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To VAT Fh i vk g A =, w7 G S H Sk A
—ANIEEI R, BIFEKIE 3 5 A T 5 A a3 43
) K FER R (DMO,) Y B K T 128 sh i 72 A i 15
)5 KAE (AMO,, P<0.05, % 1R15 2).

FEAF I A AR T, B3k e vk 72 o i)
AMO,S351291064.07. 1101.88. 1216.22F11198.40 mg
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Tab. 1 Effects of swimming acceleration modes on maximum swimming speed and oxygen consumption in M. amblycephala
Wik I A 2 Swimming acceleration mode
fi#rIndex Rt Mode 1 Jin#REsR2 Mode 2 Jin# fEst3 Mode 3 Jinig 4 Mode 4
At=2min, AV=20 cm/s At=20min, AV=10 cm/s At=40min, AV=10 cm/s At=60min, AV=10 cm/s
A E Weight (g) 15.62+0.70 16.14+0.99 15.16£0.73 15.67+0.68
f&K:Body length (cm) 9.36+0.12 9.414+0.19 9.2240.15 9.34+0.14
Vimax (cI0/S) 118.07+2.55" 102.8142.94° 102.45+2.67" 97.84+5.03°
AMO, [mg O,/(kg-h)] 1064.07+55.63™ 1101.88+30.30™ 1216.22+46.80™ 1198.40+51.53™
BMO, [mg O,/(kg-h)] 991.40+70.76™ 1048.29+47.48™ 1173.26+60.95™ 1152.59+61.88"™
CMO, [mg O,/(kg-h)] 667.70£31.91" 672.23+55.98° 800.60+86.35 710.40+62.36
DMO, [mg O,/(kg-h)] 689.23+31.86 674.74+55.43" 800.60+86.35" 710.40£62.36”

205.62+5.89°

409.81+10.69"

587.04+30.17°

Wik 2 T3 I Swimming 11.81£0.26°
duration (min) ’ '
TEE AR & B Proportion 0.64+0.08"

of anaerobic metabolism

0.12+0.02°

0.07+0.01° 0.06+0.02"

VE: ACA IR RS

SIS ()5 AV FESE B V0 A BCRIKIE L ; AMO, 9IZ 8 12 i B KA AR BMO, NIB Ehid 12 vh i 5 By BUve

% CMO IR E M BUr ¥]2minkE A%, DMO ARG BU i KFER AR . TR i L= (MO 5 AL/ [ X (MOzxAL)+Y. (MO > AL)].
MO, FIMO,; 53 ) Yo vk RE ARG RS I R 45 I B I B E 1 AR /K DL_E IFE SR AR A 5 il AR SR A %
W B RS 1A) o 004 F T3 EEAR R 2 RN (n=10); a, b. I_MTEP?ETI_U:*T?%T%EE%(P<0 05); x, y. [FIFIHFAAF s

FoRE R BEP<0.05), £ 2 [

Note: At. Duration of acceleration; AV. Velocity increment; V... Maximum swimming speed; AMO,. MO,,,,, during swimming;
BMO,. MO, in the final stage of swimming; CMO,. MO, for the first 2min of the recovery phase; DMO,. MO, during recovery phase.
Proportion of anaerobic metabolism =3 (MO *A{)/[Y(MOxxAL)+3 (MO, At;)]: MO,; and MO,; are oxygen consumption above the routine
metabolic rates at each measuring occasion during the swimming and metabolic recovery processes respectively; A and A are the time
between two measuring occasions during the two processes respectively. The data were expressed as Mean+SE (n=10); a, b. different
superscripts in each row indicate significant differences (P<0.05); x, y. different superscripts in each colum indicate significant differences

(P<0.05). The same applied as Tab. 2

=2

ek iR AE R X 7 77 B B KifFOR S FFE S R 1

Ej ur]

Tab. 2 Effects of swimming acceleration modes on maximum swimming speed and oxygen consumption in S. meridionalis

Wik oI 45 2 Swimming acceleration mode

fHirIndex AR 1 Mode 1 A2 Mode 2 I3 Mode 3 IR R4 Mode 4
Ar=2min, AV=20 cm/s  Ar=20min, AV=10 cm/s Ar=40min, AV=10 cm/s A=60min, AV=10 cm/s
14 Weight (g) 15.16+0.77 16.67+0.59 15.31+0.42 15.29+0.46
fA-KBody length (cm) 12.81+0.19° 13.25+0.14° 12.82:0.14" 12.9040.14"
Vinax (cm/s) 68.03+3.06" 45.23+2.70° 32.97+3.13° 27.33+2.75°

AMO, [mg O,/(kg-h)]
BMO, [mg O,/(kg-h)]
CMO, [mg O,/(kg-h)]
DMO, [mg O,/(kg-h)]

Wevk 2 P70 Swimming
duration (min)

TeE AR & e Proportion of

anaerobic metabolism

498.69+22.70™
438.63+15.92%
384.39+18.78"
403.84+14.52"

6.80+0.31°

0.72+0.04"

471.16+28.95™
471.16+28.95™
294.69+22.21"
312.50425.00"

90.46+5.40°

0.11x0.02°

359.81431.64™
358.89+31.96™
202.71+21.85
242.97+25.00°

131.90£12.52°

0.10+0.04"

bx

328.62429.52
323.114£29.46
167.31x18.10%
199.05+15.04"

bx

163.99£16.52"

0.04+0.02"
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—e— Ar=2min, AV=20 cm/s
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Fig. 1 The effects of swimming acceleration modes on relation-
ships between activity metabolism and swimming speed in M.
amblycephala
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3 10 20 30 40 50 60 70 80
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B2 Gruionn s 2Ot e 7 118 B AR S I bR RE R AR 56 5%
ZRHI S
Fig. 2 The effects of swimming acceleration modes on relation-

ships between activity metabolism and swimming speed in S.
meridionalis

AVH10 cm/s. AtAH40minZk 4 N HIAMO, 5% & T
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EFFECTS OF ACCELERATION MODES ON MAXIMUM SWIMMING SPEED
AND ACTIVITY METABOLISM IN MEGALOBRAMA AMBLYCEPHALA
AND SILURUS MERIDIONALIS

ZHANG lJing-Jing, ZHU Feng-Lei, LONG Jing, YAN Yu-Lian and XIE Xiao-Jun

(Key Laboratory of Freshwater Fish Reproduction and Development, Ministry of Education, School of Life Sciences, Southwest
University, Chongqing 400715, China)

Abstract: To explore the effects of acceleration modes on the locomotor performance and metabolism characteristics in
swimming for the species with different ecological habits and to evaluate the applicable methods for determining the
critical swimming speed (U,;), burst swimming speed (Uy,,;) and maximum metabolic rate (MMR) for M. amblycepha-
la and S. meridionalis, maximum swimming speed (V,,,,) and oxygen consumption rate (MO,) of the experimental fish
during their swimming processes and metabolic recovery after the exhaustion were measured under four different acce-
leration modes. The results showed that under the acceleration mode with velocity increment (A¥) of 20 cm/s and dura-
tion of each acceleration (Af) of 2min, V,,,, and proportions of anaerobic metabolism in swimming process for both
species were significantly higher than those under the other three modes, respectively (P<0.05). And their burst swim-
ming should occur. Under the other three modes (AV=10 cm/s, A=20, 40, and 60min), the proportions of anaerobic
metabolism of both species were below 12% and there was no significant (P>0.05) difference among the three values
for the same species. There was no significant difference for the V,,,, of M. amblycephala among the three modes.
Meanwhile, V.« of S. meridionalis under the mode with AV of 10 cm/s and Az of 20min was significantly higher than
those under the other two modes (P<0.05). MO, of M. amblycephala and S. meridionalis both increased with increas-
ing swimming speed for all acceleration modes. However, MO, showed different trends with the increasing swimming
speed in Uy, measurements for the two species. The inflection point of correlative curve for MO, with swimming
speed occurred at velocity of 100 cm/s for the M. amblycephala and MO, did not change significantly with increasing
velocity in the subsequent acceleration process. But such “plateau period” of MO, appeared when the velocity was
above 20 cm/s for the S. meridionalis. Under all acceleration modes, the maximum oxygen consumption rates (4MO,)
of the two species during swimming process were significantly higher than the maximum value (DMO,) during the
metabolic recovery period (P<0.05). The AMO, measured by U,;; method was higher than that observed by U, me-
thod for M. amblycephala, and the value for S. meridionalis showed an opposite trend. It was suggested that it should
be applicable to determining U, of M. amblycephala by the acceleration modes with AV of 10 cm/s and At of
20—60min, but only Az of 20min with AV of 10 cm/s was the applicable mode for S. meridionalis. The maximum MO,
measured during swimming process should be used as MMR for both species. In addition, U_,;; method should be ap-
plicable to MMR measurement for M. amblycephala, and Uy, method be applicable to that for S. meridionalisis. The
strong sustainability of swimming for M. amblycephala is accompanied by the weak ability of acceleration in burst
swimming, and S. meridionalisis shows the opposite trend. Such differences between the species might reflect the trade-
off effect in adapting to their ecological habits.

Key words: Megalobrama amblycephala; Silurus meridionalis; Swimming acceleration modes; Critical swimming
speed; Burst swimming speed; Activity metabolism; Maximum metabolic rate



