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1.1 SEIH#

LWy 2R R B, A PR 40 5 5 U] fa, i B H
( Characiformes) , i§ ## £} ( Characidae ) , 2} £ JIi5 i
J& ( Hemigrammus ) , 45 ¢ 1F 58 , #F 58 48 WA R
2013 4E 11 4 2 H, )\ 13 A 3 46 1 T 3 1 K
100 &2 3 H 4w 2 fg 82, A K 18.3 mm ~
22.4 mm, FHEK R (20.3 £0.2) mm, {4k 5%
7.3 mm ~8.5 mm, FIETEHN(7.9 £0.1) mm,
LR EESR2dEHTER.

1.2 KBWHE

FFIA KR (20 £0. 1) C Bl 5),
RAEF A E, fEgs—E, - K1k, ®E
K H S B AS  REA BR U, DR a2
B

ST K WL LA A 78.0 cm x 52.0 cm x
65.0 cm, JKIEHT K x TeAH >4 T 38.4 BL x25.6 BL
(BL,body length) ,7K#% 5.0 cm,#{24F 6 BW(BW,
body wide) , KBTI HE LA K BT BE SR I WG A R 5
AR GLPUE FH R 1.8 m [ B R 4R, 5
028 AL R 587 1 1 Sy R AT 3l AN A0 B O 58 B
SR SR X RAAT N o R I RE 600 D F 5 iR
AHMLAEEAR T RE XS BT P A L1 W) > 2 i SRR AR 2R 17 52
B E AME S SR, BARHL B B AWK IE EJ7 1.5 m
Ak R 2 SCFATIE @ LED XTI, pi /b A
PLBAR iZ KT B LG 1.8 m,

BEBLIEEE 30 R LI W) R iR M E 175500, 2 h
JEIT R Fe A%, AR WK 29 30 min, HEASSIE R
e DRUE S BN S BE B 57 PR FE7K I (20 £0. 1) C
NG R AR, RAIE TC MR IR Bl R AR S
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NND = J(X-x,,,,)> + (Y =y,...0° (6)
WY s > 1 B, A 5 485 A4 8] i) NND Sy
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NND = /(X-x,)° + (Y =y,)°  (7)
7 ke Rk 2 4k Bk 2 IR, R ) =2 A
TETAS 256 2R ] Z 4504 11 550, R ) = 4 il

16.00
14.00
12.00
10.00
8.00 r
6.00

B %
percentage

T

MART AR EFESE " e X, T
W= 25 i IR B A /0, i8R FH JHE W o A A 4 TR
Ak AR, T T R R EE Y . BI7E NND % i
T AR AR B A L Y 22 R

2 RS

LI L i A B e st R 2 S Bk
19 322 Bl R J3E AN K, HL AT AL AE — 4k =5 (8] v e 3 0fs
ey i 2 2 v () 1 4 B B K . 20y
=i g R 1 B O A N A o R
PR 19.5 mm, 5 BSP IR RN 2E 3. 94%

4.00 - H
i 1]

LI L IR SR / em
H. rhodostomus's body length by calculating

E1

AW LERE 8T HEK D

Fig.1 The distribution of H. rhodostomus’ s body length by calculating
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133.32°, A 54030 AR SE 3T B, 4R A4
YA £ 0 B 80° N 5 98.35% ,70° N 5 97.76%
(B 2) o 1 TABAE AN o 415 20 W) 2 42 g 0 A £ 01
BF 70°L) b AR (2.24% ) AT A, 21 W) 2 4k
£ JE L i 3 I B AR v 5 A OB AR Gl A A R
FEE A O A KT 70° 0935 B, H b ok 98 45
i ] 25 S AR 18] A B

TE 27 Tl A A B R, AT AR B A a1
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21 ) - 2k g 0 5 27 A A R AR A O A 25 R
AR, HE A TE 80° P95 2) 76 A [ K /N 2 Ff A
() o 24 A A v, 03 A A o 9 A fa %) A0 BT S RO
2 PR Ay AR g 1 R T 3 T o

2.2 AMFLKEEEANFBIEES

FE LT W) 28 i SR A v, 408 30 AN R 2Z [ 9 B
BRSO —B, WA K ,0.2 ~2.0 BL 5 89.18% ,,
FEAR £ 5 4050 A MR ) 1 4B 3T B B i it b, 0 ~
3.0 BL % 98.56% , ¥ 0 ~3.0 BL 4% 0.20 BL
HATSEIT, A E 3, Ho 0.60 ~ 1.00 BL 43
M2, R 27.83% o A5 I 4 f 305 48 30 BE 25 19
TE S, £1 W) 2 2R i B i G B 0 40 30 B 5 R 0. 60 ~
0.80 BL,

ST 2R i A A ) 408 30 g A bR K, 34 4
HHTE 3 BL LAPY o 22 (AR (] & 0 i B Y S vh 7
5BL (0 ~3 BL, [ 90.13%; 0 ~5 BL, /5
96.04% ) " W LT W) £k B B f0 fHf 5 27 R £
AR SR PR B HEAT ¢ K00, 3 AP AE B M 25
(P=0.00 <0.05, &5 X [0 95% ) , Ul I £1. W) °F £k
A0 T 0 AR A 5 22 TR A A TR 35 25 57
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12.00 F n
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0 L ' ' L N L ' ' .|—|||_|.|_|.ﬂ m |_| 0
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Fig.2 The distribution of own fish’s VA in H. rhodostomus school
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B3 aYy&iEEaEA4E NND 54
Fig.3 The distribution of NND in H. rhodostomus school
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T BE B R EEAE 3.0 BL LAPY, T 28 AR 47 9 4B 3 A4~
PIE] Bk 0.2 ~2.0 BL, M ff1 B 25 A~ 14 5] 4B 3T B
B TI/N o AT LA HE T - 210 2 2k B 14
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XFELW NG AL AR (v ) 5 d5c il 4B 3 B
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Kb,y AR Ja e A B LB B A IR, x Ol
AMATE] ) NND,A by %8
B IS, 2250 (12) 5t B 3R W H
MBI ST o A F(12) B SR T R A £
XF I A HREE 5 NND 2 Ji] 52 BUIE H AR 56, =35 e iR
DZIRBEER BRI o Fh 40 J fr p) R B 52 B
BB IR R, BOZ I AT LU 1R 2 48 i ik
Koo XATUEH AR R IRLSE | LB RIS A, 2
FIEIE ML OL T, S 2LW) 2 IR 8 £ 1 4>
(LS | Bl SN D A i SR 4 1 S R o
Ve —— TR R ) A A AL

160
140t
120 F =
100
80
60
40
20

vision angle

A/ °

y=67.934x"!

0
0

BT ARUTBE RS / BL
NND

B4 UFRIEEEEENND SHAEHXER
AL T A& 99. 96 % MK E &S, T I
Fig.4 The relationship of NND and VA in
H. rhodostomus school

99.96% of data are covered by the curve line,the same below
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LW~ 20 £ T b A AR A Bl R R

[ 418 30T 35 85 1y 3 R T /N, X 5 F AR A R R T
2 R A EURZS R ], R IR 27 1 £ f0 B v A A fa
A5 A AR TR 4B 3T B T 2 A AL AR AL (IR 5 )
B S s & UL A& T2 B 99. 91% 11 Bl
ZM LA FHARK (13) FoR .
y* =81.312x"" (13)
HEWMAFEAK(9) . N T 5 2 8 8UE A%
TEALEE LT Ty, B2 i 0 % 28, % AN [m) b £ 3 19
A" B RERNBEUE, 25 RAEN . B RBK
W, BB T 1, AT SRR (K1),
WY B 1 I, AN [ Fl 1 F NND 55 40 £ 3
WRELLT KRR
y* = A" %! (10)
K,y A, x y NND, A[FEFEER AR ,A
HA AR, AT ET RS AR KA . vk
LNgERta it AT I HUE Sl 63 ~ 68, 1M 2 1l £ £
BRI REC AT BUE N 79 ~82,

160 1
140 223
120 F
100 |
80 |
60 |
40
20t

0

s /°
vision angle

y=81312x!

sl
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BIEARIEFERS / BL
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BS £HE&E&F NND ERFENXE
Fig.5 The relationship of NND and VA

in P. parva school

F1 TRABRETHARMEBHENEEE

Tab.1 Envelope rate of different fish schools under different values
LW 2 28 i i £ R 2 M £ R
H. rhodostomus school P. parva school
4R o %
Al B env%oﬁpe}:rate A B env?loﬁpiate

61. 834 1. 086 98. 60% 70.312 1. 091 97.37%
61. 834 1 99.15% 70.312 1 98.73%
63.934 1 99.61% 78.312 1 99.58%
67.934 1 99.96% 81.312 1 99.91%

S8 T A AN T b B ERL R, A AR ] 40 3
B A R e R BRI (12) 0 R

UL AE A SR IRSE | AL R S, LB R
NN ER SR IRV I R i SR MU N | B i S

http : / www. scxuebao. cn



1822 Koo

¥ i 39 %

HUN, Sy 1 e R U R AR AU
B8 AE VR A PR [ 79 A B AT

TEW TP A T[] (g (1 b, P f8 5 NND ] fir
MRRFEERHFL T (K 4.5), ZEHE
Feorut e F AR, T A K (10) £,
Az LR e a0 T Rk

y=a+Ax" (14)
1%
y = Ax® (15)

EAX(14) b, a 5 A ¥R EG 784K
(15)H,A 5 BHhHE,B#1,

253 (10) Ui B AUA B3 XF NND A 52 i, 11
AF(14) W3] AR A — [ E &R X NND 5%
My, 2220 (15) U BB 1 A0 5 LA Ah, id AT B A H At
B 2 S [F X NND G5z, R B2 208 08
A, R RAN., 2T R6A K MmHE R
M) £ 4 vh S A TR] [A) B, A 1 i — 2D S0 B R IE .

TEE 4.5 F WA 5 NND X7 Y 5 24 78 0, 4%
28T, UL [R] — NND R X W i # £ e RAS &
R A 2 AR B N Y R, T LA A 4% 2RI O R A
FEH R

177 T Ao f0 B b, A A 22 R R E A /D
NND 34 0.1 BL,#£ 0 ~0. 2BL { [ 0. 67% ; #F 4T
W) >F 2k g B A0 3 b, S A 2 (] DR 457 19 357y NND
7 0.15 BL, 7 0 ~0.2 BL [A]{{ /5 0.42% , f2/
NND 27N A% B IEH T, AR AR RF i /)
FEES, AP 0.1 BL 4 2 i i fa ¥ 1Y NND ) {4,
0. 15 BLZL W) > £k Jg B £6 Bf i) NND ) fEH . 4>
ATl B FE S — H Ik ] NND W% AE, A~ 15 L[]
A PR A T e B il 4

A A — SR 53 F , Ak TSk AR, 40 5
PR AR TR O BT AR, — K
AL KT 160°, 5 A IX (7 HR AL Y 28 S IX I )
20° ~30°, F X (B A WLIXER) 250 60°17 il
FEMk KB E B iz 3h B PR, 520 3k
B EWIRRTE AR, BA & AL B/ . 78
R LI W) 2 2k g A0 RE rh, S 3 AN A 7 3 AR
LB 7E 80° P 733l Y kL 88. 51% 1 98.35% 5[]
ISP E T P, B A b A R B8] 9 NND R 45 75
U4 3 R Y LN o T AR, 5 AT A O A
oAb T A AL X G R, B O 7R X A R S
A AN S BRI HEE . R AR, 4R AR
P A 0 A0 Y B K2 140° (ZLW) > 26 i i B K AE
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133.32°; &5y K(E O 142.93°, K F 140° 5
0.42% ) I, 4B 3 A A BE 8 © 238 B /NME . B
ICAHEDN , 25 48T A A 4 T A £ AL B 80° ~ 140° 1,
LRI AR AL F AR 1 LK, R R AR S A A B AR
PR B, XA B AR T, S BUAR f
BEXT G I AR BEAT 2 AL AT BE , DA 5 & A= Al AR
[F) I AR 4 52 1R WL 48 R B, 24 W A 7 80° ~ 140° 1,
A A8 5 AR AR 8 25 TB) 7 B R BUE R A LR E
[ QRTINS B U ol < ]
SRR Y R B . A o L 0 e KA S
A A0 J0 1k W4 B HL AR ST A A e mT A I A
A0 T e KB M YE BBl X2 th B X A2 (& 6) 6

e AT RE S B 3 ~ 10 MR Y
INRE MR, FRZ MBI L A — B 2 R
FEARXS Bk 37 AR, e A RN BRI . JE
Xof 22 el A0 A0 T 1) R S AN e T B, A 5 4R
AR IR S BL B, 24 WA A b — 2 Iz B R
W ZEAPIRI L T W /NEEIR I i %, i £L1Y)
AL R AR A 3 BL I, B AN AL . HiR
I HERT , 76 22 B A0 A e b, 2 S K ] NND i
5 BLIN , R BFIAAT AT BEAFAE 5 T 75 £1 W) 2 £ i i £
Berh R 3 BL B IRBFAA AT REAFTE . 7EIREEIR
A REAAAE DI, QBT A 32 B A 1 A0 B 4 ) 9 1
BUAR /D AT B s XAy 355 R 0 DX R £ ) 555 TR
B DA A B B 22 S, AT RE 5 AN TR) A A A 1R
KRR E5 ) EERFIESEA G
3.2 AMHBRBETAHAERRHEAE

Breder ' & 1] 1 A FIEC AR F 53 0 S 25
LR A RIS 4T N J7 . Grimm ™ 42
H TR TR 4T S A RS (individual based models,
IBMs) JUE %07 R AR b A S <7 e ik
Frak B, Sy f 38 BE K 0 HOBE Y 28 E 1 Ak A
Reynolds ™'/ 72 IBMs IR E 3800 T 4% - F
15 = W | RN, LA ALl il 40y 1 T . BRAE,
REHCFH YR A IBMs KR, 7 Reynolds 45 A4
SR PEAT R HE TR HER - P AT - s
FETIERE ) iz BB AT R0k . ARGREN]
A BT, AR AR A Ta] (4 40 A7 AT LA i A []
FOFEEY MR &I AR o i A A B R/ ok R AT B
BRI, NI AT DAk S0 AH BRI . AE g ST R, W]
T Ao A AT AR o 45 A 0 A B TR N R4 1 A R
(] B, 3 ol R 78 S L ) T B8 8 00 29 SR AN 14Tl 3R
B AR T Ry f A
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Fig.6 The schematic diagram of the relationship between VA and NND in different fish schools

() the relation between VA and NND in H. rhodostomus school; (b)the relation between VA and NND in P. parva school

TEA S, A #0000 A e /N iB 3 0°, 3 2
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AR EL) MERK L E s . 5L,
A A B LA S 00, A £ 5 4R 5 A Y S5 PR iR
B A REARIT , AT RETC S5 A o X 7E b AR I 45 ] 48
i 2 NI 1 R R iy N N7 o TR N 2 N TR )
BRI TSGR R, /W, 2 EIR R,
TS B R AR AU B A SR A 25 AR OR
3.3 flmpim

Partridge "’ X 2 5 1) Wit 0] 28 0 51 I WL HR 1) 43¢
T 1% ( Pollachius virens) #E1T 5 FEAT Ay WL 58 F K
FE , G R AL BETE AR A5 A £ 22 1) B O T AT
& TR AT, M2 AE e g 48 T A AR 1Y R A 7
) AR 2, 2 X 2 N R AL i 15 B
KA g W A5G . Paucher' ™ 1) FiT 2 3 B 15
2 Pi 4 & (aminoglycoside antibiotics ) fifi i, & 1Y
Hemigrammus bleheri 1] £¢ & 8¢ K I , 45 R 3
Y 2k A 3R A0 B A 1A B RETE R 5 Ab

BRZ )G, KRAE—DHZHN,ENMALIEE
%u%ﬁ TR IR o IR TR G e B Y RN 4
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Study on the relationship of fish’ s vision angle with nearest
neighbor distance under laboratory conditions

WANG Jun', LI Yuwei’™*, ZHOU Yinggi’**, CAO Daomei’*"*
(1. Shanghai Administration Center for Ocean Affairs,Shanghai 200050, China;
2. College of Marine Sciences ,Shanghai Ocean University ,Shanghai 201306, China;
3. National Engineering Research Center for Oceanic Fisheries,Shanghai Ocean University ,Shanghai 201306, China;
4. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources ,

Ministry of Education ,Shanghai Ocean University ,Shanghai 201306, China)

Abstract; Data showed a rule that the nearest neighbor distance (NND) decreases as the vision angle of own
fish increases in Pseudorasbora parva school. To explore whether other fish schools follow the same rule,30
individuals of Hemigrammus rhodostomus have been selected as a comparative object, which was smaller in
body length and their average body length was (20.3 +0.2) mm. The size of the aquarium length, width and
height were 78. 0 cm,52. 0 cm and 65. 0 cm respectively. The water depth was 5 cm. A video camera was set
up to record the position of fish from overhead of aquarium in lab. Two-dimensional location data of each
individual can be selected from the records in time sequence. Two parameters, NND and vision angle, were
selected for characterizing the structure and to explore the relationship in different fish schools. Results show
that.1) the vision angles of P. parva and H. rhodostomus all remained within the 80°, that is, the vision
angle of own fish observing the neighbors is not greater than 80°.2) the vision angle range that neighbor fish
occupies the own fish view doesn’t increase as the body length increases in different species fish schools. 3)
If NND remains stationary ,the maximum vision angle ( neighbor fish occupies the own fish view) and NND
have the relationship as yx = A ,in which y is for vision angle (unit;degree) ,x is for NND (unit:BL) , A is
a constant and related with body length of individuals. The rule is applicable to P. parva and H. rhodostomus
schools. 4) When the NND is minimum between the own fish and neighbor fish, schooling is accomplished
and maintained by vision angle. In other words,the vision angle is the main parameter to control the distance
between each other and plays a dominant role. Lateral line and other sense organs may have their functions,
but they might be less important.

Key words: Nearest Neighbor Distance; vision angle; structure of fish school; fish school
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