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HH K 24 h 9 NHZ-N 5 4 458 0k £ 5 B 2 (P<0.05); 4 48 H 1 & NO3-N ££ 04:00., 08:00
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Vil R £ A5 3 PR AR A M 28 0 43 i 77 A (Hamed
etal, 2021), WRYIFTH LFR £ LMETEIK R4
YUkt vh A W R AR T (AR S5, 20205 B IS AE,
2022), MeAh, PeMER S AR S R KR 2
e A R LR A PR AR b i i (TR ISR, 2022) .
T8 3= X A T K K R I 5 8 45 T L 45 K 7= B it
FPAE K AEE , e A, I AT DG A 4 0
XoF 45 THUK BT ) A FRASCRL o S 2 8 B A1 PR K 5 E &R
GLRFETE R ALRE, TR 5 2R S0 AH VC B A = 3%
FEHAR

PR R SR R K RN R —,
IR 0 I FRAE A FEA O PR (R RRE, 2021), B
BRI RS K = S A K B8 | AR 22 S K DL S
9o SRR 1 B i 0 T R 5 BRI 3 i IR 23 0T 1 S 365
ANFFEEE L IE , RBUA A h A RE A, #i
A E CEEE, 2021) YEMR I m i
() By b I, 24 £ 2R B8 B IH AR IT AR X Y
HAEW IR, A A4 K(Wu et al, 2015), &
MR 2R 1ok R A 23 TR SR AHRL . BEIROK BT . 75 L R IR
(R4, 2020, B xz, 2022). & E AT R AT
DLBSCRE 10 20 A B8 B 38 O F I LA B, 38 AT DA FRAIR
TEI K IR R GKR D A AR A Y & &, 48
 FL AT R R 45, 2020), FrLh, #RIEK™=8h
Wy Bl I BRI TR SR A s A A | AR RDRE
B T e AR AR A s B TR S W K Bl
Yris BB IUR B G 5 RO B L B L R R
gt AR IR SRR R 3R (2 LR, 2018), AR,
28 MIH AL BTG . R fabn . JER SRk F M E
WFE T S Kt (Acipenser schrenckin) (B HEE, 2021),
W75 81 (Cynoglossus semilaevis)(MI FHAE, 2015), &
(Paralichthys olivaceus)(W/MEEE, 2021; KiigiiK et al,
2014)55 £ 2 A3 PR AR

2B 88 (Conger myriaster) J& T % fifi H
(Anguilliformes), K 7% 8 B} (Congridae) , Jf 7% 8 J&
(Conger), | iZ4340 T E 306 S RIS, . HAS
JCFR AN BT B AT 158, 2010) FRRR B85
FrEE . AR, BAESEMESEME, 1
Hh ] T A 2R P O T R M A (T A,
2020) H A i J0 5 5 68 T A8 21 K 55 FE A AT
FERIARIE , AR FEAE C 8 1 T LR K Rt
TEI R T BRI S0, B AR R LR A AR A T R
T AT R G A K FRFE R T T AR . AT E
S3HT T AR I K SR B A S b A [R] 4 RADR TR B R
AR MERE . A AR AR S K AR LR, LU
T ARG K R G R R 8RB AR T2 i de

HEES .
1 HR5HE
11 KIS S5HR

ABIFFE A L1 2R A8 T BH T 89 K7 A B W A 26
TR FRFH [0 ¥ J o S T B o = 68 oAy (] — bk BT A
i, SRR IKIRIE 4 M IR0 6 I H o S8 e
TEA K G N L B IR 2 B G, BEAME RN
AT .t TG Uk I R S BB AT SR, PR E Dy
(150.64+5.43) g, 1H K R vk i £ 5 i (Ammodytes
personatus), ¥¥URRAT o

12 I HERKFERS

KT UG K IR A= R G, REiH 24 4
FREEM | F S IE LA B 3h R PR L K
A 0 L (L Ry Ak £ A 22 S50 T R B, U8
WAL 1 B2 REL) AN A it AN S i 2
B 1) SEER T 24 A TG H 1) 6 A fE Ry BiUEE
W, SIS MK 760 m® AEA; PR FERE A Rk
Wk 25 m’ 2247, 4 AP A HOKMEIL 150 m® 42
A, AN E M A4S 1A, A RUK YN 5 m?
Jifio SCH A 24 h AEIRACRLERRE 10 LR, AF
PR BE R AN FE B B KR 10% 4547 .

13 RIRREEFEEE

S e R MR AT R 430k 1 WR/R(TT 4., 2 IR/
K(T2 #4), SLEHWN 70d, KEH 3AEL, 81
FEH M IR R B R AN 150 kg, T1 44K
15:00 $MEpkeEt EAfa, T2 4K HI7E 15:00 F
20:00 BEMRUKEE R A A BN E R, B AR 4
S 56 U 1) SEC 6 £ K T R A

K 08:00 #5; I FEAMTFFRE LR, TR, FEEHE
EHLHEKEHES , B RBK RN 10% $EIRRET
HKIRIIE SR, 24 h AL, 5250 1 1] ) AH DG 454 -
KIRTEFE N 21.9~23.8 'C, & A <0.4 mg/L, WAHRLL
A<0.07 mg/L, pH ZifFfE 7.8~8.2, #hEHN 28~34,
DO=6 mg/L,

14 BHmRESRRE

141 AuHERLE SSRGS E R KL
Peik 2 R A RES 68, F MS-222 (200 mg/L)FERE, FR
AR, WEAK . KEIfFidst. | mL EHSEE
KU, 3 500 r/min (4 °C)E.Cr 10 min J5H F i
W, T80 CLAAE, T I B A AL TG FRIAE
UK ARG AR, O I IERRE IR IE SR . 4 B S
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Sampling position at the water
outlet of the biological filter
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Fig.1

JFREFRE) . Wil R E-80 CukFiffr, HT
S . WAL EERE M E

142 KAHRRE  FEEE BB AS LU
14 d B NEYEb e O, TLHB D, T24HH 0,

A=A 1 R 2 R LIRIBUKFE 500 mL, SR
LERTEISY 07:00, MRME, 24 h A . WASREE A
AALHORE . FESEEREE 35 K, A 4 h 4N Ak
Wil L T H L, T2 418 O HOKAE 500 mL, YK
D 5E o

MEBIRS RN TTIE

151 ARamaEML  FEHERE R 0.1 em /Y
BRGNS R, AR 0.01 g By LT FEFR
HRE ., L. WAEE. & 14 d DE—IRIREIEHN
SRk, BAEE RO 30 B AR
RN W

HAH R (WGR, %)=100x (L AR E—P) 4514 H)/¥]
LRIE

FiE HE KA (SGR, %/d)=100%(In K H—In ]
LR Y )/ S KA

JIEAA L (VST %)=100x A i & /4K

JFAA FE(HIS, %)=100x 1T i 5 /4K &

JEL i B2 (CF)=100> {4 5 /A K- 3

JEIE (SR, Y%)=100x 2K £ 1) FEASUA0) i £ 1Y) R4

Tk R B(FCR)=H & B /(A AR EH+ BIET -
HIUR A )
1.5.2 AEIAFNE SR FH B o R O
HE ALY AL (T-SOD, A001-1-1). 41k A (CAT,
A007-1-1), TN (MDA, A003-1) ., & #55 Z it (AST,

15

BB BRI K SR R SR A

Process flow diagram of recirculating aquaculture system for C. myriaster

C010-1-1). AN MI(ALT, C009-1-1), A% (TP,
A045-2-1) . TEKIHE(AMS, CO16-1-1). J§ i (LPS,
A054-2-1) LA 2 JBAE FITiE(TPS, A080-2-2), 5 J5 4%
B G Ui 1 A T

1.5.3 KA ARM E MEE . pH. REEFT DO
SE SR FH 26 B 2 S 80K 5 &G0 2 (2 Y ST LR
SR (NH-N)R R IR R £ AL i a2 s WA A A
(NOZ-N)R R e~ BRZE £ — Wi /3 e e BE vk 5 5 1k
i AU (COD) R B = B PR R VA 5 5 BV (TN)
VA SR FH I A A T 6 VS A 5 A1 o0 O B R R AT
FE 5 (TP B2 R T B0 R B 43 Y6 BE TR A T A
T PEBERR R (POL -P)R A1 AR B 0 e G BE VA A2
BRI

5% H 1BM SPSS Statistics 25.0 1 Excel 2019
WAL, 255 LS {H R ME 22 (Mean+SD) £ .
AR AR BRI I ST REAS T A 30 43 A 4[] 2 S
(P<0.05 J 225 W) /KB R IR 3R 7 2253t
(one-way ANOVA)Ff->K i LSD #11 Duncan 7% #1712 &
LR B M (P<0.05 22 57 B 3.

1.6

2 R
21 BBRIMEN T UEFKFEEREBEKNY
BE B 20

T2 415 68 1 AR (R H (FBW) . AR KK
(FBL). WGR #1l SGR #J i # & T T1 41(P<0.05); Tl
ZH FCR & 5T T2 4H(P<0.05), &Kk (FBH) HSI
VSI. CF Ml SR £ 2 S50 2 0] 22 5 A8 1 3 (P>0.05)
(F D)o 2 DI R 88 TR AR5 0~28 K
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(] 2% BN 5 35(P>0.05), 45 42~70 K T2 Ak B EE T
T1 ZH(P<0.01)(E 2). 2 525602 5 R 5 68450 T
PR RS, Hid, T2 45T e 56 K5

ST T1 41, HESAREP>0.05) & 3).

x1 BEARRRERARRRGETEREBHERKIER

Tab.l Growth indices of C. myriaster under different
feeding frequency in recirculating aquaculture systems
P 2H ) Group P
Growth indices T1 4 T2 41 P-value
T1 group T2 group
WIR R IBW/g 150.00+1.72  151.75+3.06 0.404
HIiR A IBL/cm 43.50£0.70  43.90+0.90 0.408
WILE A IBH/ecm 2.56+0.23 2.58+0.16 0.844
LRI FBW/g 195.00+3.16°  222.33+4.07°  <0.001
LR FBL/em 47.52+0.86°  51.30+0.83* <0.001
LR KR FBH/em 2.97+0.26 3.03+0.20 0.628
W E WGR/Y% 29.48+3.01°  47.81+4.86°  0.005
g o KR 0.25+0.02°  0.38+0.03*  0.003
SGR/(%/d)
Bt HS1/% 1.26+0.26 1.26+0.34 1.000
MM EE VST/% 2.9140.36 3.13+0.65 0.635
B CF 0.17+0.01 0.19+0.01 0.070
A% SR/ % 90.74+£0.14  90.54+0.11 0.124
Ak B FCR 3.74%0.20° 2.97£026°  0.015
e AT B AR R B RN A B 2 5 (P<0.05)
ENGIE
Note: Values in the same column with different

superscript small letters mean significant difference (P<0.05).

The same below.
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— — —
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Kl 2 AR RS REBEIERT

FR B B8 14 P-4 (A AR Al
Fig.2 Changes of average weight of C. myriaster
under different feeding frequency in recirculating
aquaculture systems

afl R E TN B FE P<0.01,

** represents extremely significant difference P<0.01).

4
<)
iy 3 —=T14
el —aT24
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Fig.3 Changes of average death amount of C. myriaster
under different feeding frequency
in recirculating aquaculture systems

22 HREEM T LERKFEERTEEE
FRE A

T1.T2 4L1liL7E SOD .CAT 22 H A i 3(P>0.05),
T2 ZH1M7% MDA S35KT T1 2H(P<0.05)(F 2). T2 41AT
IE AST I ALT {5 PE i 25 T T1 41(P<0.05), T2 H
73l TPS 1% 1 & % T T1 4(P<0.05), Hif AMS,
LPS {if 4 2 AL 502 ] 22 5 A8 I 35 (P>0.05) (3 2).

2.3 WRFERXM T HEARKFFEEREFEKRA
AL

NH;-N. NO;-N 24 h 2 {b (& 4y, TIALH Fk
5 A Ypukh b DK AS A ST AL, B4 5T B
LT RRE T, T2 Al K 2 FdsbraBlA 14k
(24:00)F1 2 AbIEAE (20:00. X H 08:00), 7E5 1 K%
MESESE, T1 2 1 7Kk I Y s [1] 55 (24:00) 4% T2
ZH M KGR B A A 5] (] £5.(20:00) 7] J5 29 4 ho 7RSS
2 RHEMESE S, T2 AR BRI AE (B R A5 R Tk H
08:00), NH4-N 24 h 28U & 4A Jir7R, T1, T2 4
FKAE 24 h N 2258 .35 (P>0.05), {8348 5 T4k
Yt 107K (P<0.05), NO3-N 24 h 28 {1 i fn &
4B, T1. T2 41 FI/KAE 24 h WICHAE R 58 5 22 5%
AN 3 (P>0.05), A iEih HH FTKAE 04:00 5% H 08:00
WEAR T HAL 2 A2 1K (P<0.05), T2 4
NH;-N. NO,-N 24h 28 {LIE 5054 0.06 mg/L Al
0.01 mg/L, ¥I/NF T1 4.

NH;-N FEWIEs b & SA B, Bk asion i
TP R TEFRE 25 BURE SO (E I BRAE SE 0056 56
K, EWruEd stk THAHB DK, T2 2Hl K.
AW A T K 43514 0.20,0.28 ,0.38 A1 0.29 mg/L,
4 S IBORE S A K B AR bR A HEZ T AN R] o 7 52 56 5
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Tab.2 Effects of different feeding frequencies on physiological indices of C. myriaster in recirculating aquaculture systems

i H 2 5] Groups P 1
Items T1 4 T1 group T2 4 T2 group P-value
1ML 75 B E Y 4L EE SOD/(U/mL) 60.79+1.66 59.35+1.11 0.280
Serum i F AL A B CAT/(U/mL) 3.49£0.96 1.69+0.83 0.070
79 ¥ MDA/(nmol/mL) 22.67+1.83° 11.70+0.50° 0.001
i S4B M TP/(g prot/L) 54.64+4.36" 70.18+2.92° 0.007
Liver A W/ AST/(U/g prot) 68.14+1.52" 82.80+1.73% <0.001
B i ALT/(U/g prot) 7.49+0.50° 12.23+0.50° <0.001
Wit MBI TP/(g prot/L) 39.30+5.18° 54.67+1.31° 0.008
Intestine TERIEE AMS/(U/mg prot) 0.57+0.05 0.61+0.11 0.597
NG Wi LPS/(U/g prot) 14.89+0.97 17.91+3.79 0.252
JiRZE 1 K TPS/(U/mg prot) 683.44+29.64° 1048.43+71.17° 0.001
Ao EIBRIK Was outstofbobioiter 2 FAIRIBUCTR W oule ot b s
031 T2# i M7k Water outlet of the T2 group % 0.055 1 = T241Hi HI7K Water outlet of the T2 group
Q a a a L
e
5 S
é o1l %% 0.040 - ,
W £ ooss 4
= 0.030 ' '

0 | 1 1 | | | | 1 | | 1 |
08:00 12:00 16:00 20:00 24:00 04:00 08:00 08:00 12:00 16:00 20:00 24:00 04:00 08:00
BfiE] Time/h fifjE] Time/h

4 ORI REE TR EBRAL FK | AN KB Z (NHG-N)  SERHIER(NO-N) 24 h LA 5L
Fig.4 24 h changes of ammonia nitrogen (NH;-N) and nitrite (NO3-N) at outlet in different feeding frequency
groups and outlet of the bio-filter in recirculating aquaculture systems
A: ZA NH;-N; B: WAFREEA NOy-N. AR FRE 8RR 2 5 % (P<0.05), T,

A: Ammonia nitrogen NH;-N; B: Nitrite NO3-N. Different letters represent significant difference (P<0.05), the same below.
14, 42, 56 F1 70 KiF, A4uEH 17K NHy-N 3 2.17. 2.25 f1 1.99 mg/L. APt A 17K COD 7£56
BEMT T2 41 H/K(P<0.05), 55 42 Kb, T1. T2 28 Kb 2 & T HA 3 B £((P<0.05), ¥k
A EK NHE-N B35 TR 0K(P<0.05).  HHKTES 56 KB B EALTF T1. T2 4l 1k
55 70 KiF, Mg MK NHy-N B 5T HA 3 (P<0.05). AEWiEibxt COD AR EFRF R 0.41% (5F
AEHRE 15.(P<0.05), AEWpuEi %t NHy-N HeflCEBR 14 K), MM 22.58% (5 56 K).

o 27.41% (55 0 K), i 54.23% (3 70 K). TN AR sD BiR, Bk ek
NOy-N J#ZfkinE 5B s, BAEHEYS BT, 4 R ERBESRSE 42 K, 53
NH-N BRI, 4 AR BORE S t 2 I BRAE SCI05E h 16.64. 16.57. 15.85 1 17.50 mg/L, R4S 70 K,
56 K, 4Mlk 0.06, 0.07. 0.07 F10.07 mg/L. %528 T2 41H FI/K TN &35 T AR W aEsh 1 C /KR T1 41
Kif, AP uE DK NO-N BT TI4li ok . H/K(P<0.05), AEWuEHbXT TN HBARLERFE R 0.18%
A WIUE A TR (P<0.05). 55 42 KIF, AEMIIEMA L (5 14 K), &4 34.70% (5F 28 K)o
7K NO;-N 3 5 T HAR 3 AU £ (P<0.05), A= ¥k TP JAlHPEAZ AL G IEl SE Fios , BeAR a3k S T
W K EART T1, T2 4 HK(P<0.05). ¥ B, 4 AR GTESEIRSE 42 RITIE(E 500 2.28,
eI X NOL-N fAREBRE N 2.52%G6 70 K), M 232, 2.21 fl12.27 mg/L. 7ESLE45 70 KAf, T2 41
H 25.85% (4 42 K). K TP B 20T T1 411 0K (P<0.05). A 4aE b %t
COD JitE s e i 5C i, BAREH R TP ERIKEBREN 0.68% (5 42 K), e &4 16.35% (5
FETERERE 4 Rb0EAE H BAE SR 56 56 K, 400k 1.54, 28 K).
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s AW H T 7K Water outlet of the bio-filter
wz A YEM A 17K Water inlet of the bio-filter
A == T1Z0H 7K Water outlet of the T1 group

o= A=y i 17K Wateroutlet of the bio-filter
H: #1383 7K Water inlet of the bio-filter
B == T1ZH H 17K Water outlet of the T1 group

0.5 == T24{H 7K Water outlet of athe T2 group %\) 0.08 == T24H ! M7k Water outlet of the T2 group
S 04 £
£ ? 0.06
z 03 Lo
] 2 0.04
£ 02 I g
% N E £ 00 ;
0 Z 1887 (8817 ®|7 }%‘ 0 o =Rz | gl
0 14 28 42 56 70 0 14 28 42 56 70
fisf[E] Time/d fisf /] Time/d
o AEYJUEML 17K Water outlet of the bio-filter = A= ¥p3E i 1 7k Water outlet of the bio-filter
e A YIET A 17K Water inlet of the bio-filter wz EEMIUEN A 17K Water inlet of the bio-filter
== T12 1 F17K Water outlet of the T1 group mm T120 H 17K Water outlet of the T1 group
25-C == T241 H} F1 7K Water outlet of ;l;]e) T2 group s0p D == T24H H 17K Water outlet of the T2 group

= o= b
o un o

o
19

fh2ET ARt COD/(mg/L)

(=]

70

14 y)

5} jA] Time/d
o~ A=Yy H 17K Water outlet of the bio-filter
ez 2 118 A 7K Water inlet of the bio-filter
3 E we= T140H 17K Water outlet of the T1 group
== T2#{ H 17K Water outlet of the T2 group
=)
w2
)
=
=
&
pi2]
0 14 28 42 56 70
fit[A] Time/d
&l 5

J TN/(mg/L)
S &

W

S

2
s} 1A Time/d

o~ AE YU 4 T 7K Water outlet of the bio-filter
ez EHIEHIA 7K Water inlet of the bio-filter

_lor E s T14HH H7K Water outlet of the T1 group
'ﬁ, == T2£H H{ 1 7K Water outlet of the T2 group
\E, 0.8
~
4,06
g e
4 0.4 \
& e
#02 N
> N

0 14 28 42 56 70

it 1E] Time/d

TR R GE AN R ESAR AL H 11K . AR E A/ E A 7K 5] 39122 f A B0

Fig.5 Periodic changes of water quality at water outlet in different feeding frequency groups and inlet/outlet of
the bio-filter in recirculating aquaculture systems

A: AANH;-N; B: UAHAREEA NO-N; C: fb¥FHE

COD; D: HMA TN; E: W TP; F. &ME#ERLL PO3 -P

A: NH;-N; B: NO5-N; C: Chemical oxygen demand COD; D: Total nitrogen TN; E: Total phosphorus TP; F: Active phosphate PO3 -P

PO; -P JEWITE AL N SF Fras, # ksl
SeTtRERE, 4 ANEURE AR SEIR A 56 R UEE 530
0.65. 0.65. 0.72 F10.77 mg/L, % 70 K4 Y&
F17K PO; -P 4 F KT H A 3 4b(P<0.05), 4k
X PO -P ARERRZE N 3.49% (55 14 K), &SN
20.28% (56 70 KX)o

3 g
BRI L ERKEEE 8Kt
BE I

BFFE T, v B BRI R 2 e f SR BE R T AR

3.1

HE 738 B Y HEZS WA (Garg e al, 2018), AHFFEL:
B P L KT AR AE R K 2 RS2 B A A B3
T2 FhIE E AR R A TR RS . AR,
T1 4R (WGR) AR A KR (SGR) W &L T T2
4 (P<0.05), X 5AAH 5B (Acanthopagrus
schlegelii @ % Pagrus major 3 and A. schlegelii) (/. £
4, 2022). ZRBUEES(Centropristis striata)(3 i 255,
2021) AT 5 Hh $5 M 3 0] £ 2 19 A (W GR) FIRR
A KR (SGR)FE MR B 45 R — 2 A KRB (R Dbk
B 2 WR/R A HE MR AR5 AT L d 2 R A1 A B 5 6 %) e
FH(FCR), AR AT L (CF) . G % (SR).
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AWFTEH, 2 ASSER A B R B (FCR)I & F HiAh
O i 1 S P R AR Sy, X AT RE S ik TR A
Ko MMAMGFEFEQ016)FFT A IR, Al (PR % 1) Rt
FE(FCR R 6.22) 1 3 & T BL A 1) Rk 4 ) BE R 21
(FCR A 1.95), 7K/= 25 P i TG BL R 5 68 L L &
TERk, PR, ASHFoY ik 5 A fa e o SCos fa ek, 3
VKAt A AE By 15 Y SR B K AR S Bk s (TR AR AR 4, 2020),
A J5 T S 2 K R AR S R AL R A R R 68 S D
Ak

SER R, 2 DA BAE T R R B E
P22 5 (8 2), X 535 B 45 (202 1) 7E it 3% TRALIE 5
FKFEFE I A Bt (Micropterus salmoides) i 45 AL .
SER R A IR TR 2 T R, R T R
FEH I (] £ 0K BLdE A X 4R e & R R a N
I, ARSI ™ A B8 B TS i (PRHE 55, 2015)6

32 MRMEMNTI LBEARKFEERGEEER
FRED R0

FERNLAMETS , g A b B pL ],
P v BT A I ) 35 P R B TE M S AR P (Gao et all,
2022), ARWFFEH, SOD. CAT #& 2 LI [a] 22 5
ANEFE(P>0.05), X5 Gao ZF(2022)%F 41 & 4 J5 fili
(Takifugu rubripes) AT LS FRABLL, HAEA
5, SOD. CAT B Tl HET T2 A4k
He o X1 (Mylopharyngodon piceus)FIBFFE KB, %
MR 0.5~2 YR/ RANEXT SOD 77 A i 25 5% 1 (i £ °F-
8, 2020); X 5 [REFRYBFIT & B, SRR 1 IR/RE
2 /K SOD . CAT i 125 5 A i 3 (B 5%, 2021),
XA 45 F— B, A S50 BT G TR K 57
B B2 R 68 17 MDA PR B, T AR & T
T2 Z1(P<0.05); MDA & & BT & S X R pL R4 2L
KA AR (Guo er al, 2018; #REBEESE, 2021),
R 1 R/R A A 0T BB 88 7 AE T A Ak
B, SEGT ALY MDA BETHE . Li Z52014)HF
5 A PR, K AR M R 0] BE & S 8 A Sk
(Megalobrama amblycephala)% i E LN 3, X5
ARSI ZE FRANAT

JEREAE A LR T 2 50 R E 241 40, Hofg
FERAEX fERARK ECEE, IFIE AST. ALT &Mk
% T RS2 R A B 4D, 3 B ) R 1 AR
W LT E B, 2021), ASLIESR TR, T2
HHFIE AST. ALT 369 .3 & F T1 41(P<0.05), TI1
2T 0 v 2 I 0 e %) R AU S e o L R 68 A O T
B Z 2 (X, 2019; Guo et al, 2018; Niu et al,
2016), 1fi T2 4LTHE AST ., ALT iGPE#c e, Al REMGR

HEAFRAY, AMTLRAaEREK, TERS
(2021)% 216 AR Jy i 35 B R S R, 2 1K
/d 5 3 W/d HRFIE ALT 3PE2E 5 83, X 54N
SEIRAL . 4 B MG A (2020) TE IR R K24 58 fid (Acipenser
sinensis) %) fi A3 LR RT3 S 06 vh 45 2 R A il 2
SN, SN A AR, DN P T e S
B % 5 % B (2.1 kg/m’) /N TR S 06 R A A
(6.00 kg/m’), HHFRFEMA N FKIM, XTI
FI/IN, RN AR A D

Y7 3 A T I P 1) v TR RE 8 s £ 2 IR )
JB 9 fk RN RE B ORI R RE 1 (D R4, 2021
Thongprajukaew et al, 2011), ARWFFE KL, T2 4miE
TPS i PE R T T1 4H(P<0.05),3X A] RE & K Ay ] —
KN T2 MR IBRE R, SC5 e i ] AT T 58
2 KEE, SEOHEER MW, KD, B TL
Himr o X GTEE PR K IR A T B M 250 41 68 fig
(Anguilla marmorata)4s LK H AL EE A B
S RN R (BRI, 2016), HEM 5 R AT g 5 S5
T AR RN DL e W R R A O, ARFSE R
PSR B R T 68 7E AMS . LPS K54 &
Wi (P>0.05), X5 13k (Tian er al, 2015)AHF 5T 45 5
(FEME 1~3 R/R)—3 . BT 88 18 3 Al Ak eI v
Hi, LPS. TPS 7E 2 NCEdl 2 M 22 573 & T AMS, iX
HEMaEET & EFRBSAK, EffaHES
(56.43%) FUHLAG W7 (33.44%) & it 18 2 T Hye b & i
(AMRHFEE, 2016).

33 BRFEMNT HLERKFEERTEKEH

A1

MY 17K NHZ-N. NO>-N 24 h 2B {k 1%
L5 2 SIS TR 22 5 B RIS LT LU
A e Rt 2 B EE A A e Ak SR A AR L X
NHi-N B FERE 11T NOZ-N. 7 4A . & 4B
5 08:00~12:00 B[] Bt , 2 NS H MK Y NHy-N
NO;-N & R E T NN R HE K E 15 5
(9T T2 £H 2 P nrE 24 h 284k rh 20 5A 1 40(24:00)
H1 2 AR (20:00 . YK H 08:00), T1 2H 2 Fh4EARIESS
1 RS A B W A B 1) 5 T2 4N TA], X AT g
WA T1 HFEHEREEQR kg, 15:000KTF T2 4H
(1.5 kg, 15:00), T1 ZH 7Kt 5 A 258 67 fap v T T2 4.
17 T2 2H 2 Fh AR ARTE LS b 55 2 YRR MR 5 RV ) IR 04 11
AT RE S N B R AR 2 IR Rl sh ik
SEFRIHBEER 2GR X5 T IE%EQ012) 781
T BRAE I K IR FE H 32 K R TR AR b BT 5T 45 R B
AR AR L2 A AE T4 R 35 NHZ-N
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NO,-N R E¥ A B S, ARZAATE TR EA
S AE A ]S TR] D PR AT BE 5 AR 2 Hp A8 7 A R
Gt | S Aa RO | S0 DL R AR ) AT O
T RE S R EEA XRCEE H SRS E N
15.07 kg/m’, iR FAMFIEH 6.00 kg/m®), AHBFFEH,
T2 41 NH;-N. NO5-N 24 h Z8{b i@ B ¥ /N T T1 4,
173 55 4 NH -N A NO,-N 2568 1 1 25T 10 2
Z(EUIARE 2020; RBEIFEE, 2017), B, 2 ki
PRV ARS8 o YR A5 R W AR AV X L R o 8 14 7 4RI 9% o Garg
25 (2018) 7E 1§ £ (Cirrhinus  mrigala) B W 75 th & B,
1 %/d W22 24 h P NH;-N Z84LIRE R T 2. 3., 4
W/d 4 5 AR S (2020)7E ML 65 (Oncorhynchus mykiss)
PRI KFEF S R B, 8 Yk/d MR LH 1485 7K T 16
HEARIFEE/NT 4 dod 3804, XS A s R
—%,

Pedersen Z£(2012)ff55 %W, NH;-N 1 NO,-N
IK - i 25 43 DR 67 far 0 38 0T 3G 0, X 5 AR5 R
NH;-N. NO,-N JA A fb ik S B MM 4F . i
AWM NHi-N 5 NO3-N TH I R — 5
M, X IR N NOy-N R EAEFF NH-N(E k)81t
WP, Breh NOS-N ¥k BE AR (b #4345 NH,-N 284k JL
ARl (Wang et al, 2023). BRSZEREE 28 KAb, HAsAT
6] COD ¥R T2 4 ok >2EHy g A 1K
SHEYIIEH I CK, R A gt X A HLI(COD)
M) 2 BRFRFRUENL, X 5MFEEEFQOIDMIITRES
HALL . FEARSIIR WA T2 44 COD ¥&F T1 4
(P>0.05), [AIEF, %5 70 KA} T2 41 TN, TP 45 &
T T1 44(P<0.05), Xrlfigy T2 AR EST T1
244 5% (Erdawati et al, 2021),

AW IE A R T ARG PR K R A AR G Y S B ER
7, RIS RGO T, X TR LR R
AR SR AR S, 2019), ASLEJE
Wy, PR /K R G E D UE T 6 FhK BTHE bR 0 5
Bk k. NH4-N > TN > NO5-N > COD > PO} -P >
TP, o, AEWiEib T NHi-N &5 2B %0 5k
54.23%, X S5 ZELQ011) 75K W F i E R ER
KFMALE T H AN EY I NH-N % B R
(58.13%) AT . AR AW N NHy-N £ il 16
0.4 mg/L LA, NO-N ##il7E 0.1 mg/L LL'F, ik
B M FROK IABE i 1 20K AR, 103X 2 Fhds bR dr 2 4
F57E 2 T 08 A4 K8 Y R E PR T AR g v Y
BB o I AR K B AR A W, T A A R
PEPRIK FRFE AL R HP A A R 43 MR AR S5 8 1 i, okt £
fi& T 0 SRR R K HE R A

4 R

T AR R G 3R 5 A S 8 v, 2 /R
PEMRIR A B A K AR RE . AR B AR BEILT 1 /R
o BTN, TP Fh, HAKTFE bR e A4 725 W
2 AN M 22 N B . A IE I X A I5K T A
b TR A A AR, Heb X NHZ-N b BROR etk
R is 54.23%. XMEPR K R G5 b K AR AT 7K BT
R0 TT 23 B B 558 A 0 e Tt %) v T 355 SR L R T B K
ANEARI G R 45/ FREEE M54 A 0k
FH, BEHELG0 T IEHRKFEHEERT 2 W/K
BRI T 1 /R . ERPET 3 /R KL b
BT R AR IT, 7545 LR PR Tt — R &K
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Effects of Feeding Frequency on the Growth, Physiological Indices, and
Water Quality of Conger myriaster Reared in Industrial
Recirculating Aquaculture Systems

ZHAO Xinyu'?, SHI Bao®”, WANG Chenggang®, CHENG Hanliang', MA Xiaodong®

(1. School of Marine Science and Fisheries, Jiangsu Ocean University, Lianyungang 222005, China;
2. Laboratory for Marine Fisheries Science and Food Production Processes, Key Laboratory of Marine Fisheries and
Sustainable Development , Ministry of Agriculture and Rural Affairs,
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China,
3. Haiyang Yellow Sea Fisheries Co., Ltd, Yantai 265100, China)

Abstract The whitespotted conger (Conger myriaster) is an important fish species with high
economic value in China and Japan owing to its high nutritional content. It occupies an important position
in marine-eel export in China. C. myriaster has the potential to be artificially cultured and has promising
economic prospects. Thus, there is growing international interest in C. myriaster research. Indeed, to meet
the demands of domestic and foreign markets, artificial culturing of C. myriaster is urgently required.
However, at present, there is no report on the research of C. myriaster reared in industrial recirculating
aquaculture systems. Feeding frequency has been reported to affect feed intake and growth performance
in a number of fish species. Feed management in terms of optimization of feeding frequency has emerged
as one of the crucial areas of research in the field of aquaculture. Overfeeding and leftover food disrupts
the water quality, while inadequate food supply has direct impact on production cost. Traditional flow
through systems uses large volumes of water, and intensified aquaculture has drawbacks, such as large
amount of discharged waste from effluent water. Among the excreted nutrients, nitrogen and phosphorus
constitute the largest proportion. Sustainability with low environmental impacts is one of the concerns
when developing aquaculture systems. Based on the concepts of reduced water consumption and efficient
water management, recirculating aquaculture systems offer the possibility of creating a sustainable future
for fish production. Thus, a 70-day experiment was conducted to investigate the effects of different
feeding frequencies and water quality on the growth performance and physiological and biochemical
indices of C. myriaster [body weight: (150.64+5.43) g] reared in industrial recirculating aquaculture
systems; physiological and ecological methods were used in this study. The experiment comprised two
feeding frequency groups, feeding once (group T1) and twice (group T2) per day, and each treatment
group had three replicates. The average body weight of the fish in each culture pond and the water quality
indices of the culture system were measured and analyzed every 14 d. At the end of the experiment, the
blood, liver, and intestine samples of C. myriaster were collected to determine and analyze growth and
physiological indices. The results indicated that (1) the growth performance of group T2 was better than
that of group T1. The final body weight, final body length, weight gain, and specific growth rate of group
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T2 was significantly higher than those of group T1 (P<0.05). The feed coefficient of group T1 was
significantly higher than that of group T2 (P<0.05). However, no significant differences were found in the
final body height, liver body ratio, visceral body ratio, condition factor, or survival rate at different
feeding frequencies (P>0.05). (2) The serum malondialdehyde of group T1 was significantly higher than
that of group T2 (P<0.05). The hepatic alanine aminotransferase and hepatic aspartate transaminase of
group T1 was significantly higher than those of group T2 (P<0.05). The intestinal trypsin of group T2 was
significantly higher than that of group T1 (P<0.05). There were no significant differences in the levels of
serum superoxide dismutase, serum catalase, intestinal amylase, or intestinal lipase between groups T1
and T2 (P>0.05). (3) In the 24 h changes of ammonia nitrogen (NH3-N) and nitrite nitrogen (NO5-N), the
change patterns of the two indices in outlet of the T1 group were similar to those of the outlet of the
bio-filter; the two indices of the outlet water in T1 and T2 groups were one (24:00) and two peaks (20:00
and 08:00) respectively; the difference in NH;-N in the outlet water of the two test groups within 24 h
was significant (P<0.05); at 04:00 and 08:00, the NO;-N content of the outlet water of the biofilter was
significantly lower than that of the other two test groups (P<0.05); the 24 h changes range of NH3-N and
NO;-N in T2 group were smaller than those in T1 group. (4) During the whole test period, each water
quality index was maintained within the safe breeding range, and no significant differences were found in
NH;-N, NO;-N, chemical oxygen demand, and active phosphate concentration between T1 and T2 groups
(P>0.05); at the end of the test, the total nitrogen and total phosphorus of T2 group were significantly
higher than those of T1 group (P<0.05); the biofilter has different treatment effects on various water
quality indices, among which the treatment effect on NH;-N is the most efficient, up to 54.23%. Based on
the above results, the feeding frequency of twice per day was better than that of once per day in the
industrial recirculating aquaculture mode for C. myriaster (body weight: 150~250 g). Without affecting
the survival rate and condition factor, the twice per day group can save costs and improve economic
benefits. However, due to the limitations of the test conditions, we did not explore more times of feeding,
and further tests are needed in the future. The predominance, which was the high efficiency of water
qualities treatment and optimal effect of culture, was demonstrated obviously in closed recirculating
aquaculture systems. This study aims to provide a theoretical reference for the appropriate feeding
strategy in the industrial recirculating aquaculture model of C. myriaster.
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