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HEFRAZMNERSHEK. FELBEXEENN

o M, WES, #HAE, INE, IW, TEIT

(TR FUEVE B, WL T3 315211)

WE: W RREBEWAALES, 2SR ERXHEE TREAMEY S HDAMRE 4
KEGFAEME D, RERAEN/NFE@=60cm, 520 cm)EH F4T, XHEHE
FER, ARTARAEKAEL: KREHF4Sg, FAEM: KREH25-35g, AN
HAES: R ENI2 W B G W E — AR IREGAEFALMSE 101 DEH
THWHEEER., FEEKE. HAX. HAF R A EATPE. 7 B B 5 8o O HE)
R, HRE40d. £RET, B—HEFRAR NS FTEFH TLE R E £
KEZFRAAL, BEREAEFAIAMPSERBFE EAKE AR KT E A FTAL
MAnS 8 & e A KE, EALWAFEEKFHF: LMS-M(3.12+0.35)%/d<
M(5.21+0.24)%/d, LMS-S(1.39+0.28)%/d<S(4.37+0.42)%/d; #7410d, 2 — # & 37 4 o
BANEFAUAEBRFEELERTHE, N20dF%, BAARFEAREEZHERKT
BRI A, FRFEA0 dE A G Wk TE E HE T 0 LMS(41%%5.35%)<M(60%+4.58%)<
L(61%+6.43%)<S(63%+5.57%); ¥ — A& FEFMRANBRBEFA G TLEREAEZRT
WL, ERAAERBEAMBSE RAAEL AR KT E - NERAAMASE MHEAE,
AU R A R LMS-M[(0.48+0.03)mg/(g-h)]<M[(0.69+0.02)mg/(g-h)], LMS-
S[(0.75+0.04)mg/(g-h)]<S[(0.94+0.04)mg/(g-h)]; ¥ — H A% 378 fo iR & A A FRAE KM TLE
MRHEAEZFFHE, ERAAKFHAAMPSEREAXTHERTE— N A RAL
MFaS Y R H A%, 44 5 W &% F: LMS-M[(0.057+0.004)mg/(g-h)]<M[(0.082+
0.007)mg/(g-h)], LMS-S[(0.085+0.007)mg/(g-h)]<S[(0.135+0.007)mg/(g-h)]; 2 — i # % 74 Fn
BAENEFRALETLE WATPE . WHBREMOEABELEZRTHE, ERANE
FRABAMMSE W3 EEEH LK TE - AERAAMMSE K, &4 5 RATPE &
LMS-M[(1.25+£0.16)U/mg prot]<M[(2.74£0.26)U/mg prot], LMS-S[(0.77+0.11)U/ mg
prot]<S[(1.94+0.09)U/mg prot]; £ 41 5 W % B B B v& £ HET-M[(51.14+6.24)U/ mg
prot]<M[(78.05+8.38)U/mg prot], LMS-S[(27.94£6.65)U/mg prot]<S[(55.92+2.81)U/mg prot];
A& 2] 1 T O 8 B 75 M LMS-M[(10.71+1.24)U/mg prot]<M[(23.59+1.67)U/mg prot], LMS-
S[(5.91+0.83)U/mg prot]<S[(13.82+1.66)U/mg prot]. # 5 & W, TR A MK E5 &4 FLY
MAMASE RN EFAKFEEZERH, dxrATLFA, BREAIFRBERLL K
W RY, BRIk R, RIEAENH M, UREKXMR LG BT DN ME S B
JriE AR, dETAR e B IRARTE N R E

RBEIR: RO, £k, FE; BEN; R

HFESES: S 967 XktrERE: A
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TEKAEZY I HE K, MK, &
st DL R 5 0 fig 07 5 9 S R AR AR R AR e 4t
ETINE /B | R U RE W ol T o K e
B, dEm RO A SR LAY, SR
5 v W D0 A 2 B e AR W A Sy 00 o S5 4 A
BARM AR SR EAT N, NIl 25 35 1Y
AR ZBEADHI Y, TR IR T R A, i
HAEBRRNEKESR, BaSESRM"E R
FREAR, X AR S SR B AR E A S
IR FEFE M A AR KA S e PR AR K
FEOH P LB, RIS AR SRR A ST RAE
AR ZE ST SR e, & A
HEEZE LN,

FE BT 5 W (Sepia pharaonis) T E 56 1 B &
Tk 22, HARKR AR R 7T 55 kgl 1),
ARG 3~4 Hiae By . WS, &
F B, PR R S S A, O
dEck, HEH MITHE AR I 2 E N e #
Ky, HUTEZEREMRBKREF" . BRI
Bt G RPN A 2SR 4 5 e R 52
FREEAFUSO MG F IR B S SR o o R A 5 46
G R 2R 6 AR KRR T 19 52 ) R A A OC
B, ERESEP LN, DK
SR - PN UREY S 7587 S NS/ < N
1A R T L i AR e 4 1 S o O e
B, A A5 ok B P i D 1 B — RAR IR
Bl FIR 5 RS TR 08 0 SR BE S W AR S L A0S Al
KEFIG PR SE ), 5 7500 8 KA L O 75 XF
ANFRAS S AR A AR R e, DT B 2 S B Y
FERA S, R PR BE S 0 N TR B A E e AR
PEABHE S

1 MRS A

1.1 SEIEH R

SEHY T 20154F4—T7 A A T AR Lk oK
BT . SEI AT A R BT 1 4 R R
P ARSI (110°24'E, 21°11'N)IE S
W, 2. WbiE, NTRE IS, Irf s
05 4y PR 35 HCE [R)— I ) MR, BRAK L SE L W h
T fi BRE A A0 0 4 A [ (I K (1.3240.08) em, 1A 5T
1(0.56+0.03) g]. SEHH AR MK Lt BEUTE S
Uk, RigRAME. JkiE22~24 °C, HHF 25~28,
pH 7.80 ~8.10, COD (6.15~8.85) mg /L.,

http://www.scxuebao.cn

1.2 SLWHE

TE I3 P BE L AT 0 407 1A 30004 i 7E 7K e
(7.0 mx5.0 mx1.4 m)FPE53E, MG LR (4can-
thomysis sp.), HiFRAAFE“SCEM R H, H53760 d,
Frds S BB B MR 22 SR, B
TEIOR [ BUAS S0, B0 sedl . RIS (L),
AT (4.4540.36) g5 HHELAE (M), 45T HE(3.36+0.28)
g; /NELAE(S), TR & (1.82+0.15) gMliR A MK
(LMS)L : M : SH1:1:1), &KA5F4T, W4T
HGW MR AL SSHILEL, LREENE
W4T, SRR (7.0 mx5.0 mx1.4 m)rf &
77 SRHE (0=60 cm, (%20 cm) SR IE IR B
B RPN K e /N fn . W, P A T
110%~15%, HEKIK, Hoke12, S8FHGE,
TR 10 & S WA BT i . I, IR SE T U
e, SR RI40 d.

®1 BLBFITEHSHBESHTSH
Tab.1 The numbers and body weight of

S. pharaonis in different size treatments

B i) Hoat/ A PG T g K /em
size codes numbers initial wet weight mantle length
L 30 4.45+0.36" 3.0+0.08"
L b b
. M 30 3.36+0.28 2.5+0.07
L EE
S 30 1.82+0.15° 2.0+0.05°
wEM L. C -
L:M:!S 10:10:10 i) | ) |
W2 [ i

W BRI EARA R R R % R B 2 (P<0.05)
Notes: the value with different subscripts within column mean
significantly different from each other (P<0.05)

1.3 MZEFE

HEAZQGME 7 E LR AEA#K,
PA10 000 mL)™ HJ A MW =, AR 46 101 55 56 3O
CE TR SR, B E ST RN A
XoF HEOHR (AN T2 W), SR 7 BV 1 7 0 4
TSR R] o PR 2 249 0 F 1 I 1 K T T R
H, SR T kSR RO LR, SR T AR I
MR, FESZIRHFSE2 ) s L vk UK AR

K F Winklerfifl i 2 I 52 7K # %5 i %0 (DO)

i, SR VTR R B A A T I s K RE TR NHL N
=N
o

AR B E Fy # ) SCEREE R, Aol A
AL HRLH FEALPEE 15 H 0, W K 48 B A
LMKy, RIS AE VKB b A7 1 A i 5 UL A
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g, WEFARE SN ER, HEAE) A
(mL)=1 : OF Ll A OFF AR LR A= B ER K, vkoK
WA P UL A3, 2500 r/min, £5.0010 min, il
F I 10%I10 4138 38 B T—20 CCOKAR AR R
HUAS A b W AT SR e, W T AR A
B 2F 105 26 (AERRUHE T 26195 D s i Y ik
CLBE B (HK) . 79 1 2 34 B8 (PK) . Na'/K'-ATP
P14 335 P R A R 1R R 1 DU R 38R R e
BUAE YRR B B At 9 1250) &0 7 (A077-1. AO0T76-1.
A070-2F1A045-2), HAKTT LS UL 15,

1.4 HELIES5T

1% & (survival rate, SR, %)=(ZXKE & /1)
16 %) > 100

TR E 2 K & (specific growth rate, SGR, %/d)=
(InZ KRR T — Inf) 4 A% 5T 8 )/ 36 B 1] < 100

FEE A (OR) [mg/(g-h)]=[(DO-DOY*V]/(Wx1)

HEZ AR (NR) [mg/(g-h)J=[(Ne-No)Ix VI/(W1)
K, DOHIDO ST HI A LI 45 R}, 25 X AR
L SEIRIK TR A S0 % i (mg/L) s NpFINSY
SRS A R, 28 6 RO . SESfK TNHY -
NBY & it (mg/L); VAR oK B IRBA(L); wh
PR BE L IR A PR TR T (2); - o SR RRFEE IR [H] (h) o

{E FHSPSS 19.048 373 #r B A 3 K it 47 07
250 Hr . ANOVEDHINZ 7047, Jf H Duncan G it
T2\ B o B8 ¥ K78 ymeantSE, P<
0.051F g 22 5 W 35 (AR

2 gE

21 AERBHEFSEAMNERESWEE
REF MR

FELRHEI0K, F£HLWATHEERAD
#(P>0.05), HIEFE20~40d, B—FMsFRFEAH S
WA % 56 10 25 1 IR 5 RS 7 B 4 % I (P<0.05),
S R FH A0 dER— R SR E 45 2H 5 AR R 2
SN (P>0.05), FETG R N61%~63%, TRA
FUAK S50 20 A7 15 AL 41%(E 1)

22 AERBHEFSRANERSWEE
e =S

TR HIURS F52 78 4 Hb B0 L 1% D R B — R 5 5
ZH LS R AR K R B PR 25 5 (P>0.05),
IR A MRS R A AL TP IOMAN S 13 I S 2 A KR g
AR T L — RIS 5 FE 4 P M S 5 R AR K R

120
aaa, OL OM B8S ®WLMS

(o] [
(=] (=]
I

VAT EA
survival rate
oy
<

40 -
20 -
0 !
20 30
st 7] /d
time

1 FEMAGH 85 5R T
RS WEERNFMm
FREA AR 2 57 1 35 (P<0.05), T
Fig. 1 Effect of different body sizes on the survival
rates(SR) of S. pharaonis for separate cultivation and
mixed cultivation

Different letters mean significant difference (P<0.05), the same below

(P<0.05), #4454 e KFHF: LMS-M
[(3.1240.35)%/d]<M[(5.2140.24)%/d], LMS-
S[(1.3940.28)%/d] <S[(4.37£0.42)%/d] (2).

23 AEMBHERERERANENSHES
=4 0pA1)

T2 B — RIS SR 2 I8 S TR A R FR A A
L5 0 A #E SR R 3 I 3 I T MR S 1 T RE 4L %
(P<0.05)(I#13). TE & HLAE 7258 4 1Y L5 AR S
RAYME T oA — RS R TP LS, HZERR

97 a O A% 4 single specifications
g a ® R4 RS 2 mixed specificantions
74

<)

< 6 a

Moo 5 a

)

oz, :

,\i 1

# 3

= 5 ] b
1
0

L M S

WA size codes

2 TEMEHEFRERERI
BB S W4 EE KENZM
Fig.2 Effect of different body sizes on specific growth
rates (SGR) of S. pharaonis for separate cultivation and

mixed cultivation
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1.2 o Hi— & 41 single specifications

i} 10 w5 RS 2 mixed specifications a

s 1.0 -
R i
=c
& '%_ 0.8 a »
o E
E 306 b
=
¥ g a
o 5 0.4
i)
W oo

2 0.2

o

0
L M S

FIA& 4 size codes

3 TREMBHEFSREFX
ERSWFEEENZMm
Fig. 3 Effect of different body sizes on the oxygen
consumption rates of S. pharaonis for separate

cultivation and mixed cultivation

35 (P>0.05) TRA B 278 41 1 MANS 12 I HE
AR TR R R AH M S 1 Tk (P<
0.05), 44 ZIHFEEFHET : LMS-M[(0.686+0.018)
mg/(g-h)]> M[(0.484+0.026) mg/(g-h)], LMS-
S[(0.939+0.039) mg/(g-h)]>S[(0.754+0.045)
mg/(g-h)]o

24 AEMBHEASEFAMNERSHIER
B4 AN

P — A F75E L FR A A% TR A P L
TR ) 2 23 1 J 2R T MU S 52 W HE 220 %6.(P<0.05)
TR A RS TR0 240 rh L2 W HE 2 2SR AR T R —
IR A T LS M, (H2E 548 B # (P>0.05),
TRA A SR IMATS & I HE 2R B 3 = T
B —FURS I A P BIMOARTS B I (P<0.05), 54
R HE R HEF . LMS-M[(0.082+0.007) mg/(g-h)]>
M[(0.057+0.004) mg/(g-h)], LMS-S[(0.135+0.007)
mg/(g-h)>S[(0.085+0.006) mg/(g-h)] (Kl4).

25 ARMBHEFERFTERSHNa™/
K -ATPHEgE M4 B9 52

TRA S R TP LS I Na /K -ATPEE G
PERS 5 T o —HUAS FRAE AL TP LS, H2E SRR
2 (P>0.05)(15), IRA HAKFRFHA h MAIS S
W A TP M 25K T 20— B A% 32 58 28 rh i MR
S (P<0.05), #52H & Na'/K - ATP i 1 HE
J¥: LMS-M[(1.249+0.162) U/mg prot]<M[(2.744+
0.263) U/mg prot], LMS-S[(0.771£0.089) U/mg prot]<S
[(1.9414£0.099) U/mg prot].

http://www.scxuebao.cn

0.16 1 O §— A% 4 single specifications a

0.14 R A UL mixed specifications
=% 0.12 |
< e
gb.g 0.10 a b
Do
£33 008
FC 006 b
\Wg 0.06
T E 0.04 a

g a
| '
0 !
L M S

FHHE4H size codes

4 TRIMHBBBFSRFN
RES W HF R R0
Fig. 4 Effect of different body size on amonia excretion
rates of S. pharaonis for separate cultivation and

mixed cultivation

45 0 A% 4L single specifications
g 4.0 a WAL mixed specifications
= a
2830
H o
Ho Dg: 2.5 a
%L—t 2.0
Eg 1.5 b
210 b
% Z
< L5
“ 0
L M S

JHAS 4 size codes

5 TRIMBHNEFSREATEHSMH
Na'/K'-ATPESE 14 B 208
Fig. 5 Effect of different body sizes on Na'/K'-ATPase

activities of S. pharaonis for separate cultivation and

mixed cultivation

2.6 AREIMBHEFERFNENSWHKE
ed: oA

TRAHLRS SR A P LS W HK S YR = T
B ARSI T AL I, H 22 5N 3 (P>0.05),
TR A IS 77 48 41 H B MORT S 22 KT 8 8 35 (K T
B — LS IR A I MATS B (P<0.05), 454
B HK I YEHER : LMS-M[(10.714+1.238) U/mg
prot]<M[(23.597+1.676) U/mg prot], LMS-S[(5.908+
0.833) U/mg prot]<S[(13.819+1.658) U/mg prot]
(&l 6).
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94
(e}

0 k%41 single specifications
w A RS 4 mixed specifications

W W s B
S L O W
o

[SS R o]
S W

HK % E/(U/mg prot)
HK activity

S L O W

b
b
L M S
WS 2 size codes

6 TREIMBHBFSRFAN
FE BT = I HKGE M 9 5211
Fig. 6 Effect of different body sizes on HK activity of S.

pharaonis for separate cultivation and mixed cultivation

2.7 ARIMIEH B 7 58 7 X RS WPKE
ed:0pA)

TR A B IR 5 2 P 19 L W PRI P e o
— AR TR A TP AL I, (H 22 5OR i 2 (P>0.05)
(7)o TRA RS TR0 20 v i M S 55 I PR 4
AT R — FEAK% 5 5H 41 I MATS 1 i (P<0.05)
4 I PKIG PEHER . LMS-M[(51.141+6.242) U/mg
prot]<M[(78.053+8.384) U/mg prot], LMS-S[(27.936+
6.654) U/mg prot]<S[(55.915£2.805) U/mg prot],

3 e
31 #HeEFEEMNESHEE. EKHEm
i 4 5 0 R 8 E Sh W BE R Hh 4 AN Sh i b

140 a ° L — A% 41 single specifications
W A AR 41 mixed specificantions

_o00
2100
o 2 a
EE 80
55 a
S 60 b
;‘Em
=5 a0 b
(=W

20 |

Ov

A% 2H. size codes

7 TRIMRHEBFSRFT
IR B2 5 W PKE 14 A 210
Fig. 7 Effect of different body sizes on PK activity of S.

pharaonis for separate cultivation and mixed cultivation

MEA - ERIS ., EREEEY
H, AMERR/N 22 R UGE T e B FBCE
PRSI FEAL, W sE (Mt . ' RMSELT
Ry, AEAR R LR A B T A AR, HA
MR N E IR it 2 58 90,
MXREC &I, WAsy ., %K. M4
F UL R TCH HESh B i — 28 B o G s i | gy
G HA W B SERAT R, AL R,
JEBE L X — 3k AR Zh Y B A Wik 4
HAT R, FSEH N RKX B WA K A I
SRR N RS B T R NI DR CR YN
F20RIFIG, WA T R — R SR GE 4 5 A A7
TG, BISLISE5 AT, TR G HAE IR 5H 4 S
R4 %, ZRREREK, LWAEARE T
WHFT L, JRBE L 0 A W %< 2 B 0 A9 AH B8
AT R, AR K 5 A R 28 5 e K T B T
Bl BRI /NASREL U] B AR A DR A
MKHS, RGN, e, IFHAKEE, X
5412 (Apostichopus japonicus)™ {1 57 45 5 4
[F] o S 40 v B B — B A 73 58 2 MATS 5 Tk iy T
WA RAEG T, AR R, ik
B RAS SR A TP B MATS B i T A R # 1
e, MBEMESZVHEE TR, UAKS
A, R AR R E T R — A% SR A
HOMRIS 5 0, I HITAIF 90 38 B A 2 25 40 TF 3R
B AR Z AR IS AT A, AT A 25 4
RIRZL B FH AR ZBME, AAFAs
B AR5 B B AS , AENG e Bl 2 BRI, A
23 4 G0 BE IR A AT RE S 0 B RA 1A 1 E 2 2 fk
INSIEECE B R AL AR R R TR,
/NI MR (Orconectes rusticus), KA/ g ¥R GE
o PRVCKE PR 2 HE B K L SRS 7 AR R RN 4
TALZ=Y T, Lok b A 1L 5 45 25 oI
AT IR 32 b 67 BT A SIZ I B R B 5 ) A7
Wl AR ms . B AT, (BB R AR I AR
Lo A B, NSRS R R R . Sk
T—fM, FRXRNMEEWWEE, NMEA SR
JIE G b iz S BR AR L BT DLAE 3t oA [A] T RE KA
A % i 3 o AR A P A g s, R
FE NGy AR B, JRE KR, ANTTE
BCHE B AR 22 A5 5 I R 15 K R A A% 33 45 5 o)
AR B, 38 Al AR R A 3K Tl 30 AR ke 28
W R W SRR, AR /NS RN BOIE R
AR, AMmHI A K. Wik, FEEY%E
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BB AR T, RERDMERERSHZ
MEY, RAMBEREG ., ERR, FHEX
B, BRI YL LD,
HBEfr Nz PG, RIANFEERK, 4
K. 77 R4,

32 #HSFREZRMEWREEAR. HEERHN

A

JK A A W B R R R R R S AR Y
AR 2 T AR, AT LA B2 B[R] 4 b e
H AT 0 T AR A R L B A R AR IR
I HR KA A=Yy fe AU A B FE B+ oy 2

ARSI EREN], TCig e — M A d 2
RA AR, FERFMHE R ELM<S, W
5 IR SRR HE 30 5 A (1 o ) 52 % R R f
FHOR, B 4R 3R HE 2 4 B % TR (1R i ) ) 334
T T A X D0 3 A A S R I S A AT 5
SR JE— B FAEMEECNAY, XA
HOKAESWTEA KSR PR AL IS L EA
K, BELELESAE IS S AL SRR AR,
HE RIS, HOR R T AR B e A
WS AR L, LA BEW A . B KR
AR A, X PR A SR LR R 2 80N, B
JULP RG0S5 AR R G 22, DT 51 Bl 2 A 1A 4
RT3y e P P S 3 R HE R T A )
G REKh, RA MM IRE A S BN
(M S) 55Ty T 32 KA (L) 2 W 25 9 ikt
FEA R AZ B, AR AR B — LA 57 G 2
AIM ., SEL /I, PR T 3R B A i B AL R A
HFE R
3.3 HASFREZISHAGEEEMERIME

B 4 15 26 A7 T 75 B8 B 8 il £ 2 A
ENE=RIR 7 R IV NEE 3 B I T IRN
Z AN — e W A i, AR R b i R R &
Z BN, R AR s R L 3 B ke X
717 1 Ay AR T A 2o R b 1 79 A IS S T — AT ) 7 98
ity (PK)FN M A (HK), 78 8 55 BR800 o 2 v
HAEEVEHCY, Na'/K'-ATPHG7E 4 g 57 st A
XRE S 2 BH 85 - 1 d i A e a3 T R AR
K- S5 E AR A AE F RS B A i s B,
7T L 3R AR T A o e vl ke 28] R 1 1 BT, AR
ST, L A AE AE XM I RS 0 (Y PR
HKFINa /K -ATPHEG G PR ™= A48 T 3% B2,
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HT T ORI 5 00 45 S 30, /N A 5 AR
Z: 55 R WA A B 1 PKORTHK S I 3R T e, A
PRI 2 B, R e 2R R IR A PRI HK T
Vi, TR BLAR B 2 R T R R R A B B
PR A A5 A], AR B AT — TR IR
JIr LAPKRITHK P4 B e RR e o [FARE, /AL
% 5 I Na /K- ATPE L PR R 76 MRS 15 I e
&, BEA, BEREME R R, KRB B
G

4 g

WFFER W, T RS R BE 15 I AY 25 ¢ W 3a
T, NEUAR I PR BE S AR A L A I R AR
EETE A2 B T R FE R, A IR AN
A, R AR N TSR B0 PR B 5 W o R v, il
BEEAT A G, DRUE TR AR B X — 1, LA
B A AR 5 OGS /A 2 W s AR R,
T4 5 B WA B 1) A 7 380
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Effects of social hierarchy on the growth, survival and
related enzyme activities of Sepia pharaonis

RUAN Peng, JIANG Xiamin~, HAN Qingxi, WANG Shuangjian ,
WANG Pengshuai, JIANG Maowang
(School of Marine Sciences, Ningbo University, Ningbo 315211, China)

Abstract: To explore whether big individuals can affect small individuals’ growth for cuttlefish Sepia pharaonis
under the stress of social hierarchy, this study was conducted indoors in small cages (®=60 cm, h=20 cm), and the
survival rate, specific growth rate, oxygen consumption rate, ammonia excretion rate and metabolic enzyme (ATP
enzyme, pyruvate kinase and hexokinase) changes were measured after 40 days of cultivation, to analyze the
effects of different body sizes (large size L: body weight of 4 to 5 g, middle size M: body weight of 2.5 to 3.5 g,
small size S: body weight of 1 to 2 g, with separate cultivation and mixed cultivation (LMS ratio 1 : 1 : 1), using
single factor design. The results showed that: the L S. pharaonis’ special growth rate was not significantly different
between separate cultivation and mixed cultivation, but the growth rates of groups M and S S. pharaonis’ were
significantly lower with separate cultivation, specific growth rates for each group were LMS-M (3.12+0.35) %/d,
M (5.21+0.24) %/d, LMS-S(1.39+0.28) %/d and S (4.37+0.42) %/d ; after 10 days of cultivation, the survival rates
of S. pharaonis were not significantly different between separate cultivation or mixed cultivation, but after 20 days
of cultivation, the survival rate of mixing cultivation was significantly lower than that of separate cultivation; after
40 days, the survival rate for each group were LMS(41%+5.35%), M(60%=4.58%), L(61%+6.43%) and S
(63%+5.57%) . The oxygen consumption rate showed no significant difference for separate cultivation and mixed
cultivation, but groups M and S with mixing cultivation oxygen consumption rate was lower than the single
standard breeding groups M and S S. pharaonis’ oxygen consumption rate, oxygen consumption rate in each group
were LMS-M[(0.48+0.03) mg/(g-h)], M[(0.69+0.02) mg/(g-h)], LMS-S[(0.75+£0.04) mg/(g-h)], S[(0.94+0.04)
mg/(g-h)]; L S. pharaonis’ ammonia excretion rate showed no significant difference under seperate cultivation and
mixed cultivation, but the ammonia excretion rates of mixed cultivation of groups M and S were lower than the
single standard breeding groups M and S S. pharaonis’ oxygen consumption rates, ammonia excretion rates in each
group were LMS-M[(0.057+0.004) mg/(g-h)], M[(0.082+0.007) mg/(g-h)], LMS-S [(0.085+0.007) mg/(g-h)],
S[(0.135+0.007) mg/(g-h)]; L S. pharaonis’ ATP enzyme, pyruvate enzyme and hexokinase activities showed no
significant difference between separate cultivation and mixed cultivation, but mixing cultivation of groups M and
S, S. pharaonis® ATP enzyme, pyruvate kinase and hexokinase activity were lower than the single standard
breeding group M and S S. pharaonis’ oxygen consumption rate, ATP enzyme activity in each group were LMS-
M[(1.25+0.16)U/mg prot], M[(2.74£0.26) U/mg prot], LMS-S[(0.77+0.11) U/mg prot], S[(1.94+0.09) U/mg prot];
pyruvate kinase activity in each group were HET-M[(51.14+6.24) U/mg prot], M[(78.05+8.38) U/mg prot], LMS-
S[(27.9446.65) U/mg prot], S[(55.92+2.81) U/mg prot]; hexokinase activity in each group were LMS-
M[(10.71+1.24) U/mg prot], M[(23.59+1.67) U/mg prot], LMS-S[(5.91+0.83) U/mg prot], S[(13.82+£1.66) U/mg
prot]. Thus, L S. pharaonis have a significant impact on the normal growth rates of M and S S. pharaonis under
mixed cultivation, which is bad for cuttlefish farming.
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