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Effect of water velocity on swimming behavior of juvenile Megalobrama
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Abstract: To investigate the swimming behavior of juvenile Megalobrama amblycephala, a tracking analysis device was designed to
monitor behavior indicators including velocity (V), swimming distance (SD), turn angle (TA), distance to center-point (DC) and
swimming track (ST) at different flow rates (0, 0.1, 0.2, 0.3 and 0.4 m/s) at 25 °C. Results showed that indicator values all increased
with increasing flow rate. Values of V, SD and TA showed no significant differences among the flow rates of 0, 0.1 and 0.2 m/s,
respectively (P>0.05). However, they increased obviously at flow rates of 0.3 and 0.4 m/s (P<0.05), with no significant differences
found between these two flow rates (P>0.05). The SD value did not change markedly according to flow rates (P>0.05), while ST
showed complex patterns corresponding to increasing flow rate. A significant linear positive correlation occurred in free-swimming
fish between V and SD, while a negative relationship was found between V and TA. No regular relationship was deduced between
swimming speed and DC.
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Figure 1 Device for measuring swimming behavior and

activity metabolism
1: BHENL; 20 AKPEAAL; 3: WD 4: WIKSL; 5: KETH; 6:
WKEE; 7 WK 8: HIBIKE.
1: Camera; 2: Loop holes; 3: Flow rate valve; 4: Water-spout; 5: Flow
direction; 6: Pump; 7: Spouting pipe; 8: Circular lane.
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Table 1 Morphological indexes of juvenile M. amblycephala

IR fancay R (i3S g LNEVUUSS JEWE (KD
Water velocity (m/s) Weight (g) Number (n) Length (cm) Length of tail fin (cm) Weight/length Fatness (%)
0 24.26+1.57 3 12.540.00 2.63+0.26 1.94+0.13 1.24+0.08
0.1 23.89+1.84 3 12.5+0.00 2.83+0.24 1.91£0.15 1.2240.09
0.2 22.82+1.76 3 12.33+0.17 2.67+0.24 1.85+0.12 1.2140.05
0.3 22.15+0.85 3 12.33+0.24 2.53+0.05 1.80+0.07 1.18+0.07
0.4 24.37+2.14 3 12.27+0.19 2.90+0.14 1.99+0.119 1.33+0.16

JEWEEE (KD =100x (W/L®), Fatness (%) =100 x (W/L).,

tba  (LSD ¥5). FeihHdiH meantSE %KoK,
EEMAK N P<0.05,

2 &4 R
2.1 REGFERETE K84 @ e0i6E. 5. Rk
Ehl EREES

NI BN, [ Sk i 40 £ 1 34 i 9 T
BRI A, M0 m/s ) (1.56£0.37) m/s #K
£ 04m/s i (23.14+3.74) m/s, 1H 0. 0.1 F10.2
m/s YL ZH [A]F VKOH BE < (8.18+3.43)

m/s, i

WA 03 m/s I, YEUKHEE 2RI OR, S~
19.27m/s. Zilor AR, 0. 0.1 F1 0.2 m/s HiiH
M2 [ el 22 AN 22 (P>0.05), HEEMKT
0.3 FI1 0.4 m/s Wit 4l (P<0.05), H 0.3 F1 0.4 m/s
MEAZ=FAEE (P>0.05) (£ 2). £F 0. 0.1
F10.2 m/s JLTa R, A [ B TR) B A A A0 Dk O A
AR F22, £E 0.3 F1 0.4 m/s Jii# K, 0~20 min
N1 P R ST -5 = ol WP PN = | =
(23.14+£3.74) m/s, f)5, 2 BRI EHE
THe (F 24D,

R2 NREIRET H k84 & R xEE

Table 2 Swimming speeds of juvenile M. amblycephala at different water velocities (m/s)
JKIIHE Water velocity  (m/s)
Timiﬂﬂ(izin) 0 0.1 0.2 0.3 0.4
10 0.016+0.37° 0.041+0.95° 0.068+3.18° 0.18+5.46" 0.2142.96"
20 0.017+0.23 0.042:+0.8" 0.078+2.46" 0.22+6.96* 0.23+3.74°
30 0.013+0.03° 0.050+1.75° 0.075+1.25 0.20+7.09* 0.18+1.48"
40 0.016+0.25° 0.056+0.47" 0.082+3.43° 0.20+4.92° 0.20+1.55"
50 0.013+0.35° 0.054+2.14° 0.077+4.35° 0.18+3.22* 0.17+4.67"
60 0.013+0.26° 0.052+1.47° 0.074+4.55° 0.20+3.83" 0.20+4.06"

AN P BRER R [ — N [0 B Rl 4L B B 5 12257 (P<0.05), AR

Different letters indicate significant differences; the same is true of the following tables.
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(7.66£0.19) ~ (24.55+13.46) m/s, 45
0.4 m/s i, HIFHE> (100.45+10.21) m/s. 0. 0.1+
0.2 m/s JLIEAL A e 22 A B3 (P>0.05), {H
WEKT 0.3 A1 0.4 m/s i 4] (P<0.05), 0.3 1 0.4
m/s Z M ZERAEE (P>0.05) (£ 3). LIRS
Ty AMELER AN ISR Be UK EE B LT AR AL,
0.1 A1 0.2 m/s Y8, VUK E B AR 2728 FTHE
#0003 m/s WK R, 0~10 min A1 40~50 min [ /8]

B PRI DK B 0 S K T AN TR B s 0.4 my/s 3
T, AR B AR B 2 S (] 2B,

Sk B3 4y £ ) 26 Bl A B I B AR, B, %
SRR B I K (B 2C). BRI (0.
0.1 1 0.2 m/s) I HFIFM<1°, MFHENE 2 0.3
F10.4 m/s I, A IRGER R 10 ) B . BEANI R
B, 0. 0.1 A1 0.2 my/s s 2H %% M 2 0] 25 5
KARZE (P>0.05), 05 03 0.4 m/s kgl %=
FEFE (P<0.05), 1M 0.3 A1 0.4 m/s 2025 A8
# (P>0.05) (£4).
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Figure 2 Variation in swimming behavior of juvenile M.
amblycephala at different flow rates over 60 min
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Table 3 Swimming distance of juvenile M. amblycephala at different water velocities

(m)

JKFESE Velocity (m/s)

P i) B

Time (min) 0 0.1 0.2 0.3 04
10 9.30+2.20° 21.60+6.51¢ 39.83+19.44% 79.70+36.70™ 118.93+20.57
20 9.97+1.39° 21.72+4.60° 50.40+13.01° 125.92+43.18° 135.38+21.90°
30 7.79+0.19° 28.01+8.61° 43.23+8.33° 116.89+43.30° 132.79+3.33%
40 9.73+1.61° 32.43+3.75% 56.61+£20.63° 103.50+32.42° 120.45+52.24°
50 7.6542.26° 30.12+15.13° 45.55+26.25" 83.31+53.31% 100.37+29.93*
60 7.53+1.53° 34.5249.37° 44.49+27.34° 102.72+28.96° 114.34+26.27°

F4 ARRRETELEERIEERH
Table 4 Turn angle of juvenile M. amblycephala at different water velocities
JKIFESE Water velocity  (m/s)

Timﬂe‘J 'Eﬂ(fﬁn) 0 0.1 0.2 0.3 0.4
10 0.02+0.26" —0.1+0.54 -1.07£3.62° —2.5+0.25" -2.5+1.01°
20 0.43+0.93" 0.18+0.64" —0.41+0.8" —2.240.45° —2.4+0.99°
30 1.012—1.1% 0.58+0.65" —0.06+0.31% -2.0+0.51° —2.1£0.7°
40 0.58+0.48" 0.43+0.43" ~0.29+0.44% —2.4+0.64° —2.7+1.25°
50 0.26+1.04° 0.08+1.63% —0.45+1.47% —2.740.56" -2.942.81°
60 0.36£0.11° 0.19+0.45" ~0.3240.96 ~2.6£0.77° -2.8+0.9°
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Table 5 Distance to center-point of juvenile M. amblycephala at different water velocities (m)

JKIR I E Water velocity (m/s)

. ETJ—IEHEQ. 0 0.1 0.2 0.3 0.4

Time (min)

10 0.26+0.02% 0.28+0.01* 0.27+0.02* 0.27+0.01* 0.28+0.01*

20 0.26+£0.01* 0.28+0.01* 0.28+0.01* 0.28+0.02* 0.29+0.02%

30 0.26+0.02% 0.29+0.00* 0.28+0.02% 0.28+0.01* 0.28+0.01*

40 0.27+0.02% 0.29+0.01* 0.28+0.02" 0.28+0.02" 0.28+0.01"

50 0.26+0.02° 0.28+0.02° 0.27+0.02° 0.27+0.02° 0.28+0.01*

60 0.27+0.01* 0.29+£0.01° 0.27+0.03" 0.27+0.02° 0.28+0.01*

0.3 m/s 0.4 m/s
B3 60 min PA/EANRIATE T 1413k 5 4 i 3 vk B
Figure 3  Variation of swimming track of M. amblycephala at different flow rates over 60 min
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4K, 7F 0.3 m/s Iy vk 2R3 K (mean=19.27 m/s),

o oAb T E fE R KOIR A&, 5 0 8] ) En
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W T F AR EE (Yang, 1987), 4iidiid i
A1 Sk fi &) €61 (1) 5 3k i 7 A0 BT B 3k B gl 25 e A
WK (Wu, 1990). ASEEG rp [ Sk f74)) £ (1)
WeBE A b K G BEAH B G e 4 EIA R 0.4 m/s
i, LU SR > (10 045+1 021.42)  cm/s,
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Figure 4 Regression relationship between speed, distance
and turn angle of M. amblycephala
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AT NP 5% (Kato et al, 2004; Grossman et al,
201000 AHIEFTRIN, A1kt 2 1)U vk B a2 BE i
bU 8 I NTITLE R = E A 5/ TS 4 I W v % v
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