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Tab. 1 The weight and length of fish under different treatments (Mean+SE)

GiiES 45 Mo JoR NG HEH RE (LSS

Species Group Abbreviations Repetitions Body mass (g) Body length (cm)

" EPNAN CB-E 8 3.2540.12 5.95+0.07

Chinese bream A Fe CB-NE-L 7 5.66+0.28 6.88+0.10

CB-NE-S 7 2.96+0.14 5.65+0.08

- EyNIN QB-E 8 4.03+0.10 5.69+0.06

HE{2] 5 62
Qingbo A QB-NE-L 7 5.74+0.14 6.55+0.06
QB-NE-S 7 3.66+0.09 5.64+0.05
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Fig. 1 The effect of fish size on the frequency of spontaneous swimming velocity of Chinese bream and Qingbo (Mean+SE; equal size

group: N=8, non-equal size group: N=7)
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Fig. 2 The effects of fish size on the spontaneous swimming speed and heterogeneity (Mean+SE; equal size group: N=8, non-equal size

group: N=7)

* RN [F] — R /INL B [7) e 24 8] 28 57 55 35 (P<0.05), a, b7 [F] — P SEAS [B] K/ Ak B JH] 22 57 8. 3 (P<0.05); T A

* indicate a significant difference of same treatment between two species, a, b indicate a significant difference of different treatment within

same species; the same applies below
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Tab. 2 The effects of fish species and size on shoaling behavior of two cyprinids based on a two-way analysis of variance (ANOVA)
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pecies —p <0.001 <0.001 0.01 0.028 0.511 0.102
d 2,38 3,51 3,50 1,26 3,50 3,50
K/I\Size F 0.785 25.425 2.936 0.414 6.548 1.33
P 0.463 <0.001 0.042 0.525 0.001 0.275
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AN A4 [R] R B AN B2 AMAR R /N,
T AR SR NEZH ¥ S-SR PR 25 52 35 /N T B2 Mk )
[P EE 2 A NEZ L-LIH) BE 25 (P<0.05)(&l 4A). 7 4h,
fif E£H 1 E 25 42 25 /N T rh AR5 SR EZH (P<0.05)

FEARHED IR BB HE AR PR A T 3 )N
TR AR B EE(P<0.05; I 4B, 3 2); AR KN i
R e A {3 ) 8 B AACHE B PRI 1 Y S R
23 MEKRKPMEFIAMEEFERMER T
& E AYEL 1) B9 32 M

EREAA: X T, 8N4 14 il AL 126 458 1) £ rd A4
HRA Tk AL B 1 ) 5 TN R (E125%)
TREZERES), HABWEZEKRTQRE)B/NT
(5 ) TRIHE 2 (P<0.05) . XF T rf A3 sl e, AV
2EE MM AR TR EER, HRYEZERXTQR)
BN TR N .

NEFEAR: XF T, 7K MR rh2 BALF4k
{7 B HL ) 5 T EA M % T R 3 2 S, SRR T T,
2N T HHA(P<0.05); T /NN TE R T, Hap
6B /N T T . X T A A 3] s i, 7 B8 R A4
QRTLRFEZER, SERTHM, 28/ FHl; 72/
MEH2 B LR EER, 2B KT, 3 /N i

24 MERNEFIRMERHEINRI R AR E

SSE e Fofn 2Rt I N R A T R (1
6A), 1H —FHEH 1 Jx B 23 5 3 K T NE4LEAE R
R E K NN EINE-LAINE-S) ) & 5 %, i
NE-LHINE-S ] [ 3 %45 2. 3 % 5#(P<0.05); HiE
BRI 6L I EZLAINE-LI IR B R LR E Z . RN
— UM i SN O A KT A AR ) e
B G r — 3 B AINE 4 s M — 2t 1
o 7 5 (& 6B).

3 Tig

A0 AP AL (R 8 K/ B BB S IE N E R
I AEESE 0 SRE BT =, B B K& ioR
JE AN g v e (5 0 B8 T 50% 22 A5, LB i 40716 1 % T
VKIEFE N0—S5 em/sify A AR R I E S 5—10 cm/s, &
B J5 5 A O e R R o I AT R e A 5 )
R DK H B S R v R AR B, R S A iE B)
I [ R Ui i P A B e P R0 A AN R . A,
FEAR IS BILE 7 1) L 5 B 3R 1 8 - HE 5 A P ) i
R A T A B A . X AT RE S PR R
A AR R AR g A T — T, A

31




556 K AE £ Y %W 41 %
CB-E QB-E CB-NE-L-L
< 60 < 60 ~ 60
< < 50 < 50
> > >
2 40 2 40 2" 40
Q L (5]
ES 2 30 2 30
(5] [ [
© 20 ﬂ = 20 £ 20
# ﬂ & 10 10
g ol LIl -, o0l e om & wl e
VA 5 0 & N M D D VU 5 0 VW N M D D D 5 O W N M N O
STONTNT T NN NN T Y
Y \Q/ \(,)/ q9/ q:,J/ 7 Y \Q/ & q,Q/ q:,)/ 7 NG v & \6/ %Q/ q‘,’ﬁ/ 7
#5755 Distance (cm) # B Distance (cm) B9 Distance (cm)
QB-NE-L-L CB-NE-S-S QB-NE-S-S
g 60 g 60 g 60
= 50 = 50 = 50
2 40 2 40 240
Q Q (o)
Z 30 = 30 = 30
& 20 2 20 2 20
s 10 [I] 10 i 510 "h I
L_)E;t 0 I l*llilml—}l A_E\i_ =N I I P P == L= B P O R O o P Y
QA % O & N M N N Q 5 QO O N m» N D Q % O O N M N N
JONTNT T Y NN O ) Y NN
VT Ve N T
#E 5 Distance (cm) #H B Distance (cm) #H 87 Distance (cm)
CB-NE-L-S QB-NE-L-S
~ 60 =~ 60
= =
=~ 50 < 50
2 40 2 40
Q Q
2 30 = 30
(5] [
= 20 = 20
10 ﬂ 10 m
}\_.,E;Q’ 0 & L L |[“||I*||I’I'I||-I-||EO .I-]. .H.f‘lﬁl‘]
SOAN O PP DS VA S

%
Yy

#E55 Distance (cm)

S B B
S e T
MEENECENES

#r B Distance (cm)

P 3 I e ] AN ) S 0 Ak P2 A 8 B B ) 20 AT AR CT B AR 7 1% B4 N=8, NEZH: N=7)

Fig. 3 The distribution of the distance between different treatment group in Chinese bream and Qingbo (Mean+SE; equal size group: N=8,

non-equal size group: N=7)
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Fig. 4 The effects of fish size on the distance between individuals and polarity of alignment in Chinese bream and Qingbo group

(Mean+SE; equal size group: N=8, non-equal size group: N=7)

FKAE ST A A (5 ) 0 K A 85, AR AR
R A e R R B 4 F AR A Dk O T
VAR o3 — 5T, i b rp (R R R A S e R G A,
AT A2 S Y TR E R 2 —
RIS 8 0 PR 2 2R T AR AR, — RN e i 4
SRR R B R PR SR )y . AR AR
I 5> A ) A T v S (R L, JRT e PR O i

BB RN UK BB R, T G A 8] F Rl
AT (BB A 1 s DA B AR I
A TA) B 5 55 R R IE BT, PR, BRATTIA A i
HEPREE R 1 A% ZR G 25 RS T DK JEE 1) TR 3 1 A
DL R T

sl 1 TR P L T O VA== /N Shick i S CN L
PRI 22 5 AR5 /0N, I 58 20 R B0 BB AL G 3¢ 1Y) 8 )2 Bl



33 T R BB DA RN T2 s A [ A S R £ SRR AT RS 557

E
L 60
T 0t
VoS40 t
€ g3 30 ¢
X550 F
B2e 0|
a 0
CB-NE
. 50 x
Eg:\c\40 I * K -
%%?30
Es8F ,, [HoT VAR T R o
e
oA Al lal
tl2lslalslel 7] 112l3]als]6l7
KAMA Large individual | /V)~{4 Small individual
QB-NE
° 60 *
2 _ 50 .
58S 40 | * .
2230 Aps . Ao
XEZ 20} ;
F2a 0 [l a * a
2" Al Al n ALLIH AT
tlalslalslel7]112]3]4lsl6l7
KAMA Large individual | /vf~f4 Small individual

5 7 [ 5 AT e e ] ) L £ R A A T Ak £ B (B AL
N=8, NE4H: N=7)

Fig. 5 The percentage of group leader of Chinese bream and
Qingbo groups by fish size (equal size group: N=8, non-equal size
group: N=7)
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EFFECT OF BODY SIZE VARIATION OF GROUP MEMBERS ON SHOAL
BEHAVIOR OF TWO CYPRINIDS PREFERRING DIFFERENT HABITATS

WU Hui , TANG Zhong-Hua , HUANG Qing, KUANG Lu and FU Shi-Jian

(Laboratory of Evolutionary Physiology and Behaviour, Chongqing Key Laboratory of Animal Biology, Chongqing Normal
University, Chongqing 400047, China)

Abstract: The phenotypic composition of groups affect ecological and social processes, which is crucial for collective
behavior research. To explore the influence of body size variation on shoal behavior between two cyprinids with diffe-
rent habitats, the juvenile Chinese bream (Parabramis pekinensis) preferring still water and Qingbo (Spinibarbus sinen-
sis) enjoying flowing water were selected to study spontaneous swimming behavior, spatial structure and the response
to startling stimulus of fish groups including four similar fish individuals or including two larger and two smaller fish
individuals. The results showed that the spontaneous swimming speed, the synchronization of speed and the alignment
polarity of the juvenile Qingbo were significantly higher than those of Chinese bream, and that the responses to frigh-
ten stimulus were similar between two species. The polarities of equal-size groups were similar to those of non-equal
groups while the non-equal groups showed lower synchronization of speed in both species. However, all measured vari-
ables were not different between large and small size individuals within non-equal size group. The difference in body
size did not impact group cohesion. The larger individuals of heterogeneity in spatial structure preferred to stay at the
front of fish shoal. The flow regime habitats of Qingbo may explain its higher activeness and synchronization of swim-
ming speed and alignment polarity than Chinese bream. Group members with different body size can coordinate their
swimming speed and direction of movements even with higher group cohesion. Interestingly, smaller Qingbo indivi-
duals elevated their speed to keep pace with larger individuals whereas Chinese bream individuals adjusted their speed
to a moderate value. Variation of body size decreased the response ratio to frighten stimulus, possibly due to decreased
response acuity to external stimulus as a consequences of social factor (e.g. social hierarchy), and impaired efficiency
of information flow and (or) the divergence of ecological benefits and costs between larger and smaller size individuals,
which subsequently influenced the consensus decision making.

Key words: Chinese bream; Qingbo; Cohesion; Coordination; Group position; Stimulus response





