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Zomm g N IR A B RN PV AT JTAR
K, BRSO S EEAWTINR, HJE S T
5 TR ) e A T S0 AR L ) T T B S R S B 5
AR IARIE o AT LRI BT T A TR ST AIA [
T BE S R R S RO LIRS n] 0 A RE R AR
FEE LA KU 2 U A AT e A, PR T A
[l K SR R A 5 LI 32 BE 7, AR 4 1
A B HIC e A A £ 5 15 11 IC O 76 S P 5 B
QRS

1 #MHEIMTE

1.1 SEIEHF A

SEE T 2017 4F 6—7 H A B & UMK I
RAWRARISAT, HER . 1 RIF HMAEAH
TR 4 B R AR SEA T3S B 7 O, 20K U0 AL i
Hh A B AL OR: T 2 7 vk DA B DR UE R A AT 1 1 ik
FRERDL, SZHK5 0022 N T 07k J5 BEAL S R B #w0)
E AL S [ (4.540.4) mm, K (59.149.4) mg]
AT
1.2 IWEH

TE B B AN S8 K H (2.2 mx1.2 mx0.7 m)H,
At 20 H i 28 2% 61 09/ 46 (0.4 mx0.4 m>0.5 m)
VE R AT YUk S 90 28 B, BT R K A RD U8 I K,
FOKIEE, HEKE 50%~100%, SEREEH 14 : 10
(L : D), thIFEJERE N 31~32, LA MRS IA
fit %8 & 5 (DO)=7.0mg/L, pH JL[E H 7.6~8.0,

1.3 skmigit

JEBTSC: BE 3 IR B R . A
Fvbe), KA 25°C, HAHRSHIELER 1; i)
JESLH: B 3 MRIERRE(Q2C, 25°CHI 28°C),
T, AR T Z e 5, 5250 5 1] fR ik
TR AR AL VS BN AT +1°C, iR o 52 56 L B 51
By At R — X B2 (TEE BT, 25°C)(3R 2). 45 L2
BWE 9 A1, Hp, A~C 3 N FEA1T AT E - R
& K (initial feeding rate) FllHfj i& A 7] 180 15 (the
point of no-return, PNR), FAFEATH0 150 HAT
5y; D~F 3 - PAT H T AR E B 2k % (loss rate of
body weight, WLR), EAFATHL 100 HAT;
G~1 3 AT T M S5 H 5L T2 (death
rate) FIHT K2 BIF AR 5 e, RS AT
Bk 100 HAFS . XA RE 12 P 7, Hr,
A~T 9 P47 H FIE FSC 56 4R R A 8 bR, J~L
3 PATH T AR IE B S ME I MATF S B
T RRRAIE, B R TR R 3 W R o R AR, I SR
RN ZEME, R PAT RO 100 HAFS , S5
JIA R 2 JE, RS A i 2 AT 2 B A8 5 F
fiE. AT WERE L PERIRGL . IR A ST
1 1224k
1.4 VRBREEMAAYESHNHE

BR T 10:00 ASALH) A~C 3 A FATHBE
B 20 A5 8 A0 ) i B2 FUIE BT A5 PFARY 10 L
SRMR h, MR R ORI, R, 4 h 5B —

x1 KEROYEMRESH

Tab.1 Physical characteristics and parameters of experimental substrates

BT A% /um B EE /em K/ C AT EE
Qb PR treatment group i ) X
substrate type particle size  thickness of layer temperature  parallel group

JCJE B4 (4 HR4H) no substrate group (control) - - - 25 12
Y4 fine sand group 0¥ fine sand 100-200 3 25 9

70%4H 7P fine sand+ >61
YR 4 sand-mud grou L 3 25 9
~ group 30%HE silt <6l

Rx2 REIEMNEH
Tab. 2 The parameters of temperature experiment

QPR treatment group

JKi/°C temperature

JEJEZEHY substrate type 474 parallel group

22°C#1 22°C group 22
25 CH (B 4L) 25°C group (control) 25
28°C4l 28°C group 28

JGJIS BT no substrate 9
JCJEE i no substrate 12
TJCJEE Tt no substrate 9
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KA B EREN, 2 MS-222 FREEG 1T #
H I I 7E 6% W40 (Nikon E600) FE%E, B
Hh R BURR AR % AR AT 5 B R B AN, Geit
HECEIIT AR, A0l 55 | Blaxter
RN T, LA S IAT S LR R BCR R,
> I A7 5 R B R AR T e S IR R
[ 1/2 BRI PNR B [E]
15 FEHREAEMETENSIT
SCETTRATTIS B0 1Y D~F 3 AT HAF 1543
Sl B R K I KB bR T AR E IR iR
YL 10 d J5 PR R 45 4 D~F 3 A PATHF S 9 °F
Pk, REPRRE ST AT
WLR(%)=(W,—W>)/W;x100%
Ao, W R W 4y 3R SIS T AR 5 S SR 25 AR A
5P E i (mg) . BRI IRICSRASAbBE 2
) G~1 3 A FAT R IFE T i LK 2 AF SR K
FET-AAK, FF KEHEBRIET-AME, it i K&
AT AR LB R BRABSET R
1.6 HIEHH
K SPSS 19.0 4 X E s i 47 G2 1434t
A 5 B0Y B AE ST 7 2550 B Se ik AT IO

PRI TR

endogenous vegetative period
|

550 i A, DLORIEEHE £ 6 RS Ay 22 5%
P, Seib AT B 2 U7 22 730 Bt (one-way  ANOVA),
g R B E A Duncan [CZH LKL
25, RFEMKF a=0.05,

2 #RE5HH

21 PUBRRETHFSHITAHYSE

KR 25°C TRIRBAMT, IS WL 0 d)
R ENKOR, T B aRERL, Rain, B
RSB, B ARG ORI SR E b ] L, By iR A
FxERR, MR R A, A A AR s B AR, 2
]S o R R, — AN S I SR B4
ek e 1ok . LRI IR, A7 S K T
SCER KRR B2, BRI IRTEE . 4. YLK
I ) HE K, A1 Ak T35 2 37 5l EL AR 35 50 — ok g 122
REARAS, WA ROV EASSRZY, AT W &
AWM, B AR REl . LR E I, S RKEE
T2, BHB I IR | B, AT R —
e, IREEF, BMBSESERERT2THT
MRS, SZ AT A TE Sy (B 1) T RS 1E 3 4%
MR X REAH, 4 K 20 RNKE, SRR F G,

SNEHEESR

exogenous vegetative period

f Y

VIR BRVIKERRER i PNR AR 155 (loss of weight):
initial feeding (maximum initial feeding rate): 95% 1 6.95%+2.64%
"""""" N
ik £ th i
1 il H
! 1
! r: ! r: ' i ! i DUEReE
! 1 N I 1 starvation time
L 1 1
i ‘évl i wévz E - N : .gvl,
>~

| iomms ez | 1| s | 1 200ED TR
R iy L XHRRRERE. || CIUSRIRE. LSBT
I 1 Afewindividualsinthe | 1 Continue to swim and 1y A ! all death
1 . 1 . 1; individuals deaths 1
1 upper water and inkjet 1 keep the first pair of 1! nd slow reaction 1
1 after stimulation. 1 wrist erected. 1 . . !
: : : after stimulation. :
1 1 1 1
v v v v

HREMKIR, SRR,
iR, PETkRESI5R.
Lying in the bottom of the
water, had sensitive
reaction and strong
swimming ability.

T EREEEE, B
TFIATRIE.

The number of individuals in
the upper water is increasing
and the tail begins to be
thinner.

: 1R, R,
PATIERIIR 4 Sl iR T

PRVANEAY The skin is broken and
Reduction in vigour the parts of the body are
and unresponsive. drooping.

B1 ORI 8] R 6 S AT 2 947 D R B A3 R AL

Fig.1

Observations of newly hatched Sepia esculenta juveniles in different starvation time
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22 AERKKREBRTFSIHEELR
221 AEERFETFSHVRERRM PNR
I AT S5 B BRI, SAAE 10%Z T,
DU 2 d S BB R ITRIm, VLR RIAE K, )
UBE B R SR FR N B, o, TR
HAEYUR 5 d BRI R 5 =(95%), YUK 8 d
PRI RN 50%; APAYVR 6 d I R3]
B A5 (90%), YUk 8 d BTFEH 50%; Vhik
MR 6~7 d BRI F 0 = (80%), TLIHk
10 d PRI B R[N 35% . 5 PNR B € J7 v
HEWT 3 4472 (%) PNR B[R 2943900 8 d. 7.5 d
9.5 d, RN ERFEVIRBEERZIEM 3d,
1.5 d 1 3.5 d( 2).

—
[=3
(=]

oo
S

=)
S

N
(=]

[N
(=]

VIRIZE /% initial feeding rate

(=4

4 5 6 7 8 9 10 11 15 13
YRR/ starvation time

K2 AREETEAE T 45 WA SR ' 0
[: IR T RIRBASHL; O 4004 IV bdl
SH% Ve VIR VI WIS HL. BIh S8 M

Ak PR f AR R R 172 BOR(EZR.
Fig.2 The comparison of initial feeding rate of Sepia escu-
lenta juveniles under different substrate conditions
I : no substrate group; II: reference line of no substrate group;
[II: fine sand group; IV: reference line of fine sand group; V:
sand-mud group; VI: reference line of fine sand group.

The reference line in the figure is the numerical line of 50%
highest feeding rate.

222 AAERZGHETHFESHERETE YUK
A 3 d, SAJLFIITAME, BRIET- R E
1%L, Z25 7 KNIk, 3 4200 BERIET R AH
ZAKR, BTE10% A 4 8 KIThR, AHMLT R
TR EFy, R—YURE R B 3 4r) BFRET
R BURAK IR ANy dl | IR R VIR, TG
JEE ST LH AN VP LA S AR 12 d B 43RAETS, YhUR4l
7E 13 d B2 ERFET (& 3),

223 AEAERZFGTFEHNEERXE SKH
SRR, 250 10 d YLK, 3 N AEFRL AT S

BURE A AR TR, He, TR A A
B EN 6.95%+2.64%, ML 7.72%+2.80%,
IR 5.30%+2.41%, FHZ 7 22504 R s
25 A IAMA FE 81 R e 1) 22 S5 N B 3 (P>0.05, &1 4),

—_
=)
S

)
u]
=

] oll oIl
n=3; xxSD

o0
(=]
=

B (=)
(=) o

[\
(=]
T

. T.,T.J.aﬂ.ﬁﬁ. .

0 1 2 3 4 5 6 7 8 9 10 11 12 13
JUREF1A]/d starvation time

K3 ARUEBUAMT &S W5 2T R
I: JCIRBRA; 11: ganvbad; [ V4.
Fig.3 The comparison of accumulate death rate of Sepia
esculenta juveniles under different substrate conditions

I : no substrate group; II: fine sand group;
[I: sand-mud group.

ZEFIET-# /% accumulate death rate

(=]

—
(3]

n=3; x+SD a
a

—
(=)

EBE /%
loss rate of body weight

S N A O

5 b e
no substrate group  fine sand group  sand-mud group
JRJFISHY substract types

K4 RIS AE T 4 5 WA O A 451 2R 30 LA
AR /INE F R 2 7R 1.3 (P>0.05).
Fig.4 The comparison of loss rate of body weight of Sepia
esculenta juveniles under different substrate conditions

The same small letters mean no significant
difference (P>0.05).

224 AAKRZFGETFESEINEHEHNEZE
Bl 25 A PR AT S LR B ) B S, BE T rh
FIKBIFAL WS AR 3G ka3, A3 K
HWEAEE RS, PR Z0 AR RV, F—
TIUAR AsF [) BB TGRS R 4 RN A VD LA T 5 i BT H ) 22
FARRE(P>0.05); YLk 2~4 d, YIRAAMARE
TF LB 5 2 /N T H A 4 (P<0.05), YLk 6~8 d,
VU IR TR R HL ) S N AV AL, S TG
SR 4H 22 5 A8 B 3 (P>0.05, 3 3).



EMTE A AN [w) JR R B X 4 5 AT S LI 52 BE 1 A 52T 1075

®3 ARKRFHTESBFSHEZLH

Tab. 3 The comparison of suspension ratio of Sepia esculenta juveniles under different substrate conditions

n=3; X +SD; %

YUk IR E] /d starvation time

KT 2 substrate type

0 2 4 6 8 10
JCJE Jii2H no substrate group 0.3+£0.5 13.3£3.5% 41.7+£6.4° 77.04£5.3% 92.7+6.0% 100
ZHYH4H fine sand group 0 18.7+2.5% 48.7+1.5* 87.7£5.9* 94.3+3.0* 100
V4 sand-mud group 0 4+2° 18.7+4.5 66.0+7.2° 80.3+8.5° 100

e FSVEAE G AS R /NG B 3R TR — B[] 2 53 Bl 2 (P<0.05).

Note: Different letters in same column meant significant difference at 0.05 level.

23 AEBELGTHFSYESERE
231 ARBEZGTFESHYERRM PNR
SR A A BRALAT S R G B B R KT 10%,
552 d TR, BEEFRIGEK, 25 4 000 Uk B B R
HR, BTEYUREE 5 d A4 IR 8= (22°C 4 .28°C
HK 90%, 25CH N 95%), B, BEE MM
AT RE, TRERHEEE R 28°CH >25CH
>22°CH4, 22 CAHMBERIEYURE 10 RETFEN
40%, 25 CHEYVIRES 8 KEFFE N 50%, 28°C L7
DURES 7 REFRE N 45%, HILHIWT 3 4471510
PNR W[ 250 9.5d, 8d 1 7d, 205 H BL7ER &
BERZIEH45d, 3dH2d(A 5).

—

=

(=]
]

o0
(=]
T

[=2)
(=]
T

N
o

V]
(=]
T

WL /% initial feeding rate

(=

6 7 8 9 10 11 12 13
YLikAT[A]/d starvation time
B s RS & F T 4 ST SR B R A UL
[:22°C4H; 11:22°C., 28°CHH*4L; [11: 25°CH;
IV:25CEH4k; V:28°CHl. EhSHLN
A b B 2H e i B 1/2 BB R
Fig.5 The comparison of initial feeding rate of Sepia
esculenta juveniles under different temperature conditions
[:22°C group; II: reference line of 22°C and 28°C group;
[II: 25°C group; IV: reference line of 25°C group; V:28°C

group. The reference line in the figure is the numerical
line of 50% highest feeding rate.

0 1 2 3 4 5

232 AREBEZFHETHFESHERETE AR
Bl EM R BR, WIUREE 2 RIF1R, 28°CH

S 7E R — K i BRUET R E 1 2w T H AL P4
(P<0.05), 5% 11 KIp4FRIET:, 1M 25 CHIF1 22°C
HPAAT S BRIETRIER 8 d ZRALE,
BIE 10%2 T, W& 9 KIF4h, PIrIET il
WG, RIEF, 25 CHAF S0 BRBET- R h e
T 22°CAH, 5 12 Rit, 25 CHMAIF LI IET,
5% 13 KA, 22°CAHMAF L 2HIET (A 6).

—
(=
S

[ alol=m e |

n=3; x+SD )
T

[e.d]
[=]

D
(=)

N
IS

T

T
7 I
il iﬁi)
. . L ol .ﬂq .H. L L N N L .
01 2 3 4 5 6 7 8 9 10 11 12 13
YUk E]/d starvation time

K6 ANFELE A 0F T 4 ST 4 RBUET R L

Fig.6 The comparison of accumulate death rate of Sepia

esculenta juveniles under different temperature conditions

1:22°C; 11:25°C; 1II: 28°C

233 ARBEFHTFSNEEREE 2K
10 d fYUER, 3 /RS AL A AT 2 1 °F- 24 44 i [m) A
AARFRER TR b, 22 CARERK RN
5.79%+3.54%, 25°CH1M 6.95%+2.64%, 28°CH1 N
8.90%%1.65%, HL[N 3R 75 22 73 M7 45 2R {k /s 4% 24 1]
IR R R0 22 7908 2 (P>0.05, &l 7).
234 AREIREFGTFEHEIIERBERSZFHT
Bl AR A, BV E RS, A4
5 BB R ET I . B Ty 28 0 Bl 2R
W, [R— YU ) BE 22°C 21 20 L i) i 25 /)
F 28°C4L(P<0.05), 1Mij 25°CZH 28 CHEFA R
F(P>0.05); YUHk 2~4 d #[R], 22°C4LA 25 CHLAT

BBBET-H/%
accumulate death rate

[\
S

[=)
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BRIF B2 AR B, YUK 6~8 d HIH], 22°C4l
BE/NT 25CHEE 4).
3 itig
3.1 YUEEME TFEHITAYFE

TR A BB fr, HIBEA . Hd
BT A K, XESREWEE. K
R 5 AR IS 5 AR AR AT R 2 M AR A
PIAHOG o 46 AT 55 (1~2 H 8y & A S 5 28
Bk, SRR, HRELF . ST LR 0~1 d,
FE SRR RN % L T) . X152 [RICE S
(Sepiella japonica)(¥] M SRR F Al ik 30%)
AHZEER . PHCWFR R, 4 5 ) AT 2 W
HIAONE, AT4ERR 1~2 d BB FRAELEY Himw)
WA S I IF DR B R AU . 3 HiI e, Kikarif
B () B ERAE M B R B e T e R, 4 Hig
B T LA PR AR R 5% 1) 7 B ) IR iR, e ik £ 28 B
NORNWE 2, BaORWT IR, BETH LA E D hE
BETER, T 5 HIRET AR S MR EE %, b
DURET I RE K, A1 5 W7 oK ok R,
X 55 [CToET SR BB Wk (Sepia pharaonis)”!
(G LS ABL, I R T AR N SR R T AE,

JEASAL T LR 6 d I, R 5 o R i 2
— X, AR A I 2 ST R AR B — o g i
S o ol B P A T SR R E, T R A T A I AT
BYUEIR SRR, HHRER T HEILREE R
Fp— MR LUBE I A gl Mo iR aS . WA A B,
AN TRVIVEIRIR 785 1) A 5 A 1 388 SR g o = AL 5 2
SR, AN, XM BRZHAL T RIE R R
HORZS T A B LR . YUY B 5
Sy IR AR 22, DT 52 R0 54 S A I R
ZJm B PUE ] A HE 4, % 12 i AR, 52 R
R BAT R N C AR 2 R B RE T

12
- n=3; x+SD a
& 10} a a
5 ®
£3 |
s
£,
0 . : . : . '
22°C 25C 28C
TREE/C temperature

P 7 NIRRLRE 258N 4 5 I 55 A A o451 2 36 LE ARG
AR/ NG R TR 22 5 AN 1L 3 (P>0.05).
Fig.7 The comparison of loss rate of body weight of Sepia

esculenta juveniles under different temperature conditions
The same small letters mean no significant difference (P>0.05).

EPURZL 5y S FE AR R AR 4B 22 AT 51 K B A

x4 TEEEFHTEESMFSHEFEEA

Tab. 4 The suspension ratio of Sepia esculenta juveniles under different temperature conditions

%; n=3; X £SD
LA temperature YUk E}E]/d starvation time
0 2 4 6 8 10
22°C 0 9.343.8° 29.3+7.4° 53.7+5.5° 64.3+6.6° 100
25C 0.3£0.5 13.3£3.5® 41.7+6.4™ 77.0£5.3° 92.746.0° 100
28°C 0 20.7+5.0° 48.7+9.6" 81.3+4.5° 99.3+1.2° 100

T FIZER G A R NG 5B ) — I 8] 22 3 1. 35 (P<0.05).

Note: Different letters in same column mean significant difference at 0.05 level.

32 JRETZEBIXT YL B B 2 i E

&5 WA AT A DRI RN I, A e
TR A LSRR A 2 IEGRER, T A
R 3 s 18] 5 T 42 fih, - AT ab DB A [+] ) i it 26
BU] B 20 A AR KT 7= A — g i, iR
W LY 2 B8 T, RIS, sk 2 BRI
P8 L BBt R A DRy LA o 9 S G S AN i 1o ) 1

G

AR EE R R, KB AT 2SR AT S 1Y
YU 3Z 68 71, B ARRBCAYUER 52 ) s 2%
KRV Ved . o4 . 40vb4 ., Howell 2
F 5T 3R B, RS T LA R fa 2 4 Ak S ok 1Y 37 T
[F) s 9 /N L T 1T 1 P 858 e 7, e 17 88 AR e 3 A
KA B ROy, e 5 AT LA K 3R
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BN PR, REtaa e, [ Ta
F T 7K A A A KR A A 3k 2R 1A
T AEEA R T4 2 A AR B, e
K ALY A KA . A7 4L )E IR,
VPR IR BT AT S B — S A X 67 48 5 B (1) A 5
SAF, HIMHIA SRR, FEACE T3 K, 2
Y /N A i85 A 2 Nt O Ry I YN TR A Aw
IKERVE IR R, AR A LRI 32 6e T 15 5,
RGBT M A R 5 Ve K BAE iy
AL, HRE UK S THALMA, EVLH 2~8d
B, 4ivb 4 BF T b K2 AR H ) i T
VYR (P<0.05), 7= b A B8 4 1 It B5 W] RE R )
SEEAT- 2 1 TR A B2 R 2 3, SRl WARER, v R
(RS AT B R L FRTADHLRE, A W7 b 42 fih R B2 4%
AR AR AT 25 0 Ml A Bz JER 7 A AN 33 L 22 3 i
P78 TG 8 A 452 iz 3l DA - 4% AT R 675
MIREE, 17807 Xk 28 51 &8 BRI K7 1y A2
) SR AR MY 52 58 1 PR A
33 REREIXFSmILEEE AN

4 B R A D A4 37 1) 30 AT AR B T
SERF, FLA It ™ B A > M ik B A e 1 o
A B SR 22 B A 247 P, AR AS R
199 A= AT T T I (%) T Sl A B IR B 2% e W
P I 35 A iR AN () A 2 il AT S X5 TR 0 77
KRR . W BT R 4 5 W0 5 T
7 AW HEAT, MR R R JZ KR R
25°CHAT, HIHADISOR 25°CAE X R4 .

IR R K A AR R Bl ) AR T S G R v S R
Wz PP 2t wos, RES

PNR I [] P24 @5 5 . JA BB o 36, 78
10.5~19°C/K IR P, T B2 1Y T 25 52 il 15, 55 6
(Limanda yokohamae)ff-ta b4 | & H AP #4275
FEHE R, HHARATIEA PNR; W H/E %I L 5T
BV Bk (Parabotia fasciata)f{fIMFFTFRH, 245L
KKk 22°CTFHRZE 30°CHY, L PNR I 9 d F&
N5 d; 2555 BEPWIITIN, E#ita(Pelteobogrus
fulvidraco){T- a4 PNR I [a] B 15 & /Y T &5 i 4
B, ARSLEAEREY, A 57E22°C | 25CHI28C
ZAME R A9 PNR B[] 3500 9.5 d, 8 d fil7d, 341
FEE5 1Y PNR B[] 20 FERE £ B 7 (17 B 3 B A7
TERRER
34 £EMS5HEMMFHAYIERZEE IR

LA R PR ] A LRI 52 8 7, (L f FH
)4 A T R AR AE 25 fh T 4% A SE SRR Y 25 57
M R B = T ek, R A A SRR P T e
GIAA AR (sum of effective temperature)iX —
MEE, BUAEYTE A K B /5 28— ) B A i,
A e sE LR — B B & T, HGE b — kXA
FE . PNR A R 8 AR SR P iy DLk
i 52 B S A o L3 A A L 2 R AR m] g2 4
PEFIREs R, R RIE 5, ATRIE, &5
L% PNR A RO 2 T2 R TCE 5 ORI R 5
Bk ah A, FBIHEA BRI YUK 52 5E

W, SRR BN RN IR
AR 3 DA W AR 25 2T 1 A T) 2 ad VLR it
F12E 5 BRI 4 o WA A AR KL B
BRI LA RN IR S TR R SR i, L
TR 32 HE 00 T R /N B FR AT 5 121 ),

®5 £B5MW. BRITHSWMMERSWAEIIETZENHLLR

Tab.5 The comparison of hunger tolerance between Sepia esculenta, Sepiella japonica and Sepia pharaonis

SIS experimental condition

PNR AR /(d-C)

FliZ& species KR/ C PURAS AT 338 5 /d A
K&/ C pH average temperature PNR sum of etfective
temperature of PNR

22+1 22 9.5

4 150§ Sepia esculenta 25+1 7.6-8.0 25 8 201

P

28+1 28 7

2 KA B Sepiella japonica™ 27.5-29.0 7.5-8.0 28.25 5.5 155

PEYE W Sepia pharaonis® 26.2-28.6 7.9-8.2 26.9 6 161

F: PNR AR (d-"C)= PNR B [H] (d)>x F2 35 K AP B BE (C); 4 SIAT 2 B PNR A AU (201 d-°C)2 3 AN EEREEE N By F 3 fE.
Note: sum of effective temperature of PNR(d-C)= time of PNR(d) x average temperature(‘C). The sum of effective temperature of Sepia

esculenta PNR is the average value of three temperature gradient.
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[l HF, B [ IC AT 1 WA ) 3k v 1 vT il S 3O
T2 22 I RE A FH LA 5T A 2 0 - A, BE T
SR 710 D38k, TEHRTEO A [F] A 2 A DR
it 52 6 91, RS54 A A s ke 2 A1, i dn i
(Hypophthalmichthys molitrix) . i (Aristichthys
nobilis)¥ VA A7 A0 AR J5 MR RLA X 1BE = 1 7= B
Gy B ORE R 0 E A BRI R], Pk 2
128 FOR A S AN R B IR R I IR B Tl AR A
TIFARXSREE RS 5 1 B K X 8 ) pE 5
By, HC T 1 £ R 0 /N T 4 S AT 1,
oAb, Py 22 S R B e 8 2 36 K iR AL T B R EBUR
P L5 IR LRI 32 g SR 4 S, S AEBERI VD6
fE4a [ 4K (2.73£0.10) mm, PNR 4 5.5 d, PNR G 4%
U 154 d-°C]. #¢(Engraulis japonicas)f{fa (1K
<2.92 mm, PNR Jy 6 d, PNR AR 143 d-°C)HH
Fe#, 4 AT Y JE DL T AZ BE 1 5 5R 1 )
B FAR 4 1 ) 48 %50 A2 BB J7(1500~2500 i/ H)
AT EAMRh s, (HAEMFEIUEME T, HR
S 11 7= B 2 ORI R 1 R DL R ) 4
TN BE 8 TR UESZ KT I A 97 A H AT 5 B v A A7 T
BN AT s A i kB A AR 1Y, 8
AE—E R LRI T SR IR A AR 7

4 H£5iE

DU 5 B e R AR 1 e B BOOE T £
JEH Z 0%, 5T B UL iR AR T TR
B WO B B AFTG %, 9 Al 0 FR O AR
A7 B S AR Sk R B R T
R BE L I, 4 O AT 2 i UK o) 32 B8 ) 33,
JEREAT HE I O SO AL R AR o R
PR 6 | R A TURYIRLAR
BONRVP RS, RIS F A S RIR DL,
TEDRUE RS 75 G O ARME A BE AT 1, A 0 e
)38 Y P AT o — 7 AT AT O 0T K e %) Y
TR, I8 AT LA ATF 5 48 i NI PR 5, 4
KM 32 YUBRIT ), 52 = BORFER A6
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Effects of different substrate and temperature on hunger tolerance in
Sepia esculenta juveniles

WANG Linlong', WANG Zhan', ZHANG Xuemei', ZHANG Xiumei' >

1. Key Laboratory of Mariculture, Ministry of Education; Ocean University of China, Qingdao 266003, China;
2. Qingdao National Laboratory for Marine Science and Technology, Function Laboratory for Marine Fisheries Science
and Food Production Processes, Qingdao 266072, China

Abstract: Using ecological experimental methods, the effects of starvation on the behavior and morphological
features, and the effects of substrate type and different temperatures on starvation tolerance in newly hatched Se-
pia esculenta juveniles were evaluated. The results showed that starvation exerted a significant negative effect on
the morphological features, behavior, and activities of juveniles, and all of them died on day 12 of starvation. At a
water temperature of 25°C, the the point of no-return time (PNR) of the juveniles in the fine sand, no particulate
substrate, and sand-mud groups was 7.5 d, 8 d, and 9.5 d respectively, and the accumulated death rate for the first
7 d was marginally different between different substrate groups. However, after 10 d of starvation, the highest
death rate was found in the fine sand group and the lowest was found in the sand-mud group. Simultaneously, the
weight loss of juvenile S. esculenta in the three groups was 7.72%=+2.80%, 6.95%=+2.64%, and 5.30%=+2.41%, re-
spectively. When there were no particulate substrates, the accumulated death rate of the 28°C group was signifi-
cantly higher than that of the 25°C and 22°C groups (P<0.05), and the PNR was 7 d, 8 d, and 9.5 d, respectively.
After a 10-d starvation period, the weight of the juvenile S. esculenta in the three groups decreased at a rate of
8.90%*1.65%, 6.95%=+2.64% and 5.79%+3.54%, respectively, but there were no significant differences in the
weight loss between the three groups. The results showed that the sand-mud group with smaller sediment particle
size had a positive effect on starvation alleviation in juveniles, but the fine sand group did not. In the temperature
range of 22-28°C, the PNR would occur earlier with the increase in water temperature.

Key words: Sepia esculenta; starvation; starvation tolerance; PNR; accumulated death rate; loss rate of body
weight
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