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Sexual Maturity and Growth Characteristics of Octopus minor
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Sexual maturity and growth characteristics of Octopus minor were investigated in 796 individuals from
mud flats in Goorori, Muan-Goon, Korea. Gonadosomatic index (GSI) peaked between June andJuly in
females and between November and January in males. The discrepancy in the index peaks between females
and males might result from the earlier sexual maturation of males. The sex ratio was biased toward
females (68%) in April and toward males (78%) in September, although the differences were not significant
(p>0.05). In females, about 50% ofindividuals with a mantle length of 70.6 mm were sexually mature
versus 100% of individuals with mantle lengths over 80 mm. In females, fecundity was also related to
size, ranging from 44 eggs in individuals with a mantle length of 54 mm to 179 eggs in the female with
a mantle length of 100.5 mm. The relationship between mantle length (ML) and body weight (BW) was
BW=0.008 ML**"”" (n=389, r’=0.83, p<0.01) in males and BW=0.029 ML"**¢ (n=407, *=0.74,
p<0.01) in females. Analysis of co-variation showed that the difference in the slopes of the two regression
lines was significant (p<0.01). Analysis of mantle length-frequency for each month revealed 1 to 3 normal
distribution modes. The growth parameters obtained by fitting the modal progression to the seasonalized
von Bertalanffy growth function (VBGF) were MLo=112.38 mm, K=1.9, C=0.90, and WP=0.1. The
results indicate that the seasonal growth oscillation of the stock is very strong and winter is the season
when growth is the slowest.
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M B FAT, T, AT SAALY, FUTe HEHORE YA
U= Aoz wle 293 AREoy Basin  JHAANEA gor Fekpst AT sA vis) A
AQAEEA A77t A itk FA Yamamoto (1942)7F G0 Bel FAEHAH.
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Sale) Ux)o] Aeksale d7E vl glom o] xjelek £ dye 49 9GAY FAAAQ Bk AE A HA
Zaol wek AAwee] Bogel WEHEA Sz T HIOR A 45 4P SANE TR ol
A7 AWH DL T Moon (1989) A7|Tel A dxje  HIIH
3] 2 AA ol 3k, Chang and Kim (2003)& @%]9] &4
2 YEEA0] Batal, Kim et al. ( 2004)2 @t G 9] M H Y
373 Akl thste Zledtdeh 4, Sl X Octopus G2 AlRE B AT gyl A 2002 1-12€ 9]
vulgaris® X473 (Tanaka, 1958), Octopus mimus2| 737 Wl 50-1007tE] 2 A8l 2] &4 (Mantle length, ML)S
(Cortez et al., 1999), Dosidicus gigas®] Q#H I 43 2D ANATF Vernier caliperZ 0.1 mm T 7MX] S35 o0 YA aF5H
TZ (Arguelles et al., 2001), Octopus vulgaris®] 2 (gonad weight, GW)3} A5 (body weight, BW)-2 &7]E A A
(Hernandez-Garcia et al,, 2002) 5ol &3 dFHE37} o 3k 8- AALA L (clectronic digital balance)S AM&-3}e] 0.01

G2 A A met o2 o]lg2o g B AEd] A2 g GE SAI}A

st AW A Ee AR, molu 2 A4shs )9 2 E Ao s wetEly] s NEFEA
YA e 2R Fo] AR MR A QoM 72 4= (Gonadosomatic Index, GSHE ol F2lo) o) Yd=
g =e G2 dAolth. A AR e Fakx= Ad psignh
A A2 A 4 (GS)=(GW) x 100 / A5 (BW)
*Corresponding author: jkim@mokpo.ac.kr EH = A7 4R d4AE JFEHE HEste] A
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2217l o AeE At A A9 50%71 Al
o2& AR LA (Size at sexual maturity)= A L4
FolA ALV S FAS FRIS 4 AFAFE=R

degt G HIE ALkt thgdt 2 2A2E wg 4
(logistic equation)el] €8} F=743}Gth:

P=1/[1+exp(a+bxL)]}

o714 P= A5H], a%t bE EALE WA A 4 LS
25 1-0]1:} A9 FA A HrFFL ALFFAe HA
71 F S Pk L] ATEA] 2] o] FojFon, 4R
7N A €} 50%7} J&o] o|ZE T AEE, Lo ast bAlolg
&2 A4 E Y. 9] 48 SYSTAT Version 10.02]

B A g 5AEA (nonlmear regression analysis)& ©]-&3}4 .2
W, TASE Lo A5 a9} be] WIEA 78 5= Ytk (CLy=
la/b|). A7) 5-7%01] AFE HA AAE e A2
29 ASATE %, A4, 949 3842 TR 1)
S A YA ‘&4 Fe & 2dsty) Tas A, s

2 B} 29 AT e, 24 A 398 @ 2
i EEEERE DR DIERERZ DR
st

93t AAF2e] YRS Fo7 Aste] Excel

Program Version. 20009]A] 352} (Least Square method)
o2 gl 3AFAAE T, Al Aol K75 st
7) 951 logE & F SAS Program Version 6.12014 7]-8-7]
(slope)oll thgt FRAEA (ANCOVAYS A3t

BW=a-ML"
log (BW)=log a+b-log (ML)

AEZ M= zAA A, Ha, Haof fsFEE B3
of ZAPIRE St AP E GA Y] AAEE gerstant 3%
2 $-4 FAOOIA 7§23} FiSAT (Gayanilo et al,, 1995) program
©] ELEFANO A Bhattacharya®] o2 JFEETHo=
e & A, F4 573 1Y oA &4 29 ol
FA38lq 24748} ZFE (cohort)E ¥ TH

gz)o] o5 HIEETZE o83l FiSAT program?]
ELEFAN-I° %] 337l f4E FAsdoh. Advilws
F7doll= Pauly and Gaschutz (1979)¢] Seasonalized von
Bertalanffy's growth function ©] o]-8-¥¢lom 4242 o} s}
2t}

ML=MLo[l = exp{-K(t—to) — (CK/2m)xsin(27 (t—t,))}]

7)o 4 ML= t9% 9 FH, ML= °|&3 Y 9%
A, K= A3AAF, oo 2o)7F 0 Wl A, (CK27)sin 2 (t

—t)= Al 9% JAE] WEE et Aol ce
Ade) g A7Fe] HEA S|, WP (wintering point=ts+
0.5y Ao 71 = A& 139 S 8l ZA e
Fholth.

%3} 7% 411

a 1

A S 374]“1’_9] NFR Aol M A ete HA] 9 A=)
A8 A4 2AFFAF (Gonado-
somatic mdex)—°4 4 Eﬂ%% 2 A3}, JEe] A5 699
A AFFRAG Hytgho] 7Y w=A vehd - 79l 57
3] TAaE3 Ul AANA R FA 9 1_31'7]‘— SN
6-78 % FAHHAT WA, | YA LFHAF HEX =
69l A vepd ¥ 799 57 F»l‘;ilﬁ 11 (1.029)-1Y
(1. 03)/\}0101] A =4 vebd & A X38] AT 9o o]
& g7l mlE] welE fjs) GHEG F o] "] s
o2& A A& A4S HEAT (Fig. 1).
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Fig. 1. Monthly variations of the gonadosomatic index of
Octopus minor.
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AL B F AFE AL 40701, AL 3891
7} 233l ¢hlo] -’F?ﬂiﬁ} ] Bo] ¥} (Fig. 2).
g2 el (@A 29 € HEF 2AEAE 2 Ae)e
193 29 Aul7t Z+zt 05059Jr 0.49:0512 A< FY3}
Al Edstgon, 38 RE A S3Eo] FAET] A1F}
0}01 49l 032:0682 E3 Hlgo] 71 wgton sUEH

v ] AR F o7 Zrlste] 794 051:0492 H]=3 =3
H&S BAFUAT (Fig. 2). ©1F HAF #7319 467t FobA
9oy 0.78:0.222 AF 7P 2 FHYUES RAFIA T
1089 F238] A8ty 040622 H1, ALHA 11-12€
ole &4 ABlZE A HiLsHA HIAUTE B ZAMA ¥R
o] 2 MAFE 121€F 2, 3, 4, 5, 6, 1024 ¢HA o] $7
o} of v Bol 33 AeE WEY 7, 8,9, 11, 1299
B FAo] 9ARD 0] Wol AT (Table 1). L)}
HAA RO 2= chi-square A5 2N LA 472 Au[7} 11182
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Fig. 2. Monthly variations in sex ratios of Octopus minor.

Table 1. Monthly variations in sex ratios of Octopus minor

Month Male Female Total ?I?/)((FTI\t/IIC)’ 2
Jan. 2003 23 23 46 0.50 0.00
Feb. 2003 39 41 80 0.49 0.05
Mar. 2003 36 60 96 0.38 6.00
Apr. 2003 16 34 50 0.32 6.48
May. 2003 18 29 47 0.38 2.57
Jun. 2003 16 18 34 0.47 0.12
Jul. 2003 31 30 61 0.51 0.02
Aug. 2003 38 22 60 0.63 4.27
Sep. 2003 40 11 51 0.78 16.49
Oct. 2003 40 60 100 0.40 4.00
Nov. 2003 50 46 96 0.52 0.17
Dec. 2003 42 33 75 0.56 1.08

Total 389 407 796 0.49 0.41

The critical value for x* goodness of the test of equal numbers
of female and males, (1 df) at 95% significance is 3.84.

LRI gh-mo] Aulztel] o8 Alelg RolA drhe?

=041, p>0.05). 490l FH 9 o7} ¥ AL wrlE Ed
FF o] YRR Apgsly) Wi s FAHE T, g9Hdl] FA 9
A7t =& AL 23087 Be|E B9 $ A Ho
25E gAlo] g F-2 Ay jEoz FAHET o] HH
AH) 9] ol GAH FA ol AR E, 9, AME T
2 9919 zlold o) JFFS W Aoz HIY

= NEsE

s9oll= vl AAE FRE olFUoY 6¥ol HUA 25
FENAZ v R, 78E AEA ARz THse 9
24 45 mm o312 oA AT mSTAGT o] Al71d FH
3 HA=71 759 mm WAl SS5BA( 37 A5E
2AR A 2E w29 parameterE WA E A BHHoE
228 AT} a=10.589, b=-0.146°131 0.0, FASE FH
A8 p=1/{l+exp(10.59—0.15xL)} (’=0.90, p<0.05)%,
| 42 50% A4 AFEZL 70.6 mmE FAHAT (Fig.
3). wEpA A9 B HAY (HAASE 50%0 3
= Aahe 45 70.6 mmolA T G5A 80.0 mm ©]AHSl
MAES TAHEEES 100%°) ATt
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Fig. 3. A logistic function fitting the proportion of mature
females to mantle length in Octopus minor.

Zz2h

U2 g = Ao 23s 4AS gfeE AFHEE
)R b & & T g4 42 Ag 2AEIA
ZA AT GA 9 T 5 FF s4mmolA] 4470, 54
100.5 mmol A 179702 B 1328704t T &= TR
o] 3| ARA A3} F=0.0068xML**** (n=8, =091, p<0.05)

2 UEtgton, ejFgto] gt et £ 7 Frlete
okl AFAS (positive correlationship coefficient)® L}EFSTH
(Fig. 4).
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Fig. 4. Relationship between mantle length and fecundity
in Octopus minor.
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U] 9] Q] FA (Mantle length)— A5 (Body weight) 7+] 73
7S Tefslr) At ol ek o) BAXE FeeH,
&t g4 abolE gotslr] flste R AF
of AANF (InE FS & FATAE 3t 7179 HHY
2po]E FE-AHEA (ANCOVA, an analysis of covariance)-&
ol-g3te] BAH LR AFeAh IAEA 2 3L BW
=0.008xML**"" (n=389, r’=0.83, p<0.01), AL BW=
0.029xML"** (n=407, *=0.74, p<0.0)2.& FdHN oM
71&7] Ao FF5 24 A 99% fFrolFEoll Al %
27F e AL Z RIS Fig. 5). o1& Aite 954
o] Ztgel wElA FH o AFY Frh&o] ¢FET ¢
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Fig. 5. Regressions between mantle length and body weight in the male and female Octopus minor.
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EE HIERE Mantle class (mm)
SA L gt AFE NERES FT AH A Fig. 6. Mantle length-frequency distribution in the male and
A7)k Hh Z7)9 A G-F3hel] 2kt zfol 7} k= female Octopus minor.
AL B Ttk 28 A FoAA FRL B AT 65

mmel ] Hiol £2E F 43} ke v, 9L % R
75mmo A Huo| £2d F gadte TS RYOEA £
o] FAEG FuHoz 2 Ao L FHHU (Fig. 6) £ 8of
olug At PRI Fol #H W Kolmogorov- 2 % [ }
Smirnov two sample testl M= F-23F 3ol & HAFH ﬁ w0b J { {
(P<001). ol&1 3 Auhe gh-rztel A WERE 24 9 €
o014 apol7t ke AL AHs Fu ok =
0

_ Jan.l Feb.' Mar.' Apr.l Mayl Jun.' Jul. .Aug4‘ Sep.l Oct.' Nov.j Dec.
f=] =
EE HE Month

1l ExL0 2w {R = Zo = 24 . .
_lx] T2 E’- 4 Aol & HoAFAE, 128 Aol Fig. 7. Monthly variations of the mean mantle length of
B FFo| Aot gyl 29l 39 R HHA F7} Octopus minor. Open circles indicate means and bars indicate

3l7] A&, sl thA] HAadteE AEE BRAFEed minimum and maximum values.

7 olfE 494l Y A B ApAE] wrE E

I A7) wfFoln). 79ol= FEA] HAhIAV]} Hj= ISERZ

719] Zo] u$ ZA YElgsd 2 olF= o AE0] 2] EA V=BT (Mantle length-frequency distribution) <
AEA gz Slete SAld Adee EUlA 23 oid A4S 5.0mm FFoZ JERY AT (Fig. ).
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Table 2. Results of separation for each normal distribution of Octopus minor by NORMSEP for length-frequency data

Month C M SD POP sl Month C M SD POP s

Jan. 1 453 3.96 1 June 1 79.6 8.14 29

2 58.0 5.67 59 264 2 90.0 1.67 7 2.12

3 70.8 5.36 9 2.31 July 1 43.7 8.51 68 o
Feb. 1 50.3 3.26 23 2 75.2 18.5 6 2.33

2 60.8 4.43 41 2.71 - Aug. 1 47.1 6.72 64

3 746 7.47 16 2.32 Sep. 1 42.7 377 24
Mar. 1 62.8 5.13 46 2 57.1 5.06 27 3.24

2 74.9 4.85 40 2.43 Oct. 1 51.5 4.86 95

3 85.5 5.08 14 2.14 2 63.7 2.13 7 3.49
Apr. 1 717 477 34 Nov. 1 55.2 5.29 80

2 822 5.13 1 2.21 2 70.2 6.64 20 253

3 99.9 5.86 5 3.24 Dec. 1 56.8 5.77 69
May 1 63.6 2.81 28 2 68.7 2.59 8 2.86

2 75.8 5.78 22 2.83

C, M, SD, POP and SI represent cohort, mean mantle length of a cohort, standard deviation of the mean, sample size

belonging to a cohort, and separation index, respectively.

Table 3. Mean mantle length of each cohort in Octopus minor based on Table 2

First | Il 1] 1\ Second I Il 1] v
Jan. 453 58.0 70.8 Jan. 45.3 58.0 70.8
Feb. 50.3 60.8 74.6 Feb. 50.3 60.8 746
Mar. 62.8 74.9 85.5 Mar. 62.8 74.9 85.5
Apr. 70.3 81.0 94.5 Apr. 70.3 81.0 94.5
May 63.6 75.8 May 63.6 75.8
Jun. 79.6 90.0 Jun. 79.6 90.0
Jul. 437 Jul. 437
Aug. 47.1 Aug. 47.1
Sep. 42.7 57.1 Sep. 427 57.1
Oct. 51.5 63.7 Oct. 51.5 63.7
Nov. 55.2 70:2 Nov. 55.2 70.2
Dec. 56.8 70.1 Dec. 56.8 70.1
120 Zo] w9 =3, Aol 7 = AVle ALER Yeht
Modal Progression Analysis-| (Fig. 10).
-——e— Cohort |
---a--- Cohort 1 Ui]-ﬂ-/ﬂ, Fxe] AAAE AL 7283 von Bertalanffy
. — gg:g: :\I/I AAFAo] AE3H ML=112.38%[1 —exp{-1.9t—(1.71/2m)x
80 sin27 (t—0.4))}]19F 23, F3FF40E Fig. 109] HehR At
£ 20034 792 AAAAT T HALATIQ] AFF 244 mm
E AA7F A5 28T "3 A=A7)7 5L FEHQ] HoAA GA=
=3 24 F 02d4 (3AA) Bk ARPE oz 24T,
5 4 7 23t oA FEAE 28 mmE FHEAT. o F
o 120 . . I olal YR waA 433 0337 (10984) =3 =4
S Modal Progression Analysis-ll oy u o =
= °] 37.8 mm=Z W, 0.594) (1824 A)7kA] 753 mmE & &

~—a— Cohort Ill
—— Cohort IV

80 /__/;s"

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

Month

40

Fig. 9. Modal progression analysis showing the two
hypothetical growth patterns for Octopus minor.
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Table 4. Combination to find growth parameters of Octopus minor estimated by the seasonalized von Bertalanffy's growth

function in ELEFAN-I

No. MLe K C WP 8S SL Rn
1 112.38 1.90 0.90 0.1 12.0 108.75 0.141
2 112.88 1.20 0.80 0.1 12.0 108.75 0.150
3 112.88 2.00 0.90 0.0 12.0 108.75 0.131
4 112.38 1.90 0.90 0.1 12.0 108.75 0.141
5 112.68 1.20 0.90 0.1 12.0 108.75 0.156
6 112.88 1.90 0.90 0.0 12.0 108.75 0.139
7 113.48 1.10 0.00 0.0 12.0 108.75 0.163
8 113.58 1.10 0.90 0.0 12.0 108.75 0.154
120 O A QAT 2hel ZAolE BoFek & Aol 24
—~100k _ ¥ 929 Aoz A A7t AbghA] 79} AbgHl L o] xfo
S1901 ML=112.38x(1-exp(-1.9t- g 9GA 9 AllME A Gk 1719} J1 9] 2ol
E o} 7120x(sin2ex0.4)) £ HoAFgled o2 HAE MAshe ¢4, HAE 4=
£ 4, F, 9 3 Holgh e o acle Aold o3
60
s AR & g Aol
=% AETH ALy (EE TAFE 50%°] g 7NAl9
c
S o} A7NE FASHE AL 54 S e s A
AeE 3gle W 7 A AGFA AFo] HAFA] o7

02z 03 04 05 06 07 05 05 1
Age (year)

Fig. 10. Growth curve of Octopus minor collected in the

South-western mud arca of Korea.

n &
gk g2 o] FaF el #¢ AT (Yamamoto, 1942)°]

2349717} 569, %

AR S5l e}

A 24| 2 AL 7R E AHEsitin
EuE vl ok o]#fd Ao B dTolA BEF A7)
(6-78)s} A9 ARshe Aol gk, B AFtdAe 7hEo|
g AAE A3 BET 5 e HollA dolstdtt vid,
Ak A" Aashe YA & tigo2 g A7 KBl (Kim,
2000)91 A= 10-11€ %= &=k 712 A7 S E T
3t A2 o] ulg} v Apolr) e Ao E AlRE
o &, AT A4 GA e B AT B RS A 2
17§ 7HAE Aoz FAHFHAR T AT Adse
Ae B AFFHE JAE Aoz AR 1de 2
2 AOZ B1 H EFZE= 0 wigaris7} U, &
ulg o] Masls 0. vulgarise 5-683 9-11-¥ 9l (Tanaka,
1958), =51 7htg]otell A28 O. vulgarise 1-79 (4Y)
#} 10-11€9l (Tanaka, 1958)°] 2X F& itsls o2
GedA ek o, delehat YR e] F Ad)E 482 (Kim
et al,, 2004) AaFE Aol YA3}= T4 FANY g
T YRR 22 A wE Aos Yeth ole AsldEit
A7} Aol M43k HHH, Kim et al. (2004)°] 3-8k
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HAE F40] thi: Be TF Akl AASE dHE B
o2 319071 Wolch, olAlg) Foluhe) Ay B Abgh

2
Tl Aolg HAFom, &5 HE A4 Ao

-
P iy iy

=

g A 5 e A 2AAEE AAE ¢ Ao} Y
n)-$- FZ8 A 2o} "ok B ZAMA 3R] ¢ AAEY
qEs 50%0) slFets A 27 (AESH HAY)e
4 A7) 70.6 mme| A3 &1FF F7] 80.0 mm ]2 7}
A2 27 TASE 100%S JeERN T glo] H4A]9] 9%
Z A7) 70.6 mm ©]3 MAEL WA A 7)ol FEE3A
ol g3tk WA 9] 7} Fo] FHAiE ] o5 o] F7t
g 927} sloh 9Gx9 AdF ZUHE Aside o8 74X
o] oyt -4 YA7F AH Asol mEg & ALt
o] 7Zvadte A= AESE H4rYe 37 &, %
Z 70.6 mmEth 42 AE FS Al thA] BFE
o A A & F olY3te Aol AdF FAE £
wilo)gt Azt wels Bzl doE BEUE e
o 329] o1& FR Zr)e AT A7) 706 mm H, Tox
o]Fojd Aoz AlgEHER HESH ALY (THEE 50%
of 3|9 A7 Ail= FAIS viS- AFS A5 AztE

A F72 el & APt GA T dobdol 4E BT
3le Aoz Buxo] v} (Kim, 2000). B AFqx ==
FARY EHEo] 3YRE Tadh) AR 49 HApe
Uehd oz Hol £3& 4ey] Mo A ETH W] A5
alod wm|Ekar o3 BE AlgEhe Ao g Bt ¥ 2Al
A ARE AA DA ALY AR 0.51:049F VHERY G
Ab 2o AP} (Kim et al,, 20045 2 Y2319t B 24}
A G = 2, 3, 4, 5, 6, 10¥0l= FFHo] =FHEL I3
o @o] 283 Aoz ettt ojxad Hx|9) gul Alole
Sare) AAtolo] mE o] Hel A} wu| F ALEA] 7))
ols] AEold 5= 31S Ao} Wells (1978)8) B we
A 0. vulgarist 0] GAREG Bo] FH3Tha Bl 3%
om, 1 o|{HE AH FHo] LA wrlstr] Y&l W 4

oMoz
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< FoaA, g HA AssiA IR EY EEs] S
w2} Bol ol Ao AY, =4 &Aool ] &t vl
ZH02 AYs) Hee dF 4948 TR HA oge
A#RZ AT olAH FARE AHE 7 F5Yd=
83 GR|9} ofFoie] Adu] xlol o] AtoldlA] HIE
H AYE AFsH stk &, GA = ol g RS
717k o] F o] A 7] wjFolr}. §HA, HH| o] FH AJulvt
9ge] A% HANE B AL O wdgarisst FL3A FH 0]
AA R W] J&dte] @Ug 5& B o8 AR
B 5 A& Aotk
B Ao A GRe] I £ 44-1798 (HT 1328H)e R
Yamamoto (1942)2] 55-200% (BT 120-1308)3 A2l Lx)38}
Fom, e Folzel o vulgarisg] TS SYPA=
(1g) B 31-106¥ ©] 2L (Herandez-Garcia et al., 2002) S=F-1]7}
i o] 285-669%8 (F 4187H)Al (Kim, 2003) BH3l
A wlg- HeHolt) o]MF G4l FH7) Wil ofve ¢
AEEE Fo17] A8 AU R 23/ME7FS UE &5
o] &g FAFHoE HIdte AoZ 4¥A U (Kim,
2000). FE50 1o T Fo] Fol= ALY ESH 54
AZA &, GBS 22 B8 B ofle} 79 4L
ZRE o8 F e Yol Ux, B33, 5377t
YRR 9 M7} YA = 87 Tl Y Ao
a5 Aok

YA E o F, Rl Hla) o w2 AR fEs BYE
g, ole @dAe] AEdA & 4 de FAHolth B AF=
A7} Aol ghi AL Ak & 2370 Tl A AT 7}
7H4sEE AE #EAAA FAJ o] Yamamoto (1942)7)
29 Asro] A 11d vyl o] 21d o)l Ak 3
I ZA @k, ol AYgd mel YA shy @ Akgh
A717F AZ2 g2 A 40E ZFE 4 g & 3

FEFE oFU 44F, HFAAANE Yol 2 AT
RE FEHI A% FAo] A dHA AA oot Bl B
A77t Bl A A2 Holrh 1eu, HE 0. mimus®] A%
R B o3l AFE F7 (Cortez et al,, 1999), Dosidicus
gigas9] statolithsS ©]-8-3t T T E XY (Arguelles et al.,
2001)1 SJ3hA) G4l B A7} o) 01X YTk Cortez
et al. (1999)F ZTol|iA A A 2 A dig &1
HEdE (G)yS AASAEH, 45 Hdo] AL AFRG
R makn gk 2 ofe gt REO[PRAS £
Foll A8AZ A T/ 173 AESA BTl ofe
o] 2HE}T AFT v YT} (Caddy, 1991). B A=
vio] w5 o] BT AE BAF, B5F ) 43
FA ol o] &%= length-frequecy distribution analysis& 2-8-5}
Row FARE T3 BT oS HAE AT zHHE
errorE #4387 Y8 AY 14 =228l ELEFAN-I
o] AH&-& Wit o]9f o] AAwiNRES FA o Aol
AEE o]&sle] REoldRHg AT AEES WEFR

[

—

Haliotis mariae (Siddeek and Johnson, 1997), 22} Batillus
cornutus (Chang and Chung, 2001) 5°] v} Ex=o|3f+E 4
A7, GA = 1900 H4: yvie] 2T EVF FAHUNLH, olE
& zbz} 59, 64, 78 AMgTo s Y. REolidy s
o]-8-3te} J424& FAshE %9, von Bertalanffy 37322
o] F&Fo HAHHEE & WgshA Hole AR Hu
A b Atk (Guerra, 1979). WEkA, B A= AM-E 1
AR A5t GAReE Y3 A Rgle
A woko) whE 2713 E S HoFdth 28 A48A
F (K= w5 =& s vehdlo] 94A 9 mE 27)4%4S
Z ks = slojet AbnEnt e, REO|FEA A
440l 283 Ui MASC] sEFEHE BRHA ko,
3490 BHHA FYH FFE 0] 590 7 ettt}
AAE 5 ZIE 1 VY] £3o] BT ol 5
E 7o) vol Aol e ARl Folt o @e (=4,
A% )9l Aol, & ZAAAGIE AL dA wZE o]
ohd7} Alg

o e
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