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Phenotypic correlations and individual variation of energy metabolism and

personality in juvenile Chinese bream ( Parabramis pekinensis )
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401331, China

Abstract; In nature, consistent individual differences ( CIDs) in phenotypic traits (e.g., morphology, physiology, or
behavior) are a widespread phenomenon in animals. CIDs in phenotypic traits are maintained over time, and can be
measured by repeatability at different times. We used juvenile Chinese bream ( Parabramis pekinensis) as an animal model
to determine individual variation and correlation between energy metabolism and personality behaviors of cyprinid fish.
Under conditions of (25+0.5)°C, the standard metabolic rate (SMR), maximum metabolic rate ( MMR, induced by
exhaustive exercise) , and excess post-exercise oxygen consumption ( EPOC) of fish were determined, and the metabolic
scope ( MS) and factorial metabolic scope ( FAS) were also calculated. Personality behaviors, including boldness

(indicated by latency ), activity ( indicated by distance moved, average swimming velocity, and percent time spent
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moving) were measured for individuals (trial I ). All of the aforementioned phenotypic traits were measured again after one
month (trial II ). The results showed that both body mass and body length of juvenile Chinese bream increased
substantially, and these two morphological parameters showed good repeatability during the experiment (both P < 0.05).
Only the SMR of fish was repeatable, and not MMR, MS, FAS, and EPOC. SMR was negatively correlated with MS, FAS,
and EPOC (all P < 0.05), and showed no correlation with MMR. MS had a positive correlation with both FAS and MMR
(both P < 0.05). The direction of some correlations between components of energy metabolism of the juvenile Chinese
bream did not change during the course of experiment. Boldness (indicated as latency) of the experimental fish-did not
exhibit repeatability, and was significantly higher in trial II than in trial I (P < 0.05). The latencies of the two
measurements were not correlated with SMR. In addition, distance moved, swimming velocity, and percent time spent
moving were also not repeatable. However, the relationships among these three activity parameters were all positive in spite
of the effects of time. When compared to those of trial I , the values of the three parameters@f activity all \increased in trial
Il. SMR in the two trials were positively related to the specific growth rate (SGR) in this fish/species during the course of
experiment. The present study suggests there were nonparallel changes in tendency and/repeatability between the energy
metabolism and personality behaviors of juvenile Chinese bream under artificial rearing conditions where environmental
parameters were spatially and temporally predictable. Some correlations existed between the phenotypic traits and were
substantially affected, to different extents, by environmental conditions. SMR of juvenile Chinese bream may predict their

growth trajectory during their juvenile stage.
Key Words: standard metabolic rate; maximum metabolic rate; personality; phenotypic variation; Parabramis pekinensis
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Table 1 Summary of data collected from juvenile Chinese bream ( Parabramis pekinensis) in the present study

TEbR2eA! 52 T 240 I EepR R R BoME ERER ERRE
Types of index  Measurements Parameters Mean+SE Maximum Minimum  Variation rate CV/%
1 fERARM W I Tral I FRHERIIE/ (mg 0, kg™ h7) 86.0+5.8 148.1 47.7 3.1 36.6
Energy AR/ (mg 0, kg™ h™") 232.4+7.8 297.0 141.0 2.1 18.4
metabolism i~ E)/ (mg O, kg™ h™") 146.4+10.0 241.8 34.5 7.0 37.2
AHXS AR 23 ] 3.1£0.2 5.7 1.3 4.5 41.9
I HEAFESE/ (mg 0,/kg) 14.3£1.3 28.0 1.0 27.2 50.7
MEMTrial T ARHEFRSHE/ (mg 0, kg™ h™h) 64.5+1.6* 80.5 45.9 1.75 138
TR/ (mg 0, kg™ h7') 215.4+18.4 313.6 141.0 2.2 18.4
R 25 M)/ (mg 0, kg™ h™") 150.8+7.3 241.3 76.1 3.2 26.5
AHXS AR 7S 1] 3.4x0.1 5.0 2.2 2.3 21.4
i BFES/ (mg 0,/kg) 12.5+0.6 18.4 6.1 3.0 28.0
2 AT E T Trial 1 B BRI 8]/ 672+63 900 7 129 51.1
Personality TG B 2 32 S ) /% 21.3+1.3 34.8 8.9 3.9 34.6
behaviour TR R Z WK B/ (em/s) 1.7+0.1 3.2 0.7 4.7 39.6
TR PEZ AL B/ em 989+68 1737 410 4.2 37.4
W5E M Trial T BBk BRI R] /s 859+31" 900 10 90 19.9
T BRI 2238 Bl ] H % 28.6+1.9" 50.6 10.1 5.0 36.2
TR PEZ VK EE/ (em/s) 3.120.4* 10.0 0.8 13.2 67.9
TRERPEZ 2 B/ em 1820+231" 5890 438 13.7 69.6
AR SRR = e KA e/ ME; + FORPIUIN E H 8] [F] —F8 bR s 22 5 i3 (P<0.05)

2.3 AR EAT A A G B T A T

WE T AE 1 8Rg)f SMR 5 MMR ¥IAESEZE0E T ,SMR 5 AS (FAS Fl EPOC 2 FAHIC , {HAEM
E I, {USMR 5 FAS K& EPOC 2 HAHIC, B T AFFAEAI SR (K 2) oAb, M T Amil e 11 A ik 4) £ 1)
MMR ,AS FAS Fl EPOC Z [HF:Z M 45 IEARSE (3R 2) s AH LA TE T, 05E 11 67% iS40z 8] A DG 1
FERE LR

R2 WY@ EREHSEZ MR EHFEZ BREXE

Table 2 Correlations between the components of energy metabolism and personality traits in the juvenile Chinese bream ( P. pekinensis )

el WE R T KIS SR
Types of index Measurements Parameters Correlations
IR Y i) i T Tvial 1 FRACH AR = ] AR AR ] R
Energy metabolism o= MMR MS FAS EPOC
o r=-0.055 r=-0.621 r=-0.831 r=-0.727
AR .
Tt P =071 P < 0.001"" P < 0.001** P < 0.001**
. r=0.817 r=0.540 r=0.657
AR ‘
o P < 0.001 ™" P=0.002"" P < 0.001 ™"
r=0.904 r=0.935
7 B )
RH=R P < 0.001"" P < 0.001""
r=0.927
XA H .
AR A2 ] P < 0.001**
95 11 Trial 1 i FNVZIES AR H] AR AR 2 ] AR
’ MMR MS FAS EPOC
o r=0.082 r=-0.141 r=-0.562 r=-0.377
s P = 0.666 P=0.456 P=0.001"" P=0.040"
TR r=0.975 r=0.769 r=0.496
= . .
WA P < 0.001"" P < 0.001"" P=0.005""
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YAy I Y BRI S AR
Types of index Measurements Parameters Correlations
s vk i r=0.890 r=0.577
1ZI S E ) .
=l P < 0.001** P=0.001""
r=0.642
Ak AR
HEXF A2 7] P < 0,001
2 MR S T Trial 1 LR NI L] ol e vk B
Personality traits s Latency Distance Velocity
g r=-0.028 r=0.884 r=0.896
= ZIH A
LA P=0.855 P < 0.001°" P < 0.001°
TR r=-0.046 r=0.034
ARSI P=0.808 P=0.859
- o r=0.962
B ool
; FEXNG ] ol e vk B
g i
Wz I Trial I Latency Distance Velocity
g r=-0.066 r=0.839 r=0.834
z g [R] |
SEATHIEE P=0.768 P < 0.001* P.< 0.001%
NPT r=-0.069 r==0.066
¥ S [H
ORI P=0.717 P=0.769
r=0.997
i: 11
e 2miliyi P <0001

#* R P < 0.05," %R P <0.0l.

fif 4 £ 575 R (4TS DR N 1] 5 355 R A 19 =28 (8 Bl e Ko BE AT PTMD) B3N AH G 5 SR 1T, A2 Bl A |
WUk AN PTM R S BIEARSC (32 2) o BR SMR A1, i %)) £a gt AU A H & S RO AT R 3 JC W]
MEEPE (R 3) o TEPIRINAE P, B2 ) SMRAG A EAT AR AE (R I 18] B S AR 107 DK B R PTM) 2
AR (FEA4),

£33 HYPYBEREQHNTERTNESHE

Table 3 The repeatability the components‘of energy metabolism and personality traits in the juvenile Chinese bream ( P. pekinensis)

Fe bR LI BE M Repeatability || 45473098 Sz SR 52 P Repeatability

Types of index Parameters r P Types of index Parameters r P

1. fe AR Friflf Qi 0.563 0.001 || 2. MEATH TR bS] -0.155 0.413

Energy metabolism de AR -0.080 0.673 || Personality traits iz Bl e b -0.069 0.715
it 0.018 0.925 iUk R -0.169 0.373
AHXF AR 2S (] 0.207 0.273 ol A -0.236 0.210
IR 0.343 0.063

x4 WAHBIRERBRSNEITAHRKE

Table 4 The correlations between standard metabolic rate and personality traits in the juvenile Chinese bream ( P. pekinensis)

ME R T PR AT R HXAME Correlations
Measurements SMR Personality traits r P
W5E 1 Trial 1 SMR vs XN -0.204 0.280

SMR vs & SRR 0.082 0.666
SMR vs Tk 0.051 0.789
SMR vs Mol 0.015 0.936
5 11 Trial 1T SMR vs XN -0.086 0.651
SMR vs SZ A A ke 0.153 0.419
SMR vs Tk 0.263 0.160
SMR vs EhiE R 0.278 0.137
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2.4 RERA SR KR R 12
AIISRIAN ) SMR B RERARM W SR, 5 0] CSuRws
T S0 5 0 £ P R R A KR (SGR) ﬁ% os | o B 00
IEAJECH 1, 2% P < 0.05). WP sbii sl =% 22 | oam o g+
MARPR I AE 225 (F, 5= 6.629, P=0.013), 5\3% el ° .
3 e ﬁg 0:2 i D@U@] o (;:0.379 P=0.039
3.1 G4 AR AR 2 S S T " 50 100 150 200
FRAY RIS S S i A B e A (g AR ) Ry TR

Standard metabolic rate/(mg O,kg™ h')
JFRA A HEAT N ) I EE M S B B B R (a0
WU T £ ) 10 N 7ESE I 225 B % B L B 1 e E0iRERER SRR E K Rt X
ORI S8 7 8540 6. ( Silurus meridionalis ) 8§ 1118 Fig.1 The relationship between:standard metabolic rate and
B EIRACEPR LA A2 [ B R, bk
FRUHR AR S R B0d A7 | i HLAE 25 B AR % Al i A
A8 ShBE S ARE SR sk fE 1 I HLE 5 il 4t i W Rz s gl B0 R MR R AR R Y K
BAREWFEEZMT, 5 1 i, e 1 rhimgh ) SMR A1 MMR ¥ 318 & K {IK, 177 MS | FAS
EPOC JoHH 2284k, #7% SMR Fil MMR 9 T FE ] e SR B Y B AA K, Bk MMR 4, fmglfa iR R
WSEIN AR REBOI R BUT R, BEAh, eI T b i &)y o0 Ja R PR B 4, 11 58 JCPE R A, AT A8 53 R 8K
B JE AR S RO AR A SR OKIR I B ARG S AR AR BN B T AR S50 A e gl i Wik
IR BN H I B FREE A (i 4 2 BUR B ) o A 7 7™ A% b Jmy 428 T 3 o ST 36 238 FR FEK A (1 31
B S AR, T RE S S EUE # S TR R4t SMR 978 5 R B0 /NG SR IR 2 — | BIVEE 72 O B R 8 4 5
SEOZFP O SMR A SRR /N, i Ah 0 T v i 4l £ AE 9k 2 A T AR s ] BH S 34 32 PR R 16.7 % S
oy ft P TR AR Ao 1 B S 34 o 22 g A S T (15, i), (075000 7 T %) 5000 A B — | 30 T 5 80 O ) 2 S R
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