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Abstract: An experimental ecological method was used to examine the formation of social hierarchy and its effect on the
behavior and energy metabolism of Sepia esculenta during the breeding process. We determined the activities of hexokinase
(HK) , pyruvate kinase ( PK) , lactate dehydrogenase (LDH) , malate dehydrogenase (MDH) , citrate synthase (CS), as
well as the concentration of lactic acid (LD) in the gonads and wrist muscle of both sexes. The results showed that there
were significant differences in the behavioral phenotypes between male and female with the same social hierarchy level. The
time spent on swimming and fighting was significantly higher in the dominant males than that in the submissive males. For

the females, the time spent on resting was significantly elevated in the dominant animals than that in the submissive
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individuals. Contrarily, the significantly lower time spent on swimming was observed in the dominant females compared with
that in the submissive females. For the dominant males, anaerobic metabolism process produced energy for fighting and
aerobic metabolism process produced energy for swimming. The activities of key enzymes in anaerobic metabolism ( PK,
HK, LDH) in the muscles of dominant males were significantly higher than those of submissive individuals (P<0.05).
Similar results were true for the activities of key enzymes in aerobic metabolism ( MDH, CS). However, these enzyme
activities did not differ significantly among dominant females and submissive females ( P>0.05). During the breeding
period, the females allowed energy to be used more efficiently for the spawning and reproduction due to the reduction of time
spent on exercise, which evidenced by the increased activities of MDH and CS in gonads and the decreased activities of
those enzymes in muscles. There was a significant correlation between behavioral phenotype and energy metabolism, since
the time spent on swimming was positively correlated with the activities of MDH and CS (P<0.001) and the time spent on
fichting was positively correlated with the PK, HK and LDH activities, and LD concentration ( P<0.05). These findings
suggest that the energy is preferentially used for exercise in males compared with females in the higher social hierarchy.
Females in the higher social hierarchy are more likely to remain dormant to allow energy to be used more efficiently for
reproduction. Our findings provide a theoretical basis for the large-scale breeding of healthy S. esculenta and reproduction

technology in the spawning period.
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Table 1 Morphological parameters of S. esculenta in the experimental group

PilfE—HE(2519) WilfE—HE(2918)

£ The experiment of two males and a female The experiment of two females and a male
Parameter EHHERE DM(n=8)  H9SHEPESM(n=8)  {EMEPE DF(n=8) L HHERE SF(n=8)
HTE Body weight/g 353.95+11.85 361.14£11.62 308.20+13.25 297.20+10.74
il Manth length/cm 14.81+0.18 15.28+0.29 14.06+0.23 13.84+0.17
AFETE Liver weight/g 6.11+0.23 6.92+0.28 11.06+0.56 10.06+0.39
PENRE Gonad weight/g 3.78+0.09 3.5620.08 13.66+0.78 13.43+1.03
FFAFEFE L Hepato somatic index/% 1.15+0.04 1.95+0.07 3.58+0.08 3.38+0.08
PERRFEEL Gonad somatic index/% 1.73+0.04 0.92+0.04 4.43+0.16 4.50+0.34

DM . P gEYE Dominant male; SM: 45 #fE4: Submissive male; DF . MMt Dominant female; SF; 45 % it Submissive female VENRFE % =
PR E /R

L3 Aotk
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WS SN, S 30 7KRE v 18 4 5 TG 8 Kb T B RS AR L il Sl A i i LA R LR AR IS A Stk
VYRR AR, GET B I 1] AN [R) 32 Sl AR A A I TR]
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(mL)=1:9 By LLBIAA 9 A RFRAG AL BRER K, WOKIR 26 AF R LRSI I, 2500 v/ min, B30 10 min, il #8% 10%
SJH BIEWCE T -20°C VKAR TR ORAF AR . SRR AY 1 TR AT S AR DU W0 T R PR T A 10V 2R R
PrAEM )% S i g k. OB ( Hexokinase, HK) PR ( Pyruvate kinase, PK) . ZLERJZ
fiff ( Lactate dehydrogenase, LDH) 7R & i ( Citrate synthase, CS) 3ERR L ( Malate dehydrogenase,
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B, (2918 ) LA H e AL Th Y MDH , CS
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Fig.4 The Metabolic enzymes of aerobic respiration in the muscles and gonadal tissues of S. esculenta(n=38)
MDH; SFHR A M Malate dehydrogenase; CS: FPEEMR 4 B Citrate synthase; * P<0.05; % * P<0.0l1; * * % P<0.001 (ANOVA, N =
32) ; AT EFRAFA G Z [0 22 5 W3 (P<0.05)
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Table 2 The Metabolic enzymes and product in oxidative respiration of muscle and gonad in S. esculenta(n=38)

WilE—ME(2218) WfE—HE(2519)

The experiment of two females and a male The experiment of two males and a female

PR HEPE DF & MM SF PRFkfErE DM FH MM SM
HK/ (U/gprot)
WLPY Muscle 12.453+0.858" 12.218+1.108" 18.204+1.658" 13.549+0.894*
PERRE Gonad 10.63+0.923* 9.956+0.687° 10.760+1.364* 10.663+1.924°
PK/ (U/gprot)
WL Muscle 18.269+0.583% 17.977+2.813% 23.548+1.383" 14.732+0.721°
PEE Gonad 14.954+1.043* 14.749+0.777° 15.609+0.697* 15.423+1.208°
LDH/ ( U/ gprot)
LA Muscle 63.220+2.509* 63.691+3.818" 101.657+3.643" 71.417+3.687°
PEE Gonad 64.859+1.802° 63.410+3.464° 72.740£3.732° 70.047+4.914
LD /( mmol/gprot )
WLA Muscle 0.553+0.037° 0.579+0.016* 0.740+0.041" 0.608+0.038"
PEMR Gonad 0.370+0.020° 0.378+0.012° 0.376+0.020° 0.378+0.017*

HK: CHEHEE Hexokinase; PK: THAFR LA Pyruvate kinase; LDH . FLERM &, Lactate dehydrogenase; LD: FLER Lactic acid; [R5 75
FIRARH G 2 6] 22 57 1. 3 (P<0.05)
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