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I KRS (028 JAT O S AR 06 s iy AR 2R T, R AR AR AR () H 8 55 R K 5 R 32 40K Sl i K IR &
Az S AR RZOK IR 0 2 A A S A B, B AN R R T A AR A A B S B SR AT R s DL e
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Effects of water temperature rising and ecological context on collective behaviour

of gibel carp
LI Wuxin, MA Huihuang, YU Changxuan, LIU Shuang, LEI Jiaming, ZENG Lingqing "

Laboratory of Evolutionary Physiology and Behavior, Chongqing Key Laboratory of Animal Biology, Chongging Normal University, Chongqing
401331, China

Abstract: Water temperature is a fundamental ecological factor that influences all aspects of physiology, behaviour and even
life-history of fish. The extreme climate change and thermal discharged water produced by the power station often induce
acute water temperature change of the received water body, which exerts important influences on survival and growth of fish
living in this water body. Here, our study aimed at how different water temperature rising patterns and ecological context
affected collective behaviour of the fish. The juvenile gibel carp ( Carassius auratus gibelio) was used as fish model in this
study. The collective behaviour traits, such as individual swimming speed, synchronization of individual swimming velocity,
inter-individual distance, the nearest neighbor distance, group polarization as well as foraging, were examined at the initial
and final of the experiment under the combined conditions of three temperature treatments (i.e., constant at 16 °C, slow
and fast temperature rising with an increment of 10 C ), and three ecological contexts (i.e., open water, food, and food
plus refuge). The present study showed that the fish increased their individual swimming speed after the acute temperature

rising, but this effect was not detected in both the control and slow temperature rising treatment. The synchronization of
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individual swimming speed did not change in both the fast and slow temperature rising treatment at the final of experiment.
Contrary to our prediction, both the inter-individual distance and the nearest neighbor distance were not affected by both the
water temperature rising and ecological context. Although the group polarization exhibited no change after the water
temperature rising, it showed a decreased tendency as increased with complexity of ecological context. All of the percentage
diet fed by fish shoals increased in the three temperature treatments after the water temperature rising, but not depended on
the ecological contexts. The collective personality was found in the shoals of the gibel carp with exhibiting substantial
behavioural differences between the groups persisted both within and across the ecological contexts. The repeatability and
phenotypic correlations of both individual and group level characteristics were found over time and across ecological contexts.
The present study suggested that the group cohesion and coordination maintained constantly after the water temperature
rising, but the individual swimming speed and its synchronization, and the group polarity decreased as increased of
complexity of the ecological contexts. However, the group cohesion could remain stability across different ecological

contexts.

Key Words: collective behavior; water temperature rising; context complexity; cohesion; coordination; phenotypic

correlation

KR EFE M SR IS5 K A g A B A AL R AT R AT R E A S Y, AR
IKARELE P KR A2 A S AL, B 9208 1 728 A (2= 5 SE R ) R M R R A A (i 9 7 e 3 R ik K
WU BT H 25 5 AR AU AR B RZE T F SRS S S R U L AROK IR IR AR AR RS &
B, A S | i B SRR AR KRB S B KR 0 2 B A () L T A B TR HE K S B S T I 2t
AR I XIS AN AR R B B IR S T B v i — s i SE R

BT Ry 4 PR 23 JE DR (AN B3 A ) Tl sh ) MR SR AL — R IR . ShW BRI (AT R 32
BLAGEER SRR E 1 AR bR AL 5 A A TR R B RO SBBE B A R M PN 48 bR A5 A ki
DKGHBE R R M 2 1 RS R, SRR B T RIS R ROR | B L R AR IR ROR, K
R AR Al A XU A A A 2 0 AR e B 2 2 e R R £ ) TG A 45 W U 5 4 1 R ) XU AR A 1
SRS SR T o A (T A2 5 AR RS 40 Can o UR R AR k) SR FE A LT il

SEMAREUR 25K (BER S MR TE ) FnThge' ™ o Pk, AR I8 S T M S — B2 I U St K AR TR 2
FECE AR AEER TR T R

TERAT R SR AR ) AR 0 B2 3 gt — 2 A ek S R U 7 2 B ) LR AR 7 SR T B AR A T
— AR AV I A I RO T & A AR R0 AN 24 Sl YRR VA A TR B IR A SR I Oy
WY ST [ AR S R AT RVBFARSER AR L S AN A K, AR A S i
BB B2 T HAEAF ST IR (ANE Yy, Kk T ) Sdil B 45 B WD 8 i) i 2 e A e B 1
WEAN B BEARA T 5 RO A — A AR AR 1 AN T) A 215 B % [ — s W A5 il (R B 5 4T3 9%
BABEZY ) PRI, ASBIFIE I A5 AR ) R 0 28 (4 R AR 6 5 ) R D 2 5 AR TR A S B 4
e .

BT BRWEIETE S ASBEFEHREIN K AR T IR 5 2 AR AR B (AN RE SV ARG ) FNAT g (AT ER
PERG SR ) A AR AR AR ISR (8 2 34T A ek 28 AT e BORE R R AR A A AR B AR Ak I ELBEACHREAE Y 2l 25 AT
REHLA RSN BRI . S 2% ZEANIRD K R R 38 3 R A A B S TG0 SRR T o B 520, A 5% DL A A
#ERL 6 2 S F AR ( Carassius auratus gibelio ) #6 RSEEGXT 42, B 457E 3 MRE (THIR 16°C 12 B THE S e
THER 10°C ) F1 3 B A= A58 (T HOKIR B9 S B W) S BRMIT ) 5000 T St fE AR AT o (A0 AR Dk s B S H
() 20V AN RS B ST 2 M B f EnZ U L 51145 ) 7S ARRPAE | Ry SRR A T oy AR D3 e A (%)
HL IR HE K R EHE A P S i B2 TR
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1 #REFE

1.1 s fn S L

SEHREY( Carassius auratus gibelio) Wi T 5 PETT AURT X B 5 N T FRFH FeH | 32 7] J5 78 15 R IMYE K2zt b A
S A7 N2 006 5 2 AMIEFRE IR KR (29 250 L) 94k 1 A H L, FERRAS /KA 04 B — e B i A T K
i DD G T AR P KR AR R WIRIIE], A5 K 1000 FHAE 2 sk (o i F M 1 vk,
/b 30 SO O BF R S I 7E BB MR 10 min JCPA SRR UK E T, 400 1 h S, IR A W BRok
TR AN ZE A DA R AR 35 E S 20 K A sk /0 | Bt LR 4 d B9 A R ZKRD FE KA (K 24 10% )
WEUKFAERRTE 7 mg/L DL K IRFERITE (16.220.1) °C JERIBE R 14 L:10 D,

1.2 SLmdt

Y e, P R /NHGIT A (R Y 5 B AR (A (3.96+0.03) g, K4 (5.59+0.03) cm,n=144)1E
HLINT S, ARG KB, — 1 4 R AL BERMa R E R I R SRR T Y JEH R TR E
AT SR B RS ATAE 23 (B BR A, AN B ST R 4 B A2 a1 AN fafE . AKIR A BT EE S E N 10°C
ARG ALHE 3 AL FEAL . (1) KB (HIRAE 16°C 24 5 (2) 18 FHR A (16—26°C , FHEH R K 2°C/d) 5
(3) 2 THRE A (16-26°C , FHEHE N 10°C/d) . ARWFFTRH 3 42 TS E IR 5K T2 B AR
ACPRAH B R B KAEALEE 30 DR B ICHE (K 17 emx5E 10 em X% 15 ¢m) . EPB IO HCE — A
#,H For s Mg S TR ESE, Pkl b, AR R 5 E 3 A S UK IR &
YIS Y+ (W) o RN A A A 12 ANl R THRAT (I 1) J5 GiE 1) SR —
A RDE KR (AR 100 em, KR 8 em) FOEA R FHET TN (FEANIE WIS ) o ASHIFGE ™46 5T [ 5 5
P A B 5 P4 G AH DGR B B
1.3 LR AESSEOTA
1.3.1 BfHARITH

FERAT 9 BRI RS o — AN T2 100 em BEES 20 em BRI BURLKAS (KK 8 em) | HEPBE RIS HE H H
o, B T AR 2 m BRI KA, 38 5 KR B K A i 42 DRSO KA A K T, FEROK AR A DU ) 22246 1.5 m
K Elsk @A T, Sy SRR T Ry 19 B S R BB HEAS U M PR BE T ST T BRAMVE e M, A2 O /K A 14 1E
A ARG T AR T 1% Sk ( Webcam Pro9000, HY R B 2N FD L 15 Wi/s) AR A RETE 3 Fib
AERIEEE (R)T T BUK IS — B+ RT) HRHA T R, ARSI I T 1% 2 BRI A9 A G
W5, EAMEETH 2 d A | IR ERBRAT N AR TR, AR AR T M A ] Stk . SE8 0], Bir
IBR 5 (Ao 5] KR E 8 | B ) e iR .

ARG R AR 3 Fp A AL G BOK A EE | SIS W+ Bkl i sp 85> Hor, (1) FROK IR
W28 FUE KA To B W B T, (A BAT 250 3 N E W AL (BEEE 5 SR, AR 6 cm) o Ak /D23 i) 5 o
Ve, B R DLAE = A [ AE ROE KA R L LU ) A3 BRI IR 58, TR N B B P L B LB
DS R BRI . (2) BV RIEHNLE B Y B VSR TR E 4 D204l 3 M E Y ALK
12 AL, WD ESCE 1T 2 S D 0 DR BT 65 RS AR e A Qa1 T XS AT Uk B8 g 77 A 1R v A5
ST TR NI S 28 B S (AR 5 mm ) LT R RE AW ah BB E
FNIMER LI AT, (3) Y+ Bl Bt 248 R /K RS [R] 6 455 2 W RN B 3 BT | B 3 1T 2 ol 11 7 78 /] —
AR 5 BREBRK B B, 78 B YIIREE BRI T AR5 2 )5 B e M /K B8 T [ 2K v (8] RS LAE T 5%
SRR YNPA ST eI

7 OB, X FEIEATES 6 48 h IHERR W0 IH AL 52 i - A 35— 2 I B8R, SRBEAT I SE 38 20
BB R R SR IE PR R M G B 25 Y KR P& Y 10 ming, RIZETFAIOK A5 35 1, S8 J5 R 4%
GBI 12 min, R FERNEW PRI 4 NLL R GEHLE 1 min WSERL, gD XHa R TE) |
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ZJEHA%E 12 min, T, AT AR CBREUR AN F T2 B T e AL A R B E 12 4>, B
BYIRAAERF 4 DL [R] I FE B KRS b [a] 8 KR BRS04 12 ming, AT MR Z G | it i
e R HITHS  JFIE 4R M 1 IR &, el 3 AR B BT R0 E T T 4 BB AR 1 7K 74 4
PO B, P A 40 2 U AT R K T N — OB BRI T 404 KR B BRI R KA
BRI E B R (MEYERR A BUEY B X — BRI T IS TEZ . KR T2 B AR iR
FES, PR R S D B4 3 IR AL FRAH (Y BT A e TR S AT T .
132 ZHutH

ARWFFER T 9S50 S BT 5 B AR 0 AR TR RAE , 572 645 A UK 3 2 (Individual swimming
velocity, V) S H[F25 1 ( Synchronization of velocity, S,) , Ji & G5 AE L (Inter-individual distance, 1ID) |
T AP A S ( Nearest neighbor distance, NND) A ( Polarization, P) . &M T 8RR WMV #%
AL AVI A8, BES B AV H S A RIS BR B 3 id Tracker HEAT OB 204127 | 3R BUAG: 2 fa A0 LA v 4
T AR B AR, ARSI R 5 I KA R N3 LU ] (29 15.3 18R/ em) THE T AL 240, MIH RS
iE SN E sk B AR T RE XS M RE 7 AL 20, 5 7R HT 2 min AYRRAI, ZE 1150 BT HOR T 3—12 min AYHLIEEL
(10 min) | SERS RGN

(1) AR

V(t)z (xt_xtl>d+ (%_9’[71) (1)
S VORI (em/s) Lo, x50 SRR AL TE ¢ i~ 1 I 220 OB AR AL 1 Ty, 53 01 h B L7 o
1~ LN YA 0 3, A A4 O TR (13 )
(2) A~ e ievik sk B e
S VAN AU 1 T AT 0—1 2], A0S RO 1, T eV 010 7 26
@%[2610

v; — Y

S, =1-

(2)

v; +vj
oy R BERHE i) o, 0 0 P £ 6 B R
(3) kB
D 7 R A A 2 T AR o), DT O PR E B
() =3 /(1) = 5(0)7 + (,(5) = 2,(0)° 3

AP D AR ET RS (em) o, Mo R AR FRER G 07 o P20 AREARARAEL , y, 1 y W SRE PSR 0 fRLTE ¢ 22
IR RAE

(4) BT AR
NND s b — M5 H B BT A AR Z T BE 5 A SRR 28 (em) | i E R A TF AR BE SR )

NND(#) = min,; +/(x,(1) = x,(2))* + (y:(1) = y,(1))* (4)
2 H NND R fe 8RB S (em) oo, F1 xR AR S 0 078 ¢ 200 A BE SR AR AL, o, R oo, S FREPRSRS 4 A ¢ I
FANSE Y
(5) BRI
Wt (P) Fos A HES 8 FEREBE (TCRAE)  HBUE AN T 0—1 Z [, @i b g AR DL g —
FO HEFIE, P AER 15 24 B AR DL 1R s L 58 24T 19 7 s HES I, P(E R 0027

P =] 3 00 (5)
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Ao, (o) Ty B AR 0 1 BSLIN 8] PN Rz Bl ) 32 7 [l A o= 1 I 2R AR 5 8 1) o B 209 (67 AR B
(6) taRFHETH Hf] ( Percentage diet fed by fish shoals, P,,,)
P FRTE TSR ] P B £ SR Z LR U 7T 43 HE (%) (A T 0—100%

D
diet :E x 100 (6)

T, D Feon AR BN I [] PRS2 B AT 26 A B0
1.4 Geitorbr

SEIKE SR FH Excel (2010) #-47 8 WIS , B SPSS(17.0) A #- AT A G0t 0 b . RAI=INE N
22T SN R I ) TS B A AR B X I A e Dk i B B R [ 26 AR TR) B B Bl AR EE B LA K — 2 1
FEEAACR P R FE T 5 T LU 3] %) S 0], A AE 0 35 2 59 R ST Duncan 22 5 A EY FE X -6 46 43 Br 2% 20 18] 1) 8 3%
P25 RN HT (Intraclass correlation coefficient, 1CC) % 2 fT A 5250 2 BUE A [R) it [R] A1 24 35 16
S ICC AT 0—1 Z ) S AEBOR , R B A S A PRt R o SR Pearson AT 5 G AEREAT R fiE 1Y R AL
K, AT BRI LS R E R DR (Mean+SE) 278, .3 K-F5E N P<0.05,

P

2 #R

2.1 FHEMIREEX B AR T N AR

AT T35 5k ST S T R A AR ik ok B LA B RS, DR TR 5 B0% R £ 0 PR K o R
o, Tk B 2H S M TR A A S BRI (8] 1,38 1,P<0.05) o AN b TR A2 18 3 T 1 oK 52 mi A 4 e
PR R (B 1,36 1,P>0.05) o BEAN R IRVAE B B A (At vk o B B HL IR0 ME = A s, A ATk
JE R L) A5 P Y B 2R 58 S o ) 88 i v 2 R Rk A (18 1, P<0.05)

AN EE b B2 rp SR AR A A ) S R i AU 410 A S A R 2 TR R A A B (K B | BN ] 4 B 4 ()
AT PR B 5 AR I B B 0 L 9 ELAT 25 57 (18 2,36 1,P<0.05) . BARIZAP 0 B 32 THIR S i (H B AR
BB , =R PR A M B TR (3,3 1,P<0.05) . AN IRTHER L XS B2, 07 5%
T e e 5 1T Fp B B 42 R (P<0.05) A2 A S B RE 0 (- 4,36 1,P>0.05)

x1 ZHERFESHHGEITER
Table 1 The statistical results of the effects of measurement time, temperature and context on individual and group traits based on the three—

way of analysis of variance

SIS s ] T ThbE st i) Ik g i ] < 17 B8 T x I B
Experimental parameters Time Temperature Context TimeXTemperature  TimexContext TemperatureXContext
AR vk B F=13.694 F=15812 F=5.269 F=24.001 F=2.194 F=0.091
Individual swimming speed P<0.001 P<0.001 P=0.006 P<0.001 P=0.114 P=0.985
AR B R A F=4.042 F=0.847 F=17.522 F=17.594 F=1.481 F=0.161
synchronization of velocity P=0.042 P=0.431 P=0.001 P=0.001 P=0.230 P=0.958
A BT S F=1.486 F=1.644 F=0.028 F=0.556 F=1.506 F=0.149
Individual distance P=0.224 P=0.196 P=0.973 P=0.575 P=0.225 P=0.963
F T AR I F=2.350 F=1.900 F=0.005 F=0.448 F=1.110 F=0.264
Nearest neighbor distance P=0.127 P=0.153 P=0.995 P=0.640 P=0.332 P=0.901
EL S A = Nl =
;if;[fﬁiig\of‘szii F=0.245 F=5.666 F=2.146 F=0.506 F=3.071 F=0.663

o . P=0.621 P=0.004 P=0.120 P=0.604 P=0.049 P=0.619
Individual distance
HE AR F=0.391 F=1.904 F=1.740 F=8.676 F=4.993 F=0.237
Polarization P=0.532 P=0.152 P=0.178 P<0.001 P=0.008 P=0.917
0BV LY 151) F=30.381 F=3.682 F=3.057 F=2.395 F=0.012 F=0.108
Percentage diet fed by fish shoal P<0.001 P=0.028 P=0.083 P=0.096 P=0.911 P=0.898

Xof EZE PR T 2 P A A iR Dk o B R L [R]AEE  AR T) BE 5, e S B, A P R £ R 1 L 3] 34 7 T

TR 5 B A A S v BT W L B M (38 2, P<0.05) 5 BR A REER I LU Bl S1 , 0 3 -4 1) AR i vk ok B % TR
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Fig.1 Effects of temperature rising rate and ecological context on individual swimming velocity and its synchronization in gibel carp
NG B TR N [F) L AL FRZH FE AR [ 2 A BT T IMARRAE A TE 25 5 (P<0.05) 5 K5 5B 37 [ — IR b 30 A 7E R ) A S4B B8 T AR RRAE
FFAE2 5+ (P<0.05)

A AT S e < B R B R R R R E A P (3K 2, P<0.05)

R2 REREEBTARTINESNH

Table 2 The repeatability of collective behavior traits in gibel carp

TR Ak 3 SRS 1CC i T EE AL 3 FE S HL 1CC i

Temperature treatment Experimental parameters ICC value Temperature treatment Experimental parameters ICC value

XF B84 Control AR VK 0.838  0.001 AR B 0.869 0.001
ARGk R ) A5 0.811  0.001 e 0.899 0.001
AR [ B S 0.677  0.006 0 BT E A3 0.311 0.219
F I A I B 0.676  0.006 || ‘i F-iE AR GE 0.765 0.001
L& 0.676  0.006 || Fast temperature rising Ak H BE [R] 21 0.845 0.001
TR 1 L B 0.828  0.001 AR [T HE B 0.713 0.002

P2 TR AR YEVIGH EE 0.697  0.002 A AR 0.717 0.002

Slow temperature rising AR T ) A 0.744 0.001 et 0.566 0.032
O SEEE 0.874  0.001 AR I L ] 0.686 0.009

2.2 RACHE

SR REPERAT N PRSI S8 £ (R 3, 1A P<0.01) , Hio ARG KGE B 5 =6 4
{1 N [T X0 5 8 Ve Y ER- N D W o8 R £ S I 1 G 9 [ o e s R e N [T EX Ve R E <
S e S TE ARG AR ] BE B 5 A AR R S B I E A O, B S R TR e
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Fig.2 Effects of temperature rising rate and ecological context on individual distance, nearest neighbor distance and their ratio in

gibel carp
/N A R AR R A B AEAR R 15 352 T ARG IEAFAE 22 5 (P<0.05) , K5 TR 38R 7] — 8 BE Ab PR A8 R [R5 35 R ARG AE 7 1 22 57
(P<0.05)
#3 SERESETAHNHREXEK
Table 3 Phenotypic correlations among collective behaviour traits in gibel carp
" AR R TR 25 A 1) .
S BN f {M?ﬂ;a_;-:lﬂl*ﬁl“ i Milj Easi T AP I B
. . Synchronization Inter-individual Nearest neighbor Lo
Phenotypic traits s . . . Group polarization
of velocity distance distance
ARG
K r=0.631, P<0.001 r=0.239, P=0.001 r=0.239, P=0.001 r=0.445, P<0.001

Individual swimming speed
AP R [ A
Synchronization of velocity
AR BE S
Inter-individual distance
AR

Nearest neighbor distance

r=-0.312,

P<0.001

r=0.983, P<0.001

r=-0.334, P=0.001

r=0.736, P<0.001
r=-0.651, P<0.001

r=-0.629, P<0.001
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Fig.3 Effects of temperature rising rate and ecological context on group polarity in gibel carp
KB F-BER R[] — LB AL B 7 AN [ BR A R BRI AR AE 22 57 (P<0.05)
140
O &%
o 120 | W R BT
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0
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Fig.4 Effects of temperature rising rate and ecological context on percentage diet fed by shoals in gibel carp
IINE FREFRIR AN ) il BEAL PR AEAR TR I 558 14 £ B LU (A7 AE 22 57 (P<0.05)
3 tig

AHIEFE H bp e SR TRl S B 2515 52 26 U0k S B AR B 40 (B REARA T OS2, 445

7R AEA K

b PR TR S BO A8 R N (ELAE TR O RO RN ST il AR T DK R R R AR A 5 A UK
SR [P AN A2 TR AR A R0, T B -5 5 i AP DB BEAT O o AR, A AT D 3 B2 e G [ A ol A 25
BT A AT 22 T S, FERRAKT- L AU 1] B8 R 5l 08 5 24 R A2 Tl A S8 2 Y A 52
FW 5 B B AR BE R e THIR RS MU RIS ST R e R AR . PP S A AR P AN S2 H R i, (BB 8 52
ZRPE R HE I S B WA F S ] S5 v AR SR (A D8] P A 5 R )l B 728 b I AT A 35 Do O (AR HE B, A 25
SORNE BRI AN AR AR A HED | B8 S 1 . B R AR AR U L A4 i 5 IR R AR A S D05 (R SR i g 4
PRFIAE AR AL TR A IS SO R) A 2 35 P AT AT A2
3.1 KAARTHERAS A A ACRAIE A 5 0

— PR, 2 AR B KR T i SR RS T R R AR AR T AR AR I 1 e 3
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JE , ELIHG I B2 - Dk R OC 2R 5K AR THIRASE X (A I 9IME 5 2 A2 4 ) BTG . ABIFSE 3, A8 THIR XS
SRR A T A AR RE T TG R (B S R ) B v A AR VIG5 = A U IS ( Hypomesus
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