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Tab.1 Uniform design for S. ocellatus tests

S I8 K+ factors
VAL T N . - N .. . N .
o SE LA ] (min) SEBLTE (cm/s) Wik (cm/s) hivet ] ( min)
’ acclimation time periods acclimation flow velocities testing flow velocities acceleration time periods

1 4 15 84 8

2 12 25 116 7

3 20 35 76 6

4 28 45 108 5

5 36 10 68 4

6 14 20 100 3

7 52 30 60 2

8 60 40 92 1
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Tab.2 Uniform design for A. schlegel tests
. i 46 K] 7 factors
o 2 S R [ ( min ) TN HE (em/s) I HEE (em/s) Jisg et [l (min)
’ acclimation time periods acclimation flow velocities testing flow velocities acceleration time periods

1 4 12 62 6

2 12 20 80 5

3 20 28 56 4

4 28 3 74 3

5 36 16 50 2

6 44 24 68 1

7 52 32 86 7

TR 6 4 97 AL 10 A
SR R AT , I LT A S
60 ~116 cm/s, BHHIIHRFL AL 50 ~ 86 cm/

s, WLEUKF-H 51180 o Gl NE PLREC L. 5 BL s
SRERRAEL , 0 31 R 07 55 [ 21 8 0 R 8 ) e A3 oL O
B 45 em/s I 32 em/s 38 1 KP4 51284k
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Tab.3 Experimental sustained swimming time of S. ocellatus

R St ] ( min) sustained swimming time

no. A B C D E* {4 mean  FRif % standard error
1 41 59.8 17.5* 54.5 37.7 48.3 9.2

2 6.5 8.1 6.9 5.4 — 6.7 1.0

3 119 94.6 143.7 30.3" — 119.1 20.0

4 8.1 11.1 7.9 11.3 — 9.6 1.6

5 238 190.3 268.5 232.2 — 232.3 27.9

6 15.5 16.3 14.9 17 — 15.9 0.8

7 583.3 515.7 38.2" 599.3 — 566. 1 36.2

8 28 20 3.7" 21.2 26.8 24 3.5
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Fig.1 Relationship between a single factor and sustained swimming time of S. ocellatus
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Tab.4 Experimental sustained swimming time of A. schlegel
TR G it ] ( min ) sustained swimming time
no. A B C D E* ¥){H mean  FRifEZE standard error
1 41.1° 117.6 10.4" 110.5 100.2 109.4 7.1
2 11.4 19.3 14.2 10.2 — 13 3.5
3 209.7 177.1 280.6 241.1 — 227.1 38.3
4 23.1 19.7 28 27.2 — 24.5 3.3
5 13.5° 474.7 452.1 523.8 79.7" 483.5 29.9
6 47.9 50.4 78.5 51.3 — 57 12.5
7 8.7 10.1 3.7 9.1 9.0 9.2 0.5
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Fig.2 Relationship between a single factor and sustained swimming time of A. schlegel
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Tab.5 Backward linear regression analysis for the sustained swimming time of S. ocellatus
[ 455 7Y EVEEYs brifii2E L
. R t significance
regression model coefficients standard error
1 3 W/ i [E] acclimation time period -0.205 0.128 —-1.598 0.185
J& 0 33 & acclimation flow velocity 26.070 18.015 1.447 0.221
ill3# it ] acceleration time period -0.741 0.647 -1.146 0.316
Wt 7 * testing flow velocity 16.997 0. 200 84. 776 0. 000
2 J& 7 I [E] acclimation time period —-0.146 0.121 -1.207 0.282
3& 0 33 B acclimation flow velocity 11.242 12.916 0.870 0.424
MR R * testing flow velocity 16.948 0.202 83.959 0.000
3 3 W i [E] acclimation time period -0.061 0.069 -0.874 0.416
W37 B * testing flow velocity 16.916 0.194 87.007 0. 000
4 I3 ¢ testing flow velocity 16.803 0.143 117.352 0. 000
TE: o+ WE V= VO S T A
Notes: * means the flow velocity transforms from V' =V =% 8%
xR 6 EHREAATE R EELZ&ER 5
Tab.6 Backward linear regression analysis for the sustained swimming time of A. schlegel
[ A Ay EVEES's brifiz o
. X t significance
regression model coefficients standard error
1 3# W ] acclimation time period -0.358 0.281 -1.272 0.293
& W FE acclimation flow velocity 86.708 59.589 1.455 0.242
JiN#E ] acceleration time period —-0.588 1.808 -0.325 0.766
MR * testing flow velocity 2.554 0.057 44.748 0.000
2 3 W B[] acclimation time period -0.333 0.238 -1.396 0.235
& W # E acclimation flow velocity 72.374 35.355 2.047 0.110
WA * testing flow velocity 2.556 0.050 51.067 0. 000
3 3& W I [E] acclimation time period 30.150 19.969 1.510 0.191
Mt testing flow velocity 2.543 0. 054 47.374 0. 000
4 WA B * testing flow velocity 2.587 0.050 51.918 0.000

Hee o WM Vo= VT T AL T

Notes: * means the flow velocity transforms from V' =V =77,
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Tab.7 Ratio of energy loss of S. ocellatus during acceleration stage

R g5 no. 1 2 3 4 5 6 7 8
WG V, (m/s) acclimation flow velocity 0.15 0.25 0.35 0.45 0.1 0.2 0.3 0.4
A V,, (m/s) testing flow velocity 0.84 1.16 0.76 1.08 0.68 1 0.6 0.92
J# B[] AT(min) acceleration time period 8 7 6 5 4 3 2 1
R SI74#E E(% ) ratio of energy loss 2.3 19.4 1.3 11.4 0.3 2.9 0.1 0.8

®8 BEUTIEMREEHEFFR

Tab.8 Ratio of energy loss of A. schlegel during acceleration stage

R4 5 no. 1 3 4 5 6 7
TN EIE V, (m/s) acclimation flow velocity 0.12 0.28 0.08 0.16 0.24 0.32
MAFE V,, (m/s) testing flow velocity 0.62 0.56 0.74 0.5 0.68 0.86
S [E] AT(min) acceleration time period 6 4 3 2 1 7
& J7174#E E(% ) ratio of energy loss 0.8 0.4 1.5 0.1 0.4 15.2

TR AR RN AE BN A T, i
F18 T 3 o i) 2 3 SRR R AR T T A, 328 17 52 T 0
IREER, nsEELarE 1.16 m/s BRI HE T,
g i [8] 2 7 min, i B B A AR 0 AR
19.4% ; JREHTE 0. 86 m/s [N T, Jonn i i
6124 7 min, Jid By Be AR 7T FE & 15. 2% o it
XEFHE R T AR IEAE SRR RN . i
LA RE T AE 1T 20 A F i3 S [ X6 S A P (] £
MBI B F AN BT LR A, (et

SREYUFIKRE J7 58, /N 1 DL X A 3 1A )
THFERZNE AN K, Jon i i 1] 1) 20 56 3 [ n] LA 5E
MAERFHNE O, S 2 iR T #E, B
o A R P T AR LA I ] 5 0 S |
Fift I E A O, AT BT E . EASCH,
A1 LA 10% A5 0 A3 A Lo B i ) s o, 0 58 [
ZLABAE 1. 16 m/s a0 T A T s A ] 1o 44 1
£ 3.5 min LA, T AREETE 0. 86 m/s I3 38 T
F18 o038 B ) RO A2 4 £ 4. 6 min LAPAL
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Tab.9 Ratio of energy loss of S. ocellatus during flow velocity acclimation stage

RIS no. 1 2 3 4 5 6 7 8
&I (m/s) acclimation flow velocity 0.15 0.25 0.35 0.45 0.1 0.2 0.3 0.4
& W [A] ( min) acclimation time period 4 12 20 28 36 44 52 60
1R SI74#E E(% ) ratio of energy loss 0.00 0.01 0.09 0.71 0.00 0.00 0.08 0.68

R 10 RIS N A 18] F0IE R g 3 X B YA S T AR L

Tab.10 Ratio of energy losesof A. schlegel during flow velocity acclimation stage

X545 no. 1 2 3 4 5 6 7
& W LE (m/s) acclimation flow velocity 0.12 0.2 0.28 0.08 0.16 0.24 0.32
3& W i [E] ( min) acclimation time period 4 12 20 28 36 44 52
A J7174#E E(% ) ratio of energy loss 0.00 0.00 0.05 0.00 0.00 0.03 0.34

1€ O FN3% 10 7] DL, 45 3d oy st 18] R3S B 37t
HAGOLT , AR B BE R T TERE LB N, 2
BTGB AT L2200 DRI N 2 o 5 28 B4 82 Ay et 1)
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7B ) 43 AR 3k 33. 4 min il 44. 8 min, fRZ
2 R 60 min 1 g iR £ f 3 157 ]S
WL 285 A 13 43 M A 10 IO I A A R R At
1.5 BL/s i W B B N 3 60 min, X a7 A 55
TIF5E A 36 [ 21 e R S0 , 7635 B ek 1. 5 BL/s Al
TG ML) 60 min Z5PF T, 38 R BB AR T FE L
AL 5 50 R 2. 5% F1 1. 5% , X il ok 45 SR 5%
iV N

ARV S [ 21 FN PR A B X %, F 9T T
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Influence of acclimation conditions on fish’ s
sustainable swimming performance

GUI Fu-kun” , WANG Ping, WU Chang-wen
(Zhejiang Key Laboratory of Marine Aquaculture Facilities and Engineering Technology,
Zhejiang Ocean University , Zhoushan 316000, China )

Abstract; Swimming performance is considered a critical character determining survival in many fishes in
the natural circumstances. For many fishes, swimming is the main way to avoid the attack from their
predators,obtain food, find a mate, and so on. Experimental tests are important means for measuring the
swimming performance of fish. Many influence factors on fish’ s swimming performance have been studied
extensively. However,important as they are,no study has been carried out on the influence of acclimation
time period, acclimation flow velocity and acceleration flow velocity on fish’ s swimming performance.
Experimental results measured under different acclimation conditions are incomparable and are always open
to question. In this paper,the effects of acclimation flow velocity, acclimation time period, acceleration time
period and testing flow velocity on the sustained swimming time of Sciaenops ocellatus and Acanthopagrus
schlegel were studied. The Uniform Design method was used in the experiments where a 4-factor and 8-level
design was applied to Sciaenops ocellatus tests and a 4-factor and 7-level design was applied to
Acanthopagrus schlegel tests. The experimental results and theoretical analysis showed that the acceleration
time period has greater effect on the sustained swimming time under stronger flow velocities than that under
slower flow velocities. The influence of acceleration time period on the sustained swimming time is also
related to fish species, fish size, current velocity, etc. It is suggested that the maximal acclimation velocity
should be limited to 1. 5 BL/s to avoid significant energy loss of testing fish. The acclimation time is
recommended not to exceed 60 min though a longer time may be better for the fish to adjust itself to a new
environment. A well-fitted power-function relationship was found between the sustained swimming time and
the testing flow velocities. The sustained swimming time decreases significantly as the flow velocity
increases. The conclusions obtained in this paper may give an important guidance to the testing approaches of
fish’ s swimming performance.

Key words: Sciaenops ocellatus; Acanthopagrus schlegel; acclimation flow velocity; acclimation time
period; acceleration time period; sustained swimming time
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