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RordT. Bk R 5 0 O RR A (EIRAE D,
R 5 2B ] 1 B H o 107 g/g, FRIG SR
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TBURE I 5 B TR AR Tl o IRCE AR 1) JFF DR 2 2R B L
W, 5 i A AL S W (catalase, CAT) . i AU
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L, woo WA s ¢ B 20 IR E (g); LR
¢ B 2040 R PR (om); ¢ KRN (d) o
14 St

B B 49 5 SPSS 20.0 (SPSS Inc., Chicago,

Ilinois)# 4743 H7 - Kolmogorov-Smirnov 556 H F
AL EHE > A B IEZS 1, Levene’s F /58 560 1F 77 22
()[R Be o da BA PR 3R J7 22 31T (one-way ANOVA)
DA 2 AN ] DXl i B ) 22 S X f AR iy 5y, fif
FH Tukey Y22 54 22 K6 56 2 1 1 Y (H =2 18] 1Y) 22 7
BEME, BRAES AU, BT B s A KR
SEHEEPR R (X £SE), FFHAE 0.05 K L2
SRR B

2 ZERESW

2.1 FEBBARGD HHKRESES

FIH A AN R A s 1
o BAFTHE QO FRE N 200 mL/min, 271K 5
FEfl 12 2 (AR=0.5)8F, SEUE DK% ST 26 0l 3 1
FIN, FRIH 2% NATAEXTFR ELIE R 7 I A I G 2
ANTREER, FEWR T BT 2545 NI 7K (4 g 1 ok
HIRA)

P FREH A A 2 BRI O3 20 A 15 DL
(0=200 mL/min, AR=0.5)
Fig. 1 Distribution of vertical cross-sectional flow fields in
culture vessels at 0=200 mL/min and AR=0.5
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Tab.1 Variation of water quality in central and corner areas of aquarium during the experiment

n=32; x+SD

SKEENT ] /week  SRAEX I R4/ (mg/L) oH WA ER A 3R/ (mg/L) B 25/ (mg/L) LB F & A/ (mg/L)

sampling time  sampling area  dissolved oxygen NO;-N NH;-N NH;-N

1 Ce 8.35+0.050° 7.80£0.10° 0.0093+0.0008" 0.0456+0.0034° 0.0026:0.0004

Co 8.30+£0.086" 7.80+0.20° 0.0088+0.0008" 0.0530+0.0026° 0.0030+0.0011°

2 Ce 8.38+0.044° 7.67£0.21* 0.0102+0.0011%° 0.0560+0.0013* 0.0032+0.0007°

Co 8.23+0.045° 7.63+0.06* 0.0173+0.0016° 0.0749+0.0028" 0.0043+0.0012°

3 Ce 8.34+0.040° 7.80+0.15° 0.0113+0.0021° 0.0741+0.0056" 0.0033+0.0009*

Co 8.05+0.350% 7.47+0.18% 0.0220+0.0028¢ 0.2628+0.0184° 0.0054+0.0017¢

4 Ce 8.33+0.115* 7.79+0.11° 0.011140.0023° 0.0788+0.0016° 0.0035+0.0015*

Co 7.71£0.225° 7.35£0.26° 0.0270+0.0061¢ 0.3082+0.0080¢ 0.0072+0.0021°

TE: Ce R IXUE, Co Sy BRI )51 AN [7] 5 B3R 7 v she DO A 38 DA ) SRAS: B 1) 2 8] A 7 S 354 22 57t (P<0.05).

Note: Ce is the central area and Co is the corner area. Different letters in the same column indicate significant differences among sampling

times in the central and corner regions (P<0.05).

F 1 N FRI R0 A R 6T A R DX R e X
BHEAT K BT IR R I s g AR o, e 0 5 A
TRERNERBE AT T o b e DR A7 3 DX 775
fif# (=3 mg/L) . pH (7.0-8.5). NO,-N (<0.05 mg/L)
FINH;3-N (<0.04 mg/L)3E 556 B K kK Fibr
E(GB11607-89) %K . Fifi 45 S 5 Bf [A] 38 i, v e
DI SCK B8 A5 I BUE DR A Bt e, RUITEX
FREHEE T 10%/d #oK & 7 PR BRI &
g8 FRFEK BT IR E o TEFAER DI, 1 URT pH
BT TR, JFT5 4 A b de DXk 21 1 25 1 2%
F(P<0.05) K TCHLA A FE RIS A FFE, HrbrE
Hh e DI Y B IR RN, EAA R X i B

x2 XBRHEEFRERTRAIMXEBE R

Ko ZH 4 AR, WRIAZMRE AL 2 15, &S
RWRIE LT 6 £, JEES TR EMRE T4 2 £i%,
2.2 HEKEEE

FE 28 d PYSEE A, EAR AT A Ab B N 1
HEE B R R AR EY A INGE 2), ARAK R
RAEAE B 2 5 (PO>P30>P60=P100)., [ifi % /& 1E
FrFE ZX A5 A DS i B B ) A R, A K R
BT N, SGR Ml WGR RYZSALFBH, Vi 75 il
TE S HB X I i B B R] A 3] 14.4 h(P60)fm, HiA:
K5 24 h(P100)H TC B &2 5, (HALRZELT PO
F1 P30 £H(P<0.05); K {HFHA, P100 41 PN 75 fiff
JIE 6 B e ik, AARRR AR SRl

5] B i &b FE 4H N e R B AR KRR

Tab.2 Growth performance of Oryzias melastigma in different corner region
residence time treatment groups during the experiment

n=36; x+SD
il Wl RERTE  WARKem  RAGRKem R KR 0vd) R I
treatment group initial body weight final body weight initial body length final body length SGR WGR K
PO 0.2840+0.037 0.3792+0.055 3.2367+0.05 3.4867+0.10 1.0275+0.06° 33.354£2.22"  0.8911%0.079™
P30 0.2935+0.026 0.3324+0.021 3.1233+0.22 3.3033+0.15 0.4502+0.10° 13.46£3.09°  0.9255+0.083°
P60 0.3067+0.033 0.3341+£0.074 3.2533+0.30 3.3967+0.30 0.2758+0.05° 8.036+1.58°  0.9522+0.073"
P100 0.3139+0.018 0.3362+0.019 3.2100+0.14 3.3967+0.12 0.2451+0.01° 7.104£0.35°  0.8613+0.093"

T [R5 BN [ 268 21 (6] 7R B 35 25 5(P<0.05). PO, P30, P60, P100 ¥ B I [H] 4K YA 0 h, 7.2 h, 14.4 h il 24 h.
Note: Values in each column with different superscripts are significantly different (P<0.05). Residence times of PO, P30, P60 and P100 are 0 h,

7.2 h, 14.4 h and 24 h, respectively.

] 2 Sk 5 Ah B2 v il v 7 s g S 1Y) PR AE
KR, MEHRE, PO 411K SGR 7E A 351
Wie d ke, o T AL, LA FE R B
FAtGE BT AR K A ESCRRT 2 A

N, P30 4% SGR KT PO 4, & T P60 F1 P100
4 (P<0.05), HYEfG 2 FINZ4R) SGR 25 P60
2HJC il 22 F(P>0.05) .55 4 JEIIF, P100 2H 1% SGR
AP T R
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TEPE T B RS E A R AL
R IR /N'ES 5 4 7% Tl — o 6 [ A 346
TEAE B 35 25 57 (P<0.05).
Fig. 2 Variation of specific growth rate of Oryzias melastigma

in different corner region residence time treatment groups
Different lowercase letters indicate significant differences (P<0.05).
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KT AL} f o 17 ] — 0 P B ) B K
FE R B HUR DL M ERORE 4 DSOS
LU 3525 b BRAH vh A T T B R R AT AR R, 45
RILE 3,

FEM R ) b, 551 RS AL BRAL R 25 7R
WE . 52 JARE, PO F P30 AbFHLH NIRRT K
SRARFRPGE I R, R B R Ak, 1 P60 Al
P100 ZH iy i Jo Hsf (i) Sk 3 384 11(P<0.05), FFT27 3
JEI 5 PO A1 P30 4 5 BLIE 3 22 55 (P<0.05), ULHT
PO 5 P30 412 5 A i # (P>0.05),

TER B L, P60 F1 P100 24 (1045 £ Y 5 B
/T PO A1 P30 2H, KW P60 5 P100 4H N
BT, FFEERMEE . P30 AN 3
JETFUR, WA B TR, FI5E 4 S Peo

40

% [P0 #EEmE]O h residence time 0 h

g P30  HFBHIS [W]7.2 hresidence time 7.2 h

B8 35T P60 W EAITA]14.4 h residence time 14.4 h
:" 2 EXIPI00 WFERATIEI24 hresidence time 24 h

g 30T l n=36; x+SE
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L |a

E 25 % .

=)

g 201

) b
8 15t N bb
2}}?

c
B 10
5
1 4
i [E] /week time
n=36; x+SE
12t [CIP0  ##EERtE]0 h residence time 0 h
. P30  #FEENY [A]7.2 hresidence time 7.2 h
P60 B 14.4 h residence time 14.4 h

1.0 + BXIP100 ¥FEEIITE]24 h residence time 24 h
a

osf by |t
0.6 - % ;

S | e |1

AR /(mg/min) feeding efficiency
=)
'S

¢ © cc
02} % %% %%
0
1 2 3
it ] /week time

3 FEFRBH A AS AR DX s B A (] i 17 b P2 w3 75 0 1) 45 £ AT S L
AN [F)/ING T2 7 ] — B [A] AN (7] Ab 3020 [R] AE 7 i 251 22 5 (P<0.05).
Fig.3 Comparison of feeding behavior parameters of Oryzias melastigma in different corner region
residence time treatment groups
Different lowercase letters indicate significant differences (P<0.05).
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20 W) 22 5 ik 25 (P>0.05); [FIE, P100 2 F55 3 J4
Pk — 2 REAR, BT P60 41(P<0.05)Jfff
FR|SCIas o, AEFR iR b, [RIFE Rl i A5 4
TFVET B AW R PO ZH A 2R Ao i R
Gh, B4 3 AR LS S EERECEE, HE
HRBEAR, ZRARE FEREYCE L, S
ol () B AR Bt — R B, Hor, PO 414, P100
Y115, P30 F1 P60 4 I #5 77 F i) ) A ZE 4, 28
TR, RATELREE RN FEZE S P100 41AHIT .
2.4 EMERES LS

TESZIG SRS 2 B (14 )RS 4 828 d), BURES>
BT 4 AL BRZH R T BRI N MDA & i K
CAT M1 GSH 4, &5HR LK 4.

JHFRE AR MDA 5 e R R 552 300t o 40 DX 3k i
B A [R) 34 I v g, b PO 4 S ARG

[ro
P30 JFEGMT [H]7.2 h residence time 7.2 h

r P60 i EET[A]14.4 h residence time 14.4 h
| B P100 H#EGHTAI24 h residence time 24h &

#EA IO h residence time 0 h Cro

W BR[O h residence time O h

6r P30  WEAMF 7.2 h residence time 7.2 h
P60  #FERHTIH]14.4 h residence time 14.4 h
51 EXAP100 #EEIH}AI24 h residence time 24 h

P100 41 & ft fe i o 55 2 JEl I, P30 2 1 P60 41 MDA
TR E 2 55(P>0.05), 4575 PO A P100 4117
1R M2 7 (P<0.05), SN T PO PI004HZ
6], 25 4 FEEE, P30 411 P60 41 EL W E M2 R
(P<0.05), P60 A fafAH i) MDA & & FHimy, i8] T
P100 41 17K

CAT 1 GSH %P4k 5 MDA %48k tH
1. PO 5 P30 A& MEAAR, P100 ZH 1% P i 5 . P60
HIGPEA T H ], HBEE IR A A IS, CAT
Ml GSH TG PR 2 &M EJH(P<0.05), Hr,
GSH {5 TETESS 4 i FHm 2 P100 KV, KB
T B T b e X A2 3 5 e 5K, T
£ 3B DX Bl A2 2 Ay e B o LAk, BEE TE A
R N N T TS SO i 78 1 S 1R 9 NP A ]
5 P100 4 AHI .
ro
P30  #-# [6]7.2 hresidence time 7.2 h

P60 W BRH}IE]14.4 h residence time 14.4h
160 | B P100 ¥ ERA$iH]24 h residence time 24 h

26 T a
140" 36; x+SE

W R HFIE]0 h residence time 0 h

a

b=l
(23
2 2 2
g 45 Z z
< 4.0 g E
S35 £ 7] 4=36;72SE 2 Z
2 3 ,l - O 120} 2
©30| 2 5 5
525 E g 100r
g, 00 @ 3 20 g e
2 20| E 3 S
Eis| Sl =N
= S 40 5
W 10} 1t 2 &
gos < Z 2
g o S O o 5
= 2 4

P} [E]/week time i} [E] /week time Fiif 8] /week time

P4 25 2 M1 4 JE I 3758 25 a0 DX deliy B

AN T s ) Ak B ] v 9 3 7 A U 2E 4 9 1)

MDA & Fl CAT. GSH {ff £ HL 5L
AN R A 73 (] — B [ A [m] A B2 [ 22 5 B8 3 (P<0.05).
Fig. 4 Comparison of MDA content, CAT and GSH activity in the liver tissue of Oryzias melastigma in
different corner region area residence time treatment groups at 2 and 4 weeks
Different lowercase letters indicate significant differences (P<0.05).
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Effects of different residence time in different water quality regions of
aquaculture systems on feeding behavior, stress tolerance, and growth of
Oryzias melastigma

LU Jun', CHEN Lizhi"% BO Yang', WANG Yongshuai', XU Yongjian"*

1. School of Marine Sciences, Ningbo University; Key Lab of Applied Marine Biotechnology, Ministry of Education,
Ningbo 315832, China;
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Abstract: This study investigated the effects of different residence time in different water quality regions in
aquaculture systems on the growth, feeding behavior and stress resistance of marine medaka (Oryzias melastigma).
The culture system was divided into a central area and a corner area, and four time gradients were set for the
retention of marine medaka in the corner area, which were 24 h, 14.4 h, 7.2 h, and 0 h, respectively. That is, they
account for 100% (P100), 60% (P60), 30% (P30), and 0% (PO) of a whole day (24 h). The water quality
differences in different flow fields were analyzed, and then the growth, feeding behavior and stress resistance of
marine medaka were compared in different flow fields. The results showed that in the 28-day culture experiment,
although the water quality indicators such as dissolved oxygen (DO), pH, nitrite (NO,-N) and non-ionic ammonia
(NHj3-N) in the central area and corner area all met the requirements of the national fishery water quality standard
(GB11607- 89), with the extension of the culture time, the water quality in the corner area of the culture container
gradually got worse than that in the central area. The body length and body weight of marine medaka in all
treatment groups increased, but the growth differences among the treatment groups were significant (PO>P30>
P60=P100) (P<0.05). With the increase of fish residence time in the corner of the aquarium, its growth rate
decreased gradually, feeding efficiency decreased, and stress resistance (MDA content, GSH and CAT activities
increased) decreased (P<0.05). In conclusion, slight differences in water quality in aquaculture systems can affect
the feeding behavior, stress resistance and growth rate of marine medaka. Therefore, when analyzing the quality of
aquaculture water, it is not only required that the water quality comply with the relevant regulations of the state
and the industry, but also that the water quality in the aquaculture system should be well uniform.

Key words: aquaculture system; water uniformity; growth; feeding behavior; environmental stress; Oryzias
melastigma,
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