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The effect of group size on school structure in juvenile black carp
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400047, China

Abstract: Group living is a commonly observed phenomenon in fish species in nature, and about half of all fish species
shoal for part or all their lives. Fish derive many benefits from collective living including defense against predators and
enhanced foraging success. Thus, how the behavior of individuals and the interaction between them produce group-level
behavior is fundamental to collective behavior research. In the present study, using fine-scale movement data of juvenile
black carp ( Mylopharyngodon piceus) (body mass; (2.43+0.04) g, (5.34+0.03) ecm, N=180), the effect of group sizes
on motion and shoal structure were investigated at (25+0.5)°C. To achieve our goals, twelve repetitions of black carp
juveniles with different group sizes (1, 2, 4, and 8 individuals per group) were videoed for 15 min (30 frame/s) , from
which 27000 coordinates of each individual were acquired and the swimming speed during individual spontaneous
movements and the shoaling distribution structure of fish groups with different sizes were analyzed. The response ratio and
conformity to artificial fright stimulus of fish with different group sizes were also measured. Juvenile black carp mostly swam
at a speed between 0 and 10 cm/s (84%—97% ). Although the proportion of fish that swam at high speed decreased with
group sizes, the mean swimming speed ( (4.90+0.79), (3.80+0.57), (4.15+0.84) and (2.93+0.82) em/sin 1, 2, 4
and 8 individuals group, respectively) showed no significant difference among different group sizes. The synchronization of
swimming speed among fish individuals within each group were (64.22+0.84), (30.76+4.06), (38.86+5.07)% in 2, 4
and 8 individuals group, respectively, which decreased with group size. The nearest neighbor distance ( NND) mostly

occurred between 0 and 10 cm (91%—98% ) , which significantly decreased with group size. Juvenile black carp showed
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high levels of polarity of orientation within a group (84% to 95% individuals moving in the same direction), which
significantly decreased with group size. The leadership of individual fish as suggested by moving in the front of a shoal
showed high inter-individual difference and the variation was aggravated with an increase of group size. The response ratio
showed no difference among fish of different group sizes possibly due to the combined effect of group size on information
communication efficiency across group numbers and on boldness and vigilance of individual fish. However, the conformity of
response to the fright stimulus within a group decreased, possibly due to increased inter-individual differences in large-size
groups. This suggested that juvenile black carp showed typical schooling behavior. Group cohesion as suggested by NND
(small NND indicates high group cohesion) increased while coordination as suggest by synchronization of speed, polarity
and conformity of response to the fright stimulus decreased with group size increasing from 1 to 8 individuals. The disparity
of different individuals in school distribution suggested that a different social role existed among different group members.
Further investigations should attempt to identify the effect of group size on movement dynamics and distribution structure

comparatively across cyprinids, in terms of evolution and phylogenetics.

Key Words: collective behavior; group size; spontaneous movement; stimulus; social role
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Fig.1 The spontaneous swimming speed and its frequency distribution of black carp juveniles with different group sizes (mean+S.E., N=12)

http ; //www.ecologica.cn



6066 A E = 36 &

BRI (] 2) e 3528 5%, (ELIR] 2 AN [R) A PR 0k o B2 ] ) ) 200 P it A R 50 0 96 o o 2 355 o
(P<0.05)(Kl2),

°
-~ 6 T 3 70 a
@
£ 5 | T o 260
B2 4 T g 50 b
J- N
® 3 3 T T E g 40 b T
r g 22 3 T L
2, 1 & 5 I
3 HE W
s 1 £ 10
0 g 0
1 2 4 8 @ 2 4 8
2N
Group size/ &

B2 FREEEKNEEBREHNEERERSMECFEARER, N=12)
Fig.2 The effect of group size on mean swimming speed and its synchronization of swimming speed in juveniles of black carp ( mean+S.E.,
N=12)
a, b NAFHFRZERLH (P < 0.05)

2.2 FEURI/INNEZS [B] 4347 (0 52 R

TCIRHEARRN, A AR P B /MR NND 2 HBE 0—10 em (1B 3) s X £E s 1Y NND [0 #1 &
B, 2 AMARLLNND U e e OB R 5—10 em, HKE 0—5 em,, 1l 4 F1 8 AR R B i HH BLAE 0—S5
em, HK K 5—10 em (& 3) , I, 4MA& NND RN BTN 83 TP < 0.05) (Kl 4),

8 AL BN /N T 2 R4 AR, HER EOR TR SEI0 4 7 (I AR R A s A 1, 2 W4 AMRdL A
92%—95% MALEFE T 1 —3, 17 8 MARLIKIRA 84% MARLAEF I 1 —E (& 4)
2.3 BRI fa AR AL

XFF 2 4 8 ALY SLG fn, AR A T4k £ 0 B WA R 4390 R 50% .25% A1 12.5% , 43 M &
12 R S Tk A0 B S A 5 WU R o, (A SEIR AT 12 R AR N AL T ek
LB B2 RAEK (B S) , STIMEA BE 2SS ECRS 7.9 F 11 B, HAL T8k i BRI A 7
RE(CV, FRiEZE S IE R L)) BEEEARAS R i<, 4350k 33.86% .52.31%F1 98.19%
2.4 BRI AR N )5

ARV R0 SN AR FETE 66%—87% , ARSI B %A B 2 22 5 (K 6) , {H N i — Bk R4 b A4
R R TR E TR (P < 0.05) (K 6),
3 it

— WA B AR I 1) £ S B AR T RN B ORI Y AW TE M A S e . B R LI AT

REVE N T X B TR GL RN ( Confusion effect ) | &F X5 #1445 BR800 ( Dilution effect ) M A5 A2 5 1 A F

(Many-eye's effect) ; i R0 i BUMLR AT BE P A 3E 4o Xof [A] A4 A B0 45 T bR b & 3062 40 LA B D 1 97 201
LR 2R TR, RIAERAT bR A A e AT, SR, BFIAR R Eicat Jf AR B8R 8o A R, i
HAFAR AT AR 09 25 [0 K/ S M Py BRI AE WA EE (AN B F 1) Fh 28 pAt B S5 10 Rt 23 1) 25 vh 28 S 1]
REXTREAR AN = AR BRI, PR A G A K/ INIE AR AIE A G 28 % B At 100 2 SR TR A T R T R A R ML) 280
B, AR AT OB ERT R, HRRHARASREER N, BER D Lo, PR TR, BEARTANE
AMARTEREA R (7 EAFAE 25 5 FLRERR AR /N TR ], B AR R/ IN X 38 e 1o % A i 3 e, {E Pl 1k
BT o S SO AR B 7 X6 28R 52 7 ) — B0 R R
3.1 BRI REAAEESR I R M A5 el

F AT 90%1¢) DNN 1 F 0—10 em Z[8) (Bl 0—2 BL) , 5 & ( Gambusia affinis) (6 ecm/s, 2 BL/
s) " R4 A SE N B ( Notemigonus crysoleucas) (1.5—2 BL/s) ZE MM . Y24 M 1k, A iR 2 (B D 115
S MEEREE ST T B =, ARWFSE &K I NND B/, HoRl & B AR5 0 B 2 T R, X MR A AT 6

http ; //www.ecologica.cn



19 ] AP 25 ARG 4 SRR ) 52 6067

oz 3883
0 H’*
0—5

il . o=
S 2 & & a a
A
O
— — [\ (9\]
60 4R
g S
3 <50
8 Z
§ § 40
3 g 30
o 20
= ’Bﬂ'
B 10
0 . . [ RS
(=) wy [=) wy (=) wy [=) (=]
& T T 11T T w
Usl < Usl < vy
— — N N
35
60
30 % S
25
20 40
15 =0
10 20
5 10 ﬁ
0 L L L L L L L H L L i 0 L L =
01 2 3 4 5 6 7 8 910 11 12 13 14 15 =) o) =) " S = =
O
Wi = kb s by
Time/min .
JEE Distance/cm

B3 FREEMEK/NEENREMEEE R ETZE D7 (1800 H/min) (FIELbrMER, N=12)

Fig.3 The nearest neighbor distance and its frequency distribution of black carp juveniles with different group sizes ( mean+S.E., N=12)
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