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Molting and growth of the snow crab, Chionoecetes opilio was investigated using samples captured in
the East Sea from July 2002 to June 2004. Individuals over 40 mm carapace width (CW) molted once
a year from July to October. Annual molt stage of C. opilio can be divided into four stages; premolt
stage, molting stage, postmolt stage and intermolt stage. The relationship between CW and chela height
(CH) can be expressed as Y=-82InCW+73.1129InCH+166. They were separated into two groups based
on the equation, that is, one group having a negative value (below 70 mm in CW) and other group having
a positive value (over 130 mm in CW). Carapace width at 50% terminal molt (CWsg,) of males was
estimated to be 105 mm. The Gompertz growth equation estimated from a non-linear method was
CW=118.99¢6296"* for females and CW=156.68e-6:6619"" for males.
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Foll &3t= FOoZA HAAA Chioneoecetes opilio, C.
bairdi, C. tanneri, C. angulatus, C. japonicus &} 5] &# =
ATHLuke et al., 1999). ©]F $he}t Faieto] 25k
F& WA(C. opilio)} E-LNA (C. japonicus) o] T o]
o, hAlE TABE Ak W), dekirt Aok By
G AU AL, 2 e ==} fEluE Bajgh @ UB AR
Akl 2 MAThs W4A LAFEA Sl dgte) 3
ERE =M 200-450 me] TIFE FHE Ao =2
MAete Ao 4#A AT (Yosho and Hayashi, 1994).
St s dubr o g Ao} Bk A oY
o eJaf &= Qlom HA) A7t o 4HE HE) o]FepS
HoliL UtH (MOMAF, 2006). $-2Jutetell A ¢ iAo u)gt
AdHee A A AL 22 473 9 emoldte A xS
FASIL o, g 6-1087H A Folv)E ARt A4
S Y B gloy A2 a9 Sud WE #wold
o7 Aol BT AEE Hola glow AlsfdAr st
9] 8]l AWTAC) U FoIE 59 shupar Fejd9l
@] A o] AFE Foln)
Al B3 AFEE FFel B AT (Sinoda, 1968; Tto,
1970; Miller and Watson, 1976; Moriyasu et at., 1987; Taylor
and Hoening, 1990), A9 #3F H-- (Watson, 1970; Ennis
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et al., 1988; Comeau and Conan, 1992; Elner and Beninger,
1992), €3]o] #3F 17 (Sainte-Marie and Hazel, 1992; Conan
and Comeau, 1986; Yamasaki and Kuwahara, 1991), X4 #-2] ]|
3 A (Yamasaki, 1994) 50| oy 57 Lefsyl 2
A2 Ab el o] A7} o] FojA T 1t -2yt
A tiAZE T8 FR s Bt gAY a2
A} B3} A< (Lim et al., 2000), A2 4 A<3 22 (Chun
et al,, 2008)° &g AL QS Bolrh

wepA] 2 T2 AP ApRts A6 g gelF
o|51 AEHAQ] A HE] 7t QFEE FOEA S Bt
A AL E A 712 ATE g} ERANE
ARE AHESel A 4% FHE st

al
ES

e ¥ oy

20021 797 20049 6974 S} Falite] A9t
HollA A & EEo|Ye] o]FH A|F (Fig. 1)E Conan and
Comeau (1986)°l W&} Vernier calipers® 7rE-(Carapace
Width, CW), 4% (Carapace length, CL), ‘%= #Zt31(Chela
height, CHYE 0.1 mm ©97}4] Z4 8} (Fig. 2), 215 (Total
weight, TW)-& 0.1 g7}A] S8319 0. gogAls 43 4%
45.5-102.7 mm&] MA e} A HE 39.5-146.4 mme] A=
Ag-5ke] 7] B 0 2 Moriyasu and Mallet (1986)9] HH ol
o] ste] 23] 25 (Postmolt stage: 37710 fAste] &rlgtoz
e ulz Fuw, Anld 4ow Akt 71de) by
7b SFi et WA e §ulAS woh, g7ty
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Fig. 1. Map showing the sampling area.

Fig. 2. A portion used for measurement indicative chela
height, carapace length and carapace width in Chionoecetes
opilio.

(Intermolt stage: 742+ Getdl A 249k 714 Wy
FAANALL deete] O3A8 wn, dn) 44 718 AR
YWEole M2 Yoy 42s 4593 geoh, 937
(Premolt stage: 7H2H-S TEabe] A 2229 7)1 R WS
= A2 B3y FE7F AT Qo) A e Fa 9k
3] =] A ke, €3]7) (Molting stage: 117+ vk
sht A28 7o) A gAE o] o]F7t HelE sl glom,
Al 2401 71- 9] F7)H WEolle A28 A7)l w39
E7F s BElEo] dlthe] 4aAlE TR 719
&= (Terminal molt)= Conan and Comeau (1986)'89l] 2]

ity

71 A5 (CcwWyell e 2t (cHye) A1 2o gt F 3
o] whEAd o) FAsATt AT AL Y3 FEFA
o] dAgv EEle A 59257, £A 9.904u|o] )
Bhattacharya (1967)%S FiSAT I (FAO, 2000)Z 21802
EAstRoH, e AFTS BE moded) Wi @ ®EH

oL

2} TS ARgste] A Estste] Eelslvh 4l dnt
oz ofFoA] AHE=E W< von Bertalanffy, Gompertz,
Robertson AR 2] 371X 2 Aeldla] 8488 A2 o
A A 2l v A8 0™ (Zhang, 1991), o] 7]
AA @ AYAA L Kon (1980)2] AT AAE Fasle]
Hrldg 42 ek

2

=HI| A 7|

Azbe] @9 UA S 4TA R TESIY g SEHES B
W (Fig. 3), ¢3-& 2002d 7€00= @I 7) (Premolt stage)”}
24.6%, 23] 23 (Postmolt stage) 5.3%, B3 7] (Molting stage)
1.8%= e o, o] % gu A% A vlgo] F7187] Al
Z3ke] 8ol 10.0%, 92l 12.1%, 1089 128%=E A=
HAth 20030 = 1-6€7H4] @39} Bl gujdy], A%,
gu]7]e] 3ol A JehtA] vt 6€ol @)zt
FHE 5 D) A HES 787E Fdsgler
108 o) %= ehtA] o} dds} AR 43S el
o} 39 7] A9-ole 2002\ 79= 23 A7) (Premolt
stage)7} 25.4% % Vel on gl @ A7) 13.9%, B
25 38.9%, E97] 28%% ERG oM o]F gy F= 1Y
7R EEEA T 2003300 5 247 6ol 2E3G L
W 23923 = 109712 2319 tiAe 43 2 $319
AW gy AL BY 12-5¥94 7XE gz dg
o Ate] Ay gen ¢doe g9 E Bas= o5t
defe] A7 Edshr] AlFste 7, 8dolle €9]7] W g
A5z FAHEE AAE] 235, A7)0 wek 11E74A)

) A -of AGINA 7 SHA). meEbA Fate] thAl
0 mm o142 Al FE 79099 A0 23 E =
FAFNeH, gy d 13 she Aog FAHHAUT
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Fig. 3. Monthly changes of four molt stages in Chionoecetes
opilio in the East Sea of Korea from July 2002 to June 2004:
, Molting stage; Bl , Premolt stage; [] , Intermolt stage;
M) , Postmolt stage.
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2ol oJ3f Fig. 4ol AT 74 <F 70 mmo] &t M=
Ao thste] FdiH o2 Phart v At R A
o] llon, w3k 2HE 130 mmolA+e] A A= Fzhart
NAETOZ AR AR FA 4 70-130 mme]
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Fig. 4. Relationship between chela height and carapace width
in the natural Jogarithm of male Chionoecetes opilio in the
East Sea of Korea.

Y= -82 InCW+73.1129 InCH+166

o714 cw= 4 (mm), CH= §7)
= AR Y7F 9 3e JiAE 84 o
(9 2 A §4a7F v AR e = 9es
Rz QlTh

& Al 7art w2 AAE AFEedS 3 AA,
P2zt e AAE vHFEy A S ste] Tt
A oJFE 573 YA 3 AFEE AEgn) 2N ES
Table 19 Vel e} B 60, 70 mmE VA 1.6%, 2.7%=

Table 1. Percentage of terminal molted into each carapace
width ranges of male Chionoecetes opilio in the East Sea
of Korea

Carapace width (mm) Terminal molted percentage (%)

60-69 1.6
70-79 27
80-89 20.0
90-99 24.2
100-109 50.4
110-119 61.9
120-129 88.1
130-139 100
140- 100

2 H-go] FolA 120-129 mm FEo|M+= 88.1% Ao,
o H S-S RO olF HEEY vlE&d Fo] FU1E
130 mmol/del e AA7} AFEHE 3 AAZ EsTh
mEbA 7 i A 50% HETEIAE-E olE AFE gy
A9 SEHHES logisticH ol 83t =43 A, 7HF 105
mmE FAHAH (Fig. 5).
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Fig. 5. Logistic functions fitting the cumulative proportion
terminal molted male Chionoecetes opilio in the East Sea
of Korea.

AL £ 50260 F HE BEHY =

2 67 EEE o]Fal glen
(Fig. 6), E8l¥ o] At Hd gk, EFWA(SD),
MA S, vl-&-L Table 29 2tk A IH (A group)> HT
20.0 mmZ 17047} S AR AA &L 03%E Sk

B 287 mmE WA 2] oF 113%%A
t}. C, D, E, F group®] A& 747} 39.79, 52.32, 71.38,
84.18 mmE JERJ AT

250,
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Fig. 6. Size frequency distribution of carapace width of female
Chionoecetes opilio in the East Sea of Korea.
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Table 2. Mean carapace width, standard deviation and
percentage occurrence according to six molting stage group
of female Chionoecetes opilio in the East Sea of Korea

Molting ~ Carapace width (mm) No. of sample Percentage
stage group  Mean S.D. (ind.) occurrence (%)
A 20.00 0.520 17 0.30
B 28.67 1.770 642 11.30
o 39.79 2.090 1,113 19.58
E 52.32 2.850 968 17.03
E 71.38 5.650 954 16.79
F 84.18 4.380 1,989 35.00
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Z =
o) Leld w=e) Aol Bagh EEHA(SD), /A
F, V&2 Table 33 2t} A 259 A groupe BILEZL
20.3 mm, B group-> 28.2 mm, E group< 722 mmE &7 2
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Fig. 7. Size frequency distribution of carapace width of male
Chionoecetes opilio in the East Sea of Korea

Table 3. Mean carapace width, standard deviation and
percentage occurrence according to nine molting stage group
in male Chionoecetes opilio in the East Sea of Korea

Molting ~ Carapace width (mm) No. of sample  Percentage
stage group  Mean sSD. (ind.) occurrence (%)
A 20.28 2.06 30 0.30
B 28.18 1.78 907 9.1
C 39.51 2.16 1,713 17.20
E 53.46 4.29 1,793 18.00
E 72.21 490 1,797 18.04
F 89.96 4.70 1,207 12.12
G 104.14 3.79 1,007 10.11
H 112.85 4.20 852 8.55

|

126.52 4.44 319 3.20
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A FExd Be Eed ok Wzt ARE o] &a)
of o]Fo] dubAl AA21?0 von Bertalanffy, Gompertz,

T b BR Y
Robertson AFE R 2] 37Fx]E Aelsle] n]d 3 8] H &2
oA S 47 FA sk viwetg o, FAX 7] Hut
A (SSQ)S von Bertalanfty g wdo] 71 =& s
BT Gompertz AFEHo] 7Hd e s vehi it
(Table 4). 221} AAAF RHE BHE Gompertz 4 F 522
o] 0.9961 24 7} =& &S B2y von Bertalanffy 373
mdo] 7pg v ghs JEpch webA diAle) AR
2] b A g ($sQ)Ete] 7HEal 28 A5 RHgke) 7t
2 =& Gompertz 210] 7Hg AES AoF AP EGOH,
o] Ao ofdt A ANFEL L9 H 0258 2.7 mm,
1258 4.6 mm, 4% 183 mm, 108 90.9 mm, FH-& 0253
4.0 mm, 1258 62 mm, 4% 19.5 mm, 8% 70.7 mm, 10%
102.1 mm, 13% 131.8 mmE FA .0 (Table 5), °] &4
AR AN A (L) 2 Z2F Al0] 119.0 mm, F710] 156.7 mm,

Table 4. Comparison of growth parameters among von
Bertalanffy, Gompertz, Robertson growth education of male
Chionoecetes opilio in the East Sea of Korea
Methods L K(a) tb)  SSQ R®
Von

7474 0.013 09947 1273.86 0.9719
Bertalanffy
Gompertz 160.0 52531 0.2297 184.18 0.9961
Robertson 146.99 04030 3.4038 307.81 0.9935

Table 5. Estimated age and carapace width from Gompertz
growth education of Chionoecetes opilio in the East Sea of
Korea

Molting Estimated Carapace width (mm)
stage age (year) Female Male
Xx+1 0.25 2.66 4.04
2 0.75 3.49 5.02
3 1.25 4.56 6.24
4 2.5 8.78 10.61
5 3.5 14.43 16.00
6 4.0 18.26 19.50
7 5.0 2826 28.45
8 6.0 41.18 40.21
9 7.0 55.77 54.58
10 8.0 69.98 70.68
11 9.0 81.94 87.04
12 10.0 90.85 102.10
13 11.0 96.68 114.75
14 13.0 103.03 131.77

Table 6. Gompertz growth parameters of Chionoecetes opilio
in the East Sea of Korea

Sex Leo a b
Female 118.99 6.2960 0.3062
Male 156.68 6.2219 0.2626
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AZAAFK)E LA0] 03062, 0] 0262607 TF H9lo
™ (Table 6), 4742412 LFL CWi=118.99¢62960:030 2=
CWt=156.68¢ 022190220 2 2= &) 9J T} (Fig. 8).
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Fig. 8. Growth curves fitted to the Gompertz's education of
Chionoecetes opilio in the East Sea of Korea.
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A 4E oF 40 mmolde] MA A e 6, 797
S E AT o]Fo] FAgE ] FHrte] 5% gy
AAE= F2 7- 10840 £33 JE Ao w Kol gujiy)
= o] A7) Ao ® FAET gux vd 13 Patdx e
Aeg FAHE O Ay o] dEHGNM AF A}
Ao dA 8 T} (Yamasaki and Kuwahara, 1991).
A7 A GRS BS-olE AkEha Ao Jzaus
Batod 1 o)l AAE sHA] ded Wl Al AbdE it
A 9 E whEse 44e ALddn gEA Jou
(Sinoda, 1968; Kon, 1980), ©]-F it} B A<k AAgte] Saint
LawrenceTroll &} At Aaol| X £AE AT n}37)A =
HEYWE )3 B s T (Conan and Comeau, 1986).
ojmf HIFEE vl A= LZol W3t FzhFo] Ao
2 A, )2 A& 908 & A A Hes dgast
oo skGith oyl #A 9 Ay Fhe] Adiaae] )

=z

& YA (Watson, 1970; Conan and Comeau, 1986) & C. bairdi
(Brown and Powell, 1972)] A% B 53 §ut &3ty
QAN M E Fziare] g zlolo A F8isA EE]=
© S Bolal dlem 1F oF 70 mm olsfellAlE )
Hlal At e AATeg AR JUL 130 mm
ol M e FAL w2 MAER FEHA AeS & &
AT 7o) vl Fztart & NAEL FH A o3|
By & 4 5lom o As & (+)9] B 7R ARV HEe
3] (Terminal molt)& 3+ A2 FFsle] & v 32 ul=
A3 A7l dEA N AT A (Ymasaki, 1994)
9} A9] n5:3} ATt 3 Yamasaki et al. (1989)2 XAF
Ao A 19 ol AUAME T g3 E 317 22 Algr}
B Haslga, dEdgteAe] 3 giAl M= At
9] A9-9} o] o] o|F B} & HIT I} EAjT
= Ao] WHslta 3ok

wzre] A7inttt HEEHE vhx o A4S AAS A}
o= FFo] ¥R SRS JeTHE ok AL ulA A4
#AHYE dsl7] Y3 duld e Hasit) o Fa ALkl
2 g EE AR ofgd tiAY] B% 3 60 mm
ulgke] A A NA Fzto] Fel AFEDE viHl diAl=
g MAE 2E3A EAdh AE 60-70 mmol M= HEE )
E vk tiAZE o 1.6%, 3 70-80 mmol A 2.7%E &
H&g Btk 7 130 mm ©)olA = A AT Hol
AA HEETZE v AR AU o]9k o] HEE
HE vl gAY &S HEo] A HHEAM U
(Table 1). FHAA 50%7 HAGAGEZE vfg] 14F-& oF
105 mmZE FZHJT & 3+30] 105 mmo] FH ook 50%0]
A HEGEE St A 9ESHAl SAko] HaAl H o
A7FE A7t Thesteg FE]AQl AR E AdAE
AA AEZZFAANZE 9 emE 10 emZ FEF 2HT vl Jde
AOZ BRI

et tAlY FEFERYE AFGT RER
GAZ oF 14 mm oA A 679 BE, 4 ¥
o Foll X o7l m=F 742t fofaiAl el ok dAe A
T et FelEd ot FAMAAAE 110 emo] /o] oy
A NA Ft H&eA] A el e o= o] A
IFANMFEE HATEHE ¢ A A B2 AL A
3o §17) W]l AoR FHHEL. tlE dubd oz dof
A 5388t 1 A2 zoea, megalopad] H-771E 7343}
A A (young crab)® o] EA g & @& whEsIAA 4%
gtk Kon (1980)2] 2ol 218} megalopaol A HE S
st AA7F 2 Wi7bA] a7hhdo] A8 T o|nf PFle] HE
2.66 mm, FZ 4.04 mm FEo]H, o]F 5Ho] HI7A=
3.5del Aol A B e 1443 mmyt B3, A gt
# 16.00 mm7} H 1, 6B 7R = 43 A7) A QFojok oA
HAWZ 1821 mm, A H4E 19.50 mm =7t Wil
itk mepx B AFAAe} v E o o BT R
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gl Ao dubA oz ojF o)A HE5+E von Bertalanffy
373 Rd R Gompertz 47 do] A3 Ao g eyt
.ol olf7}t 2714 0] FL o]F 2.2 von Bertalanffy )
of Agtsht A= B3o] o3 Aoz 2Rtk Ao
e AAF A o] BE AXE HES 1ol Gompertz
el B A veEhde Aes FAH

o

AL AL
2 Ao THetaEy Bl s Fo AFy)
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