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Tab. 1 Morphological parameters of two prey fish species (#=26)

s vt Boj;';%ass Boﬁile&n th CEE‘I‘{EEH
Prey fish Treatment {g) (>; m) g factor R
(100 g/em’)

EREESE A 1.6540.047 42740036 2.12+0.033
Rhodeus ‘
ocellatus oI EH  1.81+0.042 4.42+0.037 2.11+0.055

R e 2.0240.050 520£0.042  1.43+0.027
Pseudoras-

bora parva JCIIEFE  2.32+0.072 5.29+0.052  1.56+0.025

P =100 /4 K B LA P S (b5 il R R
FRORA TR E LI AMER AR TS S ERBE

Note: Condition factor=100xmass (g)/length (cm)s. Data are
presented as mean+SE. An asterisk (*) indicates that predator
treatment has a significant difference in a certain morphological
parameter of the same prey fish
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Fig. 1 Diagram of the testing device
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Fig. 2 Diagram of the personality measurement system
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K HISPSS#HAH(SPSS 19.0 Inc., USA)R % ¥ i3k
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PR E A L S, AR R A A [ AR
. DMRECAIR &, SR — RIS (General linear
model) 73 M7 A [F) 4[] ) AN PEARFAE 1R 22 57 o RIS
] /N PERRAE 2 8] 1 R B K H Spearman #H 5% 73 #7 o
Bz 12 UL Y bR HE 1R (meantSE) K, i 3 MK
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21 PMFAHEETANERR
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Tab. 2 Effects of species and predator on the personalities of prey fish

5UH Ttem ¥R Z M Exploration TEIKTE Activity EE{ % Boldness
’ HUHEANRT #EANREC EshEEte iEshoias s WRETIE WIS R X R R A

kb F=18.82 F=15.93 F=41.86 F=38.77 F=52.33 F=53.69 F=36.89
Species P<0.001* P<0.001* P<0.001* P<0.001* P<0.001*  P<0.001* P<0.001*
i F=9.574 F=3.383 F=2.036 F=0.793 F=2.615 F=0.396 F=5.040
Predator P=0.003* P=0.069 P=0.157 P=0.375 P=0.109 P=0.531 P=0.027*
LENEY F=0.008 F=0.002 F=0.163 F=0.160 F=0.282 F=2.115 F=0.109
Body mass P=0.928 P=0.962 P=0.687 P=0.690 P=0.597 P=0.149 P=0.742
Wikl & F=1.409 F=1.952 F=0.116 F=3.457 F=0.166 F=5.347 F=0.142
Species x Predator P=0.238 P=0.166 P=0.734 P=0.066 P=0.685  P=0.023* P=0.707

VE: * P<0.05EREE; TH

Note: * P<0.05 indicates significant difference. The same applies below
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Fig. 3 Effects of predator on the exploration of two prey fish
species
a, b_ B AR T BEAN R il B 3 A 3 0 2 A R RSB AR AR R
B3 (P<0.05); *Fon A BTG & & AL 1 T P R R AR
FRATLE S35 i 8] 22 57 (P<0.05)
a, b. Different letters indicate that predator has a significant
influence on the exploration Pseudorasbora parva (P<0.05);
*indicates significant differences in exploration between species
with or without predator (P<0.05)

WEHE THME N RIS, &7
F& B 7 S XV BORN T ) X452 B I [A) 25 2 8
I LLERIDE K F1 (K 6).
23 HRENEYE AR MESHE XS
il & 38 Ab B AL T B W) % B AN RS AR
FIEER. EE M EE LT, Bk R R 5%
BRME L VAR S B BOME B3 IR AR (P<0.05; 35 4),
FRMRENE . TEEAMES 5O A R
#IEAIZR(P<0.05; £ 5). fELMEE LT, &k
fig i A A i BA M 5 55 B IEAH 9% (P<0.05), Z i fa
A TE R SRR M IEA R (P<0.05; % 4. 3 5).
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PN SE R R R TR B v A
PRI, TTREESRECE £ (R IEm R T A K. 5%
S T FREATE S M A 2, (L1 TT 8 o L i R I
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Fig. 4 Effects of predator on the activity of two prey fish species
* RN BT B AL T PR S R R AR AR AE
8] 2% 5(P<0.05)

* indicates significant differences in activity between species with
or without predator (P<0.05)
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Fig. 5 Effects of predator on the boldness of two prey fish species
A, Bflla, b L5 7 BEANR] 73 5l 3R 4 0 2 A BEOG v 1A B85 B 1 52
Felifey 5 BCPEFRAR M0 135 (P<0.05); *3Ron T S & 8 A 1
PR £ 55 O FE AR AR A S R R 22 57 (P<0.05)

A, B and a, b: Different uppercase letters and lowercase letters
indicate that predator has a significant influence on the boldness of
Rhodeus ocellatus and Pseudorasbora parva, respectively (P<
0.05); * indicates significant differences in boldness between
species with or without predator (P<0.05)

AR B Y, TR B A B FLER AR A
T HIAEEE M ERE, 5 AR IE G R TIM K,
TR B, G & KRS BS I, 254 & BAT R R IE
HORTEER. BN, 5 S E5RFE25d)5 1 A5 ) AE
(Spinibarbus sinensis)%) 3R I H B & PR 2 14 A1
TR, SR, 55 B B T ek (1
A MR, 76— R RS e R,
HX PP AT 9 B 5038 SR X6 Bl 4 4 T 5 20 1 4 4 LA
Jo B SRABSE AT RARI M AR 2 m . {E15 0 1)
&, ANEIDFRONH 3 AT e RS A [R], TR
fEE Rz M, filin, 50 68 5% 1 ) o AR )
fil 4y £ 2 0 L O e PR R R, T 5 R T A (Silu-
rus meridionalis){&7720d )5 K1t (Parabramis peki-
nensis) ¥ [FE BRPEH C B2, BRI
L, AWl B4 DI 88K BH 1. (Lepomis macrochirus)
ST 28 DA L, 20 B e 5
SR A W FE R I, K B il B M ) 9 B
(Zacco platypus) SEHH & 5 J1FPEEAR B, B it
Badli X BRI )45 BB S e B E 25, 5
AR IV, B 77 x4 e 58 Bk TG S s,
TEAKIFFEH, o Ak i i R 22 el e 10/ P A7 A =
B 22 5, ANE R8P, 15 1 65 gk 1R R
Ak TEERIE AN B B B e T R R
Ab 3R T B PP ) R 2 MR RN BB B A B R
P ABNHE BRI TG B s, SR RE RS
AT 3G 2R e, (H SO0 R 6 38 250N AT 9 SR
AT BEAHBL, AW TT B A I S PR 2R A B
DABR T Xl & B I A 20 . Bk Ak, DR Fndli &
A3 AR FAE FH S A f B8 B O D) S5 S 4L
VRS 2 A A I T R A e g R AR
b R o 1) 22 S A8 /N R B R0 O B N HR
B NS AN B R X RS 12377
H. Ui R BER XURERCR T ] X 45 B I TR S 2 0
FOAR Y2 35 K T1, $R 7 v A 5% Bl 0 52 ol 7 50f A 85
TR IRI 7 EIE R, B4 RS

FEASCR IR AR L
1T AR B R AK ] BE A2 3N W) 2 Tl AT 93846 A [

®3 WREEXNWIPEDNEMMEMALERERRABHIRE

Tab. 3 Effects of predator on intraspecific variation (cv) in personalities of two prey fishes

FoA 8 Ab % M Exploration TR Activity BB Boldness
Prey fish Treatment ook NI (] BEANKEC  EBEI AL SEE TR MRS B E TR X4 B N i)
e 5 FEE N e 1.184 1.062 0.233 0.529 1.295 0.991 0.572
Rhodeus ocellatus .o ¢ 0.941 0.861 0.155 0.467 1.149 0.849 0.858
M HHEE 0.775 1.217 0.762 1.001 0.429 1.957 1.899
Pseudorasbora parva. upy o 0.354 2207 0.847 0.967 0270 3.026 3.369
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Fig. 6 Effect of predator on the ratio of interspecies differences in
the personalities of two prey fish species (Rhodeus ocellatus/
Pseudorasbora parva)
RID. JCifi € 3 /A7 4l & & AL BN AL b A 2 57 B FET. B IR
HENIRE); NE. #E N HG PMT. 238 (A b NGC. 3230 77 1% 4
LT. BRI a); NTOR. Jif th K H; TSO. JF i X A5 B i T3]
RID o ZEHCHm FiRiiissss M s34y £l MEB K

AR T S R E N ES R 2R M E S B

RID. Ratio of interspecific differences in the personalities without
and with predator; FET. First entry time; NE: Number of entries;
PMT. Percentage of mobile time; NGC. Number of grids crossed;
LT. Latency time; NTOR. Number of times out of the refuge area;

TSO. Time spend in the open area
RID = the ratio of personality parameter of two prey fish without predator treatment
~  the ratio of personality parameter of two prey fish with predator treatment
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i1, KoenigZ: ™2 9 B, BE 25 80 15 (Ambystoma macu-
latum) A [RIASPERFAE R OCERAE BN R R B it
FECRASHT 2074 BA B0 AR 25 5 1 R B 3 R A7 1E
A, Bell%[23]7§£)u, — i1 (Gasterosteus aculeatus)
AR 2 8] R OGRS B i fk — BELAFAE, RIS
AR 55 UM AN R B ROSAAR E FRAR, (H 58
PR TEBRVERER R M 2 [ (W IEAH R — B AFTE .
KT, NyqvistZ VR I, 1 BEf t(Esox Lucius) %
PR RN B EROME S AR AE 1 SC BRAE A [R] )
(B RAS [R5 5 5 PO S HEARRSA7 A, B 4k
W50V B0, e A gy 1 5 504 0 7 5 4/ S 5 )
BT B RR I A oG, (S Hp B R A T
TR ANAH I, AP 5 44 27 920 e [ 1) SCER B
G — E AR B Irving 25 R, FLE
(Poecilia reticulata) T RS 55 B B AH G AN AT
TETFREEA RS . H4h, Sommer-TremboZe™ R L,
B XU X FRTE 8 (Poecilia vivipara) M™ERFIE 2 [8]
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Tab. 4 The relationships between exploration, activity and boldness in Rhodeus ocellatus

TR Activity B B Boldness
Bz 1At BE TR TR R] Ui I FF i X 45 BRI (]
HiaHE WERE EUGHEARTE =0.540, P=0.004* =—0.164, P=0.423 r=0.201, P=0.324 7=0.009, P=0.965 r=0.169, P=0.410
pr\e?ili;}tlor BEAEL 1=0.082, P=0.689 1=0.264, P=0.192  r=0.315, P=0.117 r=0.106, P=0.606 1=—0.366, P=0.066
TEERTE  ABFE A E =0.272, P=0.179 1=0.418, P=0.034* =0.056, P=0.785
B IR 7=-0.170, P=0.407 r=0.405, P=0.040* =0.149, P=0.468
Tl eE WRME GO =-0.199, P~0.330 r=0.015, P=0.944 r=0.043, P=0.833 r=0.171, P=0.402 r=0.100, P=0.627
;Ye“d};‘igﬁ BEANRE =0.035, P=0.867 1=0.083, P=0.685 r=0.191, P=0.350 r=—0.194, P=0.343 r=—0.307, P=0.127
TR Eshif R b =0.276, P=0.172 r=0.491, P=0.011* 1=0.465, P=0.017*
B3 T r=0.146, P=0.477 r=0.348, P=0.082 1=0.346, P=0.083
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Tab. 5 The relationships between exploration, activity and boldness in Pseudorasbora parva

B B4 Boldness

BHNITHEEL

TR IR 1) R/ €V Tl X A B i ]

HHiad WRE BRHEARE 7=0.727, P<0.001* =0.779, P<0.001* =0.389, P=0.050 r=0.435, P=0.026* =0.377, P=0.057

r=0.683, P<0.001* »=0.703, P<0.001* ,=-0.249, P=0.221 r=0.284, P=0.159 =0.211, P=0.301

r=—0.368, P=0.065 7=0.426, P=0.030* =0.347, P=0.083
=0.473, P=0.015* =0.525, P=0.006* r=0.454, P=0.020*

Tt R BRI 7=0.682, P<0.001* =0.657, P<0.001* =0.072, P=0.727 r=0.072, P=0.727 r=0.072, P=0.727

TEERME Activity
BB A
With . N
predator HEANEL
TEERYE BBl
123 77 i
IYZ;E;‘;;‘; WAV =0.671, P<0.001% 1=0.647, P<0.001*

TEERTE BB E L

7=0.052, P=0.802 r=0.052, P=0.802 r=0.052, P=0.802
r=0.084, P=0.682 1=0.084, P=0.682 r=0.066, P=0.749
r=0.165, P=0.420 r=0.165, P=0.420 r=0.144, P=0.483
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Fig. 7 The relationships between exploration, activity and
boldness in Rhodeus ocellatus
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The solid and dotted lines respectively indicate whether there is a
significant correlation; + indicates a positive correlation. The same
applies below
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Fig. 8 The relationships between exploration, activity and
boldness in Pseudorasbora parva
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INTERSPECIFIC DIFFERENCES IN THE PERSONALITIES OF TWO
ECOLOGICALLY RELATED PREY FISH AND THE EFFECTS OF
THEIR PREDATOR

LI Qin-Lei, LIU Xiang, ZHANG Ning, XIA Jing-Yi, ZHENG Xue-Li and XIA Ji-Gang

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

Abstract: Personality refers to the persistent and consistent behavioral differences among individuals in a population
under different spatio-temporal conditions. Predator-prey interactions are common in nature, and predation environ-
ment is the main driving force for the evolution of prey phenotypes (e.g. personalities). To investigate interspecific dif-
ferences in the personalities of prey fish species and the effects of their predator, Channa argus was used as the preda-
tor, Rhodeus ocellatus and Pseudorasbora parva, which usually form mixed populations in nature, were used as the
prey fish in this study. The prey fish were exposed to predator treatment or no predator treatment for one month, using
the common garden experiment. Subsequently, the personalities, including exploration, activity and boldness of two
prey fish species were measured, and the interspecific differences of different personalities and their environmental
dependence were analyzed. The results showed that: (1) There were significant interspecific differences in personality
between the two prey fish species. The exploration, activity and boldness of R. ocellatus were significantly stronger
than those of the P. parva, regardless of whether they had undergone predator treatment or not (P<0.05). (2) Predator
experience led to enhanced exploration and boldness of two prey fish species but had no significant effect on the acti-
vity of both (P>0.05). (3) Predator attenuated the interspecific differences of different personalities between two prey
fish species and strengthened the coupling of their individual different personalities. The results suggested that the per-
sonalities of the prey fish have significant differences between species and both have a predator effect. Predator expe-
rience leads to the decrease of interspecific differences in the personalities of the two prey fish species, showing a trend
of convergent adaptation.

Key words: Personality; Interspecific difference; Phenotypic plasticity; Predator effects; Channa argus; Rhodeus
ocellatus; Pseudorasbora parva
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