2018 4 1 A TR e A FFRCE K FFBO Jan. 2018

#35k £ 1H Journal of Chongqing Normal University (Natural Science) Vol. 35 No. 1
3 : %‘ :10. cqnuj 5
d]%ﬂ'_‘ DOI1:10.11721/ j20180105

B 7 2 X P 4 B SR 40 25 SRR B I RO B0

RO E,EVE M B, BER AR
(EPIMIEH EAC LR 547 22 5090 &, B R 401331)

WE.LEWYZ Z 2R F 46 H 8 (Spinibarbus sinensis) 4 & X 7 B # & W 89 B ) 5 & B2 09 R 4F DA RO IR 4F 2 & % ¢
e En®m, [FEYAZEMam AR RBEERNAT Y T, KA BT & RAT AW R E, @3 B R DE s
#y 8 ¥ % # (Stimulus shoaD) By % & M X % JE A /b, # 4T = 76 #% # (Binary choice test) 5% 3o, 7+ 5 B 47 52 B0 & % 7 R % & 2%
MEER, (FRVESEHEAMAGT YR EL K 12:12,12: 6 K6 6 M. BN LhadmARa#N BT LAR
HEEL LWL, AFELRANFGT . SHKERY 12 20 12 6. ENRLhamT e T ERNMAB KL H
Eh 6 6H HRER e AR EHFNHEEFLIARTFEXL LN 2R, (0P LA AL T 22 AT & HAR
BEREECNH B NMNIORN B AN YA BB EH R TEREENARRTARAN, AR M &3
Bt sE 2Rt AP REEAMNPEZABESEE(FED N A PR BI R4 & T 6 KRR T HENHE WL
BABEGEEMEA T HEXHRZAENFALE N R ERL,

KBER . EH PN, BEEATE ESARE, HHANE

RES%ES.Q958. 118 XEIRES A XEHS.1672-6693(2018)01-0031-05

BTN FAE SR AW R RER R ) ZAETIY R W R A W E ARz Y, 4
FEA BT B A 3 0 0l Al £ 0 M 2 (1 22 Db 3 IR £ A U5 A R R T 4 o AT ROR T FEERE L R B 4
3 1ok 5t 0 B 0 e R R /INIE B AR B B i ok AR b Sl R T R A A K BB (R R
(Discrete quantities) f13% 22 81 5 % B (Continuous quantities) , BRI EEE S B 20 MR E . e
Py WORL I B B S R BCSE 5 i% SE R R 5 SR BE G B Y R AR A AR R an T AR A A Y s )
BEAEN . AR AU SR B OB B 2 R R S TR R R I OC, Bl B2 EWE R R 2 s
] B R AL S B — M R B R RAR A, A AR TE R, £ 28 B PG AR /N BB 77 i HL7E T I A
[i) R 70N B9 A 3 AR 2 I A BRI ST A e TR L 8 1 28 B M £ (Gambusia affinis) 7] GE A W 1% 22 A
Brid KR AT RCEHEN Y . BT R G TR B R 0 i A T [ B R ) R R fE R R L R A R
o B — 1 B {E B PR S = ) Y K 22 B E ST A . TR, R 0 SIS O A R A 3 2 AR 1R B N A A
K/NRAVF FE AR,

C A BF T 3R B T AR (BRI B (S pinibarbus sinensis) PG BCEHEHE J7 i ELECRE R BIAE 10 2 LLEDY S SR,
ZHTRIRIESE v B R B RN S AU CRIVEE A B3 R ) () 2 A8 Ak BRI T G 32 X 43 450k 9 S0 T D P A o
FOEZEAY BTG I B A ) SR B ) 4 8 A 0 S G R A e R A A G I B R AR B AT g R
T8 S TR S I e Y VP i N AR SR R R ) RN L P B S £ A S TR S A () 50 2 R RN R i - DX A5
R 1) S 1) R ) 2 ) P ) BRCRE BN BE T . T ET RIS R B A RS Dy 12 1 6 I, H bR AR £ R 60 % B E A
HRIGRT 60 V0 » ELA T4 BE AR 5 38 5 DRI AN BF T B Fe S 0 F AR f g A BCREEE O 12 012,12 06 16 0 6 3 E
FEog 2 D DR T 1 B R rh, DUIMOR 75 %8 B 2 v e (3 o s o o A #2201 0 9 00 E

» WFsHHE.2017-06-07 f&[E B #E.2017-12-03 [ £& AR B i) : 2018-01-18 1521
FRETE . HRK A KRB 4 (No.31670418)
F—1EEEN R E T R oA A B AR K AT R, E-mail : 1683046997 @ qq. com; @ 15 £ & : 1 it 8, 4% , E-mail: shijianfu9 @ cqnu.
edu.cn

W 48 H RR #e31E : hetp://kns.cnki.net/kems/detail /50.1165.N.20180118.1521.010. html



32 FERFEAZFZMCBEABFHK)  http://www.cqnuj.cn % 35 %

1 MR E7FE

1.1 K& KRR

2016 4F 6 J 75 T PEAS Hb ¥ 37 WA 7544 BT B (3. 71£0. 05) g MK (5. 5950, 02) cm Y th A5 il 6m 4y #4135
] J5 764 X 98 X 50 150 em X80 em X 50 em JKER A 30 em AU FE KM FR I 3% 14 d, S0 758 K BB A
Ji 0 1 SR K 2 30 9 ] R 2 ) K b 8 A S SRA PRI K PR I ST VR B AE 7 mg « L7 DA b KIRAERFAE (231D C,
JEREIA A 12 hGHE ¢ 12 h BAWE . ISR I RD A K FH R b v R R AR B 1 UL 1 b JE AT S TR )
BRI R AE 4w 2 30 VOURFR K . WIFREE A, Pk Hh R /N R 140 B HARSC R f .
1.2 XTWiEE

SHG A E (B D43 3 B4 BRI T (a1 EB 43 9 25 (B K/ R 36 em X 70 em X 35 em By * 5250 X 42 X" i T
2 DX ity Y SRR 23 TR K /N R 36 em X 20 em X 35 em A9 X7 (Stimulus tank) 5256 % G [X AL 4§ 55 19 it ]
B X AR AB  PA “A 3 X7 (Preference area) FIV T ] i) “ 3£ $E X7 (Selection or hesitation area), Kl # X A DX
FHAT B sl 04 A4 B35 388 A Tl J AN [ R BRI /0 o DA T ok 725 S 93 X e B A JRE AR 2% 18 . O T sl e A 3 T4, A7 S 0
0285 B DU BEER G A CTE R T 48, B Hi 1% 3k (Logitech Webcam Pro9000) 5 Wi il 2§ #H % v F %% & /Y 1F I
T SERGHT 1 h, A L A 35 40 R B SR T K 3 £ R A R XS B 30 min, SRR K ERFE 10 em A A7, 5K
Byt AR KRR TE (23420, 5) °C, SEE G IR il VAT S 4t
1.3 XWHRRMEFH L

Shy 2 At v AR ) o G £ B B T R S A BB A R RIS TR 1D 1 L 2 AR
JERREE . S T IRRE B LR B 5 SE I B bR (IR B R A AR SEIR R T 12 0 12,12 0 6 FT6 1 6 2R 3 A
EREXT , ELOR A 2 DA 38 f0 8 37 GH B TR I 24 FE /NS ARLIY o A 31 o) 68 4 £, FLp 12 R AL S T80 50 4
BT — X, 55 A0 12 R RIS T AR X 1 55— SRS X, DT AL it A L R 12 D 12 Wi A 10
P TEBEXT 5 53 APk B /NS BL i A B i &)y £ 24 )2, Forp 12 R BN E T S5 500 5 B M AE — X, D 40 12
TR T 55— 23 ) K /N A I B X (23 ] K /N R 36 em X 10 em X 35 cm) 41 Jo8 5 T3k o R L R 12 0 12,1
RO 1D 2 PIEEEXT . BRI 6 1 6 MYIEEEXTA SCIGHRAE S 12 1 12 A BB AH ] AR A A R X
LRGSR 6 BB, B b 12 0 6 (1% 0T T 2 DA S 8 £ TR R A SR 0 B 18 R R /N ARL A A £33 Sf i
ghfa, Hop 12 REEALCE T 5050 5% B AT — 33X . 5 40 6 B CE T 55 — 23 18] /N ek 2 A4 o 33 X (2 1) R /AR
936 em X 10 em X 35 em) 20 PR A BES R HL R 10 1 B9BERE X 55 A Ve B /NS AL i v A 450 iR 4y 1 18 )
Horbr 6 RBEALECE T 50505 & 00— RN, 5340 12 BCE T 55 — 15 22 25 18] K /N [R] B4 s 98 DX 4 sk 74 ok 38 £
FEBSRE LS 10 2 MBEREXS . M RS N 5 min J o B 0 R H bR S5 56 0 5% B 5 S50 X rp (] A B 6 CELAR O 12
cm) HUE B 2 min, 38 I 45 o R B R R S OT L O 5 RDAT R AR SR FE LA HE 20 min, SCI IR H AR 25 1 LU
1Y M AEARAR 3 d WA G, 45280 Vel 20 B H AR S 86 ta gE A7 40 8% . 14 0 MU QQ 5% 35 LA
T AR % R o wmy #30h avi #4820, SRIE RS A id Tracker $4F 401 5258 0 (432 3 0 )R 45 3 H ki i
BT R R e br . AR -
2R B AR X N T S
AR 052 b o B A AR ik 5 3
RFHE T KRR

: I
X H B R /N T 11 em (69 X ‘ : :
BT DR P R T L — i
iZeR U TR e I N MY H N N S L IR U S E
e L I | i P i T P
Wt a0 P=[T./(Ty+ 20em  1lem I 48 em I11mn 20 em

0
T IX10026 A Ta AU T g oy s 19, C 6 D B0k E MRS S F 0 BT 58 K
SRR RAE AL B b IX P B8 B 1 AT HRERNRES
HIRFE], T, 3R Ty 8% Ty Fig. 1 The structure of fish choice behavior monitoring apparatus



%1 RO, HETENPLERMNECYEREHRN DN 33

1.4 RS
B B 45 B DL CSE Y S AR IR 7 275, K ] Excel #1 SPSS 17. 0 8k {F 347 M S0 0 . S 06 18 6 45 0
I X 452 BE BF 18] 1 40 Bb 22 8] 0 22 57 5% FH I X ¢ RSB0 AG I, 24 p<<0. 05 I, TS R A S22 A X,

2 R

2. EFRELZGT . BENEREXMARAYMELFHEENRIT

FERFARZBE N 1D LA, AR A ESE N 010,121 12,12 0 6 F1 6 1 6 1 1 0 0 A0 3 1) Ot
XA B BT ENE A St B L B 2R (E 2).,
2.2 EEERA 2 INESHT . BNTHREaNAREHEL HHEHNRIET

FERFRBRE L 2 0 1 HAGE LU 12 0 12 R0 12 0 6 B, H b 52 56 0 76 55 %85 32 48 K 0% SR8k #0030 AH <08 i 47 IX 19
15 B8 109 I5F To) 80 T 7 — D 2 DX 452 BE (R 1], 22 53 A S8 27 3 L (p<<0. 05) s T S BEAR B EE 2 0 1 HAUE L N
6 & GE, H b S 56 7 VR R SR A R ) i g DX A5 B R B TR G R L B 22 R (3D

o O - T w0 O g A T
X0l 3 e K b ik

1 S

® 60 T :

s 50 f {‘ + E3 3 £ .
Siw Mmoo i
| 40 T |
lm =
= 30 | &
ry 'éE 20
E o0 | <

10 } 0
12124 12162 6164
0 - . . : LA
0:0% 127124 12:6% 6 6% _ , .
£ Eﬁ,ﬂ%,ﬂ f i o R O H 6 P T 5 9 BB 0K B £
YRR
A 70 A A ST B L B 25 (p<<0.05),
B2 BnBaEARHEL B3 BEnBaEARARHELAELRH
ETENHEaETNEBEREES FERHaHPNEENET I
Fig. 2 The influence of different ratio of stimulus school with Fig. 1 The influence of different ratio and density of
the same density on selection of focal fish stimulus school on selection of focal fish

3 iTig
*

i

10 28 R RO AR A B AE Sl o R T SRR R TR O R AR XU . B b RIS B B
RN B SE TN A A5 B O A AR5 A B Jo e e s OB R R R R CRGR O 12 012 806 - 6) 4 i S g
RO A5 BN TR CBCRE P S 12 06 320 0038 £ 7 1) 3 R R ) o T s 5 A £ 0 790 40 88 £ 70 1) O 4 O 05 A 027
XS . DRSNS S5 2 0F T CH A R 6 N AR I 6 NI L F AR 52 56 1 Hp A ]
M6 i P T e SR A S R B B PR RO ) AR Y RN X 5 DA X R R B B 45 R 2R R
A A A S B 1Y 2R A 2 AR ) R e T ) A 22 S TC IR I R R R SR RO 2 D 3 R 4 8,
UL ) R A R TR AE IR A e ) O 2x e B X B — ) g B Y e AT D0 Ah, X =
(Gasterosteus aculeatus) BIWFFE K B 24 14 22 TR RCRE 24 3 A () (EL 8 IR RE 2 AN Rl I, = 3] 00 68 79 3R 38 £ A
Tl TG iH 28 L Ry 25,

A ST e B 2 A0 AR 5 AN (] A s RO TR LR PO 12 0 12 B, b S £l A T e R
AT X S EFH PN — B, ABA R, G BN B F B RE B L 6 06 I, R S5 X 7 R
VAR B D 4 B G e L BB 2E S IR AUR S R T AN B — B XA AT B A S 6 e T i R 3R £
AR B AR 050 /A0 T 5 0 2 R 3 X 2 TR AR AT e 79 8 A 22 T ) 3 32 2 5 S R 32K 1) e A 8 ) it 322 25 70
HE B CEED PN B9 B (E . 55— Al B B A R 2 rh A8 2] 300 62 20 10 R B0 T R () B BIL ) A 3R 500 £ 8 R/ e
R R o AEAL PRI A5 B, v A ] 0] 8 7T BE R O T BB 9 PLD” (Analogue number system, ANS) H L
9 R4 R 2 ] P e 2 S AR AL e, B 00 S A 5 A0 5 T (Weber s law) ™, RIVECiE O A A S i



34 FERFEAZFZMCBEABFHK)  http://www.cqnuj.cn % 35 %

JE P 0 WRE BE 22 ) A L S5 I AN S 26 %o 22 . DRt il 50 o 9 8 0 A 1 9 52 T K ) 0 2 A 8 9 3] T ORI 35 4
Z 1Y 22 5 5 B G SR =22 1) LA B 78 /0N o L3 38 1) 22 0] AR A5 B FRIMED . A b 3 /INESCER A B, v A 45 ) e )
ABER ] T “ X430 RS L7 (Object-file system, OFS) [t %5 9 50 34 £ 1 22 ) A A0 25 . 7RI ML A, %)
RAEBEAN BT R B TR, XSO &R G R i 00 EiE PR 0 R R B JT R B AT IS AR L B DL H BRI
DRI AR (B 3~4 AP BJE AW FE (4 d5c /N AR R B A PR RO 6 A B RS B B0 B S 0 B A
PRl 565 — A il B 0L B 5 B Eﬂiﬁﬂ?{%@lﬁgﬁﬁﬁl_ﬁﬂ 21 B IR B R 2 R A [ H 3% 22 A R i R RO TH] L
R bbb 10 010 B, =01 (Gasterosteus aculeatus ) Y 06 25 B B0 30 £ 8% s M40 LL o 8+ 8 B, = 3] £ Xt 199 3]
VAR 08 D G JC e T 25 0 S B 28 S XTI S L RIS A I 0 < A R A R R A A KUK
DRI s S92 56 B 5 0 28 B P B AR 0 5 T X 408 L Oy 8 1 8 I T O SR 0 T 1% %8 R S L AR, IR Ik I R S £
X TR ) R ) i S AT 25 5

N 2 VR R T ) 2 R () R e A ) 0 6 S R S ek S AR R A R TR R R A S M B ) £
BERI RN . 2 W 8t B A 2 BE S TR) B U oh 12 0 12 B A S 08 10 i G 5 i 2 R O 3R £ B AR R L AR 24 5K
IR 6 1 6 B, H Ay S5 T 7 SR T 0 D G A e it R S 25 5 3K R R R 0 AR A A AR B A i
S 62 R 1R S X ) A A R PP R R 2 T ) 4 R 2% S A RE A B b A 80 ) B0 % 2k AL BCEE B O D B
89 1 5 3 — ol AT 14 ik B 2 A 80 0 600 0 R BB T UL K50 1 L o) A 8 A K A R i T X 5 S R e AL
Ab RN EEAR B

S 30K

[1] SHAW E.Schooling fishes[ M]. American Scientist, 1978, Collective enhancement of numerical acuity by meritocrat-
66(2):166-175. ic leadership in fish[]J 7. Scientific Reports, 2014, 4 (4):

[2] STRANDBURG-PESHKIN A, FARINE D R, COUZIN I 514-521.

D,et al.Shared decision-making drives collective movement [11] PETRAZZINI M E M, AGRILLO C, PIFFER L, et al.
in wild baboons[J].Science,2015,348(6241) :1358-1361. Otogeny of the capacity to compare discrete quantities in

[3] WEBSTER M M. Experience and motivation shape leader- fish[J ]. Developmental Psychobiology, 2014, 56 (3):529-
follower interactions in fish shoals[]].Behavioral Ecology, 536.
2017,28(1):77-84. [12] KEENLEYSIDE M H A.Some aspects of the schooling

[4] ZAITOUNY A,STEMLER T,SMALLI M. Modelling and behaviour of fish[]J].Behaviour,1955,8(1):183-2438.
tracking the flight dynamics of flocking pigeons based on [13] AGRILLO C, DADDA M, SERENA G, et al. Do fish
real GPS data (small flock)[J].Ecological Modelling,2017, count? spontaneous discrimination of quantity in female
344.62-72. mosquitofish[ J]. Animal Cognition,2008,11(3) :495-503.

[5] PITCHER T J,MAGURRAN A E,WINFIELD I J.Fish in  [147 R epa  fF it 8 B A5 ) T 42 w5 v 4 (80 o) 6 & 00 ) 51
larger shoals find food faster[]J]. Behavioral Ecology and BN BE 1 H PRUTIE R 2 24 4 CA AR BE# RRD 5 2016, 33(6)
Sociobiology.1982.,10(2) :149-151. 32-36.

[6] PARTRIDGE B L,JOHANSSON J,KALISH ].The struc- TANG Z H,FU S J.Numerical discrimination of juvenile
ture of schools of giant bluefin tuna in Cape Cod Bay[ J]. gingbo improved by shoaling[ ] ]. Journal of Chongging
Environmental Biology of Fishes,1983,9(3):253-262. Normal University (Natural Science),2016,33(6) :32-36.

[7] NOTTESTAD L.AKSLAND M, BELTESTAD A, et al. [15] FROMMEN J G,HIERMES M,BAKKER T C M. Disen-
Schooling dynamics of Norwegian spring spawning herring tangling the effects of group size and density on shoaling
(Clupea harengus L.) in a coastal spawning areal J].Sar- decisions of three-spined sticklebacks (Gasterosteus acul-
sia,1996,80(4) . 277-284. eatus) [J].Behavioral Ecology and Sociobiology,2009,63

[8] DOMEIER M L.COLIN P L.Tropical reef fish spawning (8):1141-1148.
aggregations:defined and reviewed [ ] ]. Bulletin of Marine [16] FEIGENSON L,DEHAENE S,SPELKE E.Core systems
Science,1997,60(3) :698-726. of number[]J].Trends Cognitive Sciences,2004,8(7) :307-

[9] GARLAND A,LOW J,BURNS K C.Large quantity dis- 314.
crimination by North Island robins (Petroica longipes)[J]. [17] HAUSER M D, SPELKE E. Evolutionary and develop-
Animal Cognition,2012,15(6) :1129-1140. mental foundations of human knowledge[]]. Journal of

[10] BISAZZA A, AGRILLO C, BUTTERWORTH B, et al. Cognitive Neuroscience,2004,19(1) :853-864.



Vol. 35 No. 1 Journal of Chongging Normal University (Natural Science) http://www.cqnuj.cn 35

[18] XU F,SPELKE E S,GODDARD S.Number sense in hu- [22] ULLER C, CAREY S, HUNTLEYFENNER G, et al
man infants [ ] ]. Developmental Science, 2005, 8 (1) 88- What representations might underlie infant numerical
101. knowledge? [J].Cognitive Development, 1999, 14 (1):1-

[19] GALLISTEL C R.The organization of learning[ M ].Cam- 36.
bridge: MIT Press,1990. [23] MUROFUSHI K. Numerical Matching Behavior by a

[20] GALLISTEL C R, GELMAN R. Non-verbal numerical chimpanzee (Pan troglodytes) : subitizing and analogue
cognition:from reals to integers[ J]. Trends in Cognitive magnitude estimation[ J ].Japanese Psychological Re-
Sciences,2000,4(2) :59-65. search,1997,39(3) :140-153.

[21] TRICK L M,PYLYSHYN Z W.Why are small and large [24] FEIGENSON L,CAREY S,HAUSER M.The representa-
numbers enumerated differently? a limited-capacity pre- tions underlying infants’ choice of more: object files ver-
attentive stage in vision[ ] ]. Psychological Review, 1994, sus analog magnitudes[ ] ].Psychological Science,2002,13
101(1) :80-102. (2):150-156.

Animal Sciences

The Effect of Shoal Density on Numerical Discrimination of Juvenile Qingbo

ZHAO Xin, TANG Zhonghua, BAI Yang, PENG Jianglan, FU Shijian

(Laboratory of Evolutionary Physiology and Behavior, Chongqing Normal University, Chongqing 401331, China)
Abstract: [ Purposes |Qingbo (Spinibarbus sinensis), a highly gregarious cyprinid species, was selected as experimental animals to
explore the effect of population density and numerical rate on the selection rate of tested fish species on different stimulus shoals.
[ Methods | The numerical acuity of juvenile qingbo were measured by a binary choice test and selection accuracy was evaluated by
proportion of time that focus fish stayed near one stimulus shoal versus another stimulus shoal. [ Findings | The results showed that
regardless of the number ratio (12 1 12, 12 1 6 or 6 . 6), the focal fish have no preference for either stimulus shoal when measured
under the same density conditions. However, under the different stimulus shoal density conditions, when the number ratio was 12 :
12 or 12 © 6, the focal fish preferred to shoal with the denser stimulus shoal; whereas, when the number ratio was 6 . 6, the
preference of focal fish was vanished. [ Conclusions ]It suggests that qingbo could not discriminate the difference between the two
stimulus shoals solely by the discrete quantities information. The focal fish might not discriminate the density difference between two
stimulus shoals when in condition of low shoal number with large hold space. In addition, it is likely that the qingbo discriminate the
size difference between two big shoals by the ‘analogue number system’ whereas it discriminate the size difference between small
shoals with ‘object-file system”.

Keywords: shoaling; Spinibarbus sinensis; population density; continuous quantities; discrete quantities
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