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er output controller;6:motor;7:dissolved oxygen probe;8:tempera-
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Fig.1 Schematic of flume-type respirometer used to monitor

fish swimming behavior and metabolic rate
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Fig.2  Correlation between tail beat frequency (TBF)

f=1

and swimming speed (BL/s) of juvenile silver carp
22 BERMEMNEREARNZIT

FIHI 5 T 2 A S 5 FE R I E T R 2 2R
TR Mo, =a + bU* BEATHEA . HILG B
FA A ROR G s B3R 7 R 45 T 1 R R 5 i ik
R JSE A R L B ) R SRR S 1R R R UL
e P PR AR Y, 2 IR B 4 10 32 Sl AR S I e U ikt
Fr o, 15 4 A0 552 56 0 U UROHE DL 1, AR S R Bl
BB C R 3, 3 AR, FE A R

A Bl 1) 45 R A R B RO W B L 2 RO R UG A5 3
M, =318.3+1.04 TBF** (R*=0.99, P<0.001),
FAE G 0 W AR IS S0 ¢ (BN 2,87, @i iZIUA T
T2 A BRI B 1k 28 F (B TBF = 0) B FE A R N
318.3 mg/(kg « h), SAMIFE 5K AMF T 2 5 411 5Ll
FRAER % (284.47 £ 30.75) mg/ (kg » h) MiT, 3
W 2,

TERUH I 3% 3 AR5 T 2R 19 f fAR AR 3 2 2
P A R4 35 25 R AR G T ] LK 9 3 3 i 75 22 19 e it
(COLY R I, 1B 4 95 1 T B £ 4 a0 Tk A7 o o
HRAE R A RE AT IS IR R AR fL R L i 4 T
DL H B A i SR S T 386 0, e A0 B AR T B0
AN W7 3 5, 1 2 1 k23R AR e Ol R PR Lt R AR 1
R B

= 500

=

gﬂ 450

2=’ 400

W 350

®

300 L L
1 2 3 4 5 6
2 B &/ Hz
Tail beat frequency

B3 REX5EEMENXE
Fig.3 Correlation between oxygen consumption rate (Mo, )
and tail beat frequency of juvenile silver carp
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Tab.1 Characteristics of the juvenile silver

carp in the AMR experiment

i RE/ &/ (MIEY

= g cm mg * (kg h)™!
1 30.1 11.4 198.2~497.3
2 28.9 12.6 312.3~511.4
3 23.5 10.9 233.7~464.1
4 33.2 13.8 247.6~603.8
5 36.7 14.5 273.8~598.5
6 30.9 12.7 155.4~496.5
7 35.2 13.4 292.4~547.6
8 33.6 12.0 231.9~677.2
9 41.6 16.7 358.7~643.7
10 31.5 13.0 266.4~577.6
11 26.9 12.4 303.1~565.2
12 10.9 7.8 162.9~455.8
13 22.9 12.1 241.5~476.4
14 29.8 13.2 298.4~587.6
15 33.7 14.0 330.6~652.7
16 36.5 14.2 328.7~624.5
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Tab.2 Characteristics of the juvenile silver carp

in the SMR experiment

Ho MRE/ R/ AR/ P A 2/
= g cm mg -+ (kg « ™! mg -+ (kg h)!
1 27.4 12.3 259.42 <<0.001
2 33.6 14.2 243.72 <0.001
3 35.8 13.9 308.67 <<0.001
4 23.7 10.5 264.53 <20.001
_ 284.474+30.75
5 40.7 16.1 330.21 <<0.001
6 22.6 11.8 255.24 <0.001
7 27.9 11.8 294.15 <<0.001
8 31.3 12.4 319.88 <20.001
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Fig.4 Metabolic curve of juvenile silver
carp during the swimming test
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Fig.5 Bio-energetic model for juvenile silver carp
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Energy Metabolism of Juvenile Silver Carp(Hypophthalmichthys molitrix)
WANG Yao', WANG Cong-feng'?, LIU Hui-jie' , FENG San-jie', TAN Hong'

(1.College of Hydraulic and Environmental Engineering, China Three
Gorges University, Yichang 443002, P.R. China;
2.Synergistic Innovation Center of Geological Disasters and Ecological Environment in the
Three Gorges Region in Hubei Province, Yichang 443002,P.R.China)

Abstract: Determining the energy consumption of fish moving upstream would help define the energy con-
sumption pattern of fish and could improve the hydraulic design of fish passages and increase the passage
rate. In this study, we examined the relationship between swimming behavior and energy consumption of
juvenile silver carp (Hypophthalmichthys molitrixz) in a flume-type respirometer. The swimming behav-
ior of 24 juvenile silver carp was monitored with a video tracking system (Loligo Systems, Denmark) and
the active metabolic rate (AMR) was measured using a stepped-velocity test. The DO of respirometer wa-
ter at different flow rates was measured at set time intervals and the standard metabolic rate was calculated
by monitoring DO with no flow using AutoResp™. Silver carp movement was recorded with a video
camera (25 frames/s) set above the swim chamber, connected with the uEye Cockpit program, and Loli-
Track was used to analyze fish swimming behavior and obtain swimming behavior parameters. The swim-
ming speed of the juvenile silver carps was positively correlated with the tail beat frequency (TBF), and
the fitting equation of oxygen consumption rate (M, ) and tail beat frequency (TBF) was M, =318. 3+
1. 04TBF*¥ (R*=0.99, P<C0.001). The exponent of TBF, known as the speed exponent, is inversely re-
lated to swimming efficiency and the value of 2.87 for silver carp indicates relatively inefficient swimming.
The standard metabolic rate (SMR) of silver carp is (284.472430.75) mg/(kg * h), and the fitting value of
SMR calculated from the oxygen consumption rate equation was 318.3 mg/(kg * h), close to the measured
value. The bio-energetic model for juvenile silver carp is AMR=10.39M""*U** (R* =0.95, P <(0.001).
The establishment of the bio-energetic model provides a reference for the hydraulic design of fish passages
for different target fish.

Key words: the juvenile silver carp; tail beat frequency; metabolic rate; bio-energetic model



