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BE AL B 1~50 B #5 4 8 (Octopus ocellatus)4h A By A& . A K . Bk Z K AT E, W
BT R K AR AE AR AR h 22°C~24C th A 4T, A AR 8 F 3 4 H 10.03 mm,
11 BRI ERFF4E RABEE, U2 REX 2 v F MR ES., £REF, 1~ BB FHEE
R E K A7 B K A, y=0.0001X — 0.0019X + 0.0098x + 0.0409; 11~50 H ¥ 8y J& 4 42
R ER K AR B K EA, y = 0.0284e" P, £ 1~50 B AR EMEK TR S, KE(
EAK(mm)Z LT EHKFF, y=-807x +0.001x* —0.011x+ 0.099; 4+ (mm)5 ¥ (mm) & 4 £
KF, y=1314x+4952; thiE, AKEBK LA 5 HRHE T FBHRXF, y=6e-05¢ —0.003xX +
0.036x— 0.03. y=0.0004x + 0.0025 + 0.307x + 10.604. y = 0.0004x’ — 0.007* + 0.364x + 4.205, &
WA REH YR E KRB, NTTWET A ERERE T, FHVERATETNARRES

R
KA

FESEE S917.4  LEFRIREE A

Hoar, 05 32595 50 0 48 5 iy 28 0 Fh oA iy
(Octopus ocellatus) . 1§ (Octopus variabilis)FlEL i
(Octopus vulgaris)&s, EATHA A K IREME WL
SR IR S (MRRE RS 45, 2006; ISP HESE, 2014),
g T ARSI T (Mollusca), 3k /& 44(Cephalopoda),
J\Ui H (Octopoda), 1%} (Octopodidae); 4/INgifE .
At BBV, SRIKE ORI R NI REIRIERN S, Ui
VKBS, AAENUP Rk Sk EELIAE, B DL
HKMEM 62 B (MAFEESE, 2006; Mangold et al,
1973; mtsptdF, 2014), R BThE S, SEFREIL DY
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XEHE  2095-9869(2019)02-0098-08

T XS 2 10 B F B LR A iR kB By B A s T
FERAL TR B, s SR B By s B 52 2l 2
IR BRI, QIR E IR K L @ i Ir A
TR, BRI SRR R SR ST . PRIRGE , WS e L
JEBYES 1A HBET- M m , JC IR A oy B ™
PRSI , 5 AR AR TG IS BEE AWK, FEG
R % W 5 (Iglesias et al, 2014; Raquel et al,
2017), K THRYEN LI T LAEKENIR,
P AR ELA R S E (R JR I, 2013; Moguel et al, 2010;
Raquel et al, 2017; A/NAREE, 2011) XF T A i 4l A iy
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ABIFE 1 3 o S 0 4 (A Y 15 T FOLEE, F5E T
JEEE 50 HIRRIM A IR A KO B RE, BRI
XTI 2 A A A B T i, A N LR RIS SR
S5 K35

1 HR5HE
1.1 B EFREEH

ST 2017 4F 6 H 20 HE 8 H 20 HIEH 54
UPMEZK I AT BR S R AT o e RICKE Ak 5 A SR 1A
BV R EEEON, KRR Y BCE e EAMEN 74 cm
TAMEH 59 em. B 72 cm BRI P GRFE KR
150 L), BEfb/Kiih 21°C~22°C, £hEEK 27~29, pH
Jy7.8~8.3, JEHASREE 1000 1x LK ; &L A, H
KN 172, EEIZARIEA B, A5 30 [H — K 0
WS 400 Ho BEE, K oRIKONES oK, IR
400 H g WA AR 43 2 5 1 IR AR A Y 2 4K A
FROH, FRI BRI 40 H/m® DI,

I~11 H#%, i BT 2R SR TC 1 g iRIR &
PR A5 00 o A R IR, 3G IR AR JC Y &)
PR M, 3 495 R R PR A T IR G 4, R
KNG IE IR e AOI  . 20 HR S, ARy
LR TS IR TR A B . 35 HIRJE, S8 hid ufl A A4
PR, T )R 8 07 % 1 A A7 100 T 46 R/ INa Y 1 3
W B H BRIk, H#OKER 12, BHER
TS, BB KR 22°C~24°C, REE KK &M
AL B BEAH )

1.2 A&

OYSIESS 1. 3. 5. 11, 15, 20, 25, 30, 35,
38, 42, 44, 46, 48, 50 KA}, BB 10 K. R
HHTLL 8~10 g/L AL EE(MgCLy-6HO) R 1A, SR 5
FHUE AT T 4l (R ik 2 K 43 o 43 A RS- FR 4 E (Body
weight, BW)(H#3] 0.001 g), 2R J5 & 4 K (Total
length, TL), it (Arm length, AL) M fliH(Mantle length,
ML)CHERAE] 0.01 mm), 4K (TL) i I ity 23 g 35 10
Uit PR S 5 T (ALL) A 60 2 1000 ) B 5 5 M (MIL)
Sy o TS it 2 S 5 IV i (4 BE S % B (MODEL
STAND SE220) F L&A (E 1)

1.3 #HIFEHW

DL Excel2010 #1 SPSS20.0 4tk S5ikE |
EREBEK . BRSFEKLEAE, &K, kK. 7

KanE IR, MalaMsk, e R ERK
F PR R A E NN 2R . DISEIRE | K Xk
K H B | BRI R SO AR I SR i AR K
B (223545, 2017), HHEARN:

H 2738 K (mm)=(L, — L)/t — t,);

H 238 5 (@) =(Wa — W)/(t, - )5

I I 154 28 (%/d)=[(LnL, — LnL,)/(t, — t,)]x100;

B 184 B8R (%/d)=[(LnW, — LaW,)/(t, — t,)] %100,

A, Wy ot B ZIAIRTE (g); Wa ol t B 20 A {4
H(g); LMt B2 2K e (mm); Ly, Rt B %)
14 K BB (mm)..

BT A SR (RN, 1991)
Fig.1 Scheme of morphometric measurements of
O. ocellatus(Cai, 1991)

2 R

2.1 FEEELGEMERR S

SE T R Ak s 5 A 06 20 M I AR AR AR, DA
S LR R FEBIIE 60% 2247 I R 43 28, K 4l A
BRI 3 oA V2 e SRR 10 o X 77 U R TG 2l )y 4k
FHRE S HIBER T 5 2580061, JFEI R (i
TR PR EIOR TR SR A 45 o B SRR B G K
2.1.1  E#H 1~11 H @Rl 5w e s, it
W, SFBIRE S H RSB TH R BoR, Sr
J7 RAUE R R (R R (3R 1), BRI BT T oR U
RURFR IR AR E R, PR E(9) 5 H %)
B TT N y = 0.0001X — 0.0019% + 0.0098x +
0.0409, Z5FANE 2 Fim o R IEAk S 5 114 it g o
WEWSE 4, RITF B . IR P-4 K 4.04 mm,
NN (4.12 mm), B/ I B {E/N T 1(0.98);
3 H NG 5.00 mm, K TEE A K(4.27 mm),
Joi /R R R T 1(1.17)(F 3),
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Tab.1

FFEHAES BIRMRE ST S S H AT

The model summary and parameter estimates between body weight and age of planktonic O. ocellatus

IR S Model summary

Z Rl E Parameter estimates

Ji# Equation 1|5 Z % Decision AMEL AmE2 o BT ZH1 BB 2 B3
coefficient R df, df, & Constant b, b, by
2% Linearity 0.972 70.406 1 2 0.014 0.044 0.004
XTHL Logarithm 0.788 7.429 1 2 0.112 0.044 0.015
8% Reciprocal 0.511 2.092 1 2 0.285 0.075 -0.030
YK Quadratic 0.989 44.880 2 1 0.105 0.048 0.002 0
=K Cubic 1.000 3 0 0.041 0.010 -0.002 0
B4E Compound 0.982 108.882 1 2 0.009 0.046 1.059
7% Power 0.842 10.667 1 2 0.082 0.046 0.228
S 0.583 2.800 1 2 0.236 -2.595 —0.468
K Growth 0.982 108.882 1 2 0.009 -3.072 0.057
$5% Exponential 0.982 108.882 1 2 0.009 0.046 0.057
Logistic 0.982 108.882 1 2 0.009 21.585 0.944
otor (R (2)'5 H AR IIBLA TN y = 0.0284¢" "2 114
2008 R RRE S HIR M RIER, 455K 4 iR,
 oos| 22 SRR KR
> |
2 o0l I R A R A K B B A i
E00F 5 =o00ir-000190+ SR, TR KRR, HBK(E)
00| o0 T, I3 K (TR ) 3R R 8 40 P B 1 2
9 3 T 1s KRR, Az ais 2 50 d KW, FHak
H i Age/d M 10.03 mm 353 76.21 mm, -2 H #5164 1.50 mm,
B2 PRI AR S H R R SRR KR 4.20%/d; FHIBK M 4.04 mm ik

Fig.2 The relationship between body weight and
age of planktonic O. ocellatus larvae

35
= |

530 * ’ﬁ’
225t X )
N L 2R 2
;1\4%1.5—0
g;mp’

Eosf

< 1 1 1 1 1 1

%% 10 20 30 40 50 60
H % Age/d

K3 g 2l A I 45 A By e (A2 1
Fig.3 The ratio of arm length with mantle
length of O. ocellatus larvae

2.1.2  JRAEH 11 H M L Bis 60%, A
RARTF IR R AR . JEARWEIE, 11~50 H &
A ARE S WIS EAGTT SR BN, EH K
B, WK R TEER R Logistic B R R
EAR T B R (& 2), dEPEH AT —FpRIAT, 24T
G IR PEFE B PR BB IR fC i A A i R L K P

#| 54.34 mm, P H K EHN 1.18 mm, “FIBERT
KRN 5.67%/d; FIIREM 0.049 g i55]2.923 g, F
YIHYME SN 0.075 g, FHBRBEESRN 7.97%/d
(#3).

221 AR KRETL AKX F 1970 99 J 055 11
FH 4K K 10.03 mm, FHEEHR 0.049 g; 11 Hi
FHAIEAAETS, 4K 16.31 mm, 1A 0.088 g;
AR E 50 HIRE, FH4K R 76.21 mm ()56 05 H Ak
Hh 2,923 g, LA ITREATA, 1~50 H k-
YA HE (o) 52K mm) B RECR, HEEN Y =
—8e¢-07x> +0.001% — 0.011x + 0.099, R4 AL E
SR EERERE, d5RAmE S iR,

222 aEMKAEKkER KN XA 1071 995 JE 95 7Y
SEXIER A 4.04 mm; 11 H &R R, SE K
B 8.91 mm; K H £ 50 HilR, FHH4K N 76.21 mm
Byl g K 54.34 mm. @it LE TR, 1~
50 H iy F- 1 2K (mm) 5 B (mm) R 2, R
y=1.314x+4.952, RIFL RS RK SHK A CRIER,
ZESRINPE 6 FiR o
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Tab.2 The model summary and parameter estimates of body weight and and age of benthic O. ocellatus
- FRERLC & Model summary Z 5 ftii1{8 Parameter estimates
Equaton  JVERM(Decision . FMEL AmE2 oo WEOL REO REQ REG
coefficient R? df, df, Constant b, b, bs
2% Linearity 0.824 46.779 1 10 0 -1.150 0.066
4 Logarithm 0.676 20.868 1 10 0.001 -4.476 1.626
8% Reciprocal 0.506 10.233 1 10 0.010 2.259 -31.586
¥R Quadratic 0.980 222.433 2 9 0.000 1.094 -0.110  0.003
=1k Cubic 0.994 456.532 3 0 —.584 0.101 —-0.005 8.192e-05
& 4 Compound 0.995 2196.829 1 10 0 .028 1.096
7 Power 0.944 169.505 1 10 0 .000 2.421
S 0.820 45.440 1 10 0 1.415 —50.649
4K Growth 0.995 2196.829 1 10 0 -3.561 0.092
5 %4 Exponential 0.995 2196.829 1 10 0 028 0.092
Logistic 0.995 2196.829 1 10 0 35.198 0.912
Fz 3 EHEAOEREERERLFHEARER, n=10)
Tab.3 The growth of O. ocellatus larvae ( meantSE, n=10 )
g FEEK RRENK ekmmbmes o WK RKIIRKE  FKE MR BT
Age Average & Daily Instantaneous Average arm £ & Daily  Instantaneous Average Daily Instantaneous

(d

body length growth of total growth rate of total

length(mm)

(mm) length (mm) length (%/d) length (mm) arm length (%/d)  weight (g)  gain(g) rate (%/d)
10.03+0.399 4.04+0.264 0.049+0.001
3 11.45+0.110 0.71 6.62 5.00+0.095 0.48 10.66 0.057+0.001  0.004 7.56
5  13.03+0.367 0.79 6.46 6.64+0.269 0.82 14.18 0.059+0.002  0.001 1.72
11 16.31+0.102 0.55 3.74 8.91+0.076 0.38 4.90 0.088+0.001  0.005 6.66
15 16.75+0.112 0.11 0.67 9.09+0.157 0.05 0.50 0.113+0.004  0.006 6.25
20 18.85+0.137 0.42 2.36 10.88+0.124 0.36 3.60 0.166+£0.009  0.011 7.69
25 23.57+0.441 0.94 447 13.98+0.362 0.62 5.01 0.267+0.012  0.020 9.51
30 31.24+£1.019 1.53 5.63 19.71+0.500 1.15 6.87 0.449+0.037  0.036 10.40
35 41.43+0.864 2.04 5.65 27.94+0.925 1.65 6.98 0.735+0.023  0.057 9.86
38 43.2+1.108 0.59 1.39 28.06+0.622 0.04 0.14 0.774+0.024  0.013 1.72
42 56.1+1.575 3.23 6.53 36.44+0.517 2.10 6.53 1.481+0.066  0.177 16.22
44 57.36+1.924 0.63 1.11 40.18+1.832 1.87 4.89 1.721+£0.089  0.120 7.51
46 61.61£2.089 2.13 3.57 44.15+2.063 1.99 4.71 1.8944+0.130  0.087 4.79
48 69.54+2.664 3.97 6.05 50.09£2.115 2.97 6.31 2.439+0.134  0.273 12.64
50 76.21£1.966 3.34 458 54.34+1.800 2.13 4.07 2.923+0.164 0242 9.05
SEHIE Mean 1.50 4.20 1.18 5.67 0.075 7.97
35 35r
030F ooone w0 3.0}
% 25F g RPi)gi‘;ess % 251
® 201 E 20f
Q15t 15}
/A /A
-Fa L e
O'Z | | | < 0'(5) [ R ='Io.9)9cs o
0 20 40 60 0 20 40 60 80 100
H % Age/d 4K Total length/mm
Bl 4 RGNS AR 5 H R CR E5 mEigiRAE SRR
Fig.4 The relationship between body weight and Fig.5 The relationship between body weight
age of benthic O. ocellatus larvae and total length of O. ocellatus larvae

growth of arm ~ growth rate of body weight  weight gain
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y=1314x+4.952
R>=0.998
1

0 Il
0 20 40 60

it Arm length/mm
Ko Mgk S5hknrXR

Fig.6 The relationship between total length
and arm length of O. ocellatus larvae

223 AMHMRAREL B LR YR E N

0.049 g MRS, 11 H 84T 4R A A 5 3k 5]

0.088 g, Zead 50 d YK, FH IR AF] 2.923 ¢,

SEH AR H B ERSN 0.075 g(FK 1), @A TR A

1~50 H WAk E (2) 5 H B (d) B T RBEC R, T

FEH y = 6e-05x — 0.003x* + 0.036x — 0.03, HIELA

WES IR RRER, g5RME 7 iR, 1~11 Hig

TRUE, iy E A, SEH H I 0.003 g; dEAJR

Wi IS, BRI IEbL, P H G 0.087 g(3R 4).

224 HEHyikesKkESAEMX AR 107) U7 2 1 =

K= 50 HiRA, £Kik3] 76.21 mm 24, ) H 1

KN 1.5 mm, S IE TR, 1~50 H 35 E

SR mm)5 HR )R RN EK, TRy =

0.0004x> + 0.002x% + 0.307x + 10.604 ., RIEA[F KBt

ik eRK S5 HIBERER, gRME 8 B, 17

Mk, eRMmKEE, FHHEK 0.68 mm; 11~

50 H & RS Ay 44K A B KB TRIE A, SR B Y
£ 1.62 mm(E 4),

ol ¥ = 6e-05x>-0.003x*+ 0.036x-0.03

3.0 R2=0.994

2.5

220

"E’ 1.5

gﬂ 1.0

%05

0

|
20 40 60
Hi% Age/d

Kl 7 g AR E S H R OE R
Fig.7 The relationship between body weight
and age of O. ocellatus larvae

90
80

y=10.0004x*+ 0.002x*+ 0.307x + 10.604

42K Total length/mm

L
0 10 20 30 40 50 60
Hik% Age/d

K8 Ak S HIRE R
Fig.8 The relationship between total length
and age of O. ocellatus larvae

2.2.5 fExMRpKkE B X AR 9] 905 i 1 S
KIgik Hy 4.04 mm, 253 50 d LR K, SERE KA E
54.34 mm, PR HEKEHR 1.18 mm, @57
FEATHN, 1~50 H BRI B4 (mm) 5 H #8(d) 2 7 )7 bR
Bk, HRENy = 0.0004X — 0.007% + 0.364x +
4.205, MYEAFBTBegh iR B 5 H #0056 RAER,
SERLONPE 9 BTN o VR I R A K gt Bk
SR H KA N 0.56 mm; 11~50 7 Sy i s 4 184
KAIFIEITR, 3 H KA 1.28 mm(F 4).

60 r ¥ = 0.0004x°-0.007x%+ 0.364x + 4.205
2 —

£ 50 R =0.997

=

£ 40

B30

g

520
K10
g 0 L L ]

0 20 40 60
Hi& Age/d

Ko mmfahiRpE kS HE R HR
Fig.9 The relationship between arm length
and age of O. ocellatus larvae

2.3 EEHGEEEMREHENTH

1 H #4505 (B 10a) A s B I, 1T 0l ik A1 2
S, TFIEE N (R 10a FIE 10b)AIA G, JE
RO BB (B 10c FE 10d), 28K #8 0
(K 10e FIE 106), WELTFGETT T T 0 e s 10 i 2845
H , Wi A 14~16 MR, FEE BrHER 0

x4 EEYDETEMBEMEKER
Tab.4 The growth of O. ocellatus larvae in different phases

H % ERFE KA

Age (d) Average daily growth of total length (mm) Average daily growth of arm length (mm) Average daily weight gain (g)

1~11 0.68
11~50 1.62

Wik P R P F R
0.56 0.003
1.28 0.087
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HCH BEZ 3G, B A M ) AR g Ak B, SE R
e NS, TS AN R . 8 A R I 24 H
18~20 />, 11 H 0 FF RIS , HAT 26~28 1AL,
EA A5, W 245 E B 39 K Ak e 3 n o e 2
FENE L HES T 3 DB ) 56 3508 2 T g PR 8% Hhy K 1)
INHEB 5 230 s AL B LA R A 2 R A, &
it T ity 7 ] I G 2 2 0 A8 /N T 222 2 B AT, LB R
ToUst 7 T W A/ | A R 4

K10 AR A KRR
Fig.10 The growth process of O. ocellatus larvae

a: 1 HiI®; b: 8 Hid; c: 11 HIR; d: 20 HiR;
e: 35 Hit; f: 46 HER(H—ZIEE N 1 mm)
a: 1-day; b: 8-day; c: 11-day; d: 20-day; e: 35-day;
f: 46-day (Each calibration is 1mm)

3 iFig
3.1 EWAEEREMENEKNE

FEIS R R BT AR R HERE, EMHB L
W S FRE T, T ) 99 e g /R K (N T 1, R
A B BE M 1 & B AR AS S 3k, ST RN B B AL )
Jigess, MM EY R e, iR AREEIR 42 (Raquel
etal,2017). 3 H&)GEHE/MAER T 1 H 2
Tk H bR A A W I i 0 e 1) R e T 3R
FFREBOEA LIRS, K& XA i ol i 5 224 H
A AR RS, A& B TR E RS K, LAk iEss
S ARG N IR EE I RE T, B AR R (T 4,
2012; TE47H%E, 2014; Moguel et al, 2010; 2551545,
2009; T 44, 2010), X 0] e 77 0 iy 4 & %
B PO R 22—

11 H 5 S e ARG IYY , it 25 i o R A 4k
AW, Stk T ae Wi, TR
B ) 8 Ay A G U g A R K A S R R R
KM, R84 B0 L U R

0.084 g/d, A AN 1)V S 3G 5 53 1] b P i S
W4 T 0.94 F1 0.72 mm/d, 3% 0] B2 R A% i i 4
WM EEDRAECEM AT S, R FEEHT
PRE R, oA R B (R AT ISR, 2014; Moguel
et al, 2010),
32 EHHEMESENSHRZENXER

J I BRI AT N I R AR R AR A LR
FAREE S o It o RN 5% S5 45 R A e 2l iR i B B i
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Y, JBUHERNCE DE4E, 2017); Jams i nd 48 B
A RMERHAG (MRS, 2014), WHEEAEFMR
WLEF 2, J&5m A s, SEY S 2 k-
NORESTERUES & oE e Bu i NN E e U L AN
T % B B 875 1135 6 (Bidder, 1966), i J5 FH i 5: 2 W
CIWEN =2

R 7 AN [ I S g R W 455 ) 25 A R A7 AR 25 572, 3
AR T A [ B ) 4l AR FE 4 £ B8 07 1 19 22 5 (Klier
et al, 1990; Voight, 1991), P& AR K ALK, K
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2011), 11 HEEM N EA 26~28 AL, HFAJKHE
WiE, WEARWE, i bt — R 2, )
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Early Growth Characteristics of Post-Hatching Octopus ocellatus
(Mollusca: Cephalopoda)

ZHAO Jiejie'?, CHEN Siqing®, XU Dafeng'?, CHANG Qing>", ZHANG Pengfei'?

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract The early growth characteristics of Octopus ocellatus larvae raised under culture conditions
were analyzed. Ten larvae were sampled at different periods from post-hatching to when larvae were
50-days-old, and their body weight, total length, arm length, and mantle length were measured. We
described the growth characteristics of O. ocellatus, to define the different phases characterizing this
species’ post-hatching development. The larval stages of O. ocellatus were divided into a planktonic stage
and a benthic stage, with benthic life beginning at the age of 11 d. At water temperatures of 22°C~24°C,
the cultured larvae could grow from an average total length of 10.03 mm on the first day post-hatching to
a benthic octopus with an average length of 16.21 mm by the 1" day post-hatching. The results showed
that the body weight of planktonic O. ocellatus increased with time according to a cubic function, the
equation of which was: y = 0.0001x’ — 0.0019%* + 0.0098x + 0.0409. On the other hand, benthic
O. ocellatus body weight increased according to an exponential function, the equation of which was: y =
0.0284¢"* The total length of O. ocellatus larvae exhibited a cubic relationship with body weight, the
equation of which was: y = —8e—07x + 0.001x* — 0.011x + 0.099. Total length was linearly related with
arm length, as represented by the equation: y = 1.314x + 4.952. Body weight, total length, and arm length
exhibited cubic growth functions over time, as represented by the equations: y = 6e-05X — 0.003x* +
0.036x — 0.03, y = 0.0004x’ + 0.002x + 0.307X + 10.604, and y = 0.0004x’ — 0.007 + 0.364x + 4.205,
respectively. The larval body is transparent, and the visceral mass of the larva is a golden color during the
first day post-hatching. As the individual grows, the color deepens to a yellowish brown. Newly hatched
O. ocdllatus usually have 14 to 16 suckers, and with the constant growth of the larval wrist the number of
wrist suckers gradually increases. The new suckers appear at the end of the wrist, each beginning as a
small, raised bulge that then increases in size until a new sucker is formed.

Key words Octopus ocellatus; Arm length; Mantle length; Planktonic stage; Benthic stage
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