>0.05) 0 5F T34 At i b BE 41 5k
B, VI DTty (1) d5 R e B IR B35 B I ) 38 o 52 300 2
# EItrfass . fES2630d)5, CLHF BTl i fe k
BB U AR T HA A T 1) A FE 4H (P<0.05),
ML T HA34H(P<0.05), I H., HAL R i K46
B AR 2 S T LA (P<0.05)

U] SbFT7R, HEHVE [ fifl (1 8 R 4 70 B A 5
U6 W IR % A5 152 25 7 (P>0.05) o CZH Y VE K 1k B I
) S35 1, MUZEL T Vi A o B 1) 38 o 52 2B T
HOLHA RPN T, HSLK30d T i, LA

o . [@AC CL &AM EJH
b
o~ ’ J[ u i.) abE i‘l‘ bﬁ: bE
ES o Al el fha fl
Eg g 60 ’|':aa; W a J”: :
Fol - B i vk g
i al B .
§E'§£ . . H jga L [@g
& g2 5 | TR 1w
E-e 0 g
B 2 8 .
B 2 )
sgg 20 H i
9 o
< = K
1 8 15 22 29 36 43
I R]
Time (d)
01, m@me @ ;
ég EAM KJH b Cc Cc bci
=y LR bbz Eb% ol offl o]
S B AT I
BT S - e ji X
Esd ! 2 a a a
M%g 3 : n i
mEE 10 1)
TEg ¥
=
<
o I , _ .
1 8 15 22 29 36 43
It in)
Time (d)
25 ¢
C
o b
£ ,, lE@C L
E o x M EH %
EEE
EZ o 15} b
&g e
=34 all a
Bz 2 10 a al
W= S a al th
T Ew
=S - K
< E‘@ |
<8 . .
o I :
1 8 36 43
fitR]
Time (d)

4 AN[E]IATIEE N PRSP i i IX 35 ) S
Fig. 4 Variation in preferred areas of Sebastes schlegelii at different
flow velocities

H AV [ fifh 1 3% BR M 4R 48 B B R T CAH AIM A
(P<0.05); 7ES2I0 45 o), CHLIMTE R PE B2 = T H
fth A VAL b B ZH (P<0.05)

W Schw, CHLM) B A fil 70 B2 AN 51256 17 1]
WA W3 2 F(P>0.05). XT3 is 4 ki, LA
FMZH VF [P fif 1 B R B2 fioh o B[] 398 fm 522 (2 3% =
Fh ) SA, HEH I B A2 s i [1) 386 i 2 08 25 R B
foash . Hodr, fES2I615d)5, LA FIMEA Y I bl
1) B A ik i 2 vy T Fe A Ab #E 2H (P<0.05), HLAE
M 2 8] 6 5. 3 7 5(P>0.05); £ 525630d )5, CALIT)

150

Zic L
FAIM E1H
100 |

BRI IR B

The maximum zone
transition times (Y&)

4
(=]
T

20 1

—_
W
T

TS

XXX I IR
+ o
(X

TR
Activity (%)
S

7o
T e

36 43

i} 7]
Time (d)

200

ZF o

—_
wn
(=]
(o

3
>
C ale)

100 |

Lt Bz
Physical contact (%)

D
S
2
o

1 8 15 22 29 36 43
i)
Time (d)

5 R RN VR il SRS
Fig. 5 Variation in activity status of Sebastes schlegelii at difterent
flow velocities
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B A B 25 = T HAL(P<0.05), HAL 53K T Hifh
AbHH (P<0.05).
3 iTig
3.1 CREXFR i KA

e Ak 77 58 P 58 0T LA 75 B 0 5 11 M e R4 A
Ao B D 25 Ak, 4R K PR SR A B A s Y. A
AR FE 25 TR I, 38 B A B RE s e (2 i fa
KA REAIAR RS B A [RI AN, 47 o2 1 A 7ok 22,
ARBTG5 B PR, LA FIMZE Y B fif ) A K g
BERE, HirPMAMFL. FW. SGRAIWGR & #
A AR B2, B A 0 AR KM RE, X U
M IE /N T 1.5 BL/sI, Fifi 35 0 i34 0n, 1 [P fif
A B TR sh . ARABLIA 45 SR th 70 R % K R
5 fi(Oncorhynchus tshawytscha) BT #(Onco-
rhynchus mykiss) ml*ﬂﬁ(@‘#@ﬂ&zlmo salar) 8 g
F 7 A M IE B o 3X — 7 T AT RE A BT IE A KR
S AATIRKIZ S, WD TR 2 R sk
TSR B A5 ST T R R & 2, 5
— J5 T, & B KR N R R D) fR R
BAE R AL 134 T 35 B, AR I =
(RS B8 1 5 4 Kot et

HALVF B i (1) 35 T0UAE K8 bn LR B, X m]
RS2 IR 2.5 BL/sHEIT ¥ FGTfih (1 55 K mT KR 2L 50
HRE, TN T & N R, RO il AN AR R R
o PRI KR, XA AR JFE AN F T AR K I R R R
B TiEzh BB 05T, g v v s o e 2K
I HEAT FBREE A2 Bl AT 51 D A N 38 e I A
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FLOW VELOCITY ON GROWTH AND BEHAVIOR IN BLACK ROCKFISH
(SEBASTES SCHLEGELII)

WANG Jie"’, ZHANG Jia"’, ZHANG Xu"’, LI Hai-Xia" >, HU Yu"’ and MA Zhen"’

(1. Key Laboratory of Environment Controlled Aquaculture, Ministry of Education, Dalian Ocean University, Dalian 116023,
China; 2. College of Marine Science and Environment, Dalian Ocean University, Dalian 116023, China; 3. College of
Fisheries and Life Science, Dalian Ocean University, Dalian 116023, China)

Abstract: In order to investigate the growth and behavior of juvenile black rockfish (Sebastes schlegelii) under diffe-
rent flow velocities, four treatment groups were set up. The average water flows velocity of the four treatments was
maintained at 0, 0.5, 1.5, and 2.5 BL/s, expressed as C, L, M, and H, respectively. The experiment lasted for 43d and
eight behavior indicators were analyzed. The results showed the following: (1) The final body lengths in M and L were
significantly higher than those in the other two treatment groups (P<0.05); the final weight, specific growth rate and
weight gain rate were significantly higher in treatment M than those in treatment C and H (P<0.05); the feed conver-
sion ratio was significantly lower in treatment L than that in treatment H (P<0.05). (2) After 30d of the experiment, the
accumulated residence time of the outer-circle area was significantly lower in both the M and H treatment groups com-
pared with C and L treatment groups (P<0.05); the accumulated residence time in the middle-circle area was signifi-
cantly higher in M and L treatment groups (P<0.05); the accumulated residence time of inner-circle area in treatment H
was significantly higher than that in other treatment groups (P<0.05); the maximum accelerations of M were signifi-
cantly higher than those of C and L treatment (P<0.05), after 36d of the experiment, the average velocity of the M treat-
ment was significantly higher than that in the other treatment groups (£<0.05). In conclusion, moderate swimming
training significantly improved the growth performance of juvenile black rockfish, and the optimal flow velocity oc-
curred at 1.5 BL/s under the present experimental conditions. Flow velocity significantly influenced the behavioral
characteristics of juvenile black rockfish. Behavioral characteristics, such as regional preference and activity status,
could be used to assess the respond of juvenile black rockfish to various water flow velocities.

Key words: Flow velocity; Growth performance; Behavior; Sebastes schlegelii
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