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1 5% i (Seriola lalandi)J& T #JF H (Percifor-
mes), #5%}(Carangidae), fifi/&, &—f7E £ BRiE
R oK BRI 2 0 A R & T a2, TE
W E B W RURIG A A, BAERKEE
. RBESE  EREE S MER ST, &
HT T ARPEAK . WARPURIR A& 2 /A ™
Pk, TR E & R T T R O ) AR i
ARk, BB WA TEFRARMN RN, HIRM
MBI BE Z 5K o TR 7K™ 8 0 B 57 58 N W 4 i
Rt R, PRI TR AR K BT . 558 % B SRR
Sy R SR A S i U a B FR B R T B

K B H: 2022-03-18; f&ITHHA: 2022-04-07.

TEFRBE A 7 v, H8 e B 97 B L 2 5 B R
FU ARG . AR 2, BPLIARE IR
BURGNE, dE— 21 I7 58 0 28 1 1 IR AL 4
MEETH SAh, BAHBIR R, BN IR
JEE Ty % #0 J8E RONL I, AEALIA T WA A B B L
ERER AR IEA MBS . MU P B TR L
A K Y-S N T P9 8 T A G AL 7 17 33
ARAS, AR I i) Ak 458 v 7K DUl 22 2 M LA G
TR REDIRE o R, B Y R 8 AR S AT R
AR g | FESECE RN, DA S B LA
L2036 A K AN B g, AR TR S RE T,

HEEWA: HEEHESH&H R E(Q019YFD0900901, 2020YFD0900605); H e 2% 4\ 25 TR RHIF B it SE AR 55 2% 4 301 2 5 10
H(20603022021011); H E K =B} 24 8F 58 Be 3L A BT AL 45 27300 H (2020TD47); W0 BB AL Y A AT B EAR A 7= b 47

AR Z T H (CARS-47).

EE B 2M1985-), L, 14, BYFRAFSR A, AFET7 K f 2 i e 5258 . B-mail: jiangyan@ysfri.ac.cn
BEEE: B, W50, W55 K 23S 355 H R . E-mail: xuyj@ysfri.ac.cn



559 4]

TR T AR B L X B AR A R A B AR 1) R 1291

ERFHUAR IE # 0 R BRI eV 12 R, X FEERK
FEHH R G T A 85 (Scortum  barcoo)id H IR HH %
IR T R R, BRI SRR B T kA K
PERE), SXATRESIRFEM AR . Al Ik FRIEME
KAFHUIM I, ik, AR5 % B R P = 9o
YRR IR A RS R &

H AT, 56T 550 % B X ¥ 2% il A= B RE 52 i)
A 5T v AR DL AR OCHRIE o AHIF 5T LA ¥ 258 A % 42,
WA IR AR B A AR s . RN E E2H 2
AR AR AT, TR T TR 55 T AR 57 5
5 JRE R P AR A MR R RN AR B AR S ), A
T AR SR AT ¥ SR 5 B ARG R, A e
SRR fa B SR A AR P R R ER I AR S

1 #R5EFEZE

1.1 XRESFAETIE

ARLITERE & A E A RA R T L3R5
RN TFRE, BRI N T F WA IR 5 M A 1
W5 A0, PREEHURS AR . IR IE R . fl RS Tk AR
R SR, R S fa B AL A T UK IR
3 m’ MBI B AR KA T AT IR, IR0 )
SHEB 11 JR FR B B i 7% 5 S 1 A A B SR A %
(15 B/m’ )i AT, RAMmK . Hgaamy X
FR5H, HEKRY) 400%L) &, HaERER 3%~
5% PEME VKR L35 fh.(Ammodytes personatus), Ff:K
P 2 O IE R SRS SR A e
KA R YINFE 2 WG, #2523 d e R IEARE,
SR I 12 BRSO U T 17 9 77 3k %) e 305 U ARl A 7
i i 55 SR BENLAT AR, JF TR IE SR, MR R
¥k PRK(33.1240.83) cm, “F-I1R T (565.83+
70.22) go 1E I I] B 77 58 B BRARAE SO0 F By
BWAR, D3R5 LS s v IR K R 22~
27 C, #|EH 29~32, WA ST EALT 6 mg/L,
12 XWEITESHEREE

SCEEE 3 ANEEANERA, S0y
(30 B/m’)y. i EH Q0 B /m’) AR %4
(10 B/m?), LB E 2 AN FAT, FRIESIER
JAK 60 d, SEETFLAHET(0 d). 30 d #1160 d 43
AT AR KR BRI i, RO RS TA T AL B ALk
1k 9 BN EHE 18 ), 4 MS-222 Bk

e, TR . REFREARAN R Sl sk, W,
SrPITESCIRES 30 KA 60 KT HE A i ik Ak ik
W—E sy Mk, Hrp B by 12 B
FEfh R 1 mL 08— g e, JR7E
4 CUKFIH#E 4 hJ5T 4 C. 4000 r/min 5c1F
TEL 15 min, W EIEWAE A ISR, PR
BB 12 A LT R A5 B R RO Rl AL
BA 3 AFATHE, T I35 03 R0 o 4 4 25 48 b
FRTI o387 o RS ALPRA ARG 6 8 £ fili B P BE
VA R 89100 TU/mL) Y — U R LS, P
IAEFA™ A b v 55 i R BOTREALIR N 3 AT
R, T I B A3ATT o Bl SRR S f EA T AR,
BITRELHSOTARE, 0l R F AR 0 IR
B NELHZIREAS, B U0 A Ak 3 2 1) JHF I/ i 2 21
AP T AR By AR A AR S, R 5 mL 7R
B T80 Crofifr, M THLUEIR R,
1.3 £ KiEHRNE

Fie BT T3 0 06 o R B AR A 0 R
(weight gain rate, WGR) . %F & 1k &K & (specific
growth rate, SGR). HEi# & (condition factor, K)Fll
JFAR 45 £ (hepatosomatic index, HSI):

R (WGR, %)=100%x(W,— Wo)/ W,

FEE A KR (SGR, %/d)=100%x(In W,— In Wo)/t

I (K, g/em?)=100x Wp/L?

RS RL(HSI, %)=100%> W/ Wy

P Woo W, 3 01 2 S5 5640 46 R0 BURE B[]
MR GRE, g); ¢ A HUREIN (] 550 1
[ FRFE I [E] (d); W M ARAE (R, g), L WIAK
(cm), W A A — B A HFEE@RE, ).
1.4 A& LIERENE

ENS g Rl N RSV R IO R i) 5
(white blood cell number, WBC). Z£I4H fifi % (red
blood cell number, RBC) , H1 447 4 i £ (neutrophil
number, NEU). ¥k 40 HI%% (lymphocyte number,
LYM). HHki4i e/ 43 b (neutrophil percentage,
NEUP). #kE4ff A 43t (lymphocyte percentage,
LYMP), 4] H (hemoglobin, HGB). ZL4iffi/&
1 (hematocrit, HCT) . “F ¥ 21 4fi }fd {& £ (mean
corpuscular volume, MCV) . [fil./M(platelet, PLT),
SEH /M AR FR (mean platelet volume, MPV), K H
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Basic S25 (IKA, fEENHLSIKILAIK, £ 4 C.
5000 r/min £ F #5030 min, BUEVERAE AR
Mg OB, 40 4% B e o i AR ) TR S T 1
ALY L A T (superoxide dismutase, SOD) ., #i§
W52 i (alkaline phosphatase, AKP) , i 11 i ik il
(acid phosphatase, ACP). % N ¥% & ¥ (alanine
aminotransferase, ALT) , 4 5 5% 2 Jiff (aspartate ami-
notransferase, AST). N R (pyruvate kinase,
PK). % Fi(lysozyme, LZM)&IMIR ] & 15600
5 FLPE P . B2 B (cortisol) . ' |- i 2 (epine-
phrine). 4K ¥ 2 (growth hormone, GH)., 285
Z 4 KA F(insulin-like growth factor 1, IGF-1)
S5 MLTE PR 5 b ¥4 BB ELISA 35 & Ui B H itk 47
K, 1ML i 6 45 BE (glucose) ¥4 8 e 5t & Bl A W) T
PRI T 50 S 0 B B 0
1.5 HiEALE

FER B | IR A A K AR A, B

A4 A T AR Sy BIE R AT RS . R
SPSS 24.0 B xS g B Him AT B R Oy 22 00 B
(one- way ANOVA), F|H Duncan FGK 5%} 5—
HUREIF ) 25 Y 3 AN REA R A 22 7 B Mk T £
R, SR T-test K6 56 % [A] — 4~ 88 13 40 114 2 N B
B[] A (R AT 22 5 b S A BT, I KO
P<0.05, it B8 24k AP B AR 1ER (¥ +SE)
Fr

2 HBRE5HH

21 I HFEZENELZEERKNOEME

W& SR R T, TE L) AT &
60 d FRFH, WA E R Fre B KR ERE
ETREHHE(P<0.05), MEWE R T EGEEGEE 1.,

[l —FRAH 5 AT, RS SCRMIET, &
KEEPR , WER FrE bR RWE . R
FBE A KIS PR E BRI LT, PR
HIPARBEAFEE KR hEEANREEE
KR RS A IR FR B, AR An N
30 d IME B FE T 60 d f(P<0.05)(FE 1),

xR 1 AEFEEEXEFEERIERORM0

Tab. 1 Effects of different stocking densities on the growth indices of Seriola lalandi

n=18; X +SE

f8 4% indicator

K% FE low density

125 B medium density % ¥ high density

WA A TE /g initial body weight 0d 573.5+44 .36
KR AT /g final body weight 30d 636.33+36.88"
60 d 891.07+43.46%*
14 R /% WGR 30d 13.64+1.38°
60 d 56.22+3.834¢
FERE K %/% SGR 30d 0.43+0.04°
60 d 0.74+0.04
36 /(g/em®) K 30d 1.33+0.04%°
60 d 1.70+0.03
FFAARTE £0/% BST 30d 0.95+0.06*
60 d 0.81+0.04

532.675+17.33
586.67+23.46°
753.30+£43.04B°

591.325+40.61
656.83+38.50
700.20+57.838

11.80+1.94° 15.01+2.87°

33.32+1.39% 28.42+2.97%
0.28+0.06 0.46+0.08
0.48+0.02° 0.42+0.04"%
1.20+0.025° 1.30+0.05°
1.70+0.03° 1.67+0.03°
0.58+0.03%° 0.66+0.025°
0.78+0.04* 0.86+0.03*

T AR AR R — HORE I 8] [ 57 5 4 B2 A1 A7 7 235 22 57 (P<0.05), ANIR/NG Bk 2 [F] — JR 50 4 BE A [R] ORE I R4 7 225

225 (P<0.05).

Note: Values with different capital letters represented significant differences among farming densities at the same sampling time (P<0.05).
Values with different lowercase letters represented significant differences between the two sampling times in the same farming density

(P<0.05).

22 T HSFETEXTESKEID iR EREE NI
U365 J32 L BT A P v P 40 L 9 L 40
S AN 1A = N 1A Y TR S 1A TR AR

M S B FRIEFRAE 30 d B % T rh 25 i
20 R % A (P<0.05), H B R 4 i 4% B 4 (]
Z 5 AR EE (P>0.05); =5 4] S Y 1410
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BAE 60 d B E TR . P 4(P<0.05)  (P<0.05) (& 1), 1R —BURERT ] &, B FARER .
(£ 2). B BT | 2 W KV 2 B A R T %) T R T O T
BEE LI TR, 3 B BIRER L BT &, JF HAA R ] 25 7 1 (P<0.05); KRR R
B RS RAKE T ARME . WEESK  AREF . ARKMEKCE RS % R T 2
AR E T, Ho60 d IR TR ER T3040 TR, B 25 B (P<0.05),
2 AEAFEFEXNEEZHOESHNZN
Tab. 2 Effects of different stocking densities on blood physiological parameters of Seriola lalandi
n=3; X +SE
e 30d 60 d
indicator % B o i TR R A i
low density ~ medium density high density low density =~ medium density  high density
140 M %0/(10°/L) WBC 7.9+0.94 9.74+0.90 7.30+£0.37 7.52+0.76° 8.100.88° 13.56+0.83"
LT A %/(10"*/L) RBC 5.13+0.27 6.22+0.37 5.74+0.58 6.57+0.29 6.56+0.20 6.73+0.30
R4 %/ (10°/L) NEU 3.15+0.52° 6.35+0.30° 4.03+0.54° 7.40+0.66 6.85+0.73 6.13+0.30
WhEL4THI %/ (10°/L) LYM 5.28+0.12 5.00+0.94 4.50+0.72 6.23+0.79 6.62+1.25 7.03+0.67
RPN E 4 /% NEUP  31.4442.58 33.94+2 .83 29.98+2.24 38.60+3.07 39.72+2.43 31.18+2.50
T U A 4 L /% LYMP 37.40+1.35° 59.80+3.33° 52.06+5.96" 61.55+4.94 48.44+4 81 57.60+6.15
M£LE F1/(g/L) HGB 99.45+3.91° 132.40£1.75° 132.60+11.88° 140.18+11.92 145.12+2.15 128.35+8.71
L1 ML /% HCT 31.50+2.57° 41.40+3.17° 39.40+1.83% 41.22+2.09 40.72+2.71 39.48+1.61
P4 AR FUFL MCV 54.3242.64 61.70+2.89 57.94+3.55 59.30+2.74 58.02+2.57 63.80£1.03
Ifi//(10"%/L) PLT 369.17423.33°  598.25+65.77°  500.20+66.78"°  382.50+£49.63  443.53+£64.14  479.60+40.29
SEE /MR R F/FL MPV 4.00£0.15° 5.52+0.21° 6.12+0.50° 4.68+0.41 4.32+0.57 5.02+0.46
o ARIING PR ER [F] — HURE e [R]A [R] 35 58 2% 32 6] 77 £ 1. 35 25 57 (P<0.05).

Note. Different lowercase letters represented significant differences among different farming densities at the same sampling time (P<0.05).
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Effects of different farming density on serum hormones and glucose of Seriola lalandi

c n=3; x+SE Aa

Different capital letters represented significant differences among different farming densities at the same sampling time
(P<0.05). Different lowercase letters represented significant differences between the two sampling times in the same farming
density (P<0.05). SD1, SD2 and SD3 represented low density group, medium density group and high density group, respectively.
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W& SU A HEAT, AR . v R A A
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PK S BGPEACTE 2 5, CH 30 d BHIREE
4R LZM , ALT , ACP . PK K& 400 ALT .
PK ittt 5 60 d (9225 B3 (P<0.05), HAZERY
A2 (P>0.05) (F 2).

E 200 ra mSDI1 n=3; T4SE aév 150 b =SDI1 n=3; X+SE A g 200 SD1 n=3;x+SE A
¥, 1s0] =93 A o135 32 2180
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8§58 B AB B i & 90 25
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g 80rd ,gp; 7=3;X4SE A 56 ¢ wsD1 n=3; X+SE
%0 .§B§ ) g 50 uSD2
~ L [ <
ez % % &€
% E 50t gg S 38
oo M 32
W2 35¢ 3H é%
% = 26
20 0
& 30 60 2 30 60
SEG A/ time SLEGATE]/d time
#2160 5302 Fr o 2321
o & & 5 &
§§.5140- Ba? %‘a% 204
279 o 20
%E;‘luo— B 85w 176
# 22 Bb &=~
&g “100r i 148
120
30 60 30 60
S A]/d time SCIGETR]/d time

2
ANTR R R AR R[] — TURE IR Jva) AN ) % 285 B () 47 A i 31 22 5 (P<<0.05), A [R)/NE “F R RR /] — FR 5
2% B AN [ IURE B[R] 7776 1 38 1t 22 5 (P<0.05). SD1., SD2. SD3 Zr#lZFmflk. o . m#E4.
Fig. 2 Effects of different farming density on biochemical indices of Seriola lalandi liver tissue
Different capital letters represented significant differences among different farming densities at the same sampling time (P<0.05).
Different lowercase letters represented significant differences between the two sampling times in the same farming density (P<0.05).
SD1, SD2 and SD3 represented low density group, medium density group and high density group, respectively.
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160 d B 1) SOD {if P2 5 A W 4N P>0.05), Hgx
BEUARE S () A5 P G 0% 1 350 S v 88 P 2 I 2 v TR
4H(P<0.05).
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N[5 7 B ¢ Xk 25 AT U 2 A AL A B4 5 1

TG 1 203 W T i, AR 30 d IR ES BEZH AY SOD
ALT. ACP, PK K| Ei# 4 ACP IG5 60d
) 22 5 b 2 (P<0.05), a2 5 301 W3 (P>0.05)
(K 3).

3 itig

T L% B E K E KR
I "L 1) SR R A R £ 2R B i B 2R I 5 I

3.1
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8 »35F msp2
a = A
> m SD3
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EIEY
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£ <20
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30 60
S HFE]/d time
240 g mSD1 n=3;x+SE A
212 mSD2 A
& m SD3
g2 184
o 8
S o 156
<
128
100

30 60
S A A]/d time

AN [5) 37 B 5 JEE 0 S 24 B S U 2H U A A RS A 1) B2

TR RS R AR [ — JBURE IS (1) AN [7] 57 58 2 B 18] 47 A6 22 25V 22 57 (P<0.05), ANJR)/INE T3 3R i) — FR 4
885 AN ) JBURE B ) 7 7 J 35 1 2 5(P<0.05). SD1, SD2., SD3 2 JIR/RAIK, . s 4.
Fig. 3 Effects of different farming density on biochemical indices of Seriola lalandi kidney tissue
Different capital letters represented significant differences among different farming densities at the same sampling time (£<0.05).
Different lowercase letters represented significant differences between the two sampling times in the same farming density (P<0.05).
SD1, SD2 and SD3 represented low density group, medium density group and high density group, respectively.
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(Amphiprion  percula)®" | Wi [C 7 (Acipenser
schrenckii)[zz] . RPGEEEE(Salmo salar)[23] . HEH
Xf WF (Fenneropenaeus chinensis)'” 45 1) 3 # % 25
I R R A X T R R R Y SR
X FRFE SN IIE AL . WWCE SR BT K A S
S, AR T RE R YA O R, T S e BILAA 1Y
AR S A, FR G R xR a2 5
[H] BV TS, FEWUARRRIHAER M, M
wRUE K

32 ITUHFEEENHEEHNEEEENN
M

L A= A AL B LA B eIk
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TR B, i 8 AE BRA A A 19 A2 fb 2 LA
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Ze A B[ PHAR A6 A.baerii( Q)i BB () ]I
v I 2T 2 1A 7K - Bl 5 B R A B Y, K
W55 B0 Ze S5 i (C. maculatax C. argus)? 4L
AR R R DN E B A Y SRSy IE|
fBlo HEN X AT RE 5 S U0 1A v 1 SR 4 FE R
TER A E] . B ER TS, X EAERE
RET kA BE /) EORE B A OC . B 9250 1Y
R R, B SR A 1 4 KT i AR Ak sk T
o R 2 S K A7 B AR 2 A A, fa A
B PE IR AZ B — o B ], S B I R A
FFEAR AT TR

B ol () R T e A AR 1Y, RERS AR A
Sy REWITHAE . MBS B T2 B BT B I [A]
b TR A, ) 2 S BURAR AR RIS, 5
K7 R . AWESE T, R R Y R Ak
THE AR, BB B A B B AR
R AR R ER TR, hEEA, JFH
TE RS T8 JA I N BB AE R AR 3 i /K F, 3X 5 R
5 (Oncorhynchus mykiss)™™ . KZEHFP K pG 3
fE P B 25 SRR, o S v 4 B 0L f A e Bt 5
9 I e A= K A2 B i JF- B i s T 2218 1Y 2
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Effects of industrial stocking density on the growth and physiological
characteristics of Seriola lalandi

JIANG Yan, WANG Weixin, XU Yongjiang, LIU Xuezhou, CUI Aijun, WANG Bin, ZHOU Heting

Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences; Joint Laboratory for Deep Blue Fishery
Engineering, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071, China

Abstract: The yellowtail kingfish (Seriola lalandi) is a globally distributed pelagic migratory fish species. It is
considered a promising species for the aquaculture industry worldwide because of its high flesh quality and fast
growth. Therefore, the demand for yellowtail kingfish has increased in recent years, which has caused overfishing
and a drastic decline in natural resources. Large-scale farming started in 2017 as seedlings production technology
was established in China. Practice has proved that farming this species is suitable in both net cages and industrial
farming systems. With the growth of the scale of farming, it is urgent to determine the key parameters, including
the suitable stocking density and other factors, to establish an efficient technology for industrial farming. The
stocking density of marine animals is a critical parameter in aquaculture management. A suitable density could
reduce the stress level of the farmed animals, which will be beneficial to good health and rapid growth. To
investigate the optimal density of yellowtail kingfish in land-based industrial farming, this study was conducted in
6 circular glass buckets for 60 d. The effective water volume of each circular glass bucket was 3 m’, and these
buckets were divided equally into three density groups: 10 fish/m’ (low-density group), 20 fish/m® (medium-
density group), and 30 fish/m® (high-density group). After domestication, healthy 1 year old yellowtail kingfish
[(565.83£70.22) g] were distributed into three density groups according to the density rule. The water temperature
was 22-27 °C, salinity was 29-32, and the dissolved oxygen was higher than 6 mg/L during the experiment.
During this experiment, the growth performance indicators, including weight gain ratio (WGR), specific growth
ratio (SGR), condition factor (K), and hepatosomatic index (HIS) were measured and calculated, and indicators,
such as blood physiology (e.g., white cell number, red cell number, hemoglobin), serum biochemistry (e.g.,
epinephrine and cortisol content), and the non-specific immune enzyme activity of the liver and kidney tissues
[e.g., activities of superoxide dismutase (SOD) and lysozyme (LZM)] were detected. The results showed that the
WGR and SGR of yellowtail kingfish in medium and high-density groups were significantly lower than those in
the low-density group at 60 d (P<0.05). The SGR of the low-density group at 60 d was significantly higher than
that at 30 d (P<0.05). However, there was no significant difference in the SGR of the medium-density group
between 60 d and 30 d (P>0.05). Moreover, the SGR of high-density group at 60 d was lower than that at 30 d.
The changes in these growth performance indices indicated that the higher stocking density had been stressful to
the growth of yellowtail kingfish. During the entire experiment, the contents of epinephrine and cortisol in the
serum increased significantly at 30 d and 60 d with the increase of stocking density (P<0.05), whereas the contents
of growth hormone (GH) and insulin-like growth factor I (IGF-I) in serum showed the opposite trend. The
activities of SOD, AZM, ALT, AST, ACP, AKP, and PK exhibited a trend of increasing significantly at 30 d and 60
d with the increase of stocking density (P<0.05). The changes in these physiological and biochemical indicators
showed that the higher stocking density created stress on the physiology of yellowtail kingfish. Therefore, from
the perspective of growth, physiology, and production practice, the low-density group (20 fish/m’) is the
appropriate density for the industrial farming of 1 year old yellowtail kingfish. The relative results provide a basic
reference for further improvement of industrial farming technology for yellowtail kingfish.
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