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e SR B AU B 7T, 2R AR AR AR 2R
(Standard metabolic rate, SMR)& Ak % 2% 34 [ K%
AP SMRA R K AER I . SRS T
AR IE % 75 T T B ) R G R AR g s i 2T
FEARU RUBE R 53— 7 Th, 82K R AU I B KK P
N B AR % (Maximum metabolic rate, MMR),
MMR 5 SMRZ [A] Z{E #5948 70 [ (Aerobic scope,
AS=MMR-SMR), ‘& 7 F LR B 2 Jk A A 22
TIRE A RN A A A TS S S e e
L RNMEREAN BV G, Hae =AU R (EVR %)
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Pee 17 AT HAh AR B D e (i ia 3 0E AR ) ARG
B B AR BE S (s s e Ay
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B FRRAAAUTE B R BEARAT A R 52 e, A B
Ft LU 4y 0 o S et R, JE i AR 5 A
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A FIMMR. fESMRII5E 5, 1 52 AR 11
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ZLZ% L, P s SRR FE 43 I DN 0. 20, 40,
SOFI704 4128 i, AN B K ESLIG AR E A
SJE. FLMETAEAE30min P 7€ B I 25 PH A 32 1) 4%
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Thill] 52 1R 2 HA 7K 1 B SE K, — 3630 72 30h,
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12M O inerease = —0.626+(—0.010¢)+

(0.075)B +(0. 6191gBM)

VR A S T R
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Tab. 1 Energy metabolic parameters of juvenile crucian carp (Carassius auratus)

4 Xof A INE 2N HEAE RN A2 TRA 3
Metabolic rate Control group Fasting group Mixed group 1 Mixed group 2 Mixed group 3
4 Fish groups (n) 16 13 12 13 13
SMR (mg/h) 0.91+0.02 0.64+0.01 0.89+0.03 0.86+0.03 0.88+0.03
MMR (mg/h) 2.98+0.04 2.50+0.05 2.73£0.05 2.74+0.08 2.73+0.03
AS (mg/h) 2.07+0.05 1.86+0.03 1.84+0.06 1.88+0.06 1.85+0.03
ASZ{ADifference in AS (%) 58.51+3.51 66.54+4.35 77.80+£6.81 59.94+6.08 6.27£1.12
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SICIG A B SO0 £ 7R AR 1V TE 1 AR B RS N, A
o ) £ 2 M RS 2 A K s AP D ik X R A
Tho JEPKIX FI7KIE L0 83 BL/so BEIH FE b 715K
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gz 5, SR mEE R Gk (P EP H A
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4 #E R 5 A8 AR i ImageJ (https://imagej.nih.gov/
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AR E R B AR AR AR, AT 37 48 b B 45 A A4 e ko e i
(Individual swimming speed, v)FIAN A7 4k s &
(Acceleration, a), J& & BHE AR UK 5] 20 14
(Synchronization of speed, S,)~ M [A] 5 & (Inter-
Individual Distance, IID). 5 3T4F i & (Nearest
neighbour distance, NND)FIEE4A K 4 (Group polari-
zation, P). FHRSEAITHE A X T Fis:

MK FE (v, cm/s):

v(6)= 1/ (e (O (1) (0 (-1))/
(dtx19.5)

)

o, x My, &SR0 e 2R . HAAHE 5, dily
B ED G TR RIS [ (8] B, de 5, 19.58 B R
HefH -
I B (a, cm/s”):
a= (vi—vi_1)/At (6)

o, v Ay, 2 S04 7E ¢ 220 A0 — 1 2] B 22
A TRITAN R o I SV A 4 10 T ik ok P PR A2
HAE

AN DROHE FE [ A (S, ):
Vi—V;

S,=1-
v Vi+Vj

(7

b, S MR KGR FE R B (TG L), vy AR
WL BRI OERRE . S, PR AN AR T K O
ISP, AT 0—1, ZAEHOR, AN KR & 1)
A

AMAIE] R 25 (1D, cm):

Lv(t)= X (OLx (=) PHLy(O-Ly (1)) /
(dtx19.5)

A, x My, 50 A IR TE ¢ ZI i PR S IG £ R A
PARR AL, x My 70 R AE ¢ I 2 5 S
108 AR THE AR R R AT
PR B AE S, Horbds /N BB B S f B R AR A e
fINND.

AR EE ESN(ND, cm):

NND 7 i v 3 — ANk b 8 b T A A
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ming /s (0= (0 P+ (0 () P
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1B ZN I AL ARAE
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HEp s

®)

)

N
Z vi(t) (10)
i=1

A, PO IRIEE(0—1), 24BEAA b TG S256 £
(132 B 77 M AE AN 77 1) L AH B HRTE I, AR oh0; 24
T e BT A S8 0 A B [ — 5 [z sh i, ARt N,
W B R vy, R IR BE 0 Bk VAR BEAA
FCR B R, AR SEIGH NS T6; iSRG, vi() RN 4
BHRALE B R &, HIT M A -1 20 A7 B 36 m)
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Fig. 1 Effect of fasting and aerobic scope on mean spatial position
of individuals in juvenile goldfish during acclimation and feeding
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Tab. 2 Statistical results of Two-way ANOVA for spatial position
of Carassius auratus under different aerobic scopes and starvation

treatments

i 1] HIRE Rl ZEAEH

Time Nutritional state Aerobic scope Interaction
&R F=0.182 F=2.697  F=0.379
Acclimation P=0.670 P=0.101 P=0.539
fiacy F=0.780 F=0.152  F=0.079
Feeding P=0.378 P=0.697 P=0.778
4 J530min F=0.352 F=0.009  F=0.079
Postprandial 30min P=0.553 P=0.924 P=0.778
2 J590min F=2.584 F=3.734 F=0.221
Postprandial 90min P=0.109 P=0.054 P=0.639
# J5 150min F=3.336 F=0.108 F=0.499
Postprandial 150min P=0.069 P=0.742 P=0.480
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Fig. 4 The relationships between remaining aerobic scope and food intake, and food level in juvenile goldfish
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Tab.3 The correlations between food ration, feeding level and mean spatial position

*3 BRAEEMFRAKFSFPMTELENEXM

PRI UK AL T80, AT RE R PR it /K A 58 B )
F H T AT R A A5 R 30 K DX P A X 22 ) o B AR
I D, TG FEAR T AR IR o £ 75 77 7 o 7
REA R, 2[R — S e i P e 72 7 (HAE IS

Lo A [EFN= HEE REKF FIA&AS
Treatment Stage Sample size Food intake Feeding level Remaining AS
paiei:| 3y n=96 r=-0.243; P=0.017 =-0.321; P=0.002 N/A
Control 4 J530min n=96 r=0.250; P=0.014 r=-0.296; P=0.004 7=0.140; P=0.183
% J590min n=96 7= —-0.870; P=0.400 r=-0.115; P=0.277 7=0.099; P=0.350
4 J5 150min n=96 r=-0.288; P=0.004 r=-0.273; P=0.008 r=0.213; P=0.042
ULERZ e n=96 7=0.042; P=0.682 =0.096; P =0.350 N/A
Fasting % J530min n=96 1=0.019; P=0.857 r=0.032; P=0.758 1=-0.066; P=0.524
48 J590min n=96 1=0.060; P=0.562 7=0.017; P=0.869 1=0.083; P=0.423
% J5 150min n=96 7=0.171; P=0.097 =0.081; P=0.433 7=0.057; P=0.582
RAE4 3y n=72 7=-0.048; P=0.688 r=—0.090; P=0.453 N/A
Mixed 1 4% J530min n=12 1=0.141; P=0.237 r=0.145; P=0.225 =—-0.116; P=0.367
% J590min n=T72 7=0.114; P=0.340 1=0.070; P=0.560 r=—-0.296; P=0.019
% J5 150min n=T72 1=0.163; P=0.172 r=0.142; P=0.234 r=—0.246; P=0.054
WRAH2 "eE n=78 =-0.081; P=0.480 r=—0.080; P=0.488 N/A
Mixed 2 % J530min n=78 r=-0.057; P=0.621 r=-0.082; P=0.475 1=0.074; P=0.531
% J590min n=T8 7=-0.002; P=0.984 r=-0.015; P=0.877 1=0.105; P=0.375
445 150min n=T8 7=-0.009; P=0.939 =0.016; P=0.881 =0.144; P=0.220
R A 43 e n=78 7=0.003; P=0.977 7=0.049; P=0.669 N/A
Mixed 3 % 530min =78 y=—0.136; P=0.236 r=—0.099; P =0.388 1=0.052; P=0.651
48 J590min n=T8 1=0.069; P=0.548 7=0.050; P=0.663 r=-0.149; P=0.192
% J5 150min n=78 7=0.055; P=0.635 =0.081; P=0.482 7=0.024; P=0.833

VE: N/AZR R A TGS

Note: N/A means there is no data here

*4 NENTSERE. BRKTRINEKASHHEXMY

Tab.4 The correlations between food ration, feeding level, predicted aerobic scope remaining and change in individual position

Lb TR I 34 FEAE HaE PR FIRAS
Treatment Stage Sample size Food intake Feeding level Remaining AS
St R 2E % J5530min =96 r=—0.034; P=0.748 7=-0.056; P=0.596 r=0.033; P=0.757
Control 4 J590min n=96 7=0.156; P=0.135 =—0.126; P=0.227 = —0.026; P=0.807
% J5150min =96 r=—0.005; P=0.960 #=0.006; P=0.957 r=0.045; P=0.671
LR %8 J530min =96 7=0.089; P=0.389 1=0.065; P=0.532 7=0.189; P=0.065
Fasting 4 J590min =96 =0.116; P=0.260 1=0.069; P=0.504 r=—0.023; P=0.824
% J5150min =96 r=0.248; P=0.015 7=0.184; P=0.073 r=—0.057; P=0.579
RA %8 J530min n=T72 7=0.243; P=0.057 1=0.249; P=0.051 7=0.167; P=0.194
Mixed 1 % J590min n=72 7=0.247; P=0.053 =0.215; P=0.094 r=-0.324; P=0.010
% J5150min n=72 7=0.108; P=0.405 7=0.105; P=0.419 r=—0.018; P=0.889
RE U2 %8 J530min n=78 r=—0.086; P=0.453 r=-0.110; P=0.337 7=0.037; P=0.745
Mixed 2 % J590min n=78 r=—0.047; P=0.680 1= -0.046; P=0.690 7=0.020; P=0.863
% J5150min n=78 r=—0.096; P=0.403 r=—0.088; P=0.443 r=0.253; P=0.025
RT3 %8 J530min n=78 r=-0.167; P=0.144 r=-0.186; P=0.103 r=-0.099; P=0.388
Mixed 3 % J590min n=78 r=—0.070; P=0.541 1= -0.066; P=0.568 7=0.050; P=0.663
% J5150min n=78 7=0.005; P=0.966 #=0.000; P=0.962 r=—0.102; P=0.372
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Fig. 7 Effect of nutritional state on individual swimming speed
and acceleration of juvenile goldfish among different stages
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Capital letters (A and B) indicate there are significant differences
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differences in parameters within the same nutritional treatment
(P<0.05). The same applies below
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Tab. 5 Two-way ANOVA on spatial characteristics of individual and groups of the Carassius auratus under post-time and aerobic

metabolism

MERFERAT NS HL

Individual and group behaviour parameter

39
Stage

Nutritional state

i 385 #2:4K & Interaction

AR B
Individual swimming speed (cm/s)

AN

Individual acceleration (crn/sz)
Ko FE [R] A5 1
Synchronization of speed

AN A BR 25

Inter-individual distance (cm)
IRIT AR RS

Nearest neighbour distance (cm)
TR

Group polarization

F=66.436; P<0.001
F=17.546; P<0.001
F=6.804; P<0.001
F=0.838; P=0.502
F=1.037; P=0.388

F=31.002; P<0.001

F=9.595; P<0.001
F=3.258; P=0.012
F=7.082; P<0.001
F=2.170; P=0.072
F=3.329; P=0.011

F=17.644; P<0.001

F=0.620; P=0.867
F=0.544; P=0.922
F=0.794; P=0.693
F=1.602; P=0.067
F=0.637; P=0.853

F=0.613; P=0.873
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Fig. 8 Effect of nutritional state on group characteristics of juvenile goldfish among different stages
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NUTRITIONAL STATUS AND AEROBIC SCOPE ON GROUP BEHAVIOUR OF
JUVENILE GOLDFISH (CARASSIUS AURATUS)

LING Hong, WANG Chun-Hua, FU Shi-Jian and ZENG Ling-Qing

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

Abstract: In order to investigate the effects of nutritional status and metabolic range on group behavior of fish, juve-
nile crucian carp (Carassius auratus) was conducted as the animal model, and its feeding metabolism (specific dyna-
mics, SDA) and metabolic rates (Standard Metabolic Rate, SMR; Maximum Metabolic Rate, MMR) was determined to
calculate metabolic scope (ASSMMR-SMR) at (25.4+0.2)°C. Based on the combination of nutritional state and AS,
five ‘nutritional state plus AS’ treatments were determined for their individual spatial position within a group, feeding
intake, individual characteristics (e.g., individual swimming speed and acceleration), and group characteristics (e.g.,
synchronization of speed, inter-individual distance, nearest neighbour distance, and group polarization). Our results
showed that nutritional status, starvation, aerobic scope, feeding and digestion had no effect on individual spatial posi-
tion within a group. Starvation and digestion did not affect the group cohesiveness of juvenile crucian carp, but starva-
tion reduced the group coordination of this species only during digestion, i.e., difference in individual food acquisition
ability led to a different digestion strategy among group-mates, resulting in a lower synchronization of speed and even-
tually a decrease in group coordination. In the control group, the space in the front of the group confers the ecological
advantage of individuals to obtain more food items, but starvation eliminated this ecological advantage in the front of
the group. The feeding intake and feeding level of the control group were negatively correlated with the predicted re-
maining AS, and which of the starvation group were not correlated with the predicted remaining AS. Our results sug-
gested that both the nutritional status and aerobic scope had no effect on the individual spatial position within school-
ing in gold fish. Occupying the spatial position at the front of the school can confer to the ecological benefits (e.g., more
food resources), but starvation eliminates the heterogeneity of ecological benefits of individual spatial position distribu-
tion within the school. Starvation and digestion have no effect on group cohesion of the goldfish, but the phenomenon
that starvation reduces the group coordination only appeared during the digestion stage. Individual difference in ability
to obtain food within the group may lead to different digestive strategies among group-mates, resulting in more dis-
ordered swimming align of individuals, and finally leads to the decline of group coordination.

Key words: Group behaviour; Nutritional state; Cohesion; Coordination; Align
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