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Tab. 1 The body weight, body length and sample size of different groups (mean+SE)

(LB AT HAALHE W5 85 FEA B R (SIS
Species Preprocessing Test conditions Sample size Body mass (g)  Body length (cm)

fifg oyl =H n=20 2.49+0.12 5.40+0.10
Parabramis pekinensis e =20 2.78+0.16 5.60+0.09
HWaEE) =H n=20 2.22+0.16 5.15+0.10

iiNee n=20 2.34%0.19 5.18+0.13

Fifh oyl Eel=! n=20 2.98+0.12 5.64+0.09
Ctenopharyngodon idellus B =20 3.45:0.28 5.84+0.17
WEL) TH n=20 3.31+0.23 5.67+0.12

N5 n=20 3.15+0.21 5.63+0.12

fiff oyl =H n=20 3.02+0.16 5.03+0.09
Carassius aurafus e =20 3.1940.16 5.17+0.09
HWaah TH n=20 3.30+0.27 5.1740.15

Eiil=e) n=20 3.06+0.19 5.16+0.11

HR AR POt TH n=20 4.24+0.24 6.12+0.11
Spinibarbus sinensis Wi n=20 4.19£0.30 6.06:0.15
HWaEE) =H n=20 3.95£0.22 5.97+0.10

iiNee n=20 4.36£0.30 6.16+0.13
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Fig. 1 The device used to determine the exploration, activity and
boldness
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A. shelter; B. open area; C. opaque board; D. detachable door;
E. predator placement area
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Tab.2 Effects of predation experience and measuring environment on exploration, activity and boldness in juvenile bream

17h Eiztan PR B (TR ) i AL 2 I 5 F 85 CHAEH

Behavior Index Covariate (Body mass) Preprocessing Test condition Interaction
RN ST 183 E (cm/s) F}7=0.010 F, 17=7.026 F,7=0.170 F,7=1.131
Exploration P=0.920 P=0.010 P=0.681 P=0.256
BHHE 5 (%) F13=0.252 Fi,3=4.912 F,,;=0.170 F,1;=0.715
P=0.618 P=0.030 P=0.682 P=0.400

TR T Y3 EE (cm/s) F, 75=0.003 F, 75=0.228 F,,5=0.058 F,75=0.001
Activity P=0.959 P=0.634 P=0.811 P=0.980
BHHE 5 (%) F75=0.069 F,75=0.268 F,,5=0.108 F, 75=0.025
P=0.794 P=0.606 P=0.744 P=0.874
FEE R B s T (s) F,75=0.198 F75=0.433 F, 75=0.294 F75=0.148
Boldness P=0.657 P=0.513 P=0.589 P=0.702
TEFF R X 45457 BE B[R] (s) F, 75=0.034 F, 75=0.035 F5=6.532 F,75=0.002
P=0.854 P=0.852 P=0.013 P=0.946
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Fig. 2 Effects of predation experience and measuring environment
on exploration, activity and boldness in juvenile bream
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Different lowercase letters (a, b) represent the significant diffe-
rences between different measuring environment of the fish in the
control group (P<0.05). The different uppercase letters (A, B)
represent the significant differences between different measuring
environment of the fish in the predation group (P<0.05). * indicates
the significant differences between control and predation groups in
either blank or predator present environment (P<0.05), the same
applies below
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Tab. 3 Effects of predation experience and measuring environment on exploration, activity and boldness in juvenile grass carp

17H Eizgan IR () [l G GEE 5 H 85 AL HAEH

Behavior Index Covariate (Body mass) Preprocessing Test condition Interaction
WRM 1538 (cm/s) F| 75=0.640 F} 75=2.905 F.5=1.714 F,75=11.958
Exploration P=0.426 P=0.092 P=0.194 P=0.001
ZBIHE 5 (%) F\25=0.922 F\45=1.255 Fy55=0.378 F\ ,=18.784
P=0.340 P=0.266 P=0.541 P=0.000
TR S 4558 (cm/s) F|25=1.089 F, 75=2.676 F| 75=5.932 F, 75=16.393
Activity P=0.300 P=0.106 P=0.017 P=0.000
BHHE 7 (%) F,75=1.814 F, 75=1.440 F, 75=5.183 F,75=12.086
P=0.182 P=0.234 P=0.026 P=0.001
5 TR B 37 s T (s) F, 4=0.740 F, 74=1.086 F 74=1.920 Fy74=4.727
Boldness P=0.392 P=0.301 P=0.170 P=0.033
FETF TR X 38 15 BR ) A (s) F|24=2.263 F\24=1.083 F\2,=6.297 F, 1,=0.046
P=0.137 P=0.301 P=0.014 P=0.831
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Tab. 4 Effects of predation experience and measuring environment on exploration, activity and boldness in juvenile crucian carp

17H by AR (A H) HISAAL T W5 85 AL HAEH
Behavior Index Covariate (Body mass) Preprocessing Test condition Interaction
PRE M -2 38 B (cm/s) Fi75=7.742 F| 7;=31.595 F| 1;=0.357 F 7;=0.782
Exploration P=0.007 P<0.001 P=0.552 P=0.379
123 H ) (%) F,7:=7.883 F,23=39.331 F, 73=0.003 F| 77=2.055
P=0.006 P<0.001 P=0.958 P=0.156
IR “FHIEFE (cm/s) F;7,=0.190 F,,,~10.574 F, 7,=0.000 F|74=0.268
Activity P=0.664 P=0.002 P=1.000 P=0.607
ZEE 7 (%) F, 7,=0.086 F,5,~=15.440 F, 7,=0.050 F,7,=0.110
P=0.770 P<0.001 P=0.823 P=0.741
HEE T IK A BEROZ BT 1) (s) Fy75=1.073 F\75=2.378 F75=0.269 F75=0.000
Boldness P=0304 P=0.127 P=0.606 P=0.987
TEFF B X 345 BRI (] (s) Fi 75=2.842 F75=0.011 F| 75=2.445 F, 75=0.146
P=0.096 P=0.196 P=0.122 P=0.704
6 - [ Xﬂﬁéﬂ Contrql a. FEEE 80 [ Eﬁﬁéﬂ Contrql b. 2L
72 4 £x 4 Predation 70 | E4 i fr4H Predation
2 5t . *
E 60 ) E—
s 4T — * BE 50 |
Be s R
2 RS
B go 2 | 1}5) = 30 f
5 20 t
L ]
O 1 J 0 1 )
23 Blank i &r3¥ Predator 224 Blank Hi &x3# Predator
7 #13% Test condition %€ #F3% Test condition
4 - %4 Control c. Tl 60 . % Control d. {G R
g 7 4 x4, Predation 71 i £4H Predation
50 *
231 — [
@ 23 40|
2% * RE
Bz, e 30 |
b T3
& L
b 1 e 20
z L
3 } t 10 ¢
(%
O 1 ) 0 1 J
23 Blank 1 &r ¥ Predator 224 Blank Hi f&x3# Predator
) %E #1335 Test condition %2 ¥ 3% Test condition
[ %}#&4H Control \ [ X184 Control
3000 ~ 244l Predation e Btk 1200 - P2 4# Al Predation f. Bk
= w 2500 | + =z 1000 |
=35 =5
== 2000 b B2 & 800 |
N6 g
e 1500 | &S 600
& 2 2
3 % 1000 | &5 400
X N
mg 500 b ©g 200 f
0 1 ) 0 = 1 )
224 Blank i &% Predator 224 Blank &% Predator
& #1315 Test condition M %E #1355 Test condition

B4 Fiehhas PR e RSt gt R =M R KA 5 B I R

Fig. 4 Effects of predation experience and measuring environment on exploration, activity and boldness in juvenile crucian carp



5 AR DU SRt S £ AT DS R A ] B 1161

SIS 2 A R R 2 — T 4R R
A0 2R IS At B W L ) e ] 22 St W] RE S AN R 4 R B
[ A A TR (A 5 10 R /INFH B 368 i 7 1) 58 55 R
SRR E R E R . 4R LR
B A B T L AR A2 AR AR BILAE : 4 BT A8 rh A7

FEA B I, 40 SR £ S8R B 0 2 il 4 5 A
BRI ARBIS . FIZ P&
SRS R EZN: L AR e eI bE iR gi BIERO RN il
A BESRAFERURZE e . AHELRT, 72 AT rh A7
T 3 85 0 SR W S P U BE O a . (B

x5 WEMEEHMMEFEN PEARENSRFME . FREMBHMENZE

Tab. 5 Effects of predation experience and measuring environment on exploration, activity and boldness in juvenile qingbo
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INTERSPECIFIC COMPARISON OF THE BEHAVIORAL RESPONSES TO
PREDATION STRESS IN FOUR CYPRINIDS

WANG Ya, FU Cheng, HU Yue and FU Shi-Jian

(Laboratory of Evolutionary Physiology and Behavior, Chongqing Key Laboratory of Animal Biology,
Chongqing Normal University, Chongqing, 401331, China)

Abstract: In nature, fish often suffer from various of predation stress. Thus, prey fish often respond to their predators
by adjusting their behavior, which is called anti-predator behavior. Investigating the correlations between behavioral
characteristics of fishes and their physiological functions and habitat environment at the interspecific level is helpful to
understand the internal mechanism of interspecific differentiation of behavioral strategies of fishes, therefore ecologi-
cally important. The previous predation stress experience and the presence of predators in the current environment may
act different effects on the behavior of prey fish, because the prey fish need to maximize survival and minimize the cost
of anti-predator behavior. The aims of this study were to compare the effects of previous predation stress experience
and the presence of predators in the current environment on the behavior of prey fish, and to examine whether there are
interspecific differences for these effects. In this study, the effects of both previous predation stress experience and
present predation stress on exploration, activity and boldness in juvenile bream (Parabramis pekinensis), grass carp
(Ctenopharyngodon idellus), crucian carp (Carassius auratus) and qingbo (Spinibarbus sinensis) were investigated.
The results showed that, the effects of predation stress experienced early on the behavior of fish are quite different from
those of predators in the current environment, and these effects are also quite different among the four species. The
naive bream, grass carp and gingbo performed anti-predator behavior to the strange predator snakehead fish (Channa
argus), which suggested that these three fish could recognize the strange predator snakehead fish, but such a recogni-
tion is still different from the recognition obtained from real predation experience. The bream and qingbo with preda-
tion stress experience did not exhibited anti-predator behavior in blank environment, which may be a strategy for con-
serving energy. In general, grass carps were more sensitive to predation stress and environmental treatment, while the
response of qingbo was more conservative. The differences in anti-predator responses among the four cyprinids may be
closely related to the physiological phenotypes of the four cyprinids, such as morphology and swimming performance,
and the predation pressure in the habitat environment. In terms of similarities, all the four species respond to predators
by maintaining high levels of swimming in the presence of predators. Maintaining this stress state may be critical to
keeping the prey fish stay away from the predator and staying alert at all times.

Key words: Predation stress; Anti-predator behavior; Cyprinids; Interspecies difference; Identification
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