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1.1 LWARGRLWIE LRI
AP Bk BE (B FE ) AT o 7 BEAR KU A K 5=
Bl 2 50 PR IR E S0 AR AR BB T AL AR, JK b B
TCALFE AR R AR G UEAE 2 10 pm) FIZE Py g
T GIERLA I B T TR =2 ) 5545 o

FRFE MR IE J7 TE BB M F2FEA (1 mx1 mx0.9
m), JIKTPE IR, ZECEAR 77 [ 5E 0.25 mm
15 S A SR RL I AE, B AR 3 554508 3 AT 1Y)
FRFEPATT, ARG 2 AN, FRENAE
RN IE LN 1~ 2 cm BTRYY . Ak h
HAR 0.6 m, 75 0.65 m MR L@ BURHEAR, £
T E A A B S AR R, HE R L s 1 ] (R
FO) 2R kot . Wy B IR BE A M KRS FE 10 um
FAHRG 2 aod BE R, FRIE S ITK AR R 700 L, A4 0E H
KA 100 Lo HAEFREA 7.2 m’,

SIZUG T O B AR RV AE R, I 9 e e P
WA YR A BR 2 A, R A AR 4R TS
(0.023+0.006) g, L i 5E Ky (4.58+0.75) mm, ;i
URFETE R (2.72+0.48) mm, K/NAE), (BRI -
12 TWHZE LRS- N4AH, KRR FS5H
D1 ~ D4, 5 5l X} [0 57 58 %5 BE 2 1.2x10%, 1.8x10°%,
2.4x10* #13.0x10* H-m?, &4l 3 MEHE .

FERER I LA 8:00 HEATHEME, FE 0 i) PR Ry
Bt (K405 (Ostreidae) A, B H AEEMEERHE 28
BRE AT R 1Y 30%. TEFRFH IR, 4 4 h FHTEK
W IE H K T AR FERR v 2K T AT, SEERIHE R 30 d
(2022-09-13—2022-10-13),

T R S HESR (1732 sh AR & s 00, A3 5 R
1 R FEGE I A /KRR SRR i, I T 52 90 45 A
MFHERSTC , 7298 . IR FAAE %

FETEH(SR) = LI 45 R HEIR £+
SEEGFFURHERREL x 100%;
FoRH KR =( LARFEK - PIRTEK)+
WIhFER x 100%;
HWPEBAERKHE = (ZREK - WItRTK) <30,
1.3 HMmRE FELKABLE ARG, K41
HEMRZE1F 24 h YUBRAL PG FREE . 715k, MBS 55H
HITHRREHNLIRE 10 1, BHEIR 724NV vk T
i, FORIRSE, BUH IR A, B RAEAS T, Sz BRI

N A HEAT R, SR A R T VK AR
(=80 COPRAE, TS Fa .

PR BCHT 5 IS B 10 gCRG 8 2 0.1 @)l T 250
mL =3, in 100 mL S AL A (2 mol-L™),
FH A% e 98 98 %, ¥& ¥ 30 min, 57 B 3 € T 100
mL =, PR AR (NH, -N) A

FREGHTEEIR T 10 g LA 100 mL = A, fin
A 0.1 g HRERES FI 50 mL 7K, ZE 35 )5 P& 7% 10 min,
FE 5 min, 218 BV, H TR S A (NO, -
N) FR BT RS A (NO; -N) AT &
1.4 BRSRIGFREVNE HEMRIK N o-TE 3 (a-
Amylase, AMS) . i Vil (Lipase, LPS) . & & [
(Pepsin, PPS) . i %A fb & [ (Catalase, CAT) . #2&
A5 AL T (Superoxide Dismutase, SOD ) FIPN %
(Malondialdehyde, MDA ) 7K “F-fdi i 5 &0 & il 4= 4
Fe AR W B A 77 o-UE B il I 3K & (Catalog No.
CO16-1-1) . g i il il 5 12751 £ (Catalog No. A054-
2-1). H & [ 2 K77 & (Catalog No. A080-1-
1) i AL S I 155 £ (Catalog No. A007-1-
1), B0 A e W B A il I 2 18 57) & (Catalog No.
A001-3-2)F1 N — 1 I 5 1k 7 & (Catalog No.
A003-1-2), F-4 B G P TE 20 Ul B 5 A i 20
BRIEAT
1.5 KFRIBFREIAM R 5 i K i 4 S A&
(NH,-N) . A& A (NO, -N) | filf iRk 25 & (NO; -
N) LR JEE J % 25 &0 (NH,-N) | 3 fil§ 245 & (NO, -
N) . FEFRZS 2 (NO5-N) By 72 352 REAH S bm i
ST A
1.6 BB ST 05 B0 DLOF 3 A5 o 2
(Mean+SD) 7~ . ] DPS Gt /it &R
77 2273 # (one-way ANOVA), % P<0.05 H % F
BE, P<0.01 NZESWEE.

2 HR5HH

21 ARENXIZEHIZEARZEE THEKMEEFR
FRENEL R 1 nIAI, FR5E % B RHERRAY LR
FeRK A B EF o (P<0.05), Hd, DI & &

[ (11.18+1.08) mm ] , D4 2H & ik [ (8.91+0.83)
mm | o FEHH T HERR Y H S A KO A
FH (P<0.05), Hod, D1 élfie i [ (0.22+0.04)
mm-d"' | , D4 4 f A [(0.14+0.03) mm-d" | .
B %5 FEE T HERER 1) e RIS OR A 10 3 52 (P<0.05),
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Hrp, D1 8 [ (144.10424.58)% | , D4 4H 5%

[ (94.54+18.12)% | o FR7H % B X HE R 1) £7 95 %
A7 i 25 (P<0.05), Hirh, D2 2l e [(94.77+
2.18)%], D4 A Ak [ (57.84+1.90)% ] o

R 1 AEIFEREN TR KIZHER

EKRERENZN
o 2R HIEHAK Tk pears
R K/mm EE/(mmd') KR/ 1%
D1 11.18+1.08a 0.22+0.04a 144.10+24.58a293.69+2.51a

D2 11.14+0.72a 0.22+0.02a 143.23+15.72a94.77+2.18a

D3 8.92+1.14b 0.14+0.04b  94.76+24.89b73.08+0.80b

D4 8.91+0.83b 0.14+0.03b  94.54+18.12b 57.84+1.90c

TE: AN PR R AN 2 [ HA 25 125 57 (P<0.05) .

22 TEZEEARKRIE WE 1R, 579
a5 X 0B B K R R 0K T Y NHL'-N e FE 8
A % S0 (P<0.05). DI, D2, D3 41 NH,'-
N Wk BETES 5 KM A IS, D4 2119 NH, N ¥
RETES 10 KA BIKIE( . NH, N 7 W E 5
G5 JE I T 125 1 5 T %5 (P<0.05), Jivf, D4 41
(9 NH,'-N ¥ & W frc 5, O (1.2140.12)mg L,
D1 4 /% NH,'-N ¥ [ I {8 5 (%, Jy (0.50+0.05)
mg-L',

15
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g —D3
— L
5 10 D4
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>
= 0.5 i
z \,
0 et —
0 5 10 15 20 25 30

i al/d
B AR PSR ARE

WP 2 Jis, FR5H % B WG PR K S5 & ek
JBT ) NO, -N e BE 57 0 7 1t 25 5% T (P<0.01) .,
A S I TE SIS 25 KK T NO, -N W
U, HNO, -N ¥ B 1) WA (L Bl 55 5 %% 1) v
I 5 2 T i (P<0.01) . i D4 2l f e, S (1.90+
0.18) mg-L™', D1 4%, *~(0.18+£0.02) mg-L',

mE 3 fio, 7R R B b, NOs-N AR
R, FEL B A, DI, D2, D3, D4 45 4111
NO;-N ¥ B 43 5l A (0.50£0.05). (0.52+0.05),

4.

-— DI
—— D2

NH, -N/(mg-L™")
(3]

0 5 10 15 20 25 30
FsJ ) /d
B2 ARFEZE TR ERRAS Rk E 2L

- D1
—=— D2

NH,-N/(mg-L™)
o o
IS o

e
to
T

6 é 1'0 1'5 2'0 2'5 3'0
Fif i) /d
E 3 NFSEET RN IR A 2k AR

(0.5420.03) #1(0.54+0.02 )mg-L',

UNE 4 BT, 750 % B XHE PR K 35258 2R Ge i
JiT NH,'-N ¥ B WA B 0 25 52 ) (P<0.01) o 5K
U545 AR SC I 5 5 KGR B — R IT NH,™-N ¥
JE w0, Horh D3 21 $5 i 4 (0.74+40.06) mg-L™', D1
HIAK, K (0.3140.03) mg- L', 7ESLI S 25 K,
25 S 2H MR HE RGBT NH, -N kB2 = e, Horp
D4 #H f &, 9 (1.38+0.14) mg-L™", D1 2%, KM
(0.4240.04) mg-L',

g
o

- D1
—— D2
L — D3

—_
(9}

JEBUEAS RIKE (mg- L)
5 =

(e

0 5 10 15 20 25 30
Fisf i) /d
4 ARFEEETPIRRESE NI EE

UNIEL 5 o, FRE 5 B X PR K 37 i R GL e

Ji NO, -N ¥ Ji 5 06 A W 2 & 52 (P<0.01) . D2,
D3, D4 ZH B JIE Jii NO, -N ¥ & T4 25 K ik 5]k
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{8, 1 DI 2H 59 i Jit NO, =N ¥k B IF oK Y 30 is Jo
NO, -N ¥ Jif @ 0 . Horh D3 20 W fe i, A
(0.15+0.02)mg L', D2 41 % {8 f% 1k, 4 (0.052+
0.005 )mg-L',

0200 .

—~ D2
I —— D3
— D4

<
=
O

=
—
[w]

0.05 |

JRESU SR AS R/ (mg L)

6 ; 1'0 15 20 25 30
i al/d
s RIS TR RS A

WK 6 Fios, £ 52584 P IR NO; -N AWt
THE, fESCE 45 ), D1, D2, D3, D4 & 4 s

BT NO5-N ¥ B 43 51 4 (0.034£0.003) . (0.074=+
0.007) . (0.066+0.007) F1(0.084+0.008) mg-L"',

[w]

[ - D1
— D2
| —— D3
— D4

0 5 10 15 20 25 30
fis 1) /d
6 ANEEE NI EmRAZ Nk EZE

2.3 AWMENIZHIZA TS EEE THEHLEEME
STEE Wi 7 Frs, SR B XTHESR AMS. LPS L)

Je PPS 3% 77 HLAT i 52 (P<0.01) . HERZA
N AMS 1 g B 55 58 %% B 1 4 s 1T I 3 R AR
(P<0.01), H: 7 D14 & &, b (10.30£1.02)U,
D4 4 fie iR, }(3.64+0.61)U, HEBRIAPIAY LPS 7if
73 i 37 B % 1 AR G T A PR AR (P<0.01), Horp
D1 41 & &5, (4.14£0.28)U, D4 21 5% &, 4 (1.93+
0.31)U, HEWZIRPYAY LPS 1% 1 BE SR E 25 B i iy
M 2 3 B AL (P<0.01), Horp D1 4 & &, (13.52+
0.70)U, D4 4185, (3.38+0.99) U,

= 2.4x10*° H-m?

3.0x10* H-m™

== | 2%x]104 /El'm’z

= 1.8x10* H-

5000
4000}
e 3000 |
)
£ 2000}
5 1000+ I i
R 15,
LI
5 ]]1
0
AMS LPS
TH AL
7 SEmsb sk R R T HEA 0 T T

24 FWRERIZHIZARRZE TS LEEE
MEXTEE W 8 BT, IR A % B X HE R SOD,
CAT LI & MDA 1 1% J1 B W B 3 5 i (P<
0.01), FHEZKN A SOD i 1 bifi 7 78 % B (142 &
T 4. 25 32 155 (P<0.01), Hirp D4 #Hfxemi, Ky (61.67+
1.11)U, D2 4H 5%, J9(49.54+2.94)U, HEMZIA P
1) CAT i 71 B 77 58 % & 1 4 v 0 0 35 48 v
(P<0.01), Hrf D3 41, #(70.23+2.6)U, D2 41
AL, K (56.56+3.94)U, HEMRIA PN Y MDA i 7
Wi 77 B %% B %) 4 R T A 3 4R = (P<0.01), Hih

A em2x]0f Hom?2 == 24104 Hom? B
go == 1.8x10° Hom- 3.0x10% H-m- 5.
Lé. 60 - %
o
an
€40} E
2 2
= <
20 + a
= =

o

CAT

SOD
PR AL

< < < <+
(] (] =] =]
— — — —
X X X X
N o] < (=]
— — N on

/(R -m?)
8 SURZE oI AN [R5 BE T HERR A (A) BLEALEE A (B)MDA 3% /1
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D3 #H##, 4 (10.12+1.65)nmol-mL"!, D2 £ H 1,
4(1.05£0.14)nmol-mL™",
3 it

A SIS R LY T A R AR PR K R G 5R 5 A
T, 5 B AR XS R A N () %% B T A R B AR
WFEoE &M, G K R 4% T, L DI(1.2x10°
Hem2) 1 D2(1.8x10* H -m2) 41 [ % Ji 3% 5 1 HE
WA K bR, 11 D3(2.4x10* H-m™) 1 D4(3.0x10*
Hom ) 21 1) 25 B 75 50 I AE AR A K8, X S5 7E Al
Z: (Apostichopus japonicus Selenka) . Ty 1A ¥ fifl
(Scortum barcoo) . ¥E% 75 % (Scylla serrata) . K4
VR (Salmo salar L.) P RIIFSGT 45— 20219, i BH
TEPRFR KSR H R 45 Hh aok v 100 8 B 254 5 B 2 XL
R A R

TESCIGSS 25 K, D1, D2 2H P i HEIR A FRAR 2
1EH, {5 D3, D4 4 FERR BB T B8N E, 17
SRS, HA KM HER BT FET .
X — 4 AT RE & A AH PR B Ak & ) NH,'-N
NO, -NRERH . TEIEIHF KIS, Tk
() 3% 58 5% 1 2 T 80 = i A R P E A 358 R
45, XL Y an SR TCTE R oy, S S8R
Bl 2R 5577 AR i i NH, N FIE NO, =N~ 171 F52 5l
FREE P NH,'-N H1 NO, -N #8220 724 A
PR 2 20 b 4, L 2 & S BRI AE Y
FET-US VL FERX PR IRIE AR, SR A 2 2 B
U AR W AE P 7R SEER AR 25 KA, D3 4161
NO, -N FlJi& ii NO, -N ik #] T (2.68+0.27)Fll
(0.15+0.02)mg-L™" AYIEAE, D4 411 NO, -N. JiE i
NH,'-N FHUE NO, -N #4315 7 (1.88+0.19) , (1.38+
0.14)F1(0.10+£0.01 )mg-L™" fIEAE

FE I AT T M T, TH AR AR H AL R S
R DG BR) T, LE PE  vR IR ELE OC R B AE Rt
BRI AR J1, T LT AR T R R
T AV RTEEE T . TEARSLIRZE AT, T B4R
KUSHEZAR Y i AMS., LPS Fl PPS (3% P 5 51
HBE S B G T e TR AR A, X T RE & TR
g it AR v I R Y NH, =N A NO, -N R B I (A 3R
T HERR A4V Ak R G0, AT EOHERR 1) B BROASHR R
AR PR AR 2T 3 Uh BH o i 1 55 5 2 s
IIEIR K FR5E R G0 17 7, DI BOK BTIBR, X
J7 BEAR RVHER 1) 1 Ak 22 G 1 AR

FEBU A AL BTG PR 7 1, D 2RAE Z R RS 1
TR B, A PN 2 AR A B ES - H B 3 (ROS), I
WGP AL R 48, Hodh SOD B e,
O, %1k A H,0, F1 O,, Bl 5 B TG 1Y CAT 224
H,0, 53 k1 HO, F1 O,, #7 A= YR N () ROS AW
R, EWIRN Y R G 2 A, -4
MDA, YE A B 58 b, D3, D4 2 #E B2 & P 1Y
SOD i P F1 MDA ¥ £ ¥ it % =% T D1, D2 41
(P<0.01). X Ut BH I8 R 48 ok = 19 NH,'-N Al
NO, -N ¥ B D3, D4 21 A B2 A0 T 5555 4 1/
BORZS . 1 D4 4 ) CAT 36 1 2 K T D1,
D2 41, AT fig 2 K Ry )™ 5 B W D4 41 R HE SR Y
AALRGE R TR, AR5, D3, D4 41583
FHE R MDA 5 SiiF B T3 —

ZE TR, AR A B RN 4 iR SR A 1 O
1% &, 1.8x10% H-m™ ()% B & L GE A A9
HE PR K FRIH R GE T B 07 BEAR IR rp [R] B 1
TN S 22 B G IR K T BE 2R RUBR v [B) 55 7 4 R g ot
— R NS HE L,

SE Rk
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Effects of different culture densities on the intermediate cultivation

of Babylonia areolate in a recirculating aquaculture system

LIU Ziling'?, SHI Yaohua'?, ZHENG Xing'?, GU Zhifeng'?

(1. Ocean College, Hainan University, Haikou, Hainan 570228, China; 2. State Key Laboratory of Marine Resource Utilization in
South China Sea, Hainan University, Haikou, Hainan 570228, China)

Abstract: To enhance the water quality and disease control during the intermediate culture process of
Babylonia areolate, a recirculating aquaculture experiment with a 30-day cycle was conducted. The effects of
different stocking densities on the growth performance, physiological enzyme activity, and water quality
changes in the recirculating aquaculture system were analyzed. Results showed that when the stocking density
exceeded 1.8x10* individuals'm™, the survival rate, final shell length, daily average growth rate, and shell
growth rate of the juveniles B. areolate decreased significantly (P<0.05), and that the activities of a-amylase
(AMS), lipase (LPS), and pepsin (PPS) decreased significantly (P<0.01), while the activities of superoxide
dismutase (SOD), catalase (CAT), and malondialdehyde (MDA) increased significantly (P<0.01). Meanwhile,
the peaks of ammonium nitrogen and nitrite in the culture system significantly increased with the increase of
stocking density (P<0.05). Taking into account the aquaculture production performance and unit area yield, the
optimal stocking density for intermediate culture of B. areolata in the recirculating aquaculture system was
1.8x10* individuals-m™.
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