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Effects of different predators exposure on behavior, locomotion, and morphological

traits in juvenile crucian carp
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Laboratory of Evolutionary Physiology and Behavior, Chongqing Key Laboratory of Animal Biology, Chongqing Normal University, Chongqing
401331, China

Abstract ; Different kinds of predators of fish species present in nature. In order to investigate whether the prey fish would
show specialized anti-predator responses to different predators, in this study, the juvenile crucian carp ( Carassius auratus)
was selected as prey, and both snake head fish ( Channa argus) and catfish ( Clarias fuscus) were selected as predators,
the crucian carps were exposed to blank ( control), snake head fish, catfish and double predators respectively for two
months. Then the differences in growth, behavioral traits, morphology, and locomotion performance among different groups
were determined. No significant difference in spontaneous activity, utilization of shelter and boldness in crucian carp was
found among different groups. The crucian carp from snake head fish, catfish and double predators exposed groups all

showed significantly shorter fast-start response latency compared to that of the control group (P<0.05). However, only the
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fast-start distance moved in 120 ms (S ,,,..) and body depth ( BD) of snake head fish exposed group was significantly higher
than that of the control group (P <0.05). Additionally, no significant difference was found in critical swimming speed

(U,,) and active metabolic rate (M,,.;.) among different groups. The improvement of fast-start performance in the crucian

O2activ
carp from snake head fish exposed group may be related to the increase in body depth. Additionally, the fast-start
performance may be more important for escaping from predators compared to critical swimming performance. The juvenile
crucian carp response to snake head fish more obvious may be because that the snake head fish have larger oral fissure, and
bring more serious threat to crucian carp. On the whole, juvenile crucian carp only showed the changed morphology and fast-

start performance as the response to predation stress, its behavioral traits maintained no change, which might as a

compromise to growth. It is very important for fish species to adapt to the long-term predation pressure existed in habitats.

Key Words: predation stress; juvenile crucian carp; behavior; fast-start; morphology
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growth rate, SGR; %/d)= (InM,~InM,)/ Tx100, X M, K1 M, 4535058 0d A% 60d 44K A b 10 5256
AREAPFIE (g) s T WA REE 60d.

F1 FAEAHEERRINHDEERKBFN (Mean+SE)
Table 1 The effects of different predator exposure on growth in juvenile crucian carp ( Mean+SE)

215 Group

i E K
X HE i 1 il WHIEH Significance
Control Catfish Snakehead Double-predators
0d FEA R N 30 30 30 30
/g 3.13£0.09 3.04+0.09 2.87+0.08 2.97+0.14  F=1.167 P=0.325
e /em 5.07+0.05 5.05+0.05 4.96+0.04 4.95+0.07  F=1.422 P=0.240
60d AR N 30 30 30 30
/g 5.23+0.17 4.77£0.21 4.96+0.19 4.87+022  F=0.972 P=0.409
&K/ em 5.79+0.08 5.70+0.10 5.77+0.07 5.72+0.12  F=0.236 P=0.871
A Growth BEACEE N 3 3 3 3
SGR(%/d) 1.43£0.20 1.2420.05 1.19£0.16 1.41£0.09  F=0.746 P=0.554

%2 REKWMRE (17 P Sk e I R R ) oh B P %) fa O KA B R B4 (MeanSE)
Table 2 The sample size, body mass and body length of crucian carp in experiments investigating behavior, fast-start swimming performance,

critical swimming speed (U, ) and morphology ( Mean+SE)

215 Group "
BEIKT

X e [ ER 1, il BB H Significance
Control Catfish Snakehead Double-predators
11k FeAH N 17 17 17 17
Behavior 1hKd/g 5.0820.14 4.77£0.21 4.70+0.18 4.76+0.29 F=0.664 P=0.578
A/ em 5.72+0.08 5.70+0.08 5.62+0.07 5.51+0.13 F=1.043 P=0.382
P 3h FEAR N 11 11 11 11
Fast-start /g 5.07£0.18 4.60+0.20 4.88+0.09 4.82+0.22 F=1.124 P=0.351
M/ em 5.72+0.08 5.6020.10 5.55+0.04 5.52+0.10 F=1.133 P=0.347
I ek 3 AR N 9 9 8 9
Critical swimming hd/g 5.03+0.23 4.51+0.27 4.95+0.29 5.03£0.24 F=0.974 P=0.417
speed U K /em 5.86+0.11 5.66+0.12 5.76+0.12 5.79+0.09 F=0.603 P=0.618
B e N 13 13 13 13
Morphology 1hKH/g 4.81+0.13 4.510.15 4.99+0.31 4.61+0.34 F=0.744 P=0.534
A/ em 6.02+0.06 5.85+0.08 6.17+0.09 5.90+0.19 F=1.511 P=0.235
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AR ) o rIE] IR XA S RO A e SR JRUS: DX 3 ] Bl A BT DX 5 3 UL %3¢ 28 8 1) I BE | W] g 2%
IR AR LR AR ol o SO e XIRNY  A RIS SPPR HE AR AL - S f e AU X 45
BB IE) T 23 LU (% ), AU IX 3852 BR AR A 43 LE (% ), 32 Bl ] LY (5256 £0 4k iz 2R A8 1 BRI a] S B fi]
AIET I L, %0 ) APPSR L (em/s ) o
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(% 3), MEEPKSC Rt n 568 R 6E B 68 SRR T o 88 7E A 20 B R AN I, R S A ML 4%
FEMBE R S EREDEARGEN Y IEAS AT )7 B TpsDig2 #5256 6 B8 5 (-7 Ab 31, 45 306 55
16 MFRIE R B EUR . il ER B R SCE 16 ARRAE s B AR A DCTE 4 S8, 6 K RISk
K Sk AR R, MR, . SANE L TpsDig 2 /BRI A B EE R m A, EaR S8 2
Py ik LG B 55 SRR B8 (IR 5 R S 220 B RUBRAS ) Z ) () e 4 6 R 5800 mm 5% mm?,
1.4 BdEgit500r

YRR H Excel 2016 HHATH MITE M HGE 7400 SPSS 17.0 #4741 04 . ARAZ EAK 47
R K BE I RS SECZ R 22 5l S R 3R 22500 . T A 008 28 LT 24 {B £ 45 1 1% ( Mean=SE ) 5
W E MK P<0.05,

2 #HR

2.1 R[RI R B X A £ A K Y R

283 60d BAEA  AH LRI ERAE, Fir A 41 S50 i IR R34 1 4 = (P<0.05; 3% 1) . AT TCie & TEH
RN G, HEXT A, =Ml E R R A A E AR RRR G BEZER (K1), I, AW
R A K RE ST SGR WARFIH B 352257 (F=0.746,P=0.554; 3% 1) ,

®3 FAEHEEEHBNHYEHTHENINE
Table 3 The effects of different predator exposure on morphological traits in crucian carp

_ 4151 Grou o
b - BFAF

Index Xt HR (iR L fify peCiiigeess Significance
Control Catfish Snakehead Double predators
FEA R Sample size N 13 13 13 13
XA Fork length FL/mm 68.98+0.68 66.64+1.03 69.70+1.01 67.55+2.11 F=1.093 P=0.369
[EEETTC PP/
" Lo . . 31.33+0.31 29.77+0.53 31.75+0.63 30.41+0.90 F=2.022 P=0.130

The length of the front side of ventral fin
3k K Head length HL/mm 19.65+0.23 19.63+0.21 19.97+0.46 19.42+0.51 F=0.366 P=0.778
3 Head depth HD/mm 15.49+0.16 15.31+0.20 16.30+0.23 15.74+0.45 F=2284 P=0.102
&7 Body depth BD/mm 19.26+0.18" 18.60+0.27¢ 21.32+0.35" 20.17+0.63* F=8.884 P<0.001
EW\]EICDI/mm

11.48+0.11 10.74+0.25 11.54+0.19 11.48+0.38 F=2267 P=0.101
Caudal peduncle depth,
FEA¥, CD,/mm

11.07+0.32 10.49+0.36 10.72+0.38 11.26+0.62 F=0.628 P=0.602
Caudal peduncle depth,

NI S, /mm?

FEARMER S, /mm 95.60+2.36 88.36+3.39 95.93+2.50 92.78+6.37 F=0.768 P=0.522
The side area of caudal peduncle
el L S,/mm?
FEBEARTIA S,/ mm 197.08+3.45 179.17+7.90 207.68+8.36 197.67+12.84 F=1.715 P=0.186

The area of caudal fin

2.2 [ B 5 L) £ 1 25 5 R

283 60d AU B 57, 12 0 5 R 40 f 4N (0K 75 (BD) W3/ T A IR ZH ( P<0.001) Fil 1 5 52 4H ( P<
0.001) ,[HE5XUHEH REH TR EZT (P=0.561;3%3), HMWrA IS ESHA M REAN S5X R4
AR FI B EHE2Z T (£ 3),

2.3 RIRI & 2 5 4 0 47 A RRAE () 5 )

Zeat 60d M & B R il i 17 & 38 2 i DU A8 A5, JRUBS: XI5 B B IE) 1 43 L (F=10.512,P=0.676) |
JRUBS: DX 352 BA AR B 3 (F=0.747,P=0.529) s i [t (F=1.119,P=0.348) M P33 (F=1.034,P=
0.384) TEPUANZH Z A R R B W E M 22 5 (K 2) .

I Ah B4 fa ) B3 R (F=1.083,P=0.363) DL Iz BB #iPE (F=0.851, P=0.473) 1£ VU420 22 ] [FA]
FER KI5 25 5 (181 3) .
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Fig.2 The effects of different predator exposure on spontaneous activity in juvenile crucian carp
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Fig.3 The effects of different predator exposure on percent time spent in shelter and boldness in juvenile crucian carp
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Fig.4 The effects of different predator exposure on fast-start swimming performance in juvenile crucian carp
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