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Summary

This study i1s performed to investigate the catches, maturation and
spawning, age and growth, and population ecological parameters, including
survival rate, instantaneous cofficients of natural and fishing motalities,
and age at first capture, and to conduct stock assessement of the turban
shell, Ballatillus cornutus in the coastal waters adjacent to Jeju Island,
Korea. The catches yield fluctuation and number of diving woman were
analyzed, based on using fishery data from Ministry of Maritime Affarirs
& Fisheries (MOMAF) and Jeju Fisheries Cooperative during the period
1970~2000. Biological samples collected in Hansuri fishing ground, Bukjeju
province, age and growth were investigated from samples randomly
collected from January to December, 1994. Also, maturation and spawning
were examined using samples catched April to August, 2002. Population
ecological parameters and stock assessment of the turban shell were
determined, based on length and age composition data from 1992 to 2000

and ecological parameters.

The catches

The total annual catch of the turban shell was about 1,600~2,700 metric
tons (mt) in 1970’s. That of the turban shell showed a peak in 1983 with
about 3,600 metric tons, it has continuously declined to the level of about
480 mt in 1989 since 1983. Recently, those of the turban shell increased to
about 2,100~2,300 mt during three years (1999 ~2000).

_ix_



Maturation and spawning

Based on ovary ripening and monthly changes in gonad index (GI), it
was 1indicated that spawning took place in months between May and
August but major spawning season was July. Shell height at 50% group
maturity was estimated to be 3.4 cm for females. Sex ratio (% : 8) was

1:1.

Age and growth

Ages were analyzed by cohort analysis and maximum age was observed
to be 8 years. The relationship between shell height (SH, mm) and total
weight (W, g) of the turban shell was W=0.0002xSH’ (R°=099). The
von Bertalanffy growth parameters were estimated with the values of L
= 12503 cm, K=0.392 and £ =0917 year. Growth of the turban shell expressed by
using the von Bertalanffy’s equation L = 12.503(1—e **20917),

Population ecological parameters

The survival rate (S) of the turban shell was estimated to be 0.1915,
and the instantaneous coefficient of natural mortality (M) for the recent
years was 0.2154/year. From the values of S and M, the instantaneous
coefficient of fishing mortality (F) for the recent years was calculated to
be 1.4375/year. The age at the first capture of the turban shell was

obtained to be 2.14. Exploitation rates (F) ranged from 70 to 75 %.



Stock assessment and management

Base on these parameters, estimation of annual biomass of turban shell,
was carried out by a biomass—based cohort analysis using data of annual
catch in weight at age for 1992~2000 in the Coastal Waters Adjacent to
Jeju Island, Korea. The biomass of the turban shell had a peak in 1994
with about 4,400 mt. However, it has continously declined to level of 3,000
mt in 2000. The maximum sustainable yield (MSY) by Schaefer model
was estimated to be about 2,580 ton. An yield—-per-recruit analysis showed
that the current yield per recurit of about 126.06g with F =1.4375/year,
where the age at first capture (¢, is 2.14 years. The analysis showed
maximum vyeild per recruit was effective to draw up until Maxium limit
3.7 years of the first capture with the present coefficient of fishing

mortality. Above 3.7 years be reduced to yeild per recruit on the contrary.
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Fig. 1. Shell height (SH) of turban shell, B. cornutus..
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(B) (C)

Fig. 2. Antomy of B. cornutus. (A), conical appendage and the
part cut for fixing (B), Cross section of concil appendage
(C) pe: pericardium, ki: Kkidney, s: stomach, go: gonad,

sc . stomachal caecum, dg: digestive gland.
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~=— Ape-length key
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Catch at age (in weight)

Fig. 4. Systematic procedure to derive production estimated of

annual catch by age.
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ol F A& #Aadte] 19899l = oF 480 FFE/A HAdHAT

1990t o] Az7he] F 2 19923744 1,000% A= o, 191 Al =9
244 TAC A= 59 Ad3g a3 So= 1993de] dzto] g oF
1400% F=7bA 3 &5 vk w3 19949 FE= dz7k oF 2,000~2,700= 7}
A g ol Frtste] 70 T ol FoR IR, HEA 199
8~20004 3zt o] g He oF 2100~2,3008 F+S F

vhgof g A Sz Al AEkel E8EH T8 FEAES A&, L&A
o HMF B &, dAk, AAl Feldtt (Table 1). &etEs Al 7]E F9
1992~2000 9] A=W o] FFe dHeo] A9 1992d °F 190&

HAo 199849 ol & 20% olat® F43] gaEHen, &A= 1992~
o}, 1998~2000 ol = 100E
3]

B
ol

|

1997 7421 <F 160~200% H=7F o] 3
otz 4. Fole tih B33

p3le)
590

of
9

& BolAR %

L

)

e



2 HAdFEE FAs L don, S Az of 30~1508 HE7t o F =S
o}, 1996 ¥ 1998 1E]ar 20001 9] o F ke A keto] ofHslth A
(F2)E 19959 oF 12002744 Aab= o, 1998~20001 ] of & 72 of
100~280E 0.2 7Aadts 43S B

—_
D
e

A= of g

oft
B
oft

ol el ok ko] w9l g o]l g (CPUE)S 1970t =k oF 3
5~90 kg ol ent 1975 oF 150 kgo & F7bsbaL, 1970 ) ol &= oF
220~260 kg7tA Z7}at 9T,

1980 d el EJA % CPUETE WA o=z AEAHQ F7FFAE Holi,
1982~1985d el &= oF 420~480 kg7bA =LA F7Fat A, 19856l oF
370 kg7hA AAaE R, 19899 oF 70 kg7tA HA3 ik ey
1991956 oF 130 kgl 2 A Z71517] A Fale] 1994~19954 o= <k 40
0~470 kg7hA F7+E Bl ¥ 1996~2000 0= ¢F 340~400 kg F5+< +r
Ak ek

3, SEUTE 1970~19733 704 = <F 13,000~14,000% G0 A 2n
1974355 oF 8000% o & HAshy, thhel T7HE Holthrt 19861
70009 FEoE Al AT & AL FFAske] 19959 o] Fell= oF 5700

=

kS

rr

W S FA s Jduk (Fig. 6).
2002d 19 84 o}¢a7d SEue] A% TAL 237w A5

Fe & 819l TFHol AN, AFEEE 39-8ME HEAHFL 6144

Aaolgel A9t F 1299 52U F Ha 394, A 814z
Jerron, B#dEe 6344, AUAAEL 6002 oF 38%E A ek,
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Fig. 5. Annual changes in catches of B. cornutus in Jeju coastal

waters from 1970 to 2000.
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Table 1. Total catch of major species by woman diver and diving boat in

the coastal waters from Jeju

Year

Species

1992 1993 1994 1995 1996 1997 1998 1999 2000
topshell 999 1,443 2643 2,768 2,331 1912 2612 2,218 2,269
abalone 186 62 57 44 39 53 18 3 11
ear shell 176 182 200 159 158 203 86 43 35
common
octopus 152 138 212 253 189 387 2065 148 195
sea _ _ _
cucumbers 38 147 90 96 32 31

sea urchin o09 1,345 804 1,161 825 1,066 282 114 103

Total 2,110 3317 4,006 4,481 3,542 3,703 3,253 2,557 2,613
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Al, 8642 HFA
et

o]} 37} o Fel M FAME F 48094 TEaie dAmE FAL, 200 <F
1%, 30t °F 15%, 40t °F 21%, 50th °F 35%, 60th °F 23%°]3laL, 70th <]
9% oF 5%¢°] 233l (Table 2).

1.3. o1& Fe] &3

_L
B
2
e

of o3 H 570d (1996~2000) ¢t kel W Al o] gn
g2 w971 (7~99) A%< 10~129 &<t oF 16~21%= 194 6¥E7F=
2 Fu)goll vste e Holdom, o5 /MUt o FS Wit o
o] oF 56%9rF. 1#u, 1~69714] 99 o] Fn| &L oF 2~12%F 39S
AL sk REE 10% I Rko] At} (Table 3).

Ay

1.4. A9 g F

1992, el A 200093 AlF= 671 A s A oI F2 AT
SR AFAFEe] FF 1992~1994d7bA] o 220~410F 0] ] 2 = A
SO, 1994~1995d e += ¢F 1,0008 R =2 oS B, 1998~2000

d Eobel = oF 600~720% FEE FaE it

AFe Frefedd AAZFFEY 45 19969 o 1,100ES BHeE AH
Zawe] 2,000 AA oF 330 AT o fHAeH, AFE AR g
REX Y-S 19979 o] F °F 260~350F oI HA, AFE FHFHFA A
A}z

NEFHY S A% 100~360E AE7F o FEH A (Fig. 7).
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Fig. 6. Annual changes in number of woman diver and

CPUE in the coastal waters from Jeju.
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Table 2. Age distribution of woman diver by major fishery

Fishery
Age levels Han-su Beob-hwan On-pyung Total
Number % |Number % |[Number % |[Number %

10 ages - - - - - - - -
20 ages - - - - 1 04 1 0.2
30 ages 1 1.2 1 0.8 3 1.1 5 1.0
40 ages 14 17.3 13 10.7 43 155 70 14.6
50 ages 20 24.7 46 254 49 17.7 100 20.8
60 ages 32 39.5 27 37.7 91 32.9 169 35.2
70 ages 10 2.3 3 221 3 26.4 110 22.9
80 ages 4 4.9 1 2.5 17 6.1 24 5.0
90 ages - - 1 0.8 - - - 0.2
Total 81 100 122 100 277 100 480 100
Min. 39 38 29 29

Max. 89 91 36 91

Mean 61.4 63.4 64.3 63.6
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Table 3. Monthly catch (ton) and catch rate of B. cornutus by the

woman diver in the coastal waters from Jeju

Year Mean catch
Month %
1996 1997 1998 1999 2000  |for 1996~ 2000

Jan. 54 29 176 76 185 104 4.7
Feb. 214 35 216 245 200 182 8.2
Mar. - 279 275 251 267 268 12.0
Apr. 181 203 - 279 247 182 8.2
May 172 164 - 246 191 155 7.0
Jun. 39 105 i 43 48 47 2.1
Jul. - 7 10 - 3 4 0.1
Aug. - - 2 - - - -
Sep. - - - - - - -
Oct. 497 392 442 465 438 447 20.0
Nov. 361 337 360 330 359 349 15.7
Dec. 578 361 672 283 331 445 20.0

Total 2,096 1912 2153 2218 2,269 2,230 100
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Fig. 7. Regional annual catches of B. cornutus.
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7] (late active stage) 50.0%, €+<7] (ripe stage) 20.0% 18]l Wk &
2 2 E 7] (spent & degeneration)®] ZZAAS Hol:= A= 50%AtE 6€¥
o= %7]144%7] (early active stage) 26.3%, $7]474~7] (late active stage)
53%, 18]a1 2<%7] (ripe stage)® ZFAAS Hol:= A7 684% Ao,
79l 271447 (early active stage) 13.0%, F7]4%7] (late active
stage) 4.3%, ¢<:7] (ripe stage) 30.4% 18]x W&k & 2 2 ¥ 7] (spent &
degeneration)?] ZA A4S Holx= AV 522%% 1, €= <7 (ripe
stage) 6.7% 2] Wk & 2 HE7] (spent & degeneration)®] 2 A2
93.3%E #HA 8kt

FA A 499 7] (growing stage) 64.7%, Ad<:7] (maturation
stage) 29.4%, 183 <:7] (ripe stage)®] ZFAAS Hol:= WA 59%A
o, 59¥o+= A7 (growing stage) 44.4%, *d4 7] (maturation stage)?]
ZAAS Holx WAV 55.6%A L, 6¥o= A4 7] (maturation stage)
46.2%, $¥=7] (ripe stage)e] ZZH4S Hol= 7fA7} 53.8% S A st}
79 = &%) (ripe stage)9] /NWA7F 714 ol 66.7% 5o, et & 4 2
7] (spent & degeneration)?] Z24S Hol= /A7) 333%E AHA 65t
8¥o= $<:7] (ripe stage) 21.4%, 181 WA F 2D 2E7] (spent &
degeneration)®] ZZAAS Hol= A7}t 78.6%% T (Fig. 11).

AH A 4 ¥

oz
1

AaAg (GDE AT 2 BF 490 F7heke] 69l A
2

N

N

o

> O

Bl % 72a] Afet (Fig 12). oebd 29 A4z ddsh 4
GEAZ] MIARVE xvhe] ARIE BAIL F 5ANE 8UE 4
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Fig. 8. Photomicrographs of the testicular development of B. cornutus.
. Early active stage. [B]: Late active stage. [C]: Ripe stage. [D]:
Spent and degenerative stage. Do : degenerative oocyte, Es: egg

stalk, N : nucleus, Ol: ovarian lobule.
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Fig. 9. Photomicrographs on the testicular development of B. cornutus.
[Al: Growing stage. [B]: Maturation stage. [C]: Ripe stage. [D]:
Spent and degenerative stage. Sc: spermatocytes, Sd:
spermatids, Sg: spermatogonia, Sz:  spermatozoa, Usz:

undischarged spermatozoa.
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Fig. 10. Monthly change in poportion of individuals with

the ovarian development stages female of B. cornutus.
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Fig. 11. Monthly change in production of individuals with

the testicular development stages of male B. cornutus.
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24, ¥R E

kel AEA A AuE 7] 98, A
Ao A 1040A, A TINAE R 4
At} (Table. 4).

AR 2+ 3.0 cm o3t A= 20%, 3.1~45 cmollA 50~75%, 4.6 cm
ol M= 100% Ad=stAtt. A2 ZHa 3.0 ecm olstelA 0%, 3.1~35
cmol A 259%, 3.6~45 cm oA E 75~100%, 4.6 cm oAl A= 100% A<
sttt wekA, dAS Ztal 31 em, A2 2k 36 cm ©]Xde] Al S0l A

50% ol/dol Aol Fold = = Aoz dEEn. 47l 50% i

(=
Rl
ol
i
il
(@)
o,
dr
a
o0
o,
N

= ol AFE AsAY =M ES logistic Ao HE3do] 34 cmZ F
AEgom olufo] A& von Bertalanffy A &2lo] g3t Ax}p 1,744 =

FE AT (Fig. 13).

2.5. 7 ]
2002 495H 10897449 Fi& dHz 24550 2R ot 24
ZAHE Fotel o - 7F EE F O 18370AIe] W AW EE Fig. 149

ehll vpsl go] 498 A9lEa, 5-89olE AMAoR A W go wo

U, ¥ AAZAT $927F 99 (0.05<P<0.10). waEkA Au)E= 1: 10t
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Fig. 12. Monthly change of the gonad index of B. cornutus.
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Table 4. First sexual maturity of B. cornutus

Shell Female Male
height No. of Maturity No. Maturity
(cm) No. m.ature (%) 0. m?ture (%)
ind. ind.
~25 1 1
26~3.0 5 1 20.0 5
3.1~35 6 4 66.7 4 1 25.0
3.6~4.0 4 2 50.0 4 3 75.0
41~45 4 3 75.0 2 2 100.0
46~5.0 17 17 100.0 8 7 875
5.1~55 10 10 100.0 11 11 100.0
5.6~6.0 17 17 100.0 11 11 100.0
6.1~6.5 17 17 100.0 11 11 100.0
6.6~7.0 15 15 100.0 16 16 100.0
71~75 5 5 100.0 5 5 100.0
76~ 3 3 100.0 1 1 100.0
Total 104 94 - 79 68 -
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Fig. 13. Relationship between shell height and percentage of

maturity of B. cornutus.
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Fig. 14. Monthly changes in sex ratio of B. cornutus.
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£ 05~115 emel gtk AwbA o ujY Auxgde 3~4e] w-Em A4
o] gllom, 1~49el= 23 100 cm o] MAE &7 wAEI 9o
5~99olt= 7til 100 em o5 AL F8) 24w Fdea, 7-999] #
A
=]

o17]7} Ak 10948 oAl Zhar 100 cm o]4Fe] 1A

%t
199441 699 713 o 1.0 em vi9le] AZ$ Aol zzbyl FRoIA A
22 FAsQon, of AATE 129744 2 2 cmel B o A% A5l

N
=2
r o
o
ofN
b
u
O?:,‘

2 23] A patterns H]as] B 1994 6Ll H
22 Yelys= X9 groupe 19939 6~8¥ Ao w FAHHL o=
Table 50 YR wle} zHo] Fa| kel 4 EAFFAEE A G A 1993
H 6o AFFERE Y L XU

O

ZFal s AR EW SR
oF /€] At sd 79l H 2tk 0.06 ecmE sk, 89 0.12 cm,
99 022 cmA o, ¢ 571€o] Ak 119+ Hv2a 063 cm= A 3Fs
Atk ol = alQl 1994 1~42oll= Zhard el vl =2 A yEbaA Hit
7+l 0.80~0.83 cme] HHE HIAATE 19943 5¢ H 73 093 cm=2 A
skt
T3k 2002 7€l 1994 A AP EHAY FAGRNA HTES] 5

7hakel AF AR Foll R 7hARe el FEEo] o gE Zha 0.70~0.95 cm®
23 2470 A7 AL, o] F A |ES 2001 kvl B X o
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e
r |

= OFAEI, 19949 6¥ol Hx =3 AT ZE T A

Aol F=AHE T (Fig. 16).

32. 9T &£

e

Bhattacharya (1967)2] Wwoll <3 &+ (group) & E ¢ Pauly and
Caddy (1985)7} 7R3 ELEFAN program= ©]-&3Fo] 1994\d 1~12¥€7}%|
% 8276 ZMAlel digh 4 AFgTS FEd Ay dwAom 595 At
A 3~670¢ ew T 4 AU (Table 6).

Table 67 Fig. 115 AAIAA 7+ cohortd X 3 o] 54 ¢S B 1994
d 1¥99+= cohort O~V el 47 cohort’} polymodal #¥& HolH 2zl 10
cm A% 9] cohort VIi= H¥7tal 9.80 cmollAl =53] Agrko] Ed3AL

2
49l A9+ cohort Ve VIZE YehYA ¥gkoy 5971A = AWk o R

A ekl 6Hol= M EE cohort 1o &AL

’

cohort I AW Ztax/dolr Aw3h viel o] 1993 T o= 1994

969 dA 43 oF 134 cmE TR B-TE olFHA T 12¢9 Za
oF 244 cm=z AAFetAth 19949 € Ztaz Aol A ZHd FElskAl e
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Fig. 15. Frequency distribution of shell height of B. cornutus and

the normal curves adjusted by the Bhattacharya method.
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Fig. 16. Frequency distribution of shell height of the young
B. cornutus in July 2002.
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Table 5. Mean shell height of B. cornutus spats produced from Bukjeju

Marine Hatchery in June 1993

Shell height (cm) Shell height (cm)
Month Month

Range Mean Range Mean
Jun. 1993 - - Dec. 1993 0.38~1.12 0.77
Jul. 1993  0.03~0.09 0.06 Jan. 1994 0.74~1.95 0.80
Aug. 1993 0.08~0.15 OH2Z Feb. 1994 - 0.82
Sep. 1993 0.11~0.33 0.22 Mar. 1994 - 0.83
Oct. 1993 0.27~0.78 0.53 Apr. 1994 - 0.83
Nov. 1993 0.30~0.96 0.63 May 1994 - 0.93
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dslar Aok 1988y A9l cohort VI 1994\ 1€, 4¥€3 59, 18]3 10
A} 1196 XA o2 e
Table 69} #to] v ®2ld 72 A Htzta (Mean) 3 F=H A
(SD)E ol &3] MATER HFEs AlA 7 o B-= olgs F43
o5 d¥ (cohort)E HEHUE= E-= & F
A%

6 cm olst MA=

ol el JHAl U
u FElskA] &t wEbA], cohort 2 1993 AT o]™, cohort I+ 1992
d WA cohort M+ 1991 WA, cohort IV 1990 A+, cohort V
+ 1989 WA, cohort VI 1988y Aol AR 7A= o FA AT

o]
o]

A F2 3996 79 Atol L 9, 1086 §HE o

A

33. 4349 74

o,
o

Aete]l A4 parametersE F783H7] gk 2717t (A7)l digk Azt
& (Gulland 1968, 1983)= °]-&3le], von Bertalanffy Zd7g2eA FXx
2l o]t}

ro

lei = 1= Lo(l—e =0 —e %7 -0 0 - - 1)
Table 6°] YEIH 2-=2 o]83le, 271231 ()9 AR F (L - 1)

7o #AE e vrel o]l Z+a 32 cmE AAE o] A g E T
213k z}ol7} At} (Fig. 18). 3.2 cm ©]3te] At A= A 7 o] wf$-

it Fste] Akl frelidol 1em(FL 3.396), 3.2 cmolde] AmolAM= 7

a7b FFE AR AaHE el wie FslEkdh, webA 32 om
ol f Zhtael WE AgAHe] BANLS Ly - L= 4051 - 0324 (R*=

0.965) =4 #1o] (D25 A&, AL (Lo)= 12503 ecm, AZA T (K)
= 03927} doj it
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Table 6. Polymodal distribution of shell height of B. cornutus analyzed by
the method of Pauly and Caddy (1985)

Month

Cohort 1

CohortI Cohort I Cohort IV Cohort V Cohort VI

Mean, SD Mean, SD Mean, SD Mean, SD Mean, SD Mean

Jan. 27.

Feb. 22.

Mar. 4.

Apr. 21.

May 18.

Jun. 26.

Jul. 21.

Aug.20.

Sep. 16.

Oct. 6.

Nov.10.

Dec. 23.

1.34£0.34

0.80+0.47

1.08+0.85

1.60+0.79

1.75+0.52

2.44+0.58

2.76+0.44

3.04+0.46

3.03+£0.36

3.13£0.39

3.56+0.45

3.60+0.36

3.62+0.48

4.10+0.85

4.66+0.76

4.76+0.72

4.49+0.63

5.31+0.50

4.96+0.59

5.17+0.67

5.46+0.88

5.75+0.53

6.29+0.84

6.75+0.80

6.91+0.65

7.05+0.55

7.41+0.62

7.27+0.75

1.28+0.67

7.29+0.59

7.62+0.51

7.66+0.69

7.92+0.62

8.58%0.62

8.58+0.40

8.44+0.31

9.12+0.55

9.10+0.42

9.20£0.53

8.90+0.46

9.25+0.44

9.30+0.44

10.2+0.41

10.2+£0.41

9.8

10.5

10.6

10.9

10.9
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Fig. 17. Monthly variation in mean shell height of the

specific year class (from data in Table 6).
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a8, 4w (226 o8 Ao Hat FoR shaith

b=t J}Zlogc(#id—l& ............... (2)

L. 12503 cm® 3}al, Table 69 3.2 cm ©]4e E-= kS (2)2d 9
kel ALE AN 3 4= 0917 ©]9le™, von Bertalanffy 247
Aol A3k kel Zha AAEAS vE3 2o

[,=12503 (1- O3PW0IDy v v v o (3)

b A o2 A Aa()e (=040 cm, [,=433 cm, £,=699 cm, [, =
877 cm, [=998 cm, /;=10.80 cm, 7, =11.35 cmo]3ltt (Fig. 19).

Zka ok AFol FA4E T 287070 A tiste] Ztast AT (W)HS #AE
el (Fig. 20), Alxbe ZFai(7 ) 5 mm @919 Hargte =2 3 71 A2

< Uad 2

w=00002SLW Ai==LHeryl =LQr A, . . . o o L. (4)

1ol Ao AaATE 09972 v o, A5 95% AF S 294
4~3.058°1A 0. HANWAT (We) koA A=d AN (Lo)Fhs (424
g dste] Fekh wEkA Asel #3E von Bertalanffy 2] A4S v
2.

W,=390.0 (1- O3RWONMS oo oo s (5)

webd, 7 AFE o2 AFLS 4,=0.02g, w1619, w, =67.922, w,

= 134.85g, w, = 19864g, w, = 25212, w, = 292.63g °AT} (Fig. 21).
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Initial shell height (L)

. Plotting annual increment of the shell height against

initial shell height.
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Fig. 19. Growth curve fitted to the von Bertalanffy's equation

for B. cornutus.
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Fig. 20. The relationship between shell height and body

weight of B. cornutus.
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Fig. 21. The von Bertalanffy’s equation of body weight growth

curve of B. cornutus.
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1992~20003 7k 4] Al F5 AQe] mpSoj Aol A s Eol] o) o At
ZbazxA AdgE A¥EW, g5 A7]= Zhal oF 5~12 ecmZbA #E

AN, T4 moded] FEFE 19921 A 1994A7bA] ZFal ¢F 7.0 cm©]
O} 1995~2000d el = ol g =9 F4 mode’t F-F 22 oFF olwH L 9l
U At ow Zka 75 cmE VAo ® o g & 55 Ho] BAE =4 U
bttt (Fig. 22).

Zkal 7 cm ol AYPNAY o] Fu] &S 1992~1994d S ¢F 51~64%
2 7 et AEE ROy 19959l A 2000 7]kl = oF 22~49% T

32 o o
E
|

[-‘\:

AR GFREAA AT Lol JEd aud A7
A (SD) ol A AR () - BA (V) BAAL In (V) = - 0.822

o, o] dAR-EkA el ofste] FAHE 24 ARl W FHAGR xE=HA

N
R
i
=5
X
¢ =l

3
|
o
—_
w
—
W~
~

o WA AR AFEHdS 7FIF &

3
o

o

o

x

P

Mo

o

fu

=5

>

A,

rir

re

o w

A FAE (age-length key)E T3
t} (Table 9). Z+aL 45 cm ©]38te] MAE BEF 1A olstatol dld=m, 24
T Hua 7 emZHA YERE A, 7 A8y
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o o9& P& AMFRAAN 2 AFo Fate MAFY xgom d
Hodwd o] & JhAS AL 3HT olste] o F o] =W 1994 9
oA WA Gt 7H = A e (Table 10).

1992~2000% E3Fe] Axd A o] s W F AHTLS AT oR
Uebytar, o] A vid o 54.2~72.7%7F o &=tk (Table 11).

2

43. B3&

Ugolgdez of3g 1992~20003 Atele] 1¥xA AZ (Table 12)2

1998~20001d 9] <+ #Am wroem offzidyoer FAIL Ads (9L

0.1915% v (Fig. 23).

44. «AANBAT R £ AR A S

ake] EAAAE AT Aol HAort He dAAV dR8E olE

3l Rikhter and Efanov (1976) ®Hol A+ 0.1853/yrolQaL, A%ztils ol &
3k Roff (1984) ol A= 0.2454/yro & YEeom 2 1A AAY Al S=

o] ¥ < k&3 0.2154/yrS #ETt (Table 13).

o} FEF A g el AL (S 016~ 021/yre EHlel 3l
R, AAPGAF (DE 19949 A9, oF 16~1.8/yr B2 dE Ao
2 uvepgth e, dolA FAHE AAGAS, AEREE o FAA S
(F=Z-M), 218& (E=F0-9)/2)% A Ax AF= vp&oie] &
¥t &g A AGE gAAeR 14~160 P& 70~75% F
o]t (Table 14).
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Table 7. Calculated shell height and standard deviation by age

cornutus

for B.

Age
Shell height & SD
1 2 3 4 5 6 7
Shell height (cm) 040 433 699 877 9983 1080 11.35
Standard deviation (cm) 0.71 0.76 081 0.86 0.92 098 1.05
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Table 8. Estimated shell hight composition by the age of B. cornutus

Shell height Age
(cm) 2 3 4 5 6 7 Total
5 631 21 652
55 723 204 928
6 339 860 5 1,205
6.5 94 2257 40 2,391
7 16 3828 218 4 4,066
75 1 2823 545 20 1 3,391
8 954 655 45 4 1 1,659
85 196 503 63 7 1 776
9 25 249 63 11 2 355
95 2 92 54 12 3 163
10 24 31 11 3 69
105 4 12 6 2 25
11 2 2 1 6
115 1 1 2
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Fig. 22. Annual shell height composition of B. cornutus caught

by diver woman in Jeju coastal waters from 1992 to 2000.
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Table 9. Age-length key of B. cornutus

Shell height Age
(cm) 2 3 4 5) 6 7

4.5 1,000
5 968 32
5.5 780 220
6 282 714 4
6.5 39 944 17
7 4 941 54 1
75 833 161 6
8 576 395 27 1
8.5 252 648 38 10 2
9 70 701 193 30 6
9.5 14 o564 330 74 18
10 2 349 454 152 43
10.5 164 489 256 91
11 59 422 357 162
11.5 17 301 427 255
12 4 182 448 366




Table 10. Catch in number by age of B. cornutus in Jeju coastal waters

from 1992 to 2000

Age
Year
2 3 4 5) 6 7 Total

1992 5,835,434 9,491,282 1,554,874 199,248 32,812 8,033 17,121,682
1993 15,877,322 13,925,543 1,473,913 156,605 30,852 8474 31,472,709
1994 30,565,908 25,642,706 2,594,571 231,248 33,601 7,521 59,075,555
1995 2,520,402 22,076,328 7,081,894 1,068,650 187,494 45208 32,979,977
1996 3,937,888 21,065,554 3,650,834 433,694 72,014 16,584 29,176,569
1997 4716543 19,811,625 2,815,638 412,322 85,841 23,234 27,865,203
1998 3,495,521 20,910,382 3,861,372 593,987 114,204 29,682 29,005,147
1999 2725976 23,750,862 3,301,732 436,350 87,768 22,776 30,325,462
2000 2,157,204 20,721,317 4,526,549 815,166 167,508 41,422 28,429,165
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Table 11. Catch in weight by age of B. cornutus in Jeju coastal waters

from 1992 to 2000

Age Total
Year
2 3 4 5 6 7 (ton)
1992 94 645 210 40 8 2 999
1993 257 946 199 31 8 2 1,443
1994 495 1,742 350 46 8 2 2,643
1995 41 1,499 955 212 47 13 2,168
1996 64 1,431 492 36 18 5) 2,096
1997 76 1,346 380 82 22 7 1,912
1998 o7 1,420 521 118 29 9 2,153
1999 44 1,613 445 87 22 7 2,218
2000 35 1,407 610 162 42 12 2,269

_57_



Table 12. Age composition of B. cornutus population derived in Jeju

coastal waters from 1998 to 2000

Age 1998 1999 2000 Combined
2 3495521 2,725,976 2,157,204 2,792,900
3 209103%2 23750862 20721317 21,794,187
4 3,861,372 3,301,732 4,526,549 3,806,551
5 593,987 436,350 815,166 615,168
6 114,204 87,768 167,508 123,160
7 29,682 22,776 41,422 31,293

_58_



Table 13. Estimated instantaneous coefficient of natural mortality (M) of

B. cornutus by two methods and input data

Methods Estimates of M Input data
Rikhter and Efanov 0.1853 T= 8 year
Roff 0.2454 L= 12503 cm
K = 0.392 year
Lr =46 cm
Mean 0.21%4
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Fig. 23. The survivorship of B. cornutus estimated from

the catch curve method.
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Table 14. Survival rate (S), total mortality coefficient (), fishing mortality
coefficient (F) and exploitation rates (E) for B. cornutus in Jeju

coastal waters

Parameters
Year
S A F E
1992 0.1652 1.8008 1.5854 0.7350
1993 0.1893 1.6645 1.4491 0.7058
1994 0.1612 0.8251 1.6097 0.7398
1995 0.2016 1.6014 1.3860 0.6910
1996 0.1617 1.8220 1.6066 0.7392
1997 0.1829 1.6987 1.4833 0.7135
1998 0.1895 1.6636 1.4482 0.7056
1999 0.1733 1.7527 1.5373 0.7251
2000 0.2075 1.5727 1.3573 0.7031
Mean
0.1915 1.6529 1.4375 0.7031

(1998 ~2000)
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Table 15. Parameters for the analysis of the annual yield per recruit

(Y/R) of B. cornutus

Parameters
Index
Mo b o t K W
' yrhH rh " ”
Value 0.215 1.10 2.14 -0.917 8 0.392 390.0
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5. L
5.1 A4Fe] 37

1992 ol Al 200079 Aepatd = el ®leS B 1992 °F 1,700+ ol A
1993 2500E 02 7k F) 1994d ol 5o H A #el oF 4400&

Aud AAHFL 240 19943 oF 1,120E FolA A 20000 o
600% TS FA8H, 7 B AYFS HolE 3MT 19949 oF 2,600
= T ST Aok SUFE vhEStE Ads BHow, 20004
Al oF 15008 ol & FAGE Aoz YElWth 443, 5H, 64
e 2, 3A T 2] 19959l Hare] AdHES wel
ZAlel glom 2000 @A AP 27 ok 630%, 180E, 50%F,

108 < Ao YeRT (Table 16).

AA7Fe] WE3 CPUE #AE BYl Ad#e] 7t wet CPUER S7}
sta 9lom, AYd7sdd wel CPUER #asts 48S B, &3 CPUE
= 19920l A 1993 el = ¢F 140~210kg Faoll o}, =9
W oF 440kgo 2 HIE Bl T 1998 el A 2000 7He
HEE YEr AT (Fig. 24).

CPUET A& A9 22 SHFHME Heoln, CPUEZL Ao WE7

—|—‘

[‘li‘

F 380~400kg ¢}

S 2 wrd et Ao g eyttt (Fig. 25).
oty drd HiF o AIYASF (F)o HES B 1992 A 1994
7He A9 Eta, o] g o A Akl HHE Aol AdATt (Fig. 26).
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Table 16. Estimated stock biomass by cohort analysis for B. cornutus in

Jeju coastal waters

Year
Age

1992 1993 1994 1995 1996 1997 1998 1999 2000

2 501.0 1,0230 1,1205 5863 6078 6364 6829 4879 602.4

3 8879 1,3929 25982 20281 18974 18348 19365 21754 1,539.8

4 2758 3024 5932 11477 6419 5499 6834 6338 6798

5 539 570 1045 2687 1262 1269 1653 1397 180.3

6 120 113 243 574 280 338 395 383 475

7 2.7 29 2.0 146 0.0 79 9.8 78 137

Total 1,733.3 27894 44433 4,092.8 33069 3,239.6 35175 34829 3,063.5
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Fig. 24. Annual variation of biomass and CPUE for B.

cornutus in Jeju coastal waters.
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Fig. 25. Relationship biomass and CPUE for B. cornutus.
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Fig. 26. Annual variation of catch and fishing mortality

coefficient for B. cornutus in Jeju coastal waters.
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52. AU A £ gF (MSY) 4

Schaefer 2ol H-&3}7] ¢ate] 1992~2000 FoF afol] <Jsf o=

AFEA heke] FAgF Y 1909 o Foz RFsAIZl o
A2 = Table 177 7Zt}. Schaefer Edlo] 283 A3 5%9 Fo4F (R =
053)1 A @9 =dFojg & (CPUE)S =8% (&5l g)dd diste] {23
AR WA Ha, AaEFe mg ke 23434 (Y =1,2239X - 0.1451X)
o] ®t}t (Fig. 27).
FAE HAAEHAAGF (MSY)S = 42008 A Hdl ¢F 2,580F©]
Adojz MSYA HAAN D (fisy)S oF 4200 FFolAth L3 fusye
¢l 20000 o] kbl T A= o] ko] oF 74% ol ol H

Aow A EHJY (Fig. 28).

JSE

B

|

53. A4 AYAGAT R AA YRR F3

5.3.1. Beverton and Holt @] <3 F4

o GALAG (F)oll tigk 74dd Ak (Y/R)3 AGAAIAE (L)
of #AE Fig. 299 2l Aoz FAH TAL dA9 AFINAIAG ()
el 2.14AM|, F=14375/yrollA2] 73 AL 126.3golth. o2 F ghol

LOyT7HA asteiets Ao ogd noh 2 AgPARTe g
Aok @A FEel ofRAMelaw, g AN Fe e o 069/yrol,

of Wel AAYANFE 1303golh web] @Al Fo gre wEe] ¢y

A HAYAS (F)sh ARG (V/R) 3
o ¥AE Fig. 305 2tk @A g9l =1k GARAS (F) 14375/yr
& FASAM BT B YRS @7 9AE JgANAY (e ol



Table 17. Catch and number of woman diver and CPUE of B. cornutus in

Jeju coastal waters from 1992 and 2000

Effort

Year Catch (ton) (woman diver) CPUE (kg)
1992 999 6,924 144.3
1993 1,443 6,686 215.8
1994 2,643 6,037 404.3
1995 2,768 5,886 470.3
1996 2,096 5,841 398.8
1997 1,912 5,647 338.6
1998 2,153 5,646 381.3
1999 2,218 5,678 390.6
2000 2,269 5,678 399.6

_70_



500 r

[ ]
400 |- )
[ )
[ )
% 300 F
Y
N’
=
=)
e °
O 200 |
[ )
100 - y =1223.5 - 0.145x
R?=0.53
0

5,000 5,500 6,000 6,500 7,000 7,500 8,000

Number of woman diver

Fig. 27. The relationship between fishing effort and CPUE for

B. cornutus in coastal waters.
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Fig. 28. Epuilibrium yield curves for B. cornutus from

Schaefer model.
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Fig. 29. Yield per recruit curves of B. cornutus. Y/R against

fishing mortalities ( f) for various ages at first capture
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Fig. 30. Yield per recruit curves of B. cornutus. Y/R against the
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Fig. 31. Yield isopleths for B. cornutus. P represents the
current state of fishing mortality ( ) and age at

first capture (¢_).
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