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Effect of starvation on energy metabolism, fish behavior, and schooling behavior

of Spinibarbus sinensis

WANG Lei, TANG Jinyu, QIN Yinglian, ZENG Lingqing, PENG Jianglan, FU Shijian "
Laboratory of Evolutionary Physiology and Behavior, Chongqing Key Laboratory of Animal Biology, Chongqing Normal University, Chongqing
401331, China

Abstract; Fishes in natural environments are often affected by food resources as a result of environmental and seasonal
changes, and human activities. Feeding is a fundamental physiological function, which provides essential energy for the
survival, growth, and reproduction of fishes. We selected juvenile Spinibarbus sinensis ( Cyprinidae) to investigate the
adaptive responses of energetic metabolism, fish behavior, and shoaling to food shortages and the possible interaction
between energetic metabolism and physiology. We first measured the standard metabolic rate (SMR) and fish behavior
(including boldness, exploration, and activity) of experimental fish before and after two weeks of treatment (food deprived
or fed with maintenance rations). We also measured the schooling behavior (cohesion and coordination) of fish from both
starvation and control groups at the end of experiment. The main results of this study are as follows: 1) the SMR decreased
significantly in both the starvation and control groups, whereas only the SMR of the food deprived group showed repeatability
across the experiment; 2) starvation resulted in significant increases in both boldness and exploration; and 3) starvation
elicited shorter individual distances among group members, but higher swimming speed and its synchronization. Therefore,
the results of the present study suggested that: 1) to maintain their energy balance, starved fish exhibited higher boldness

and stronger exploration for more feeding opportunities, but decreased their maintenance metabolism for energy saving; and
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2) starved fish shoaled with higher cohesion and coordination to improve their survival.

Key Words: Spinibarbus sinensis; starvation; standard metabolic rate; personality behavior; schooling behavior
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DL 4 B0k B 20 LR ZE AR FRZE 0 3 (A AL BEZH n=10) | 38 i BB 8 77 2T S Lk R vk IR 0 7 ) 42
BEAT N . SR R b i A KR OGRS S 5 Bk 0 ) DR — 3
1.3 SIS E
1.3.1 SMR fillsE

ARHFFE SMR I RE {3 A S50 2= 1 K SR I A QS A RS A R B EE # 1 I B R e 3T Ak
24 WIS A 1 S R AR IR I 25 | AT 24 h & . S SR T AU (HQ30d , 25 [E S A A 7)) 4
JINESHI 5 — YR A R S £ FR AR 48R, BE RN AE 12 N 45(08:00—20:00) , LM E PR, 153 24 SHESAUME, LA
HOP-YEAE R X N 2 Y SMR, 5280 1 SMR (mgO,/h) YA T .

SMR=A0,x v

A, A0, JE S5 T 7RI 5 H K 5 28 OV BRI SR 2508 (mg/L) o 2RI ZE I (L/h)
1.3.2 MY AEIE

APEFRE B FH 52 5 1 1 9 2 17 S 0 2 4 —
(PRl 1) 0532 32028 Aty A A LB 88 R 1 1 T
JKMECK 70 emx 5 35 cmxif5 35 em) , FHAHIBLBIR . |
AT BT 40 J J N AR S A K, B IR B K (Open || | 7 1Y b

zone : £ 55 emX 5 35 emX & 35 cm) %ﬂﬁﬁtﬁfg(Refuge;
K 15 emxFE 35 emx(& 35 em) . A LIS BB
P —1EHFEH T (10 cmx 10 em ) 3% 18 35 ik X F T [F 15 cm
DX IFMSEA TR KRB (Sliding door) . JFR X E1 eXBHE FEENEREHNELETER
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2.1 YU SR A RE AR
DUk 52 56 0 7E S0 A0 B S /R B 25 T B 8.1% (P<0.05) , AR K TC B & AR (£ 1), Xf IRZH 540 A 50
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R1 YUEME X A E RISE R E R BN
Table 1 Effect of starvation on the body mass and body length of the qingbo

N . — STA S I Significant
FREH AL S ﬁzll:giz Bef thr H:m nt  Aft ArLlre'}:n nt i 7] 7] i
Experimental parameters Treatment ampre sie elore frea ‘e er red f)l i ] AL AL i)
n Mean£SE Mean£SE Time Group GroupxTime
(LG YLkl 97 4.38+0.19a 4.02£0.18b " F=15.992 F=0.257 F=17.461
Body weight/g XF R 99 4.16+0.16 4.17+£0.17" P<0.001 P=0.613 P<0.001
(LSS Pligkdl 97 6.01+0.08 6.02+0.07 F=3.967 F=0.005 F=1.887
Body length/cm hayilesa) 99 6.01+0.06a 6.08+0.07b P=0.048 P=0.945 P=0.171

AR FRFORMETR A2 S, * FRYUBRAURI SR Bl A7 e 22 5+

2.2 YURXT SMR Y520
LR ZH S2 56 f4 ) SMR AL PR /A 7E EZ M (P=0.004) , i X R4 SMR AN HEE M (K 2), Kb
J& , LR 4H S £ RN 6 I 21 S0 £ AN AGRE SRR 00 1)t 3 R R 24.8% 11 13.1% ( P<0.05) (& 2)
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Fig.2 Repeatability of SMR in different experimental treatments and effects of starvation on the SMR of gingbo
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Table 2 Effect of starvation on the boldness, exploration and activity of the gingbo

N [PETT—
Personality trait 200 i) 2433
n Time Group GroupxTime
B U Boldness Tt DLk 57 F=146.106 F=4.809 F=4.379
X} R 60 P<0.001 P=0.030 P=0.039
FF i) X s ] F=870 F=1.407 F=4.774
P<0.001 P=0.238 P=0.031
RN Exploration SR R PUk4 31 F=22.810 F=1.549 F=1.223
X A4 49 P<0.001 P=0.217 P=0.272
HEABE A By AR F=48.835 F=5721 F=4.593
P<0.001 P=0.019 P=0.035
TR Activity s KRR DLk 52 F=46.721 F<0.001 F=0.015
X AR 60 P<0.001 P=0.99%4 P=0.902
Bl (a] F=1.404 F=4.931 F=0.326
P<0.001 P=0.239 P=0.756

2.4 YURIHERER
5%k BEZH AR L VR 5256 0 AR 1) BE B 10 35 46 0 9.4% (P<0.05) ([ 4) SF3E B3 F b 11.3% ( P<
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3 e
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Fig.3 Effect of starvation on the boldness, exploration and activity of the qingbo ( (Mean+S.E.,see Table 2 for sample size )
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