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Effects of repeated angling on vulnerability to angling, energy metabolism and

personality of juvenile crucian carp ( Carassius auratus)
CHEN Lixue,ZENG Lingqging *

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

Abstract: Catch and release is very popular as fish conservation strategy and fisheries management. The individuals who
experience catch and release will have substantial changes in their physiology and behavior. When these individuals are
faced with artificial bait again, they may show more cautious bait—taking or hook avoidance behavior. In order to investigate
the effects of the repeated angling on vulnerability to angling, energy metabolism and personality of the Cyprinidae, juvenile
crucian carp ( Carassius auratus) was used for the animal model in our study. The morphology, metabolic rate (e.g.,
standard metabolic rate, SMR; the maximum metabolic rate, MMR) and personality (e.g., activity and boldness) of both
the angling and control group were measured three times at (25.3+0.1) °C. The individuals of the angling group were
subjected to an angling experiment at each trial while fish in the control group did not experience any angling operation. The
results show that the angling rate decreased significantly and the average individual angling time increased significantly as
the increased of angling times. Repeated angling resulted in a higher death rate in the angling group compared to the control

group. The body mass, condition factor, SMR, MMR, aerobic scope, and factorial aerobic scope were significantly
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decreased by the repeated angling in the angling group compared to the control group, but there were no changes in boldness
and activity after the repeated angling. During the first test, high vulnerability to angling phenotype (HVA) had larger body
length and movement time in open area, lower condition factor compared to low vulnerability to angling phenotype (LVA).
However, during the second and third test, no difference in morphology parameters, energy metabolism, and personality (e.
g., boldness, activity) could be detected between the HVA and LVA. Our study suggests that the repeated angling reduces
the vulnerability to angling in juvenile crucian carp, and the change direction in vulnerability to angling are different among
groupmates with the angling group. Repeated angling decreases aerobic scope of the juvenile crucian fish, which may reduce
potential metabolic scope for physiological functions such as exercise, growth and digestion, and ultimately reduce the

survival fitness of the individual.
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Table 1 Effects of angling and measurement time on experimental parameters in juvenile crucian carp

e FISH TR 52 st i) 2CHAEH]
Phenotype Experiment parameter Angling Measurement time Interactions
EASH hHE/g F=13.619,P<0.001 F=12.393, P<0.001 F=2.000,P=0.137
Morphological parameter K/ em F=32.050,P<0.001 F=0.524,P=0.593 F=1.033,P=0.357
HESH L/ (g/em®) F=19.437,P<0.001 F=18.110,P<0.001 F=8.869,P<0.001
e A PR/ (mg 0,/h) F=176.362,P<0.001 F=54.668,P<0.001 F=0.226,P=0.798
Energy metabolism HBARMRF/ (mg 0,/h) F=123.583,P<0.001 F=42.252,P<0.001 F=20.178,P<0.001
22 8] /mg 0,/h F=84.175,P<0.001 F=23.941,P<0.001 F=21.011,P<0.001
AR 52 ) F=5.405,P=0.021 F=1.026,P=0.359 F=15.393,P<0.001
C2hiigic AR ] /s F=10.983,P=0.001 F=9.912,P<0.001 F=0.908,P=0.404
Boldness T X 45 B s ] /s F=3.172,P=0.076 F=5.094,P=0.007 F=1.263,P=0.284
T ERE T X 32 gl 18] /% F=0.161,P=0.688 F=11.005,P<0.001 F=1.021,P=0.361
Activity T XK H L/ (em/s) F=0.000,P=0.990 F=9.467,P<0.001 F=0.133,P=0.876

RE
Body mass/g

g
wn

i B2
Condition factor/(g/c

S

o

2.2 ERSEPL) 10 5 FITEFIZET AR B R

'S
Body length/cm

S = o
o n o W
T

. a
I ;_}2_ b
1 N W R
a a a b b b
1 1 W 1

5 W5} 18] Measurement time

W 5E1 e

R

I %2 i} ] Measurement time

O xye
O w44

E1 ZEEHFNEREXELERSSHNZIE
Fig.1 Influence of angling and measurement time on morphological parameters in juvenile crucian carp
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Fig.2 Influence of angling and measurement time on energy metabolism in juvenile crucian carp
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Table 2 Mortality rate of juvenile crucian carp in the control group and the experimental group in three measurements

FEA H Sample size LT3 Mortality/ %

1 € 1 6] Measurement time 21 51| Treatment

M5E 1 Measurement [ Xf BEEH 80 0
TEFYH 80 0

W5 1 Measurement 1l pagiisE) 73 8.75
TEFYH 72 10

5 T Measurement Il Xof B2 69 5.47
TEFYH 51 29.16

2.3 PR S PIMERTIAIEZS R A A S e 1 1 LK

75 3 W2 5 B PIPE R B IR T SRS St I O 22 5 (HIZ R B AUAE D E T BRI R TR S 89
PRI, S EATHAAAENE TR T R & (185,38 3) . @SRRI 3 e T, A RER NS
(4 SMR MMR (AS Hil FAS) 515 #IE R IC2E 5 (816,32 3) o SIS, 5 5 F PR R 53 ik s
BRYEREAR b SRS BbER AT 2252 (8 7,4 3) .

x3 SPUSNERBXNELHERESH GEERENN TR

Table 3 Influence of vulnerability to angling and measurement time on experimental parameters in juvenile crucian carp

Fm FHZH DRI I 5E I (8] EHAEM
Phenotype Experiment parameter vulnerability to angling measurement time Interactions
EASH hHE/g F=1.491,P=0.224 F=6.664,P=0.002 F=4.279,P=0.015
Morphology A/ em F=0.001,P=0.970 F=0.918,P=0.401 F=2.932,P=0.056
AEFHRE/ (g/em®) F=5.165,P=0.024 F=22.575,P<0.001 F=0.049,P=0.953
e PR/ (mg 0,/h) F=0.852,P=0.357 F=4.246,P=0.016 F=0.099,P=0.905
Energy metabolism BRI/ (mg 0,/h) F=0.113,P=0.737 F=22.399, P<0.001 F=0.854,P=0.427
75 [H]/ (mg 0,/h) F=0.005,P=0.945 F=17.174,P<0.001 F=0.710,P=0.493
AHXF A2 1] F=0.094,P=0.759 F=2.660,P=0.073 F=0.081,P=0.922
T VAR i) /s F=0.176,P=0.675 F=1.798,P=0.168 F=1.043,P=0.355
Boldness TF el X452 R I )/ F=1.469,P=0.227 F=0.069,P=0.933 F=1.596,P=0.206
T ERYE T X3z Bl i [R] 1/ % F=1.108,P=0.294 F=6.960,P=0.001 F=3.125,P=0.046
Activity FF il XK/ (em/s) F=0.009,P=0.923 F=1.314,P=0.271 F=0.352,P=0.704
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