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1 #RERE

11 SEIEHR
A SV EY 2 [ 21 t0 F0 BB S2iexd G2 1).
S AT S 1L £ 1L 3R 58 JE H 3R 45(30°02" N,
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*1 FEMEMNEK, FEREHE

Tab. 1 Body length, weight and plumpness of two species of fish
(n=5; mean+SE)

8] EHEaH
Y8trIndex Acanthopagrus Sciaenops F P
schlegeli ocellatus
fAKBody
length (cm) 19.37+1.88 19.2+1.05 0.063 0.85

AT Weight (g) 203.77+5.13" 197.04+5.54" 7932 0.011

JIE s
Plumpness (%) 295085 2826042 0169 0.686

e B —AT A LR A [F) 7 B RN 2 5 i (P<0.05); <P
Hahieis: T

Note: In the same row, values with different superscript
letters indicate significant differences (P<<0.05); mean+SE; The
same applies below
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KRNV > 6.5 mg/L, K ERE N28—29., HEH
T 07:00 A1 18:00 ¥ £ #5 P K S R P s 1) )
(K5r10.5% FaHT7.5% HLE [44.2%F K 5
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Fig. 1 Swimming ability test flume
A EHIREE; B AR, C. BB DL KA, E. fi F. gL, G. TS @ s il H. BUHML, LoKTT 15 3. )5 S s

A. controlling device; B. air pump; C. rectifier section; D. sink; E. fish; F. motor; G. front metal grid; H. camera; I. flow direction;

J. rear metal grid
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2R [P>0.05; 7R K B H=(19.37+0.59) cm; 3 [FH 4L
1=(19.20+0.33) cm], &M EAENIADLIRH, -
0. 30min. 60min. 90min. 120minfA150minss-™
I8 55, 3 R HEAT ST UK SE 08 o AN [A] 4 1A
KESRE, B REEA30E. FE R E N AT,
TR H SEEG 76T A By /K (60 mg/L)HH R
30s i B H, AR B & R ol 3%, A 1 mL e B
I3 MR B K EX AL, S ER M 0.5 mL(f B4 3ETY),

4 CIRAT o R AR TRAT HEAE AL (Z2 L), —80°C
PRAF. FTEORE S T IpE . My FLER . FFHE R
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B, I RE R G &7 5 A043-1-1). JULKE &
GRFEF 5 A043-1-1). NIRNARGAF &HF 5
A019-2-1)FH LI FLER (A &LF 5 A019-2-1)IKfE
IR B vk . B a7 Bl E R e
V) LA ST R IRV B AT 8. B 28R T
TR b i K S8 1 B TR AR, PEAHSLI6 T S5 kAR
Al BT T M A S sh i B 44 4
1.5 BIESH

PRE L MK WREKETTE] . IOBE . FEREE . UL
B UL R AN I LR 3 LA S (AR 1R 3R o
TE 50 BT Z 00, 5 B0l HE 47 1E S MR 56 A 2 B 56
A TRV U 47 94 P55 1 S 36 5090 SR FH 5 1 A 6 AR B[R]
R EZMHT(ANOVA). iRy Znbras e st
B3 2 7(P<0.05), M{# i Duncan£ &t — b
UM 22 7 o SR 7 R BSCHL 6 A 2R o B ik T
FE 51t 730 K i (8] 9% &R . BT A 24 K Excel
2019F1SPSS 26.04t 1 H A 34T 4B, FE {8 H ori-
gin 202141

2 &R
2.1 EHFIEEL & T ik EE
R R R Uk AR T B2 R 2 7 (P<0.05), | 3

TEEGGE T DR RE DK

Swimming ability test at steady flow rate

|

Mt bkl

Endurance swimming test

|

R FIRN AR A

Choose fish of the same length and species

l

|

Sustained swimming speed

|

e ) i i i) 25 150min 3 il
Select a flow rate test with an endurance swimming
time of 150min

|

VA2 BL/sIfs A A R diie vkt

The initial swimming speed was 2 BL/s

W0, 30min, 60min, 90min, 120min, 150min 6/~ [l S HURE
Select 6 time points of 0, 30min, 60min, 90min, 120min, 150min for sampling

l

ARG DL I E L 3 T IR
Adjust the flow rate up or down according to the
swimming situation

MR OFFpiIE . LA B ECRI S ) FnfCist ™4 (ILr

The concentrations of metabolic substrates (liver glycogen, muscle
glycogenand blood glucose) and metabolites (muscle lactate, blood

FUER. MRFLIR) AU

lactate) were determined

TCR AR g Y ok ]

Record swimming time at different flow rates

l

oy Wit
Analyze data

B2 PRk g e B R
Fig.2 The method for testing fish swimming abilities
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BT R R B A S . R TR RS 1 36 [ 40 £ Ui
PKRE Sy T S . 7ERFSE UK 7] 29 28 440min ()
AT, £ E LA PR 80,70 m/s & KT
SR 110,50 m/s, A [F] 1 45 5 B B0 AE 7 2 3 kit
6] 1 9 190minf, 35 [F 21 f 13 3K 3E FE 40.80 m/s
BERT B10.60 m/s. & 3BHEIAR T A
XU VK TE R S B R Ok R, EE A M LL3.6. 3.9,
4.15F14.67 BL/s 13 B 43 5l 7 2L Ui Uk £)440min
288min. 186minfl67min, 1fj L& LL2.6. 2.85.
3.1F13.6 BL/s VY A8 & 43 3l #5522 Ui ¥k 244 0min
346min. 199minf128min. AH [F7 Uk i 1], FH*
5 L SRR, 55 [ 41 0 (P UK e ) 0 2 o T R

» B8 Acanthopagrus schlegeli

® F[E|4] fh Sciaenops ocellatus
480 - A
T,~133330¢ /01228
R*=0.999

[5fA] Time (min)

B T,=3549¢( /043656
R2=0.996
1

0.5 0.6 0.7 0.8 0.9 1.0
Swimming speed (m/s)

T,=133330e 00928
R*=0.999

[} iE] Time (min)

i T,=3549¢( /22656
R=0.989
1

2.5 3.0 3.5 4.0 4.5 5.0

AFX i
Relative velocity (BL/s)

3 FEAEE AU T, P f FR b I R (A) FHAF S 3 5 (B) 73 31
LI Talf) ok &
Fig. 3 The relationship between swimming speed (A) and relative
speed (B) of two species and time under constant flow rate

P A &I B2 R FH o R B &

Figures A and B both use power function fitting analysis

22 EHHFNEEL S AR IR

TE S vk SE B0 I A2 o, 6 it Bk i 1] A
JEE A R T . LR S5 R0 It 9 ) A0 72 2 (UL ) 2L 7%
I AL R ) VR BE AR AL B s ik 2 fros s fET A
2ANSEIG 2H R BRI DK B R M TR KT (SR 6
F=960.3, P<0.001; 35 [ £ f1: F=220.1, P<0.001), %
A 51256 2H R L9 FEE -5 90t IS 1] 7R X0 8 4 5 43
T B, Wi 2R R o X S 0 P vk P 11
BE— B M BoR, HARES [ 2 M AFE 3% 2 R
(P<0.05), FEmseibHrs RS BEHst R —
B, B E WA Y BE(0F130minS2 56 25 ) 19 2 -9 5 v
JERE R,

PR 0 TR S UL PR R B b 25 R R, TR
ASTRIE P IS 1], < BE 22 e AN B35 (P>0.05) . Bk
Ui, LK JE 94 B 7 S A0 5 [E] 21 5o HY 5 0 ok
B 26 RAN KB B R4S, 208 1 3 UHE J iR B2 M
6.45—8.65 mg/g, FE[E 4 f1°H4.25—6.43 mg/g.

AN TR) Uik B R 3 508 FTL R R0 I 3 7L R R 5 1) A
b, G5 R EIEE 2R FR AU FLRIK T
01 150min 1) S50 4H 72 57 535 (P<0.05) . TEAIFIH)
T VAT 81, AF 408 5k 56 2L Fr4) S 60 AL 1A) 2PL TR A It v L PR
WP 2 7 15 1.2 (P<0.05) . (H & E 2 LA FLRE
WS BB S, KA 0F1150min 58
I 20 22 W B E(P<0.01). MK ALERIKE 2 F AR
#(P>0.05), HIKJE }6.30—7.33 mg/g.

TEFTA SEES A, SRRV B AN R K B[R] S
5 5 TR VR FE (SR F=97, P<0.001; 35 [EH £ 4.
F=135.221, P<0.001), P> <256 25 ifi B B2 55 3 bk
I [ [ AR B A DG 20 BT R B, 3 2 IEAH G K R
o B FFF 3 D5 Ak FBE 1R ik — 2B 4 i B, BBV FE N
WIGE S F150mindi JJ vy FFA2£51.996%. K H
210 A FE MAIEE 211 50minf_ETH24)5.761%
23 @MaE RSN EEINEYESR

TE 47, 3 )5 5 R e FR SRR AR I Dt 4T K €1
KT, Gt — KR YME AR . IR AT 2
7 B R G0 N 0 R 3R TB) SR IRAR B I — oy v, Jdd A
FIA R S AR BAE 5 R P R 55, 4 SR %
bR M &, KRB RFRE M. 4R ER,
TE 6/ AN R Ui vk B[] B, 2 ) 760 56 6] 21 (1) i, % A0
JFF W Ji AR 5 5 Bk ] (19 S B R e K, o A AR
Vi F R R, HEE R ER,
HAREHE W% 3.

ER AR 25 LR B R £ 3 KO 5 (AR U A T
BT 2H P (R [) A 288 o ) A AR 0 5 2 M U
6] LA 35 HE 4% AH [, (L 2H 18] (9 F £2) 25 53 R 158,
AT FEALE F 3 B 53 43 #7177 5 (Principal Component
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*x2 AMEERELFKRE RS R =R E

Tab.2 Concentrations of metabolic substrates and products in two species at different swimming times (#=5; mean+SE)

Y Metabolites
] TR LRI LTI RN ]
Time Hepatic glycogen (mg/g) Muscle glycogen (mg/g) ~ Muscle lactic (mmol/g)  Blood lactic (mmol/L)  Blood sugar (mg/mL)
(min) ™ “mgy EEae WG kREam B REam B EEZ6  BE EEA6

A. schlegeli S. ocellatus _A. schlegeli S. ocellatus _A. schlegeli S. ocellatus _A. schlegeli S. ocellatus A. schlegeli S. ocellatus

0  5.13x0.05" 4.65+0.09"
30 3.99+0.04° 4.26+0.58"
60 2.87+0.07° 3.25+0.48"
00 1.7340.11°  2.440.39°
120 0.67+0.03° 1.2240.22°
150 0.44+0.02"  0.34+0.04°

6.45+0.31 4.54+1.1

7.96+0.55 6.43+0.67 17.24+0.31" 26.97+1.48°
7714052 6.2240.65 21.78+0.68" 30.34+2.14°  5.64+0.14° 6624027 1.23£0.02° 0.47+0.02°
8.6540.47 5.76:0.62 26.071.22° 359+3.15%
35.29+41.06" 37.25+2.22"  8.69+0.2° 7.04+025 1.41+0.02° 1.52+0.06°
6.94+032 425:128 40.97£0.25° 41.7142.09° 10.38£0.21° 7.33+0.07 1.36£0.03° 1.77+0.09"
736+0.72 5.87+1.02 50.54x1.12" 43.23+3.1°

4.55£02"  63+029 0.84+0.03" 0.34+0.03"

6.4+0.14° 723+0.18 1.33+0.04° 0.73+0.03"

11.4940.09° 7274064 1.67+0.01° 1.96+0.09°

F 960.3 220.1 2.4 1.0 211.5 6.8 261.3 1.5 97 135.221
Sig. <0.001 <0.001 0.069 0.467 <0.001 <0.001 <0.001 0.216 <0.001 <0.001
A 8 Acanthopagrus schlegeli #3 EACHYS ST S B R

—a— JIT B 7 Hepatic glycogen
—e— JIL¥¥% )i Muscle glycogen

F=IBk Z % Correlation coefficient

0.6 —a— Ifil i L2 Blood lactic
—v— LA FLI% Muscle lactic
—o— [l ¥ Blood sugar
04 \'\'\v\,
02 1 1 1 1 ]
30 60 90 120 150
S TR i2s A ]
Sustained swimming time (min)
B E[E 4 fa Sciaenops ocellatus
1.0

0.8
—=— Ji 5 Hepatic glycogen

—e— JIJLHE 5T Muscle glycogen
—a— [ FL1% Blood lactic
—v— ILA FLiER Muscle lactic
—e— [fil % Blood sugar

04

F=I% Z % Correlation coefficient

02 1 1 1 1 1
30 60 90 120 150
L DRI A

Sustained swimming time (min)

4 PIANE SR 5 A R SR vk I 1A B DG R 4R
Fig. 4 Correlation coefficients of five metabolites in two species
and different endurance swimming times

Analysis) b4, PCAR T 70 #0422 & 34 A0 A2
BRI I R B T R RSB A

Tab. 3 Association results and ranking of 5 metabolites with
sustained swimming time

8 A, schlegeli

EKEL S ocellatus

L LZEES S T NS T T
Metabolite Correlation Correlation
: Rank . Rank
coefficient coefficient
ik
Blood sugar 0.982 1 0.974 1
JFF i
Hepatic glycogen 0943 2 0.946 2
Muscle glycogen 0.839 3 0.789 3
M 7R
Blood lactic 0.784 4 0.764 4
LA LR 0372 S 0434 5

Muscle lactic

S EHT LA F o E(RFRRIE R R RS, AL
ToSEbrEr X)), CAIRIS R4 o, R R 0] g th OR B
JR 8 R AR A . I A AR HiE ) R A R
2H: PR ADSE [E 2 (] 5). MR IR . R SR A
WLPRIBE R IR B 5 B SRR AR 2 DI O, A
HORBREHE 4 R . (0 R E S KT 36
[ 21 f1, 7 PR AR T 22 B K, B B AR AL Y
BHOR o [RIEF, R R B ot P 0 57 B W 3 . AR A
[ fhv % £ FEE 22 S, Sk 5 1B 40 £ AH L R A, 52 )b
Jir A i B 3
3 iR
3.1 A& ERFIKEE R

TE S0 25 06T FH [ 11 5 ] 21 #0025 6 1) 458
Rl vk e 1B AT IR, 25 R BoR, SR 1E 4T SR
VKREJTHE B, TR K UK R 0, 35 [ 41 A R
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The ellipses in the figure represent the 95% confidence intervals
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SUSTAINED SWIMMING ON THE ENDURANCE TIME AND PHYSIOLOGICAL
METABOLISM OF ACANTHOPAGRUS SCHLEGELI AND
SCIAENOPS OCELLATUS

CHAI Ruo-Yu, YIN Heng, HUO Run-Ming, WANG Han-Ying, HUANG Ling and WANG Ping
(National Engineering Research Center for Facilitated Marine Aquaculture, Zhejiang Ocean University, Zhoushan 316022, China)

Abstract: It has become possible to set up deep-water cages in the open ocean in response to the further development
of the marine aquaculture industry. In these conditions, fish encounter strong currents and waves, and ensuring their
wellness becomes a crucial part of the farming process, so studying the endurance of farmed fish species is necessary.
However, there are few studies on the ability of fish to swim continuously in constant current mode. Breeding of black
snapper and American redfish is currently expanding into more open waters, so its endurance swimming ability needs
to be assessed to ensure farmed yields and fish farming welfare. At 20°C, we tested the endurance swimming ability of
two fish with no significant differences in body length (P>0.05). First, determine the endurance swimming time at dif-
ferent flow rates, and then choose the speed when the endurance swimming time is 150min to carry out the endurance
swimming experiment. Black snapper and American redfish were tested for 0, 30min, 60min, 90min, 120min and
150min at constant swimming speeds of 3.15 and 4.32 BL/s, respectively. Measure the concentrations of metabolites in
the muscle, blood, and liver of the fish at six-time points, ensuring that each time point produces three sets of valid data.
At 0 and 150min, the concentrations of fish liver glycogen, back muscle lactic acid, and blood glucose were signifi-
cantly different between the experimental groups (P<0.05), but the concentrations of muscle glycogen was not
(P>0.05). A bivariate correlation analysis revealed that liver glycogen concentration decreased and dorsal muscle lac-
tate and blood glucose increased with increasing fatigue. Gray-scale correlation analysis and principal component ana-
lysis showed that blood glucose and liver glycogen concentrations were the main factors affecting fatigue. However, the
concentration range of black sea bream was larger than that of American redfish. Our experimental results concluded
that: (1) American redfish have stronger swimming abilities than black snapper, and black snapper and American red-
fish are unsuitable for culture at flow rates exceeding 3.15 and 4.32 BL/s, respectively. (2) Liver glycogen concentra-
tion limits the endurance swimming ability of both fishes, and the results also provide a reference for the study on
swimming and metabolism in other fishes.

Key words: Swimming speed; Flow speed; Sustained swimming; Fatigue metabolism; Hepatic glycogen; Acan-
thopagrus schlegeli; Sciaenops ocellatus
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