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54 (Ctenopharyngodon idellus) & —Fh 3L 4 [
TP, R IREH WA S5 R 2, H W
ST T X VLRI, e i KA TR R AT R
ZOKFEIX . Z oA )z, PRI IR, KR
W HEARRERTEIT . EarERES
PR FR A T Ah AR 52 . R BTV RE
VU IE 55 B9 B AR i 4 T
975 BEAS ] K /NG RS} £ 28 1 R 52 e 0 A
THE I AR P REAARAT D9 RE R, ASHIE 7T DA 0 %)) 00
SIS R, BE MK AN R RN B R R, BA
A B N 7 B ORI AR B ) A R R AR 2 (T IR B TE
M) HI4 REBEZH , B b Ak BE ) B 435 2 DI4 R 24
S I S e £ B WL TG, BT M b A
(AR TEAE THIE A S BEARAT AR AR, i e
M 32 FEARAT Dy 0 AR BEOR$P S5 AH SCHIF 7T 1R 4k B 22
A

1 #R5ERE

1.1 L& RHEIIME

B 4y 0 T E R T AL XN TR AR, 12
[ 5 7 5 PR IS R gt A A B S5 AT 2 s 36 == 24
TEFR IR KA 1 (21250 LYYk 2N H o AR 7Kl
JS i 2 B — e B 30 emis AR R ZR AN Tk
B, DUBLLZh fa 1E B SRR B Ba i B 3R s gl
KRR 5 45 BE . fEYIL IR, T8 K
10:00 FH Sl 3} £ S Fkr PapAsk (1) 36 jg A W] ) xof £ g
RRMRIIR . Ak 78 EAIE R K I B0 R4
(I RZI, 76 A R BEPRHT 10min 26 PH 78 S 2R LA K T
P, B ThE, PR S BRK R iR R AN
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Tab. 1 The morphology of juvenile grass carp

‘ BE K -
=] N
BSR4l Body  Body  JCHE
Temperature . . Condition
Body size  weight length 3
treatment factor (g/cm’)
* ) (cm)
TR A KAMA 10.9541.18 8.7240.33  1.65+0.08

Constant
temperature group /NTAE 3.59+0.51 6.28+032  1.44+0.11

FHRA KAME  10.98+1.76 8.76£0.46  1.62+0.10
Heating group  /[AMfE  3.5540.63 6.2240.34 1.47+0.14
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Mo nFNEHA RO EUE, AR Hn=4,
1.5 HIESZITESH

T A %3 56 Excel(2010)33E 47 5 541 &, P
S B AR AE 2 (Mean + SD)E R, SR 5 TR 4t
BASPSS(19.0) AT SL it 40 A, WK e N
P<0.05. ASHIF 5T R F A ST 746 56 25 2 KA AR ) I
Tt iR B iR 5 N ME I ZE R . AR TR H
=K Z J7 Z 43 M1 (Three-ways analysis of variance) ]
2R MR R 2 S TR AR 0L AR RN AR s [ 56
LA AR DK B . AR UK BE A 2P . AR
(=N Sl S N i A e e e A5
BRI A7 AE S 25 22 e, DU PSR FH - 36 23 B A
PR /IS 3 B T ) (R PR G 1 22 5
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2.1 E&HEpNRTET

KA £ 20 £ PR s 5 e T 2 v /N Ak
(P<0.001), Tfi K/ ML 0 ) f (R BOE il 5 /AN
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P<0.001).
22 EH&HEHMETAH

AR RN TR AR 52 B a5 8 A 4
AN DKGE FE P A s (K] 281 2). FER AN THIE
P, RAMRTE AT S AR OE B B = T/
AME(P<0.001, P=0.016), {E A 1E 20 7E SEE0 I U6
I ARG G FE R B 2 7. FEFHRUS, B RAS

O KAk E3 AV

o[ L
2 40 :
£ b, #
2 39 r g
5
B 38
e

37

i 3 5 2 C T BOCERLT

B 1AM R/ B8 4 8 AT 52 R S
Fig. 1 The effect of body size on upper thermal tolerance of
juvenile Ctenopharyngodon idellus
a, bRIRF — AR KN 8] — R B A BT AN [ ) 2 e
(P<0.05); #3K 7 [F]— 5 Adb 2 [7] — B[R] AS ] A K /0 ] 22 S5
.3 (P<0.05); FIA
Lowercase letters (a and b) indicate significant differences in
different times under the same individual size and temperature
treatment (P<0.05). # indicates significant difference between
different individual sizes at the same temperature and at the same
time (P<0.05). The same applies below

AIL T NN, 3 (R AT Dk 2 B B TR T
F B R (P<0.001, P<0.001), T 75 AN i 4H AR kM
AR TE 5256 5 TR (1) A0 Jie Dk Jol 32 bL S 56
FF4E B 1 5 18 (P=0.046, P<0.001).
23 EayamiEaiTa

AR KNS TR RTI E Ie () %o 5 1 &y
AN K FE [R5 M5 e R A () 3R 2).

AR KNG TR R 5E B TR %o £ 4 £
AN A ) BE 25 R 5 3 A0 B B8 2 R (] 4R 2).
AN FHR FTIE A2 FHR G, T+ 4RI E IR 2 A KA
TR AR 1A A A 1] B 28 R g 0 400 B 25 30 K T /N AN
#(P<0.001, P<0.001). JHiE-F HORAAREEAF /N
AR TR 10 A A7 1] BE 25 R g 30 40 B 25 357 B I 389
(P<0.001, P=0.018), 1fij e i 20 7E 52536 11 J (1A A R
P RN B AT BE B JC I AR

AR RN KAk NINE 20N A E B AL IS RN
TR /INFHIN 5 B ) S5 AR e 7 A g el (1 SRR 2). T
T2 RN B AR AN A R B A A THIR BT 5 IR AR
oAk, PR ZH R R AN AR AE SEI0 46 A (AR P
J6 72 5, AR R ZH /NS R B AR LE SIZ8 T 46 B () AR 1
BT S 45 R (P=0.010). AN SZI& T 4G I 6
SIS 25 AN, i 2 I R FEAR I A M AR A T/
AMEFEAAR(P<0.001), BB/ FE 44 B A 5858 1) )
.

é’”'l:lkﬁﬁ: a#

S, | Bk o

3

wm & 10 ¢ ;

e gl

= £ b, #

S 61 = b 4 a b, #
<_'g 4 r b
=

2 o2t

2

s 0 . ,

JHEZH  fEEA JHERA fEEA

i Before J& After

B2 AR/ TR AR ORI 2 I ) X6 B 0 &)y £ A e dos
JEI S

Fig. 2 Effects of heating pattern, body size and measurement time
on individual swimming speed of juvenile Ctenopharyngodon
idellus

a, bRIR A — AR KN L [F] — IR R A B AN [ ) ] 22 e 3
(P<0.05); #3275 [F) — i P A 22 [R) — I ) AN [R) A A4 /) 8] 22 57
E(P<0.05); TFE

Lowercase letters (a and b) indicate significant differences in
different times under the same individual size and temperature
treatment (P<0.05). # indicates significant difference between
different individual sizes at the same temperature and at the same
time (P<0.05). The same applies below
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9.04 mg/L " [ 2 S50 45 SN 198.07 mg/L, 7E K%
S5 RN AR AR I T 8 DE KT, A S s
SV S 3 17 52 10 A AT B AR AT Jy, PTHERR
BAUS SR AR R 2R, AR ST b R A 32 5 A
ER/NIAE HAR o a0, /NS48 0 h e i pg
(Elacatinus oceanops) I Fi 5% g 77 B &5 T KA
AP ¥ == 0] 8 (Oncorhynchus clarkii virginalis)
Y 7 e B 5 A RN S R e B SR,
500772 i 24 A FAT 52 M e R e T 4k B RN [
Hy MLCECT IME R KA W, RARBK A S Y1
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16y & SN v 1 AN Ik e e L =R R S G ey
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WA TR I, TR £ 58 1 I il 5 MR K
/J‘(ﬁﬂfdiﬁ)ﬁ$$ﬁ9§[37]o BEAb, AL 6% (Oncorhynchus
mykiss)~ KI5 (Micropterus salmoides). J&%
% 3£t (Oreochromis niloticus) FBE 15 X FE il (Icta-
lurus punctatus) 1 5 &g 5 A RN T =D,
AR TR I, KRB S /INMEH T2 7,
RIRAMA (1) S il K T /N, 12485 35 11 A
FOHA—E SR, WA TR IE S LA R S 7E

LRI B ) FAT 52 it A K = AR i 42 v, (H AR
B B 52 A A e b T AR A S
PR T #y £ B, FE3 HH RN 1) I 7t el v
AN TG SR, S LeivaZe! IS5 ARG A
32 MEXKNNEEGERFEIT AR

1 SR I I B S AN N (K ) 2 DDA
KO, i, K P (Salmo salar)s K P PEIS
(Gadus morhua) K-V 5 6 S A6 1 (Thunnus orien-
talis) A2 X U P B VA S T ™,
B, FRIREE(Squaliobarbus curriculus). W ]
(Culter alburnus)F1 % % 2 F #1.(Onychostoma mac-
rolepis & TR ARG UGR B S A K 2 Ao,
AW TN, AR R AMA RS A oK e 2 IR K
TR, SRR — 3. KT BRI R ESRAS
5] R 5% 2, 33K A B 2 F) T i D R A g g
Kizsh i B b, AKARBE IR/ R R AR I 9%
F R VAR )~F 77 BNy, T Eb UL P g £ 2R K
123l 5 8RR O 2R 2 LUK 19 207 38 i)
TP UL P S 7K A4 BEL 7 R E R R AE A [ AR Y
RN B e b I AR [ 8 AR . 2 2R AMA
R/NSG NS, AR 2R AR 5 LA 5 1) 58 RIBEUR
ARk, T BRI LN DK IR S AR 2 IEAE R, T
FEXTIEVIOHE FE SR B A OC. R, AR
LAE H A 50 fl o R g P AR e DK o R e, R AR 2R
PRB 1 2 W BE 5 AR RN A Y, 3
A AT e R PR AR B AT o W] B Ak T
LB R AR S e K o FEE IR e K ek P 32 I

AHIEFE I, KA B A TR PR A A [ 2 2 A
T AR ER B3 BB K TRt B, X 5T O
A (5] ) B B S 45 R — B B SRS R
RERVREARAT N, BEAR AN T 5e BV BTIR, &3
JITRE A I S8 o, A T B S oK™ AR S

F2 FHERER. MEKNFUNERBENE R TAZRN ZE R ESER

Tab.2 Three-way ANOVA results for the effects of heating pattern, body size and measurement time on group behavior

TRE I 1)< THEAE S 05 IR )< AR AN THEAE AR/

Measuring timex
Heating pattern

Measuring timex

Body size

Heating patternx
Body size

TRAZH T 5E I (8] THE AR
Behavioral parameters Measuring time Heating pattern  Body size
A eV F)75=112.964, F,75=215389, F,4=35.921,
Velocity P<0.001 P<0.001 P<0.001
SRk EE S F17972.289, F 79=0.064, Fy79=3.756,
Synchronization of speed  p=(.135 P=0.801 PP=0.057
AN ) B B F170=11222, F|45=0.613, F79=50.722,
Inter-individual distance  p=().001 P=0.436 P<0.001
Sl RN F)15=19.087, F,75=0.049,  F, ,4=87.627,
Nearest neighbor ' ’ '
distance P<0.001 P=0.826 P<0.001
Wik Fy79=9.362, F 79=2.628, F179=39.854,
Polarization P=0.003 P=0.109  P<0.001

F\25=230.51, F\79=3.723, F\79=6.251,
P<0.001 P=0.058 P=0.015
F19=1.314, Fy.76=0.083, F\.76=0.186,
P=0.255 P=0.774 P=0.667
Fy25=12.959, Fy25=0.132, F}25=0.009,
P=0.001 P=0.717 P=0.926
Fy79=17.335, Fi79=0.272, Fy79=0.610,
P<0.001 P=0.604 P=0.437
Fy25=0.081, Fy25=0.337, Fy5=11.181,
P=0.777 P=0.563 P=0.001
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Fig. 3 Effects of heating pattern, body size and measurement time
on swimming synchrony of juvenile Ctenopharyngodon idellus
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THERMAL TOLERANCES AND COLLECTIVE BEHAVIOR DURING WATER
TEMPERATURE RISING IN JUVENILE GRASS CARP
(CTENOPHARYNGODON IDELLUS)

LI Wu-Xin, FU Shi-Jian, QIN Li-Ping and ZENG Ling-Qing

(Laboratory of Evolutionary Physiology and Behavior, Chongqing Key Laboratory of Animal Biology, College of Life Sciences,
Chongqing Normal University, Chongqing 401331, China)

Abstract: Global warming affects the survival, reproduction, collective behavior, and population dynamics of the fish.
To examine thermal tolerance and collective behavior during the heating in the Cyprinidae fish, our study selected the
juvenile grass carp (Ctenopharyngodon idellus) as the experimental fish. The thermal tolerance, individual swimming
speed, synchronization of speed, inter-individual distance, and other behavioral parameters were obtained in both the
large and small body size juvenile grass carp groups. Compared with the small body size group, the large body size
group has higher swimming speed (P=0.039), higher inter-individual distance (P<0.001), higher nearest neighbor dis-
tance (P<0.001), and higher critical thermal maximum (P<0.001). There is no difference in the group polarization and
lethal thermal maximum between the two groups. During the process of water temperature rising, individual swimming
speed of the juvenile grass carp increased profoundly, while the inter-individual distance and nearest neighbor distance
are also increased, but the synchronization of speed and the group polarization remained unchanged. These results
showed that increase of individual body size can enhance the thermal tolerance of the juvenile grass carp. Water tem-
perature rising do not affect the coordination of the juvenile grass carp group, but reduce the cohesion of the juvenile
grass carp group.

Key words: Body size; Water heating; Thermal tolerance; Collective behaviour; Cohesion; Coordination
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