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Wk, HEFTE MEHIE F) J1 38R 7 R 15 (3min
SE). AEGHLTEIZ B INZAXKIE F #4718 3l
[4 bl/s, 18h/d]. A T /b X S48 i i, AEGZH
SN K I FEAEAd PN IB I B (B RSB bl/s)™
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Tab. 1 Body mass and body length of the experimental fish in the

present study (mean+SD)
. = EEE=N /.
ik a4 FEAE [UNpi (LIS
. : . Sample Body Body
Species  Constituencies .
size mass (g) length(cm)

il Carassius CG N=10  5.43+0.55 5.84+0.18
auratus ANG N=10  4.65£0.41 5.64+0.15

AEG N=10  5.77+0.53 5.85+0.14
T Tinca CG N=10  2.91+0.39 5.22+0.17
tinca ANG N=10 256025 5.14+0.15

AEG N=10  3.03+0.28 5.33+0.17
8 Cyprinus CG N=10  6.57£0.40 6.47+0.14
carpio ANG N=10  5.71£0.39 6.330.16

AEG N=10  7.40+0.63 6.72+0.20
o R A CG N=10  2.66+0.11 5.51+0.09
Procypris ANG N=10  2.50£0.25 5.49+0.18
rabaudi

AEG N=10  2.86+0.28 5.58+0.20
Fp AR5 S CG N=10  830+0.75 7.68+0.23
Spinibarbus — ANG N=10  6.96£029 7.45+0.11
Sinensis

AEG N=10  9.73+1.08 8.01+0.28
HfEf CG N=10  5.55+0.41 6.81+0.16
Acrossochei-— ANG N=10  5.45£0.49 6.80+0.17
lus fasciatus

AEG N=10  6.53+0.52 7.09+0.18

T CGHRIR M R4, ANGERIR BRI EN I 4R, ABGRIR
BRIBEINGA; A e RS

Note: CG indicates the control group, ANG indicates the
anaerobic exercise training group, and AEG indicates the aerobic
exercise training group; Each sample consisted of 6 experimental
fish
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FEI R HL 25 51 5, 76 14 E 7S B 2K 8 (45
R 7E W2 25 SCHR [12])H Fa 48 52 50 B K B AR AT 4
R E ARG X S 6 HH R (Ko x B - 42 emx
20 cm, 7KIKS em), T H H— N3 BT A 8CE K
BRI R EH 7 T . {4 F Logic Webam €920
T P AR Sk A0 B S0 5 £ AR o £ R AL 4
BHE R IBARIT N . TR, KA
R IE T ARSI e A A o . ML
I CGZ4L . ANGZLFIAEGHL A 43 HIBENL Bk ik 6
SEEG AR NI BEARE AR AT IS, A SR A
10/MEEARGEF 10N BERAT AN, 3L60 2 i),

FEFERIT UG, FE/NE R E O E — &
[ 5 3 L 45 (EL 4224 em), K I EAR S 3R A (68
S £0) CE T N 2 IE N 10min (R SE G
RIS 3 N 568 B L), Bl J5 2218 4% B o
N2, A4 SE IR 1 Smin R ARAT AU T A 3L
TCH B BT EHRAT ARHIE . IS, BEEAES
T Rk B TR B 3 10min, 37 R A AR R AR O

B R B 5 v G SIS R g AT A AU B R
4210s)o KIS I P30 3% Smin B A A T 75 # #5
P O B AT AR R R Y e iR A
W5 {5 F Matlab (VR2020b) 114 0K & 1HE R 4038
M SE - 3 8] A (Smin, 1501/s, F£4500M5) 52 5 £
TERR B RO RN N A A B, T oh S
(X 3 it A A i B 1 35041 3R 7 S 00 B B AR AT
fifo FHRZHUE SR

s 25 BE (Center density, CD): =256 4. 75 7N i
TR O X A3 A

JEE 3 BT % i (Shelter density, SD): SZ46 4 7E
7N R B JEE A R 1 o A

JEJIE P BT i % & (Non-shelter density, NSD): 5K
B A N R B AR TR B A R

%% 717640 (Cohesion index, 1,): 37~ S5 i 1E
R R Y AR IR ). R E RS X
AMEHUE(f) 2 18] (R R B (D)

D, =y Z](fi)z (1)

IAEAN T0RI 12 18], Bl o5 48 DX SR AR K 96k /0
b A O NI | P = /A W

I.= (Dc_Dmin)/(N_Dmin) (2)

I, NN B, Do 7T RE IR/ N R 51
H (AR5 N=6).
1.3 BRSS9

% SPSS 17.04t 114K {1 FExcel 202 1% 4k 12t
TG AT, SE6 B 3T IE S P (Shapiro-Wilks £
56 AT ZE S PEAGIG, T SR I A 6, ) DA A £ S
ARK NS R, IIRD . IR0 &l oN IR 1
HEAT — M 28 M TR A BT 3 BT (Linear-Mixed Model,
LMM), #1775 2. 3% 22 5 Wit 47 2 5 A (LSDE)
WHR A& IS ATIEN T Z 351, SR L
RGBT . EARTE LS R, IAE 8 RS
57 Z5E VR EG, Ao S B L e I A R AR
PR A R AT S E AL . PP
PIE PR ZE (mean=SD) RN ELHH 45 B, it T3
K52 NP<0.05.

2 %

2.1 RHEER A LB T AFHERN T EES

O RL 0 R AR RO BT L R T S
e3P i B A IAE B B R E R ) £ R
(P<<0.001; & 2). 7E TGl & 38 3 T ALl &
HORE, 6. T . SR R ) ) 0 e 1 2 A L
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AR B E O E . AR T LEM
MIXTRARBI RS B 1, 5 e AL B A RO R T I LA s
BAR P E B ARREYT BT B X BRI eSS (B 1A 2).

2 EEIGCFER G RN E R E PR T EN SR S RBGT SR

Tab. 2 Linear mixed model statistical analysis of group behavioral characteristics of six cyprinid fish species in a six-arm maze following

JEES BT L IAH, D6 JE i TR AL B AT A AR

exercise training

6 FRIndex L JEEF PR % ey T B R IfH
H Center density Shelter density Non-shelter density Cohesion index

WA TR LK) F.360=0.929 F).360=0.286 F.360=0.057 F)360=0.008
Covariate (body length) P=0.336 P=0.593 P=0.811 P=0.930
/e Fy 360=1.771 F, 3602472 F. 360=3.593 Fy. 360=4.374
Training P=0.172 P=0.086 P=0.029 P=0.013
YFh Fs,360=19.497 Fs, 360=117.578 Fs, 360=100.945 Fs 360=34.14
Species P<0.001 P<0.001 P<0.001 P<0.001
BT IS F 360=5.572 F) 36=0.145 F 360=1.125 Fi 360=17.338
Before and after stimulation P=0.019 P=0.704 P=0.290 P<0.001
N5 = DyFh Fi,360=0.922 Fo,360=1.796 Fio, 36072027 Fg, 3672211
Training * Species P=0.513 P=0.060 P=0.030 P=0.017
Ik * AT Fy 360=0.577 F 360=0.024 F360=0.089 F360=0.135
Training * Before and after stimulation P=0.562 P=0.976 P=0.915 P=0.873
B JHT S Fs, 360=1.891 Fs. 360=1.319 Fs. 360=0.904 Fs, 360=1.227
Species * Before and after stimulation P=0.095 P=0.256 P=0.478 P=0.296
YIGR * W)k * AT 5 Fo,360=1.342 Fo,360=0.855 Flo,360=0.676 Flo, 360=1.444
Training * Species * Before and after stimulation P=0.207 P=0.576 P=0.747 P=0.160

[ %} HE2H Control group CG
EX] £z 31112540 Anaerobic exercise training group ANG
U7 %% .13 3| Zk4H Aerobic exercise training group AEG
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Fig. 1 Effects of exercise training on characteristics of group behavior for six carp populations without predators (mean+SD, N=10)
O £ A 7] 4k B4 2 IRV A A IF] /N B T2 B (a, b, )RR A7 1E B 3 72 7 (P<0.05); [R Fh L AN Rl AL BR A 2 [ AT * R OR AP E R E M2 7
(P<0.05); KA
There are no identical lowercase letters (a, b, ¢) among the same treatment groups of the six fish, indicating significant differences (P<0.05).
An asterisk (*) among different treatment groups of the same fish indicates a significant difference (P<0.05); The same applies below
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2.2 IBEENINEXT6MERER] & HKEHAT HFFHIER ST

BB ZRR o F B} SHE A O FE(F, 360
1.771, P=0.172)H1 &t 3 [t B 5 JiE (F5, 360=2.472, P=
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PR R E (R 2).
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BB FERIAE 9 A+115% —21% —0.4%F11+20%,
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Fig. 2 Effects of exercise training on characteristics of group behavior for six cyprinid fish populations under simulated predation condi-

tions (mean+SD, N=10)
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INTER-SPECIES DIFFERENCES IN GROUP BEHAVIOURAL CHARACTERISTICS
OF SIX CYPRINID FISH SPECIES AND THEIR RESPONSES
TO EXERCISE TRAINING

HUANG Ti-Ji, RAO Jia-Hong, ZHAO Hao-Xiang, LUO Shou-Liang, FU Shi-Jian, XIA Ji-Gang and LI Xiu-Ming

(Laboratory of Evolutionary Physiology and Behavior, Chongqing Key Laboratory of Conservation and Utilization of Freshwater
Fishes, Animal Biology Key Laboratory of Chongqing Education Commission, Chongqing Normal University,
Chongqing 401331, China)

Abstract: To investigate interspecific variations in group behaviour characteristics among six Cyprinidae species and
their responses to exercise training, we selected Carassius auratus, Tinca tinca, Cyprinus carpio, Spinibarbus sinensis,
Procypris rabaudi, and Acrossocheilus fasciatus as experimental subjects. At 25°C, each species was divided into
control groups, anaerobic exercise training groups (1 session/d), and aerobic exercise training groups [4 times body
length per second (bl/s), 18h/d] for three weeks. Subsequently, within a six-arm maze, the following parameters were
measured under both non-predator and simulated predator stimuli: centre density (CD), shelter density (SD), non-shel-
ter density (NSD), and cohesion index (/). The results indicated that under both non-predator and simulated predator
stimulation, the control groups of C. auratus, T. tinca, C. carpio, and S. sinensis exhibited relatively higher CD, NSD,
and 7, values along with lower SD, whereas the control group of P. rabaudi showed relatively lower CD and NSD
along with /; higher SD and /; values. The control group of 4. fasciatus displayed relatively lower CD, SD, and /,
values but higher NSD. Regardless of predator stimulation, exercise training did not produce statistically significant
effects on the collective behavioral characteristics of C. auratus, T. tinca, and C. carpio. Anaerobic exercise training led
to an 81% significant decrease in NSD and a 21% significant increase in /, values in P. rabaudi under non-predator
stimulation (P<0.05); anaerobic exercise training resulted in a 39% significant increase in /, values in A. fasciatus under
simulated predator stimulation (P<0.05); aerobic exercise training caused a 17% significant decrease in /, values in S.
sinensis under non-predator stimulation (P<0.05). The study demonstrates that: (1) There are significant interspecific
differences in the collective behavioral characteristics among the six cyprinid species, which may be related to their
living habits and habitat factors; (2) Exercise training exerts varying degrees on collective behavioral characteristics by
fish species and training regimen.

Key words: Exercise training; Simulated predator; Collective behavior; Cyprinid fish
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