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Effects of different acclimation conditions on sustainable swimming performance

of juvenile lenok, Brachymystax lenok ( Pallas)

XU Gefeng'”, YIN Jiasheng', HAN Ying”, MA Bo', MOU Zhenbo' *

1 Heilongjiang River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070 ,China
2 College of Animal Science and Technology, Northeast Agricultural University, Harbin 150030, China

Abstract; Swimming performance is considered a critical factor in determining the survival of many fish species under
natural conditions. Flume experimentation, which is visible, measurable, and repeatable for the adjustment and control of
environmental factors, is a basic and effective method for the study of swimming performance and behavior in fish. However,
many current studies of fish behavior have focused solely on the process of adaptation, while other influencing factors such
as temperature, light, dissolved oxygen, velocity, and time have been generally ignored. In addition, maximal sustained
swimming time and maximal sustained swimming speed are accepted as key indicators for determining swimming performance
in fish. Swimming performance is assessed by determining the maximum sustained swimming performance at a given time and
constant speed, and maximal sustained swimming speed is used as the base-line reference when fish become fatigued. The
lenok , Brachymystax lenok (Pallas) , is one of the rare and valuable salmonid species found in the northeast of China. In
recent years, the biology, ecology, reproduction success, disease prevention, and culture techniques of this species have
been extensively studied and reported. However, to the best of our knowledge, there have been very few studies on the
behavioral ecology of this species. In this report, the effects of acclimation time, acclimation flow velocity, acceleration
time, and tested flow velocity on the sustained swimming time of juvenile lenok were investigated at a water temperature of

16.0 £ 0.2 C and dissolved oxygen level of 8 mg/L. The observed results served as reference data on the ethology,
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kinematics, energetics, and behavioral ecology of this species. Uniform experimental design was used with four factors and
eight levels being applied to all tests. The results revealed that the maximal acclimation flow velocity (AFV,, ) should be

limited to 1.0—1.5 (body lengths) BL/s, with a corresponding optimum acclimation time (AT) of 1 h. Under reasonable

conditions (AFV, < 1.0—1.5 BL/s, AT < 1 h), the influence of acclimation flow velocity and acclimation time on

sustainable swimming performance was negligible. Acceleration time significantly affected sustained swimming time under
stronger flow velocities (> 0.5 m/s) (P < 0.05). Although a longer time period may be favorable in allowing fish to adjust
to a new environment, an acclimation time of 1—2 h is recommended; screening for a suitable acclimation time should be
performed before trials. It is recommended that the tested flow velocity be limited to 3—4 BL/s to avoid the maximum
swimming tolerance range. Sustained swimming time was significantly affected by the tested flow velocities: sustained
swimming time decreased significantly with an increase in flow velocity (P < 0.05). The energy loss in fish was also
affected by tested flow velocity, acceleration time, and acclimation time. Under the maximal tested flow velocity (> 0.5 m/
s), the maximal acclimation time and the acceleration time should be limited to 60 and 4 min, respectively. In conclusion,

this study provides a scientific baseline for the behavioral ecology, kinematic theory, and energetics of B. lenok, which will

prove valuable for the design and construction of fish-pass facilities.

Key Words: Brachymystax lenok (Pallas) ; acclimation time period; acclimation flow velocity; acceleration time period ;

sustained swimming time
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Table 1 Uniform design for lenok sustained swimming time tests

[EN e e R0 K F Factors
No. I8 V7 I 1H]/min T R L (m/s) WIRFE, (m/s) P
Acclimation time periods Acclimation flow velocities Testing flow velocities Acceleration time periods
! 5 0.09 0.40 8
2 15 0.13 0.60 7
3 25 0.17 0.35 6
4 35 0.21 0.55 5
5 45 0.07 0.30 4
6 55 0.11 0.50 3
! 65 0.15 0.25 2
i 75 0.19 0.45 1
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Table 2  Experimental sustained swimming time of juvenile lenok
g S A] Sustained swimming time/min
No. A B C D E F Y{H Mean  FR#EZ Standard deviation
1 554" 125.0 147.0 113.0 135.0 40.5" 130.0 14.5
2 2.1 3 1.9 2.6 2.5 1.2 2.4 0.4
3 508.0 515.0 487.0 455.0 127.0" 53.0" 491.3 26.9
4 8.9 10.5 7.2 6.8 9.2 8.0 8.4 1.4
5 611.0 652.0 637.0 578.0 595.0 433.0" 592.8 353
6 45" 20.5 21.2 18.7 55" 19.0 19.9 1.2
7 780.0 753.0 807.0 793.0 707.0 457.0" 768.0 39.5
8 37.5" 67.5 82.5 78.6 74.1 58.0 72.1 9.7
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Fig.2  Relationship between acclimation time period and the

sustained swimming time of juvenile lenok
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Table 3 Backward linear regression analysis for the sustained swimming time of juvenile lenok

ErRes [l ) AR HVEEY' bRz . P
No. Regression model Coefficients S.D.
1 T I3 i ] 2.29 4.47 0.51 0.64
3 g -7.99 17.78 -0.45 0.68
iR A] 8.29 38.88 0.066 0.84
W37 0.072 0.025 2.86 0.046
2 T N A ] 0.59 2.20 0.27 0.80
ek s ] 20.26 16.59 1.22 0.28
W7 0.074 0.022 3.30 0.021
3 Jin s i) 22.46 13.27 1.69 0.14
W3 g 0.077 0.017 4.56 0.0040
4 W37 0.086 0.018 4.67 0.0020
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Table 4 Ratio of energy loss of juvenile lenok during acceleration process
K45 No. 1 2 3 4 5 6 7 8
38 S 8] Acclimation time period/min 5 15 25 35 45 55 65 75
TR Ve, Acclimation flow velocity/ (m/s) 0.09 0.13 0.17 0.21 0.07 0.11 0.15 0.19
TN E] AT/ Acceleration time period/min 8 7 6 5 4 3 2 1
PR FE Vi, Testing flow velocity/ (m/s) 0.40 0.60 0.35 0.55 0.30 0.50 0.25 0.45
R 15 E Ratio of energy loss/% 1.58 20.64 0.73 10.44 0.11 2.60 0.03 0.58
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Table 5 Backward linear regression analysis for the energy loss of lenok during acceleration process

% (7] A Il 5 2 % FrifEzE

No. Regression model Coefficients S.D. ! P
1 T N A T -0.21 0.11 -1.96 0.12
T N 3 0.052 0.472 0.11 0.92
T ps ] -1.31 1.10 -1.19 0.30
W37 42.65 18.89 2.26 0.087
2 T A T -0.20 0.080 -2.56 0.051
Jon i it i) -1.28 0.97 -1.33 0.24
W37 43.49 15.51 2.81 0.038
3 34 7 I ] -0.14 0.065 -2.09 0.082
W37 24.78 6.86 3.61 0.011
4 NSRS 13.30 4.99 2.66 0.032
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Table 6 Ratio of energy loses of juvenile lenok during flow velocity acclimation stage

%45 No. 1 2 3 4 5 6 7 8

38 W ] Acclimation time period/min 5 15 25 35 45 55 65 75
IR Ve, Acclimation flow velocity/ (m/s) 0.09 0.13 0.17 0.21 0.07 0.11 0.15 0.19
1K1 #E E Ratio of energy loss/% 0.00027  0.0096 0.096 0.55 0.00046  0.012 0.11 0.0061
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