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Effects of food availability on energy metabolism, personality and schooling

behavior of pale chub

WANG Lei, FU Shijian”
Laboratory of Evolutionary Physiology and Behavior, Chongging Key Laboratory of Animal Biology, Chongging Normal University, Chongqing
401331, China

Abstract; Aquatic habitats often undergo fluctuation of food resources. Fish species in field usually show highly flexible in
metabolism and behavior. Such adaptive adjustments to food availability have important evolutionary and ecological
relevance. In order to study influences of food abundance on the behavior and energetic metabolism of a common cyprinid
fish species, we selected the female pale chub ( Zacco platypus) as experimental subjects. We measured the standard
metabolic rate (SMR) , personality (including boldness, exploration, activity and sociability) , and the schooling behavior
(indicated by cohesion and coordination) of the experimental fish before and after four weeks of treatment (either once daily
to satiated as low food availability group or twice daily to satiate as high food availability group). The main results of this
study are as follows; 1) both body mass and the SMR of fish in high food availability group increased significantly whereas
neither variable of fish in low availability group changed during experimental period. Thus fish in high food availability group
showed higher body mass and SMR than those of low food availability group at the end of the experiment. 2)) Food
availability showed no significant effect on personality traits of pale chub. However, the activity indicated by swimming
speed was higher while cohesion indicated by inter-individual distance of fish was lower ( the inter-individual distance was

longer) in low food availability group compared to fish in high food availability group when measured during schooling. 3)
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Only fish in high food availability group showed repeatability in SMR. The study suggested that the personality of pale chub
exhibited stability which was insensitive to the change of food availability. The pale chub from low food availability group
showed lower SMR, higher activity but lower cohesion during shoaling compared to those from high food availability group. It
might possibly due to the adaptive down-regulation of maintenance metabolism and the enhanced competition for food

resources under food shortage condition.
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Table 1 Effect of food availability on SMR and body mass of the pale chub

S — FeAc Preé—Lll\r}itﬁr?lenl Pos?iii&ﬁmem il 1) i zlgmfwance N o]
Parameters Group N : I I iRl I TR] > 2 351

Mean+SE Mean+SE Time Group GroupxTime
LGN i 38 3.55+0.12 3.56+0.12* F| 55=2.21 F|15=36.34 Fy45=33.11
Body mass/g = 39 3.63+0.14 a 4.03+0.14 b P=0.141 P<0.001 P<0.001
PRI 1% 38 0.91+0.04 1.02+0.05 " Fy 749=6.63 Fy 751=3.89 Fy =112
SMR/(mg0,/h) = 39 0.96+0.04 a 1.14£0.06 b P=0.012 P=0.050 P=0.270

# RFEFEE (a,b) FR A FMER FAAERESR RS () Fonm MY F R B 7E 22 5

#*2 SMRANMESHARNERENES

Table 2 Repeatability of SMR and personality during experiment

E 2 [EN Low food availability FEA High food availability
Parameters N REW=EE N mEYEE
PrufEfCistZe SMR 37 r=-0.024  P=0.743 38 r=-0.494  P=0.019

W3 ] DX st
ﬁ(}\]&,/\ﬂ:hﬁL 11 37 r=0.144 P=0.322 37 r=0.024 P=0.471
Inspection latency

] DX 45 P s i
oni “:{4. " .ﬂ Ikt 37 r=0.056 P=0.432 37 r=0.333 P=0.114
Percent time in open area
S RE A X7
'?‘KEJ_%EE,% 36 r=-0.158 P=0.304 38 r=-0.259 P=0.184
Distance to object
EYSVSSTIN .
H“ﬁﬁﬁgﬁz% e 36 r=0.233 P=0.215 38 r=0.472 P=0.028
First time to object
K Swimming speed 37 r=0.598 P=0.004 37 r=0.533 P=0.013
1z B} [E] F Percent time moving 37 r=0.922 P<0.001 37 r=0.897 P<0.001
i tn %
lﬁﬁj%{gﬁﬂﬁ% 39 r=0.488 P=0.021 39 r=0.749 P<0.001
Distance to stimulus shoal
AT Gt TR
AL ) 39 r=0.581 P=0.004 39 r=0.606 P=0.003

Percent time with shoal

®3 AYFENEEENMESHAOZW
Table 3 The effect of food availability on personality of pale chub

e e r
A AL PGt Pre%ri%frient P()sﬁfiient S22 1 pe e i
Parameters Group N € et ] 4151 P[] x £ 331
Mean+SE Mean+SE Time Group GroupxTime
EUHE AT 7 DX ] &% 37 331.9+38.9 341.5+48.6 F=0.080 F=0.010 F=0.006
Inspection latency/s =1 37 332.0+45.8 348.6+46.7 P=0.770 P=0.940 P=0.939
TR DX 5% B s ] L 1% 37 34.96+2.26 37.65+1.07 F=0.481 F=0.558 F=0.174
Percent time in open area/% =) 37 34.16+2.37 34.83+1.67 P=0.490 P=0.460 P=0.677
SFEAYIE fi% 36 19.46+0.78 21.31+0.71 F=6.873 F=1.689 F=0.001
Distance to object/cm =1 38 18.51£0.59 20.40+0.69 P=0.011 P=0.198 P=0.977
HREEE R AE i) ik 36 123.8+21.5 175.030.1 F=1.986 F=0.063 F=0.482
First time to object/s =1 38 133.0+27.1 150.7+27.0 P=0.163 P=0.803 P=0.490
ek ik 37 5.63+0.30 5.51+0.25 F=0.080 F=0.212 F=0.962
Swimming speed/ ( cm/s) = 37 5.53x0.28 5.77+0.30 P=0.778 P=0.647 P=0.330
iz B} ] L i 37 52.44+3.05 59.48+1.70 F=2.248 F=0.002 F=11.208
Percent time moving/% = 37 57.1023.71 54.46+3.49 P=0.138 P=0.966 P=0.001
SP G ik 39 8.47+0.44 7.43+0.42  F=13.344  F=2.123 F=1.097
Distance to shoal/cm = 39 9.80+0.11 7.93+0.08 P<0.001 P=0.149 P=0.298
ESuw b g tEding o] fi& 39 91.17£1.35 91.52+1.25 F=0.257 F=0.720 F=0.032
Percent time with shoal/% = 39 89.38+0.30 90.12+0.25 P=0.614 P=0.399 P=0.860
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B3 |¥FEEEERERIT ARIENRImE(N=10)
Fig.3 Effect of food availability on schooling behavior of pale chub (N=10)
# AT (a,b) Fm A FGE R AR 25, B () 3w i IR 4 = L 2 A M A 7 22 5

3 e

3.1 BN TEEE AR SMR AT (1) 5

SMR JE3h Wi B A IS —  TE W BT i 0 20558 23R8Ik SMR LA Zhe &, DR R IR
LRSS IR D A7 ( Onchorhynchus kisuteh) " =80 [ ( Carassius auratus red var. ( @ ) X Cyprinus carpio
L) (&) ] Y FIR It (Silurus meridionalis) ™ %3543 WA AT SCIC £ W) B IR 1) 22 /0 AR I VR 4 A BRI AR, AR
AEETHAERD SMR B Z 7%, AWF5EH  REY A SE8E iR SMR B2/ T ¥ F 4L, st 5 Hifb fa
F—FE, TEEE R AR B Y B UR R 2 A I Y YR RE R AE

21 SMR HLA HBRE AR5 X fh 2 e — BEnf Rl A A R, A28 & B SMR i Fa e
M2 A 2 B B LA AR AR B4 SMR FE S Hi i I GBS T AR IR B W £ TR,
N T AR B A BRI RE , SO AR AR R 3 IR LR R A T RORIUE W SMR A TRECRIEZ I, ATEXS K
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VEVEEE (Salmo salar) WRFFEAL R IR, 7EBR BB £ 1 2544, SMR MRS E M T R IR 002, (BRI 2 B
ORI, B 1O 2 AR R A F T3 SMR 97— @ B E FORERRE ™ . LW SMR e tExT &)
4 W) 1 LA A (] 22 57, AT eSS A R 2R B W BRI O L 6 2T D K SMR AR R/INGEA 6

Zoad 4 AR Y FERSE S EY EEARE 2 ERTREY FEA, X SRR B, HA%
B - A S i R A A R A U W B IR RE TS JE T B SR A SR A 0 LR BRI BE AN H R B, LA
9T & B, R LA (B L RSB E) T, ZHERMa SR — e B A AR Y L MR K
S BB AR AR A B R R 2 1Y D DR T R PR A 8 B A TR AE B R IR A B A B AR BE
KRR HE A RIESIEIR O FAl BRI R T A TR VLRI 31 Al i) 4R RE 1 THFE, K ELTE
SERR AN /N T 6] AE = 0 i K AR 38 B0 T8 10 )G IS 8 ((Acrossocheilus monticolus ) F11 5 75 %4 i§ 4 ( Schizothorax
wangchiachii) (273
3.2 B AR e R TR R T 15

2R —FE | TESERE A PEAATE T I 1A 22 5 (s YRR AT i D[R] A JLRPh B8 i 1200 s, 145 PR
FEFF I X I RS R 5% 8L 80% ) , 1] A ATt BF A SE AR BIMYE LA BGE 1 2278 A A 16 B8 25 b
AR 22 5 R EME— B2 RIS AT WA R OGP AR e MEAE B A8 ( Gambusia affinis ) L i
(Poecilia reticulata) SIS HRFFE AP B4 A O AR b U S50 A BRI S A~ 1 b ) 3 52 M R BB
BE BRI IR ERIE Ao A 2490 Rt A v A R R P 5 (EL 0 M R R M s A e PRI, AR PR A o e —
AR

FSCHIF ST R BRAPE 32 B ) 5 B A BRBE R R A S ) BRI A9 2 3, SE B BEUTT AT 1 A ME R BR 28R
YRR FE R, AU 25 T UL X 2 S5 £ 2 (IR, I 5 0 i A R £ 2R P A PR A S Y L )
Hb  ARBIFGE AR e BB A2 BE XS AP RRAE 7 A S s T B DR Ry S 0 B W) 5 B R 25 S AN R A S AT /R AL
YRR B A R A 2 AR

AR AR, S E B A A SR (H 2 8 2 5t S R AT IR W
LUK SN A AT A B N, BTG BRI B EE SR O R e X AT BRI AR W B T AR R
RS, e BRI ITE, DRI & B, B G £ 9 55U 0 s 0 RS R 8] B ) 3 4 el , 28 A1 23
BEINTE AT 3 7RI s a), s RIS RS 0 RS A SRR A AT X A B AR A %3 )
ShAS PR A R T4 m H IR AP RE S T (B3RS, TS e SRR OF B TR R L T, I e B2 1 )
T ERPEFEAR AN B LGB (AT 2 5O

25 BRI TERE A EARZ B Y R, R AT, SEEEER T 08 SMR LA YRR, 4R
T S BB AR TG BRPE TR EESR ) TR X T RE R B W SE e P A R
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