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The swimming behavior, stress and immune responses of juvenile qingbo and

Chinese sucker subjected to short-term fasting

ZHOU Longyan, LI Xiuming, FU Shijian *
Chongqing Key Laboratory of Animal Biology, Chongging Normal University, Laboratory of Ewvolutionary Physiology and Behavior, Chongqing
401331, China

Abstract: Whether fish species can adjust their physiological and behavioral traits well to the change of the environmental
condition of their habitats are key for the fate of the local population. The food resource changed profoundly and became
unpredictable nowadays in the Yangtze River water system due to the dramatical change of the habitat. The aim of this study
is to investigate the behavioral and physiological responses of Chinese sucker ( Myxocyprinus asiaticus ) and qingbo
( Spinibarbus sinensis) subjected to short-term fasting. To fulfill our goals, we measured the maximum acceleration swimming
speed (U_, ), spontaneous shoal behavior ( percent time spent moving, median swimming speed and inter-individual
distance ) , innate immune indicator ( serum lysosome activity) , specific immune indicator ( serum plasma IgM level ) , and
antioxidant defense ability (serum SOD level ), as well as the change of body size of either fasted or fed (as control)
juveniles of Chinese sucker and qingbo for 1 or 2 week. The main results are as follows; (1) Compared to Chinese sucker,

qingbo exhibited stronger swimming ability, more spontaneous activity, and higher level of plasma IgM; (2) Compared to
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Chinese sucker, qingbo exhibited more remarkable increase of plasma IgM and cortisol levels after fasting treatment, thus
exhibited more loss in body weight after food deprivation but more gain in body weight when fed normally; (2) the SOD
level of qingbo was significantly lower than that of Chinese sucker; and (3) The lysosome activity showed no change in
fasted qingbo while it increased in fasted Chinese sucker compared to normally fed conspecies. Therefore, the results of the
present study suggested that; (1) Compared to Chinese sucker, qingbo possesses superior performance of physiological
function as a consequence of the fast-lifestyle evolved in the fast-flow habitat, which is beneficial to the adaptation to change
of food availability; (2) The population dynamics of qingbo and Chinese sucker might be different facing the possible
fluctuation in food resources as their functions of antioxidant systems and immunity exhibited diverse reaction norm to short-

term food deprivation.

Key Words: food availability; behaviour; stress; homeostasis; non-specific immune; specific immune; physiological

response
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(8] B <y o A 5 S T BT AR A B X BRI G fu gl f 1 AN 3.47% (P =0.008) ,2 il 1A K 1
JIn2.67% (P=0.094) , 25 A IHAR fagh iR K 5L REA BE 2 (P>0.05) (£ 1),
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Table 1 The effects of short-term fasting on the body mass and body length of S. sinensis and M. asiaticus ( Mean+SE, N=35)
NS Body length/cm

FRARAE| I Qingbo MG £ Chinese sucker
. Fisf ] )} tﬁ{ﬁ %ME st 2 L) ﬁé{ﬁ %Mﬁ test 50
Time/week Initial Final Initial Final
1 Xt R 6.92+0.06 7.18%0.17 P = 0.001 6.31£0.06 6.53+0.07 P=0.008
S gBL ] 6.89+0.06 6.960.07 P = 0.441 6.40+0.06 6.47+0.07 P=0.452
2 B Xt PR 6.83+0.06 7.29+0.07 P<0.001 6.37+0.07 6.54+0.08 P=0.094
e S 6.960.06 6.88+0.04 P=0.087 6.41+0.06 6.55+0.05 P=0.101
{KTE Body mass/g
FR ARSI Qingbo Ml Chinese sucker
P[] HIEME ZORME rtost 25 WA TE 2R test Z5 L
Time/week Initial Final Initial Final
1 i gsenpilsEen 6.87+0.16 7.410.14 P=0.014 5.36+0.16 5.72+0.16 P=0.108
R cgilse Ee) 6.81+0.18 6.50+0.18 P=0.231 5.41£0.12 5.23+0.13 P=0.321
2 e acw it 6.66+0.16 7.52£0.17 P<0.001 5.45£0.15 5.70£0.16 P=0.272
EREAb 6.54+0.14 5.88+0.10 P<0.001 5.58+0.15 5.33£0.15 P=0.233

Bt IR A il e 4t (A T 1 R BN 7.86% (P=0.014) ,2 J& W E 8N 12.12% ( P<0.001) , 2%
B PR ER L) R 1 FREAR 4.05% (P=0.231) ,2 JFE{K 10.09% ( P<0.001) ; $5 £ % IRZH I G £ %) £
IR S HIAH A W 22 5 AR AR a4l fa 1 AR ER G 3.33% (P =0.321) ,2 MK ERFAK 4.48%
(P=0.233) ,{HHER S SLBGHT AT i A8 Ak,
2.2 o ABS X WAL G B & NRIKA TN FNIZ S RE T AR

G a4l ) U, AR T AR R0 4 2. ( P<0.001 ), A3t B AR £ o) Wi b 52 86 f0 A U #0304 72 A
WA (R 2,8 1),

F2 ENMZA SNMENSANENEANKEE SHE, RERES BELY R LR EREN S BEHEESTHTE

Table 2 The effects of short-term fasting, species and fasting time on the U, , lysosome activity, IgM level, SOD level and Cortisol level based

on a three-way analysis of covariance (ANCOVA)

e KRB GIEERE A M A ALY ARG R

U IgM Cortisol SOD Lysozyme
PR B A 4 0 Fi =0.178 F| 3=1.380 F| 3 =0.893 F, 3 =0.650 F| 3=0.152
Covariate effect P=0.675 P =0.247 P=0.350 P =0.425 P =0.699
Ry B2 F 6=79.631 F| 3=8.923 F| 3=0.420 F 3 =7.608 Fy 3=11.162
Species effect (S) P<0.001 P=0.005 P=0.521 P =0.009 P =0.002
A Y B Fi =0.072 F 3=29.049 F| 3 =16.690 Fy 3=0.154 F| 3=2.745
Fasting effect (F) P=0.790 P<0.001 P<0.001 P =0.696 P =0.106
Fist ] F14 5% 1 Fi=1.316 F| 3=0.043 F| 39=2.945 F 39=2.497 F| 3=1.093
Time effect (T) P=0.256 P =0.837 P=0.094 P =0.122 P =0.302
SxF Fi e =3.412 F| 3=0.018 F) 3=7.488 Fy 3,=0.670 F| 3=9.322

P=0.069 P<0.893 P=0.009 P =0.418 P =0.004
ST F| ¢3=2.023 F| 3=1.902 F 3=2.864 Fi 3=0.844 F| 3=0.006

P=0.160 P =0.176 P=0.095 P =0.364 P =0.938
- F 6 =2.759 F| 3=0.120 Fy3=3.528 Fy 3=0.013 F| 3,=0.474

P=0.102 P =0.731 P=0.068 P =0.911 P =0.495
SxFXT F| 6 =0.450 F| 3=1.525 Fi 3=2.758 F| 3=0.015 F| 3=0.073

P=0.505 P =0.224 P=0.105 P =0.903 P =0.788
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Fig.1 The effects of short-term fasting on variables of maximum acceleration swimming speed and spontaneous shoal behaviour in S.

sinensis and M. asiaticus (Mean+SE, N=5 for spontaneous behaviour and N=9 for U, )
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Table 3 The effects of short-term fasting, species and sample time on the median speed, inter-individual distance and time spent moving based

on a linear mixed model using fish shoal as a random factor

AT BE RS B e vk 8L Hh
Inter-individual distance Time spent moving Median speed
P2 52 i F, 3 =8.037 Fy 3, =73.003 F\ 3,=17.739
Species effect (S) P=0.0081 P<0.001 P=0.009
oA | Fy ;,=28.919 F 3,=0.863 Fy3,=1.8%
Fasting effect (F) P<0.001 P=0.360 P=0.178
Hsf 8] B 5 M) F,3=0.614 F\ 3,=2.600 F\ 3,=2.525
Time effect (T) P=0.439 P=0.117 P=0.122
S F, 3,=0.010 F 3, =1.704 F 3, =1.656
P=0.921 P=0.201 P=0.207
ST F 3,=7.062 F 3,=3.951 F 3, =3.333
P=0.012 P=0.055 P=0.077
EXT F, 3,=0.280 F 3, =2.091 F| 3,=3.038
P=0.600 P=0.158 P=0.091
ST Fy 5,=0.394 F;,=4.014 Fy 35 =1.169
P=0.535 P=0.054 P=0.288
FAETHRM H

2.3 SEEIIA EORH RIS 0 Ge 46 7 A TR B
TR S M TR K -2 I 3 2 5 (LI 12 S 0 0 ek P47 35 e 032
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Fig.2 The effects of short-term fasting on antioxidant and immune variables of S. sinensis and M. asiaticus (Mean+SE,N=6)
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