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Summary
1. Title

Studies on the Development of Techniques on Pen Shell Natural Spat
Collection

II. Objective and Significance

Pen shells are marine shells belonging to the mollusca class Bivalvia.
They are common along the southern coast of Korea, especially Chinhae
Bay, Deuklyangang Bay, and bays located along the western coast such
as Chunsu Bay. The adductor muscle of the pen shell is high-priced
seafood in the market and pen shell fishery is one of the major fishing
item of shellfish fishery in Korea. It is noticed that the wild population of
the pen shell has been declined remarkably over past decade in Korean
water and the importance of the aquaculture of the pen shell also has
been emphasized.

Pen shell aquaculture industry uses the naturally collected spats as
seeds. Traditionally the spats are collected using wooden poles with
branches although this method is known to be inefficient. Therefore, pen
shell aquaculture industry along the southern coast of Korea suffered from
shortage of natural spats of the pen shell. To support the pen shell
aquaculture, an improved and affordable method of pen shell spat collection
method has to be developed.

Recently unknown species of penshell spats have been observed in the
spat collectors of the sun and moon scallops established in southern Cheju

water. The spat collectors are made of an onion bags filled with fine
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plastic net and the mesh size of the bags is 1 mm. It is thought that the
spat collection for pen shell could be improved if we use the modified spat
collectors used in the collection of the scallop spat.

To harvest natural spats of pen shells for aquacultural purpose, several
reserches have conducted through this study, including design and
installation of the natural spat collectors and the facilities, transplantation
experiment of the pen shell spats collected in the study area to southern
coast of Korea, finding the best timing of installing spat collection facility
by studing occurrence and abundance of the penshell larvae in the water
column, and the taxonomic position 'of the pen shells occurred along the

southern coast of Chéju Island.

II. Content and Scopes of the Study

Main purpose of the current study is to develop a technique to
collect large quantity of naturally occurring pen shell spats for
aquaculture. To collect the spats, spat collection facilities and collectors are
set along Bophwan and Kangjung area of Seogwipo, Cheju from October
1995 to October 1997. The number of spats per collecter was also
examined at various experimental conditions, such as sampling locations,
depth of the spat collecor placed, and the size of the spats. The pen shell
spats collected from the study .area were than transplanted to two
experimental aquaculture grounds; Ojo, Cheju and Deuklyang Bay in
Chunnam. For predicting the best timing of installing the spat collection
facilities a monthly planktonic samplings were conducted over two year

period during the course of study. The taxonomic position of the pen
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shells occurring the southern Cheju water was also included in this study.

1. Pen Shell Larvae Sampling and the Taxonomic Study
1) Pen shell larvae sampling

o Pen shell larvae were studied over three year period from October
1995 to October 1997 in the southern Cheju. To investigate pen shell
larvae, a large zooplankton net with 105 ym mesh and a current meter
attached on the girdle was applied. Samling was conducted on a monthly
basis and the frequency of samling was increased during late October and

early January when the pen shell larvae were observed frequently.

2) Description and illustration of pen shell larvae

o Scanning electron microscopy and light compound microscopy were
applied to take photographies of ben shell larvae. A number of
photographies were taken from SEM and a light microscope for the
further study. |

3) Taxonomic study of the pen shell
o To identfy the pen shells collected along the southern coast of Korea,
shell morphology were examined. The shells of pen shell were also sent to

shell specialist to take advises.

2. Natural Spat Collection Experiment

1) Environmental study on the sampling area

o To understand the environmental characteristics of the spat collecting
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ground, following factors were investigated : dissolved oXygen
content(DQ), Chemical Oxygen Demand(COD), Nitrogenous gases including
Ammonia, Nitrite, Nitréte and Nitric Acid according to Strickland and
Parsons(1968).

2) Pen shell spat collaction

o Experiment conducted in the first year period

Facilities for pen shell spat collection was intalled at Bophwan and
Kangjung area on October 16 and 23 in 1995. The facilties includes buoys
and lopes and anchored by 100 kg Weight anchor at depth of 25 m. The
spat collectors were attached on the lope starting at 6 m from the surface,
by every one meter to the bottom. The number of spats attached on the
mesh in the collector bags were investigated two month after the
installation by every month. Shell height and length was measured from
each spat collected.

o Experiment conducted in the second year period

Same sampling effort as described in the first period experiment was
made during the second year period, with some changes in mesh size and
the substrata for spat settlement.

o Experiment conducted in the third year period

The techniques used in the pen shell spat collection made in Cheju
area were applied to Deuklyang Bay along the southern coast of Korea in

the third year period for a practical purpose.
3. Transplantation of Pen Shells
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1) Environmental investigation of the transplantation area

o Two sites were used for transplantation experiment, one in Ojo,
Cheju, and the other in Deuklyang Bay in Chunnam. Sediment particl'e
sizes of the study area was analyzed using a series of standard sieve for
sediment size analysis. Based upon the sediment size analysis, the

bottome type of the study area was categorized as sand and mud.

2) Transplantation experiment

o Experiment of the first year period(October 1995 to October 1996)

A total of 784 individual pen shells (0.2 to 85 c¢m in shell length)
obtained from Seogwipo area during September and November in 1995
were transplanted to Deuklyang Bay, Chunnam. To transport the shells
through airplane, the shells were placed in a stylofoam box filled with ice,
and transported the experimental area by airplane. The shells were
transplanted on the experimental grow out place arranged by 1X1 m
marked with wooden poles. Each individual shells were inserted to the
muddy experimental grow out substratum by SCUBA divers.

o Experiment of the second year period (October 1996 to October 1997)

A total of 176 individual pen shells were transplanted from Seogwipo
area to Ojo. A four experimental sites were arranged at Ojo to compare
the growth rate of the pen shells after transplantation. Transplanted area
was visited every month to record the survival rate and growth rate of

pen shells by measuring length and height of the shell.
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IV. Results of the Study and Its Application "and

Recommandations

1. Results of the Study

1) Larvae Sampling and Taxonomic Study of Pen Shells

(1) Sampling Methods and the Gears

o It was proven in this study that the commonly used plankton net for
larval sampling in southern coast, 60 #m mesh size and the diameter of
net of 30cm, is inadequate for zooplankton sampling due to the low
abundance of zooplanktons in the study area. Instead, a net mouth
diameter of 60 cm, length of 1.5 m, and the mesh size of 105xm
zooplankton net was used in collecting larvae. The net was towed oblique
at the depth of 7 to 15 m for 10 minutes at a speed of 3 knots. A flow
meter was attached on the girdle around the net mouth to quantify the
amount of water passed and a SCUBA diving computer was attached to
the net to record the depth and the water temperature. Using above
protocol, it was possible to record the depth and water temperature of the

net towing and quantifying the pen shell larvae.

(2) The occurrence of penshell larvae and its abundance
o From the result of the analysis of the zooplankton samples collected

from December 1995 to October 1997, it is obvious that the post larvae of

_18_



the pen shells which are over 300 /m in height occur from late July to
late November. However, no postlarvae of the pen shells were present
among the plankton samples collected during January and June during the
study. The abundance of the pen shell larvae showed a range of 0 to 0.25
individual/ton seawater filtered. The peak of the occurrence of pen shell
larvae was found to be during late September and early November when
other D-shape larvae of unidentified bivalves also showed the peak of its

abundance in the water column.

(3) Microscopic observation of the pen shell larvae

o The pen shell larvae were fixed in gluetalaldehyde and in alchohole
to observe its morphological characteristics. The postlarvae of the pen
shells are much bigger than post larvae of other bivalves, with shell width
of 300 to 500 ym and shell height of 400 to 450 tm. However, it was not
possible to distinguish early larvae of the pen shells with other bivalve
larvae through microscopic observation since they appeared as same

D-shape larvae.

(4) Taxonomic studies on the pen shells collected in Cheju

o The taxonomic position of the pen shells occurring in Cheju water
was studied using pen shell spats and juveniles collected from the spat
collectors and shells of the transplated individuals. It is reported that the
pen shells occurring in Cheju are Atrina pectinata japonica and Pinna
muricata. Pinna muricata is distinguishéd from Atrina pectinata japonica
by well developed ridge along the central part of the shells. P. muricata is

known to be abundant in subtropic region and in case of Japan, they are
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widely distnbuted in Kyushu area. P. muricata is also firstly reported to
Korea through this study.

2) Development of the Spat Collection Technique

(1) Environmental study on the spat collecting area

o Environmental factors of the study area

The environmental quality of the transplnated ares, Deuklyang Bay was
similar to that of Seogwipo area except water temperature; Peophwan a;ea
had an annual water temperature range of 14.1 to 24.1°C while Deuklyang
Bay had a range of 4.7 to 2857C. It was believe that Deuklyang Bay is
suitable for the grow out for the pen shell transplanted from Cheju since
most environmental factors are similar to those of Cheju.

2) Natural spat collection experiment

o) Density of the pen shell spat settled on the collectors was 4.2
individuals/collector bag at the first year period, 6.3 individuals/collector
ba;g at the second year period, and 2.7 individuals/bag at the third year
period. The highest number of pen shell spat settled on the collectors
observed in August and the juvenile pen shells became 425 mm in shell
length six month after settlment. A correlation was found between the
shell length and the days after the settlement, shell growth= 0.3854Xdays
after settlement+0.8423 (r?=0.9764). Shell growth in terms of shell length
increase was found to be best at the depth between 10 and 20 m. Spat
collectors used in this study were onion bags with mesh size of 1X1 mm

and 1X2 mm and 1X2 mm mesh onion bags showed high survival rate
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of the spat.

Polyethylene monofilament packed inside of the onion bags as substrata
for pen shell spat in this studuy was found to be the most efficient
materials for pen shell spat settlement. A total of 20 species of marine
inverterbrate organisms belonging to 20 families were observed from the

spat collectors in this study.

3) Transplantation of Pen Shell Spat

(i) Environmental quality of the transplantation sites

o Ojo area at Sungsan in Cheju was a shallow semi-closed inlet. This
area have é wide temperature fluctuation range; water temperature was
215C in May and 276C in August. Salinity in this area varied from
2570% in August to 30.86% in April. Dissolved oxygen content in
seawater also varied seasonally, at a range of 506~693 mf/¢ with a
highest value of 890 mé/£ in April. There was no obvious seasonal
changes in COD, with an annual range of 0.24 to 092 m¢/£. Nitrogenus
nutrients concentration in seawater also varied seasonally, with a range of
011 to 044 pg-at/f of NO.-N, 1924 to 3824 pg-at/¢ of NOs-N.
Phosphoric acid (POs-P) had an annul variation range of 0.38 to 0.95 ug

-at/{ in this area. The bottom type of the Ojo area was a silty mud.

(2) Transplatation Experiment
o First year period

None of the pen shell spats collected in Cheju water and transplanted
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to Deuklyang Bay in Chunnam area in 1995 were survived. A second
batch of juvenile pen shells consist of 100 individuals transplanted in
August 1996 from Cheju to Deuklyang Bay were grown up to shell length
of 764 cm until October 1996, also all died in November 1996 due to
naturally induced habitat distruction.

o Second year period

Juvenile pen shells were harvested from the collectors placed in
Bophwan area in April 1997 and transplanted to Ojo Cheju. The size of
juvenile pen shells were an averége shell length of 43 cm. Monthly
increments of the shell length were 5.56 cm in May, 596 cm in June, 6.86
cm in July, 7.88 cm in August, 1060 cm in September, and 13.00 cm in
October. An average weight of the transplanted pen shells at Ojo was
1.72 g in April and 38.14 g in October.

Survival rate of the transplanted pen shells was found to be much
higher at the transplantation site exposed to air during low tide than the
site located at subtidal area. Survival rate of the pen shells at subtidal
site was 279 to 37.2% in August and all the individual died in September.
In contrast, pen shells located at the intertidal site showed relatively
higher survival rate, even 30% of the pen shells transplanted survived
until October.

Pen shell spats harvested in Seogwipo area were found to be two
species, Atrina pectinata japonica and Pinna muricata. A. pectinata
Japonica accounts for 36% of the spat collected, P. muricata for 44.0% and

unidentified group accounts for 20.0%
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Explanation of Plates

Plate I. Scanning electron micrographs of the pen shell larvae and other
bivalve larvae
@, ®, © : External structure of juvenile pen shell
@ : Internal structure of juvenile pen shell
®, ® : Other bivalve larvae
Plate II. Light compound micrographs of the pen shell larvae and juvenile
Atrina pectinata japonica and Pinna muricata
@), ® : Pen shell larvae
© : Pinna muricata
@ : Atrina pectinata japonica
® : Young pen shell(2 species)
® : Young pen shell(2 species)
Plate . A view of establishing and pulling up spat collectors
@ : Arrangement of sing long line
: Establishing single long line
: A view of establishing spat collector

. Establishing spat collector

® ® 0 @

: Pulling up spat collector
® : Raised spat collector

Plate IV.' A sort of spat collectors and attached pen shell spat
® : Placing polyethylene monofilament into a collector bag
® : Placing paim string into a collector bag

© : Placing scallop shell into a collector bag
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@ : Placing polyethylene monofilament into a O.Smm”mesh
collector bag
® : Young pen shell
® : Young pen shell
Plate V. Attached pen shell spat
@ : Atrina pectinata japonica
: Pinna muricata
: Non-classification species

. Pinctada fucata(Dunker)

® ® 0 ©

. Chlamys irregularis(Sowerby)
® : Scapharca subcrenata(Lischke)
Plate VI. A view ' of installation for transplantation sites
@, ® : A view of installation
©, @ : Pen shell spat from Cheju transplanted to the control site
® : Pen shell spat transplanted to the control site from Jangheung

(® : Predators found in the experimental site
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Fig 1. Pen shell larvae sampling stations in Seogwipo area
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Table 1. Summary of the zooplankton larval sampling effort

(individual/ton)
Period  Location Sites Pen shell Bivalve Copepod Fish
larvae larvae epgys

G-1 26

G-2 6

Kangjung G-3 22

G-4 3

G-5 2

Dec. 5, G;G 198

1996 9 12

3 5

Peophwan A-1 5

A-2 5

A-3 2

A-4 2

G-1 170

G-2 180

Kangjung G-3 30

G-4 130

G-5 180

Jan. 20, = 130
1996 9
3

Peophwan  A-1 52

A-2 76

A-3 3

A-4 45

G-1 0

G-2 210

Kangjung G-3 4

G-4 35

G-5 48

Feb. 24, G-6 120

1996 1 0

2 50

3 80

Peophwan A-1 50

A-2 40

A-3 510
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Table 1.

Continued

Period

Location

Sites

Pen shell

larvae

Bivalve

larvae

Mar. 27,
1996

Kangjung

|
DB WD~

DOOCPQD

10.17
442
1.44
1.17

14.56

26.54

Peophwan

> P o

0.00
0.97
0.00
0.00
2.49
3.57
7.39

Apr. 23
1996

Kangjung

DO
DU B W =B WD

0.00
0.00
0.94
0.68
0.00
454

Peophwan

|;'|>WI\3'—‘

I>III>3>
B W N -

0.00
0.32
2.65

0.00
0.00
1.72

May 30,
1996

Kangjung

2.15
0.68
0.00

Peophwan

0.83
0.78
0.71

June 1,
1996

Kangjung

0.33
129.29
4.09

Peophwan

W BN 0 DN DN N —

1523
30.73
16.43
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Table 1. Continued
) . . Pen shell Bivalve Fish
Period Location Sites opepod
larvae larvae eggs
1 7.11
Kangjung 2 13.79
July 24, 3
1996 1 2.38
Peophwan 2 0.78
3 15.58
Sep. 13, . 1 0.10
Seogwipo 2 0.15
1996 3 0.16
Peophwanl 0.00
Sep. 23, Peopwhan2 0.02
1996 Kangjungl 0.15
Kangjung?2 0.45
1 0.00
2 0.08
Oct. 4, Peophwan 3
199 4 0.02
5 0.02
Oct. 14, 1 0.00
199 Peophwan 9 0.05
Nov. 7, Peophwan é ggg
1996 3 0.15
Dec. 20, b opwh 1 0.12
199% eopwhan )
Jan. 1, - 1 493 32169 2.28
" Peophwan 2 73.70 227586 12731
1997 3 776 31437 9242
Apr. 4, 1
Peophwan 2 3.0 5.60 13.84
1997 3
1 0 2397 2497
2
May 14, Peoohw 3 0 1246 49.83
1997 phwan 4 2083  1689.61 32822
5 2.47 40560 7.722
6 5.52 7560 77.25
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Table 1. Continued

. . . Pen Shell Bivalve Fish
Period Location Sites Copepod

Larvae larvae eggs

1 0 74653.00 107.03

2 18.41 3137.39  20.72

Jly- L o ven 3 1243 4062387 4351

1997 P 4 4.32 26170.32 121.02

5 2905 6400573 213.03

6 2759 447654 8277

Aug. 20, 1 0.02 12.22 76301 4522

lgg; reophwan 0.32 6832 62078 3366

1 0.07 11.14 71315 3031

Oct. 1, o 2 0 24.30 3382 2014

log7 oophwan g 0 11.19 3086  22.99

4 0 199 8139 3651
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Individual larvae / m3
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Sampling Period

Fig. 2. Annual occurrence of the pen shell larvae in the study area
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Fig. 3. Annual occurrence of other zooplankton in the study area
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2. 7127 A9 dnlAA BF

AF YWY 2R QoM 28T NEZNY FALS FA HAzAH0 A
(Scanning Electron Microscope, SEM)#% vyt 33383 o] 38 o] g3t %
. 1A FA9 MR 2 5AL oidF F MR & FAAY fAol
o F1EAN A fFAL 3 RG] &F8 g 3o 4P ¥ via
A o i stdRvt He 5 S Holm ZpFo] nt olujmF it
27 o) 200m FE WA, N2 FHL 2ol 300~500m FE
ARt Augo R dujR 3 oMx gA FEo| drth

Plate 1-& FA} dA@n|Fo2 #GT 7129 FA FAL RdF2
Atk ol &9 Avle ©A B vt o 500pmel Dite AL & F 3
th olEd Uyl FEEv|F o2 BEAA dAHE 4H EA4L F Y
Atk 4t Fatdv|F oz FAS 712/ FA(Plate 11, @,0) Az &nl
Bz FEY ZIH FAE ZIGE Holn, 53] Aulgz BIY BF$
(Plate I, @, ®) &7 2% sjzto] £ & olvju Fo| FA} &
Aol FEES ¢ F Uk

Plate 19 ®, @€ 712/ FA0] FAHY Al7lo) 2dEF Uyt oln)
W7o F4E Aa drlZ B9 2ol o] RYL J)xN9} vimAl
23 FL7F EAtEA deEe] YA den, 1 AVIE 100~200 4m AL
2 71270 FAH vnA F31E A7) AolE B,

3. AF AYelAM Jehd 7120 2HEH A7
71ZMe AATEE oludiBel &3te olvuRE AAHogE ¢
20 oFo] 42 A e, Pinng, Atrina, Streptopinnas2 3/M&) £33
A ©] F, Streptopinnat UE-HFH I A Gojvt B¥31 Y Aoz ¢
A den Pinnast Atrinae Wl 2L olddl el 2R d E¥sn
At
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Pinna$}t Atrina %9 9183 AolH L Atrina% 9l 7% Hzte) FUl
AP 2 £olde §7140] gle W Pinnadd &3le 71208 43
L2 RE ZIAREAR #HG FA Kokde Fo] EAEY ol T £&
B3te 7I€LE v 489 FS & 1239 71207 Bag3 lod,
o]%F Pinngdl %3= FL P. muricata, P. atropurpurea, P. bicolar, P.
incurvata S°|9, Atrinadl %3l F& Atrina pectinata japonica, A.
vexillum, A. lamellata, A. teramachii $°] 4214 Ut} (Habe, 1977). <&
yuele]l AL J1ZM Atrina pectinata japonica®t 7YX AFF|ZN  Atrina
pinnata lischkeanas 2%°] 4alA UtHH=4, 1976).

Plate 198 ©, @, ®, O & AT 71 T AF AAX AYd &

A 7IZNE BAF2 Aot £ dF AYQellMe Frix] 0E f¥9 A=
M7t 283l ole F1ZM Atrina pectinata japonica (Platel,@)$}
Pinna muricata (Plate I, ©)2 +Fdoh Platell 8] ©Y ZA$ sl
2ds8tn v 712G vIimA] Ao RE JHRA g FIE G
A e §714d0] FREA BREY A Ho 7 F12AN Atrina pectinata
Japonicas °1& 3 Fo] Q&S & 4 AY. Pinna muricatas YR 7]
EAM FFARAA F2 A=t R (YA 3 e AeE B1
51 e Foltk (Dr. Wicksten, ol HALF FHE 2@ Mr. Isowa, G,
personal communication). P. muricatas= @A $-2 Jetd a5z &3 Q)
<, ol€ otv} o]E9] X7} HIWA 0] ¥ AF Ao FF Y 7
VI Ao g AlgdT}

A44d 8 9

AFz MAXE dtel 2d3le NZAMY ADAR 71eME A9 93
22 o] XNYox 2&3E 2N FAESH A7), sty E4 @ BE
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St Aol A7 19959 10978 1997 108 3 o] FojATy A=
Mol AL YEE BE 105 4m 9 TE EFIAE YEE o839 A
E U, B3R AFddlM A 71z {8 FeEy g3e gv 3
g AuiAd s FA AAMERE S o] 83t AL #gslon, J1FMY BH
g3 d7E ERXAS AT AEIMA AE EHE o

71ZMe FA4& 2 277 24 300 ~ 500 xm FE AT Rgo
I A717F 300 4m P At oluisi 7o} KA FEo| AT A%
g 71Z2M frAol Hx2 TAE AJle 99 T Folen MR o] ¥
& A7l 1142 Jesth 7120 f439 2z J7 &5 10 € 31 ~
2oke) FE2 WAT vmA 2l Yehgeh,

2 9+ NG Z83I JZMN= Atrina pectinata japonica 9 Pinna
muricata 5 Ha¥ 2 Fo2 FRHHJLH, P. nuricatat £ ATFE F3ly
T2 dgtel {22 BuEE Fo|th. Pinng muricatas oAU ANZNZ
g A Aen ety 1z vinA g & HHEH Aole Hg FY
o §71d0] s AR
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M 2 & XAMZAE

Al1AdAME

71ZN, Atrina pectinatas A 3|¢t3} F3iete] AZRAH oj4d F2 BXF}
E YUt 2AF F M3 d¥Fos FA42 HFE HEoE o %
s A HF gREo] FEH3 Ue AFAZL e 22 HFoloh
F1zMe At WslE HH(Fig. 4), 198039 349 MTellA 1981d ¢
1982 d91& 10,000 MT ol4e] A4S B0y, ofF ZrAste 1983dH-E
19874742 4000 MT Wele Az AAFS B 22y 19883
E AdFe] Fa 571 AFsY 1990dE 15000 MTo2 Aol 43S
H F oA #AaEr] AlRste 1994d0lE 2500 MTe W& Aa3s
AHEHFFTAAKE, 19%5). olgh go] 7124 YL FHoz AL A
FHoll AEFozA wid Yool Wart Aste] AU IS AT F4
Aol @ FdET 1zl diF AFE #EiH1938)7F & FHHL sz
ME tidez HE AR 3 € FATH dF AF7 Azeld, BA
AMEAF(GEE - W0, 1986, &HE - #R, 1991, BH71A(EB %, 1984), AF
AME(EA - AH, 1984)0] #F AT E0| Utk

vt e #1980, 1981)9) 71ZA9 Aret FFe FBuA 2
Feolol g AFE AFZ - £(1984)9] el B} AT, M F
(1983)8) FfHAF 271487 @8 A7, € F(19%859 RAHAY 2EA
7o) g AF 9 8 $(1986), Z ¥(1995)9] QAFFE A2 R oA P
B A77 dod, AR QT35S R AAARA g FRIEE Ul
) zAFY FEAN WYPoZE o2lg e B

olg g 7hed FaAFAATL AF AN 19949 st AAARE
A Fat FHAAEC 712N Adrt dF FAHS FAstE AAA o)

™
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Fig. 4. Annual ﬂﬁctuation of the pen shell production.
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g% FH BRI 7hed Aoz AdHEZAM £ AYE A HAUu

A 24 Ag L ¥

1. #F=A
AFEe AAXA P& 2 24U 71209 oF IB5%E Hise A

g9 S3q x1go] 732 1996 2, 4, 8 L 11¥0] FHPFAAZY 3

AT LA AAG AFBHELAZA A5 E 83 F2(WT), 4

(salinity), €&44&(D0), YFEHF, #HML22TF F N A3ty

E-AFor FESA ooz £4, vu A

7}. 4&(water temperature): @A $=AZA7|(YSI 3800)2 1/10C7}A]
33

W g ¥ (salinity): 8clA FEHA Ar-d F APAE L9slo HE2S
A 71(MINISAL 2100)2 EA3stc).

o F40l 2% Z(pH): #AFA7I(YSI 380002 A =33

gt §EAHA(D0): Winklerd g ol /MF3UA Eyoz BMsle m/e 2
B A3

vh. 31834448 FF(COD): 5 A8 50 mol NaOHE 718l dslelydo=
&3, AT BAFELYS M F F2FAA 1A% B¢ 187 9S
Bzsta, s=stdEd JaAoz AAstd 2= {EA Og X
LPFIUEFOZ HAYsd /L 2 EAHH

v}, 143 (PO4-P): ammonium molybdate, HoSO,, ascorbic acid, pota-
ssium antimonyl tartrate E#Aj}e g2 WAMAIA FFFJTA I 885
nmol X Z338}3, pg-at/ L 2 EAISA

Ab. o} -G (NO2-N): sulfanilamide®t N-(I1naphthyll)-ethylene diamine
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dihydrochroride2 HHAIA F3F=A 33 543 nmoll X S8 pg
-at/ L 2 BAEH .

ol. AAAF(NOs3-N): A8 & Cu-Cd columnd] FHA|A olAAALZ &
2171 ¥ sulfanilamide®} N-(1-naphthyll)-ethylene diamine dihydro-
chroride2 XM A1A F3B=A 34 543 nmollA £ pg-at/L 2
A& A

Zb G EYoHNHs-N): phenol-alcohol &9, sodium citrate, sodium hypo-
chrorite E3AIFo 2 LAMAIA FFFE=ANA B33 643 nmolA &3
8o ug-at/ L 2 EASHATH

Z. §EA45F7144(DIN): NOx-N, NOs-N, NH.-N9| o2 vy,

2. ] =

7} B 7S AX
(1) 12219

19953 10€ 16¥ 2 23¢9 AF= HE £ ZFALY =4 30 mH
T8 282 (Fig. 5 FZl 100 kg 2E 208 1P I3
(100 m)& AA(Fig. 6)3 ¥ BE3F (30X50 cm, = 1 mm)iol 2372
2 A polyethylene monofilament ¢ 300 g& o] 4 5 m¥g 1 m{yAL
E 25 mFI7A FHo g2 AT

e AR7] X F 09e] A 19%6d 195 17449 Fe
2 19969 6¥71A ARZE F4E2 AT F @FA polyethylene
monofilament EAE A X & ¥ %5 05 mme EFIAHE o] &3 13y
ARE 22 FAMASG 22 AHE 10% T4 formalinS 2 RHAA A
A2 i ¥ F& BEdo 2FFE AFdHen, A7)FAME vernier
caliper 2%, g =A3 ¥ (Fig. 7), A A7) 4<% 20 mmu|THe] u)A)|
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Fig. 5. Map showing the experimental station of the spat collection in

Seogwipo(@: spat collection ground).
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Fig. 6. Spat collection facilities for pen shell.
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Fig. 7. Shell length and shell height in pen shell.




@ AAE FY71 41N SR
(2) 2319

13 A¥ PE% $YF Pez ARS AR}, Table 17 o]
AEepe) 25 R $A71Ae Bagstd ARIE AL,

Table 2. Size of a spat collector used in the study

Collector bag . . Weight Number of
) Mesh size Meterials
(size) g,(number)  collectors

Onion
(30 % 50cm) 1 mm ,PE MO 300 2,000
Synthetic fiber
(30 X 50cm) 0.5 mm PE MO 300 300
Onion
(30 X 50cm) 1 mm scallop shell (15 shell) 200
Onion )
(30 X 50cm) 1 mm palm string 400 200

PE MO: Polyethlene monofilament

EE 71ZA #A8Y FHP RFA7E 7Y, FEAA 0 gE 43S B
otat7] 91stel 19969 5YRE 1997 3974%) )Y AEAE WA 2
do] A7 F 2E ujd 1% AP FUS Yo AR

(3) 224419

NZA7} OF HAste s YUNHE 5 AR o] 453X AE
3t7] 9ste] 19979 79 23Yo] WARE SFolPe] FEASe F4lo]
THE 10, 20 2 30 mel 2 194 NAY F(Fig. 8), ¢ 15U A 38|
AR HR7NE YAHAT AH olF 15U0] AP 144Y WU =
U Wyo2 19979 89 6URE 19979 109 9YU 71X 43)0] BH ZA}E
Aok 14, 23 2 334 AQe] BE P2y A5 AM 2 QY] HX B
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Fig. 8 Map showing the experimental station for the spat collection in

Deuklyang Bay(@ : spat collection ground).



22 Table 33 2t}

Table 3. Number of the collector installed with various collection days

and sites
Number of seed .
Setted date Sites Hrmber 0. see Number of collector

of collector collection ,
6 ¢ 1995 Peophwan 3(100 m) 2,200
- Kangjung 3 ") 2,200
Peophwan 4(100 m) ' 2,400

1

May 1396 Kangjung ¢ ") 400
July 1997 Deuklyang bay 3C ") 2,000

A 3" A3 ¢ 1@

1. &#F=xAt

7t

AFe MAZA HE 2 g SHET AdoAe] 1996 296 =
9 11479 £ BXE BY YPolF EFL 146~241T, AL
141~232TCHAReH, SFolPde BFL 47~285T, AZFdAME 36~
B5THANT. AHAAN B S Ed A5 AFEAA e 499, g
Ee 289 Jveigen, {u42e AF: ¥ Agpds 2F 8o uehy
o S3ToFY A 490lF FA3) £ AFda Aoy, AAAR
o1 ML HnH 4 F244S Ul gled, dFe 2
sl 22 PPl HFA 95T, HEdAM 91CHeY, SZPUte B3
238TC, A5 222TCTEX EFU9 Z97 QF & HalZo] 2 Aoz vg
W oHFig. 9).
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20 p
15 —
10 _.._-;.‘3' —&— Peophwan, surface
LIt —O— Peophwan, bottom
5 st - - @ - -Deuklyang bay, surface
O - - o - -Deuklyang bay,bottom
O 'l 4 [
Feb. Apr. Aug. Nov.

Month

Fig. 9. Monthly variation of water temperature in the coastal area of

Peophwan and Deuklyang Bay in 1996.
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bog 2

WP ST oo JRETE Fig. 1001 UebA vhel o] Yol
B ME 31.70~34.65%, AN 31.62~3465%H AR o0, Sagutold
L ¥%F 31.15~3346%, A& 31.15~3363%¥A{Y. E - AF 25 w3y
| s e 2 o yBolge 896 7Y ¥e d¥FTE B F 119
AE 3% HRHE AP YehEd, ole ARTY Mo BFAY &
ooz YAE EA wRd A4 F Aol L8547 B2 QY
Aol YEH}E o2 239 S3vte) A$E 490lF R QolAE 7
Folisd), ol A9l 9% 471 498 F W) AW B4 S5 &
Aol £A doly WEoZ ARHM AANEEES B SIwe) 129 AR
o] HlEy AFzo HAIRFEE 29U 8¥Uo] 046~055% =A el
2 AT |

o

. FAol2F X (pH)

HEoiFe] HZFoME 804~841, AFAe 803~823He, S
o] Ae= ¥F 805~831, _21% 8.03~823¥ At A FHoz F
ol&FrrE ¥AY EF ®#Fol A Jdetlvtn AUcHFig. 11).

2. £&4+2(DO)

HEol g BFolME 497~576 m/ L, AFNMe 490~562 mi/ L HH
2A4 vnA Wsgte] Zo] FAgton}, SFute] A ¥F 6.72~1059 me/ ¢,
A% 584~1072 ni/ L HARA 4¥ o]F FH3] Ropxle dAdo]l yEhY,
ool &4 W3}t Pl vzt WslEo] AA et

P g &L FUE 53 SFwo|Fo vistd vz 3
Yeha Ak (Fig. 12).
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Salinity (%)

31 } —a&— Peophwan, surface e
—0O— Peophwan, bottom
- - @ - - Deuklyang bay, surface
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29 A . \
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Month

Fig. 10. Monthly variation of salinity in the coastal area of Peophwan and

Deuklyang Bay in 1996.
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8 F —&8— Peophwan, bottom
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78 1 '] 5
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Fig. 11. Monthly variation of pH in the coastal area of Peophwan and
Deuklyang Bay in 1996.
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Fig. 12. Monthly variation of DO in the coastal area of Peophwan and
Deuklyang Bay in 1996.
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o}, 8}82AA R FZ(COD)
HEgFe BFME 017~083 ug-at/ ¢, AFAAE 0.10~0.83 pg-at/
LR en, SFFFY A= EF 080~1.24 pg-at/ £, A 066~1.32
pg-at/ L BAATE Mool sEA G- TFHo] T4 UYeEhd AL 899
083 pg-at/ LA WA, SHTo|F9 FFL 490 124 pg-at/ ¢, AL 8¢
of 132 pg-at/ L 22 EA el diAHoz HPojge F2o] A

Aoz Yebtth(Fig. 13).

vt &4 #7134 (DIN)

HEoFe BFAME 097~6.18 pg-at/ L, AZFNME 248~12.14 pg-at/
LNy, SFHLS EF 299~8.04 ug-at/ ¢, AF 2.16~6.13 ug-at/
LHART. Ao SFdMe BF E HF9 W3 Zo| A vE
oy HEBARFAME B - A5 Wyt A e vh(Fig. 14).

AL 14+ (PO4-P)
PR FFAME 002~127 pg-at/ L, AFANE 0.14~1.18 ug-at/
tERen, SFtolge] Aee ¥ 0.11~1.02 pg-at/ £, A= 0.13~061
pg-at/ L BAAT. QF] g B o JojF EF ANAL F - HE9 W
e 19969 1198 AYstn Aoy, Ade we Hie Ze o9 2

el oHFig. 15).
2, AR

7} 12X 8 (1995. 10€Y)

(1) 7127 Bd e FA}
AFE NAXA HE L Ao FoA 19959 109 ARSI 1996
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COD (mg/ 2)

1.6 ¢
—&— Peophwan, surface —8— Peophwan, bottom
1.4 -- @ --Deuklyang bay, surface --© --Deuklyang bay,bottom

1.2

1
0.8
0.6
0.4
0.2

O 1 [ ]
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Fig. 13. Monthly variation of COD in the coastal area of Peophwan and
Deuklyang Bayin 1996.
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Fig. 14. Monthly variation of DIN in the coastal area of Peophwan and
Deuklyang Bay in 1996.
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-- @ --Deuklyang bay, surface
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Fig. 15. Monthly variation of PO4~P in the coastal area of Peophwan and
Deuklyang Bay in 1996.
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Q195 E 19963 6971R] AR 712 299 AE7] 109 98 3y
T W3S Fig. 160 etk y@oige 28~6270A/A 1717} 2d A=),
6ol 620A/AMB72 718 B £dF S Jehlon, 394 28AA/AR
712 7HF FAA £33 BAARL 15~2574A/a 8717 28, 1
doll 25A/ARINZ 7 Be 282 BRon, 39 2 59 L5AA/A
B2 71 AA 2889t dAHeZ Y@ FLe Azte] AEAA B
AUE7} FolAE A FPFL 1¥ojF 15~18/MA/AB 717 23t
Bt golAe FEgolAdnth

AE7) G 997 BAUSE HPo| 42704, FRoiRo] 184AZ2 |
gojol 20AE FHA=7} A debgch YRFM 9 HF 2RI
7t AR A wEe gA JeEldAD 69712 RAFo] AL FIME olf
€ Aol Jalo dFqS HF AT PP L G FYAo| vmy
o] Fo1 FA7)e)| S A% FHfAlo]l ol o]y qFo] FFojgd] v
3t R@ojgo] 12/ X3 RiFo] 2L AoZ FHAMD

Fig. 179 yehd upo} go] 48 a5 Hile PPo)gL 55~6.670
A/AR71Y HAZAM 10~13 m F£ZM 667/4A/ANR72 7Hdge] 23a)
Rew, 6~9 m F3oA 55NA/AE72 Fage] 713 AU

Aol FAE R 16~20/MA/AHE719 Hgoen, 10~17 m
FZAAM 20MA/AE72 Aol 713 @A YEgen, 18~25 m 39
A 1L6AA/ABNZ 7H8 AA BAsigct

FEOF ZF £ Hsle] Ze AYon, 1 F RN XHY F 1
2443 £4 30 mY 3% 10~17 m9 3o F2 2ZHste AUt

(2) 71274 43=2A
4 712N g 4R Wsts Hd HEFe 199 160 mmol
A 6490 355 mmZ 4FHAoH, ZFAFE 199 114 mmollA 58¢l&
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Fig. 16. Monthly variation of attached pen shell spats during January and

June in 1996.
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Fig. 17. Monthly variation of attached pen shell spat at different depths

in 1996.
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308 mmZ . AAstATt. 149 H@ojFo]l 16 mmA<=wl, FAHIFL 114
mmZ A JEojFol F 5 mm © AR FY A7ld ARE AN A
o g A e RAeZ JENT 973 43S HE 2 AR
2% 390lA 490 AR Zo] 1.3~20 mmE HAH Y3, 4°8A 59 9.0~
97 mmZ Hi39 4BEZE YebdthFig. 18).

H@olFe £ EX(Fig. 998 B3 2~4971AE 14THY 9 FLEX
E Holgyl 59 17CHZ F2o] Aadhedl 4994 594 71=M9
B2 AR S50 UE Ao g,

FAd 71209 43 JFdEste HPAFY A 252~29.7 mme] HH
2A B2 vigly AFo Z4E APl WE Aoz Yeldon, ¥39
%ol 7t Az A2 Ueinth FAFARF 9A vk FFoz HPL
160~21.6 mmHAE FFo] AFo] T2 AFo2 ZLFE HFo] mE Ao
2 Yebgtch(Fig. 19).

(3) 7120 XA 3FEx
ANz AN ZARELE Fig. 20914 BE 196 BAARL 23
10 mmBolA 623%, 20 mmIFANA 275%7F 2&std 10 mmBFAA F
modeE ¥FAstm 1o, 2€dlE 10 mmINA 44.1%, 20 mmI A 41.2%
7 283t 20 mmEL2E mode?t ol F3L UL U F Uk 3¥ole 20
mma A 524% 2 FmodeE FAsIFoB, 49L& 20 mmIFAA 48.7%, 30
mmu< 256%7F 283932, 589 40 mmIFAA 36.1%, 30 mmF oA
278%7} €433
Mo ARAggel Mm2A et 1¥9<] 10 mmFANAM 306%, 20
mmF A 463%7F @81, 2¥olE 30 2 40 mmBolA 20%7F &3
o 3 modeE FAIFAUL, 3¥E 20 mmIAA 41.1%, 30 mmIolA
31.8%7F 2831, 49 ¥4 20 2 30 mmFNM F modeS PAsPoH,
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Fig. 18. Monthly variation of the growth of attached pen shell spats

during January and June in 1996.
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Fig. 19. Monthly variation of the growth of attached pen shell spat at

different depths in 1996.
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5¥9die 30 ¥ 40 mmB oA Z+z} 298% %L 27.9%F F modeE AL
o, 6¥olE 30 mmBANA 29.2%, 40 2 50 mmI AN #Z 22%7) 2HIHIA
o}

modeo]B .2 E wf 109 HEF 712/ XA 49 20 mmT oA
F mode® FA3ATt7t 5€ol Fgo] W= A P 2+ 30 L 40 mm
Fo4 mode7t FAEUTE modeolPo g B w HE7|M BEHF X o]
AL A7 20 mmFAA 30~40 mmFLE AT 596 o]Y3tE Aol
AR7] Wl AL 2 o] YA HALE E2Y & AL Ao AlgET.

(4) F-&AF F 7 % FAF

AFe MAZA HE 2 FRoRdAAM AANEA] 343 F
F-2e2 Table 49 2t} 1176 13F0] RFsig o, sigulz 2 AF
Aztol] z+ 2F o] FA3FUY. FFgo] @ FL 7|2, IAF 2/, AAvG
7keln] eolleyy, AFEMAQ] Pterial Austropteria)brevialata(Dunker) 2
7}el¥ls}e] Decatopecten striatus(SCHUMACHER)S2 dA7x] $2ve
AX MAeA g Foz LA Aok Mag, I3z 5L et B
sitoll M= 7~8d0] AFAFZIZ FHA e, 1084 AT ArI|NA
A7 B2 R A7V Ad dRAA S R Aoz A,

o )

L

Lh. 22219 (1996. 59)

(D) 71270 RFL=ZA}
1996 SYF-E 1997d 29714 vl Y AE3ld B 2709 FU 199
d 798E 2AE7) A1FEEE 19979 4971 AN A3KFig. 21) 19964
59 Mg dF3e 19974 190 590A/AMR7I2 7 B RIae
Bt 199%6d 69 MEF APTe 19979 290l 7.8AA/ABIZ 7}
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Table 4. Number of pen shell spats collected in Seogwipo coastal area

Month — y 0 1996  Feb. Mar. Apr. May June
Species
Atrina pectinata japonica 125 129 1005 66 61.5 69
Chlamys irregularis(Sowerby) 6 9 195 165 12 18
Decatopecten striatus(SCHUMACHER) - 0.2 0.3 05 0.4 0.7
Limaria hakodatenis - - - 3 4.5 3
Pteria(Austropteria)brevialata(Dunker) 18 12 111 495 27 58.5
Pinctata fucata martensiifOunker) 6 9 75 15 15 3.0
Amusium japonicum japonicum 15 - 15 15 15 15
Bentharca xenophoricola(KURODA) - 0.2 0.2 0.1 0.4 0.2
Kellia porculus(pilsbry) - - - 0.2 - -
Triyirostra oryza(LAMARCK) - - - - 0.1 -
Haloa japonica(Philippi) - - - 0.1 0.1 -
Cantharridus Callichroa callichroa(Philippi) 5 4 4 3 5 6
Modiolus modioius difficilis 7 10 5 9 8 8
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Fig. 22. Comparison of the number of pen shell spat with different depths

in 1996.
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Fig. 23. Monthly variation of attached pen shell spat at different

collection monthes in 1996.
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Fig. 24. Monthly variation of the growth of attached pen shell spat at

different water depths in 1996.
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Fig. 25-1. Variation shell length of attached pen shell spat at different

collection monthes in 1996.

,.88..



80
60
40
20

80
60
40
20

80
60
40
20

80
60
40
20

Frequency (%)

80
60
40
20

80
60
40
20

tSetted date of collecter: July, 1996 I

[Setted date of collecter: Aug

1996 |

ho

Sep.19

Nov.

L Dec.

T T

g Feb.1997

R Apr.

i i

10 30 50 70

Shell length (mm)

90

80
60
40
20

0

80
60
40
20

0
80
60
40
20

0
80
60
40
20

o
80
60
40
20

0
80
60
40
20

0

80
60
40
20

0

Oct.1996

Nov.

Dec.

Mar.

30 50 70 90
Shell length (mm)

Fig. 25-2. Variation shell length of attached pen shell spat at different

collection monthes in 1996.
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Fig. 25-3. Variation shell length of attached pen shell spat at different

collection monthes in 1996.
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spat at different collection monthes in 1996
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Fig. 26. Comparison of the number of attached Pinctata fucata martensit

spat with time in 1996.
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Fig. 27. Monthly variation of the growth of attached Pinctata fucata

martensii spat at different collection periods in 1996.
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Fig. 28. Comparison of the number of attached Chlamys irregularis spat

at different collection periods in 1996.
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Fig. 29. Monthly variation of the growth of attached Chlamys irregularis

spat at different collection periods in 1996.
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Fig. 30. Comparison of the number of attached Scapharca subcrenata spat

at different collection periods in 1996.
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Ztg 3%4 ¥3e Fig. 319 vebdniel o] 1996 79 AR 3}
19973 494 HF =AY FF 4L 148 mmAth 99 ol Fo AAEF A
dFe 4Bl A=xdHA.

(5) AR ANY N2A BHUE 2 47

1996 89] AEF AYFANE RsPUdl R updaz
= 9 PE MOE P MESYT, 19969 9¥ole HZHe o HEES A4
@ AT (Table 5), Mzt AT 14T FZ 077087} R2ate) 2ol
7V @i, PE MO€ 63/0A/AB717F B33t R apeko] 714 Eqkch B
stgo] 714 ¥& PE MOE #zto] widto] guje] 2aze wgch sztolA
F&Fo] AxA dehd Re FFH7A e Fhe] videiz= 9 PE
MOo| Hish JhHoZ YR Yol sEaSol & S0l 2HE & e
NZA &47t A7) WEoR AP

Table 5. Number of the pen shell spats collected in Soegwipo coastal aea

Collector Weight,g Number of spat . .
Spat size Rearing month

materials (number)  per collector
Scallop shell  15shell 0.7 20.0~36.0(27.6) 180
palm string 400g 1.1 33.0~48.6(40.9) 210
PEMO 300g 6.3 27.7~44.6(36.5) 210

PE MO: Polyethlene monofilament

743 43e videgtEze] BAV|AAN HF 409 mm(0.19 mm/day)d B
st dRe] 7 mEA Jebxgtn, #zg AMET BEAV)AAN HF 276
mm (0.15 mm/day)2 d3°] 7} A=x3 Y. PE MOE AH&d 27144
Me W 365 mm(0.17 mm/day)el 43E BAh vide} 2XoN Aol
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Sa40 FUZ AT & NS AoE 2PV A&y oo fAL
Ba5eo] glo] REWe Fsy] WEe) Bo| ¢ty Qo FFATh

NzZAY AQANEA BEFe 2ol UE Hom FARZF Ay w
Al A" 7t Yon, FEol YR Fod Byyl nzwe Wolwy &
gol e Sosty] ol@i BAE 4 e Fto] zAolAw, EF A4F
52 Austo] 2233 S0 HARE £ Utk WA 72N AR HGH
F2e ALgEE R AFA AU e Fodu S RIHL 9
e HEge 20| | mmol4te] AYE Roz ArHT

—
o

6) F&AF F T4 % 2AF
AANE FaA PPN 19963 5YFE 19973 3¥7HA 9=z

Austo 270 F FE ARIIE ¥t 2AAHE 7IELE HRA 14
(AE7) 157 723 A7 F R FF FAFS Table. 6 HEPAT-

FHFL 1479 20F0] FF3Hm, v, JAF2N, muz) R AL
Aol 2t 2FH o] F A

A7) A &S A5 ARAZE 4973 FFS 59 APFAA
14268 g Hdl FFS HAF HA PolA 114 AP Fole 64 g2 v
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Table 6. Number of pen shell spats collected in Seogwipo coastal area

e
Species \\Month f;;:; Aug. Sep. Oct. Nov. Dec. 53;17 Feb. Mar. Apr.
Atrina pectinata japonica - 2 6.7 10 786 109 1039 827 74 355
Chlamys irregularis(Sowerby) 5348 4553 1778 33173 1278 1823 13462 3409 4347 776
Pecten(Notovora)albicans(Schroter) 145 43 33 16 4 16 09 4 0.9
Decatopecten striatus(SCHUMACHER) - - 03 03 02 08 - 0.4 - -
Limaria hakodatenis 40 24 77 8 188 798 153 103 87 397
Pteria(Austropteria)brevialata(Dunker) - - 03 47 12 198 132 71 127 43
Pinctata fucata martensiifDunker) - - 3.3 5 11.8 19 144 207 117 67
Amusium japonicum japonicum - - - - - - 0.7 - 0.3 -
Scapharca subcrenata(Lischke) - 2 103 67 688 327 1263 329 2677 1428
Bentharca xenophoricola(KURODA) 0.1 0.1 0.1 - - - - - - -
Oxyperas bemardi pilsbry - - - - - 0.3 _ - - _
Kellia porculus(pilsbry) - - - - - - - - - 0.6
Cypraea(Ponda)vitellus(Linnaeus) - - - - 06 - 0.7 - - -
Erocaria bojuini kiener - - - 0.1 0.1 - - - - -
Triyirostra oryza(LAMARCK) - - - - 01 0l - - - -
Haloa japonica(Philippi) - - - - - 0.1 - 0.1 - -
Neptunea arthritica cumingii CROSSE - - - - 0.1 - - - - -

Cantharridus Callichroa callichroa(Philippt) 30 40 20 20 _ _ - _ - -

Mpytilus edulis LINNAEUS - - - 0.3 0.2 1.3 - 0.7 - 0.6

Modiolus modioius difficilis - 32 6 5 9 77.8 28 1851 3823 91.2




Total weight (g
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Fig. 32. Monthly variation of the average biomass of attached spats at

different collection periods in 1996.
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M £(1988)°] 712 AR /NE dFoAM D¥, Umbod L AHHH
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Table. 7. Comparion of the number of attached juvenile pen shell with
different growing days and water depths in Deuklyang bay

Depth Setted date of ) Number of Number of spat/
Examined date

(m) collecter spat collector
Aug. 6 30 3.0
Aug. 26 28" 2.8
July. 23 Sep. 11 27 27
Oct. 9 21 2.1
Aug. 26 20 2.0
10 Aug. 6 Sep. 11 17 1.7
Oct. 9 21 2.1
Sep. 11 - -
Aug. 26 Oct. 9 _ _
Sep. 11 Oct. 9 - -
Aug. 6 - -
Aug. 26 - -
July. 23 Sep. 11 _ _
Oct. 9 - -
Aug. 26 24 12
%0 Aug. 6 Sep. 11 28 14
Oct. 9 31 16
Sep. 11 - -
Aug. 26 Oct. 9 _ _
Sep. 11 Oct. 9 - -

AZEoMe) 7127) $3e 89~990] ArIRen, 1287% A% 21
oy AedE SFVAFAME 78 T4 2 89 2ol o 20U )
270 A7 R o F $FFo] Uk

ot AFESE 27 Aol B2 T Yt SHVIF S44 A
B ¥ 1590] ABaty] Aol Bigol ¥z SR sz F40) 24
stigs f40 B39 Wz FYY & Ax Fzol glo} £ AF
Sobe 29 u$ 44 dEd Aoz 2390 g SFRolRT B
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Fig. 33. Growth of shell length of pen shell spats.
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Fig. 34. Comparison of the number of attached Scapharca subcrenata spat

at different collection periods in Deuklyang Bay (1997),
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2h. 71z A1) AHEH vFA

A7) 2 F 1690 BAY AMNe 4% 31~80 mm(FA 52 mm)
Ko, Mzt AAAE] BAEA o o] ogE =2 T WY
T2E BFY F & A=Y, AL dA FARG £ FRU|AS &
e W HA g, 36do] A 4R 165 mmAS W HZe
2 2L Ho T 7124 ARYE 7EE F ANeH, ol ¥
A FAE 7HD AT F3 52U o|F9 A= A A AAZ FAL
€ /A3 AdedH, FAE 7HAL e AR FF7AS EEJSE 9 4
A egstHo

HHA956)L TED F29 YAHEAA ZF 6~18 mme| AHE HHE}
R s  A7olA F2E AgE #2223 2 o 10 mmold 9
AA A FAHE BEE F 30 712 AHe A FA4HE 10 mmeold
dM HAE2 Fste Aoz FAHHIG. FA7F gle 4% 3~8 mme]
AR FH71AAM A €55 Aol FAHUT #1 F(1983)9] AT ol
He FA4 AB7A 0.1670A/m’, FHA MBI 0480A/m* 7F 2
Zsle ABZ|F F2A47E e Ao Ban @ulglo o]d Fo g Hol 7
274 AHEe FAY F3Ho] ¢ F3AY ol dds] #AL RS
7R Qo) BT ol T A FAL FAV|AC dA A' R
2 FRHeH o FEL2 71z AL v 528 ¥Eoz £
< A7t AYHojor & Aoz Al H FA A4F 4 10 mmoly
o ARA A FHI|AM QA Bste A2 AL AFd FAAS
Holls 71247 dBHezr nHE | LG FA G5 S UM {&
A AFEEY F-37)Ad 2AE e {834 o8 HA e Aoz o
AXG w2 71zA9 ABde AF FAE FA IF 2y B
F271tE F 548 L3 A Aot EFEds QS AESE g
BT BEUE 4% AP £8F AR Algdch
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—t

Shell length (mm)
O = N W H GO N OO

8/6 8/27 9/1 9/11 10/9

Month/day

Fig. 35. Monthly variation of the growth of attached Chlamys irregularis

spat at different collection periods in Deuklyang bay (1997).
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A 448 89

1995 10958 199793 10¥71A] 235 AFE MAEA HE ddd
A 2 Agpds SFU ojFdA FlzN AAARE AAF e gL
Eig=g

1. AFE AAXEA YaAZD Agds SFUoiFe) &7 vin 47,
ol £ EXE 141~241TCHon, SFNojFL 47~285TEA
Hol g HAFLL 94T on, HuFe 44T BA vebgo

a9 8 329 £AE vlug AR PP &EFAH FI|FA(DIN)
7 A @A Jehdn ddod xRN MAde & dFo] vXA &e
HAA

2. 7129 AR7T FALDEE 1(AFA 42704, 222 B A1 63744,
IAAPAUEZT) 274 Q). AFEAAME 89 ABE AAG AFFI)
Fage 9@ o] 7bF Fdoh

3. &3 712/ X 43S AE 6/MEeEH F HATE 4 425 mmE
Agatgon), BdLd we ztae BAHL Y= 0.3854X+0.8423 (%=
097602 JErd & AR FAE RiAdx @ 4Fe ®F L AF M
g} 10~21 mZo°] Fioh

4. AFE NAEA AAoM 9 HFo AANEE st M AR
€ vad ge HFs BFIYGD. 1A FAI(5. 109)0lE 113 13Fo] #
Zalgon 23 FA1('96. 59 ~97. 3)ol = 143 20F 0] 33Ut

5. A1ZAXHE 8Yoll MBSt o]F3 59 o] o] FLAo=
AREY, B3PoRE D& 1xX2 mmZt %3, F37)2E Polyethylene
monofilament”} %3 34t}

6. 712N FAAA Gt dPolM Y 7127 AAANEE FGF A4S
A7), 2 e fAo] Eddle A4 AT FHutEgd Ao 9%
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WHF T BT 7HeE Aoz Algdch
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H 3 & 7[=7] o|MAIH

A14d M E

7124 e AU G- Mg ArgEd H4ste Aoz dHA o
U AlFE R AAX AddME MHsn e ez gy
o AFZ ol o J1ZME ALF FFLE AFHLE AFTAAA
€ &%, AT 24 AFAd AT FHT Ao o8 2R 24
HFol g SEH FAwo] o]FfAL At J|EI ool = At A
TGF ol 7ot EX3tn ASolE B, F FFEN dE B4 A
9 fle 43tk FARAA AFzdMe v ol& HFA 12N XN o
HAdPL B8 £25FF dd3d 719 F £ A& Aoz JgEn. F§
T AYLE AT AF SERE HEoE 08 F oy YF2 B
gt FHAZLS 37AoE YUFEFT2E ofdAY A5 A 7os
€ FFolth 3ty 45 AN ol FAF BEAJA AT AU
U, AFE dddde 71z BEEA e Aoz gA goH, Jzx
NE o] &3 FAT T A¥ATE AR Ao},

o] Fol W JTE ER(193B)7t YRS HABE JIZNE Wz A
A A FAYYd] BF A7/ Alxoln LUl E A F(1980)
ol 712/ A7t FFH] FATA Y T IAFE ANFeE {F F(1984),
H 51985, 4 F(1986)° 4T AL fdel g 27 AFFHAYLL Al
R D R 2714FC g A7 AN F S5(199%)0] &3
ol A 2APGAR Y JNZAE FHAAN o4 FL 7HF ARHA ol
71EE YA oj4Fyd mE o|Han HIYFE HAR Byl ok
o] dTdME AAZ AALdA AANEE 712N AHE o] &3 AFE
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TRl AT ez olH3tn EF HIHYS vIRT HBH HEL T
< FASA 44 7HeAdE AEstna A

A24d A8 € wy

1. G{EEF=A

o] o exolFe] BAXA oA H 7R/ XA AR YEE=X
ARl Al vl AAISAL, 2L BALTARAN FRFNA FHIALH
T2 AL ARE AYHZ $§A FGE, 44, pH, G, obANY, At
4, AEYx: F& A

A EHE ddYoz EAIHUT, dAMPL Strickland and
Parsons(1968)¥ o2 EA3 g9t ¢=UoHNH«-N)E indophenold, o}&
AHNO2-N)2 sulfanilamide-NED®, 24t (NO3-N)& Cu-Cd @diez 7z
Z 2430 AAUdE 4L 0062 mm, 05 mm, 20 mme] EEUA=Z
g 106TAA Iz ¥ FHNZ HFE FE, 0062 mm o4 YAzt
90% oY W AMAE TR

2. O[AAY

1P =(19954 109 ~19961 10€)9] o] A F-E A3te] 1995 9¥ollA 11
gArto] AFE MAXE P&, FFAZANA AAAEE 43 089~ 11.70 cm
(3% 0.10~1650 g)XshE Ade] EFgtojAd] 19961 3¥olA 108 A
H #F 53], T84/MAE o]43HtHTable 8). o4 Ye HY HZA7joN A
A3 Fadd wZol B FA XHE g @ ol dA £
A ZE8 ice boxdl HIGEE HA AZE FEE FXIHUA FFHEEL

o]-&3td W3t R tE AdE o4 didolF AZ9 bouy Al
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dol @A HEE Ashd 2~3U3 FlolAE AAse] 38 &M Fol
#2A4u(EH HTAE A £4 6~7 me) Aol WA 3 1
x1mel 2712 229} BBE o83y TAR F, A4Ee ATAI A7
A% ol yserh.

Table 8. Transplantation of spat of pen shell from Chejudo to

Jangheung, Chollanamdo in 1996(First year period)

Dat Number of Shell length Total weight
ate individuals (Mean: cm) (Mean: g)
Mar. 25 297 0.80~ 850(3.43) 0.10~ 6.92(0.89)
May 28 200 1.40~ 8.00(3.75)  0.10~ 4.49(0.96)
July 23 100 2.30~ 8.20(4.52) 0.20~ 7.40(2.00)
Aug. 27 100 2.70~10.40(5.31)  0.40~10.30(3.03)
Oct. 1 87 2.80~11.70(6.30)  0.30~16.50(4.20)
Total 784 0.80~11.70(4.66)  0.10~16.50(2.22)

1Az o] ZBeo 53lo] A ojAE FIEI A7t AL AFo] HALH
Ay JFAR BEEFF we} 23 x (19969 109 ~1997¢ 10¥9)=
EFTol e o] APE T, AF Fo Hol BluF go] F{H
3, 014 F 71zANe 4 R AETY BEF BT} S0l AFE FH
AT AAE 22 (Fig. 36)°1 270 23 BlockS FAtH(elst 4379
T2 B33, APTFe Atg WY BxA S13] HAo] kEHE AHol
2, HEZFE BRANE HA 2 migy FHAHE FASE B A3
Aot AP Tole F 4 F2 UFo AFAE T2 A9 o] HHPE A%
o 378 A, B, C HE FReH, £ Ad SFU 712 o|44d¥ S
A% VR #(D ME FAD T A¥TE 2FRA 2EHe B SEAY =
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G5E& WA @Hd HAYE 7%y Yo 28LE ol AFE 7Y
B33e AHE R

AYF A B, C Fole F 17670AE oj4sgen, D 7o A 5F
gk o) A 18 A F S0/HAME ol 4stHTh vimTFE SCUBA FvlE
o] g3t FFo 2E9} TEE o]83d 2X2 mAVY E, F 7& ¢EUL
o, E Foe A 7127 A5 500§ o4 dd1, FRoe A Svkat
X5 3000 & o] 4 & HTable 9).

Table 9 . Transplantation of juvenile pen shell from spat collectors to

Ojo, Chejudo in 1997(Second year period)

S Number  Shell Total
Station r,nau Date of height ~ weight = Remarks
sites C g
indi, {cm) (g)
A Apr. 4 72 21~70 0.2 ~57 Peophwan*
4.3) (1.9)
B Apr. 24 61 14~80 01-~55 “
(3.8) (1.5)
Experiment ¢ May 6 43  24~87 0.7~117 “
(4.8) (29)

D May 13 50 12.4~16.2 21.6~131.6 Deuklyang
(14.9) (69.9) Bay#*x

E May 13 50 24~98 08~97 Peophwan#*
Control (5.3) (29)
F May 16 300 99~17.7 21.6~131.6 Deuklyang
(14.4) (69.9) Bayx*x

*! Young juvenile seed producted in Chejudo.

**.  Young juvenile bought in Jangheung to transplanted Chejudo

fishing ground.
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Study area

Chejudo

@® Experimental site

B Control site

126 * 40" 56°

lichulbong

* 26 W°

33

Fig. 36. Map of the experimental sites for the transplantation of

juvenile pen shell.
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AP A, B, C 79 vmFe E Tol olalg Ame AAAR ol
Fogol A 19969 9914 1195 AAARAS 4F Fold AWE ol gt
91, AYF D 79 HIF F o] ARe SFRojPolN AAY 2 7
dstel 242} ol 4T

A34d A7 £ 123
1. {EAI=AL

7t &

NNEN AHE o]HF 2zFL AFT TR AT WY ojgoz
A 7t kzo] wEt 29 Wl Hlnd AM 19979 49 EAlY e
215CT2 A+3Ath S5Y9REHEe URAE 71Fo2 ¥A5LL S 23 dn
5¥0] 21.0CAAM HA F53ted 8¥ole 276To gatden, 9¥d] thA] 8t
23t7) AlEete 1080l o 214TS ER42S Yehiidch o4 AyF
s FEZog F 3 kmEol Y & A FANAZAHY B
9 & £XE 4¥89 150TAAM Ha Fo3td 8¥o] 248TE Hz L
Boli U, 9¥ele 228CT2 313t ol £ o] dgF e 2
gho} N FAE Boln AR, B 4PAY FL AyFHog o
¢ HT 499 %2A £ ge Addsn €8 3~5T9 n24E Holm
AN
= 499 BLAY 22Ade AY g HAlge JdPoz FHSFL
€ A2l 2 Hoh F 10CARAE 44dte] 7t ghel 3pols} F1AHA EN
of @et seHs Fo] A vehd 7o) Dol FAY AL $xd
¢ FLEG APAHCF B F2EII) q4ET, AH @ F - okt 71

rg & e
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whzol] opet 529 W EL 4s 2 Aoz J=UckFig. 3.

U9

APgAe] JEEEE 19979 49 9 3086%WAE BYon 8YdE
A QA 2570477 8735, 99l & 0% PR HEAES Bolm YYA
T gAY SEAL HABSAY BoE AVHOET Y JREYE B
o]z AATHFig. 38). 1B T AR VAL F APFAT} o]Fe] YEAA
FUHE 52 A AN5g AT Y1, J2H AFAS A DY
9 AEH JdF #L5 A o] 4A oj=olAA YEuAM oE
Agaa gAY

C&E 2 X4

19979 4855 109 71X 989 AN E Bd £E2AA(D0)E 50
6~890 mt/ ¢ 22X FHAHOZ FAC ¥ AYSL AT, AEFHIAQTF
(COD)2 024~092 mt/L 2 & vt} B33 W3lE Rolu o} Any
22 4FFd A vt dRen, £40l25E=(pH)E 7.83~8519 ¥
A2 54¢& A3t oiFE o 8~859 WY AUt

VAH(POsP)& 043~095 pg-at/ L 2.2 59 A Qs HF 070 ug-at/
tH9fon], olFAAANOrNIE 011~044 pg-at/LHYAY. FAAY
(NO:-N)9] 79-& 599 HAAQ 602 ug-at/ L SUEY o], g go
A o 200~380 pg-at/ ¢ 22 & AFL JERAT (Table 10).

olHY AP Fol YutHo 2 FA AFE A% 57 B} FX
X% ALe FAAA fdHE FU5 9P 2HL50] 48X R3ln o
F Aol F5Ee Ao 93 v Roz woH)

Table 11°] Yehd ue} o] § AYF4 o NAL Y BNt B A}
AP7e HETE R YAz 7A=Y Jdden, B3 winre A
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et
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Y

¢ 15
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2 10 k —e—Udo
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Fig. 37. Monthly variation of seawater temperature in experimental

sites for the transplantation of juvenile pen shell.
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IFig. 38. Monthly variation of seawater salinity in experimental

sites for the transplantation of young pen shell.
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AY7 2o Ud F/HEol A debxdoh

Table 10. Analysis of seawater in the experimental site at Ojo,

Chejudo in 1997

DO COD POs-P NO2-N NOs;-N
Date /ey /) P (uat/ o) Gugeat/0) (ug-at/e)
Apr. 26 890 024 851 038 016 19.25
May 6 693 076 783 095 0.44 6.02
Jun. 12 642 047 823 055 0.11 95.94
July 14 545 076 825 046 0.12 38.24
Aug. 20 525 084 837 049 0.16 32.04
Sep. 19 506 092 842 072 0.22 28.11
Oct. 13 582 063 809 043 0.43 19.24
Average 6.26 0.66 8.24 0.57 0.23 24.12

Table 11. Analysis of sediment particle size in the experimental area

Grain size(mm) -

Station
>10 2-10 1-2 0.25-0.062 0.062-0.004 <0.062
Experiment - - 13.1% 39.7% 11.8% 3559%
Control - - 9.3% 12.3% 24.2% 54.29
2. O|AJAY

7} EF ol
1204 AYZIZE F¢ 539 23X AFE MY L Yo FA AdANR
st A ST ool o)A g Ase dREE 174U AREI] oM A
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F AR 19963 8€ 27l o4& 10078 (24 2.70~10.40cm: BT
531 cm)E $49 10¥ 74 HFZR 764 cm7bA Ao, 199%6d 119
oj4ojgo] HEHHEAN AF §4 EE HAEIHT ol4]e fdte kg X
e 2~39 7ol FAdole #Abl oy ¥ Fog Hol AFE
A rolFo A o]Ao)FAA] AAL ibe] HAYAL old Aoz A
HAY, AdAEAZH o] AR HYFHFH A old] 7 HA}
7b F 4o g ARG F oo AL AFAL AFYE 2 o)
$ REge WE o]fo)x e AA §39 wat o]y 2AF 5 cm
ool A3 tifEo] viEso] FHAG A FAHAT H(1992)e SFP
o} ol dPAA ZtF 2198~2202 mmel FIZMNE o] & o 1171€
ol AAY LS A, AEEo| 86%E HEAH A eyt Eudtn
Aew, F F(19%5) & olAAY Al o3 A FALE ol ¢ised)
A3 Aldo] Aadnty stged, & APdNE 43 ¢ 5cm o AHE
ol4ate] 2ujrt A Al L¢FE7] A Ao WFoR A hRE v &
o] #iAb7} dojwtrt. wtebA YR7F R=ele] {50l 4% 2R AHAd 7
Z7) o142 2 10 cmolde] WE XHE o]4de Aol F& AoE ©
dE ).

U AFE 220%

(D 28+

oh A F

1997 449 8Y #AF 21~70 cm(B T 43 cm)y 1= XH 724AE o]
2% A3} oF 43Uo] AF}F 5¥9 2Ye #AF 36~87 cm(HF 594
cmE A3&Aen, 69 1940 HTZAFo] o 614 cmE2 A HMHozg
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Agsigoh. 222 89 797X BWFZF 723 cm2 ARHRO, 98 A}
AE AFo] HASAT mebA 19979 49 8URE 8¥ 7Y 7A) 118YF
Az ZHge] AFFE 025 mm/IE vhebsteh.

FFe Wztes 19979 49 8Y olAFAl HT 191 goloy 8¥ 7ddE
840 go2 Aol Z/BAT, YT TFEL 007 g/Y2 Usth = 5
AYFo] HES e 19973 59 21YUo] F 944%7 AESS e YE
22 BT, 69 19U 7AXE 62017 AEste] AES F 6I%NAE A7)
dQou 89 TUolE MELo] 47%E FHs A T, 9dole AL 7
Ayt dh

(Wb B 7

19973 49 249 ZF 46~78 cn(BF 59 cm)e} 71Z7) A9 614 S
olAg A, o 43Yo] ABF 59 21UdE 2P 46~78 cm(FF 590
cmE Ao, 69 199 HaFdAo] ¢ 559 cmB gAsty, 89 79
e WEZg 723 cm2 A, 69 199 A=Y AN P74 7
2 o]4PA uEA & X3 groupel BA HAMS HFZAHo) BAH A
o2 Yeyth 1 ¥ 9390 Anste 89 7d4E HFAF 723 cmE A
Fatged, olie HFzge) 27t o448 AM F AFAA groupol A
¢ Aoz #oEY. 43 AAAEFL 045 mm/YEA A F Bk ¥}
gout, A 7 M3 994 So ABANstc)

T Wse 19979 49 249 o4 FA] 0.11~549 g(HF 152 g)olde
U, 89 7YelE o4 ¥ 93U FU FFEF 734 g02 4B U 23
F2 008 g/AZM A APTY fAS 223L Rt W § AP
29 WIAE BA o4 T 65UMA 19979 69 199 AAE 688%9]

£¢ 2oy 89 SUN A 79 o] 27.9%E FH8 PAaHE 7
B

o2

A

o
iy

ox
mlo rw

&
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(kh) C+#

199793 59 69 4R 24~87 cm(Bd 48 cm), TF 0.74~11.7 g(HF 29
g)el X 43/MAE o)A A}, of 43Uo] AHT 5¥ 21¥dle FF 40~
74 cm(B# 547 cm), 5% 1.71~650 g (BT 457 g)oeg2 AFsgen, 8
4 799 BF F3RH FZE 47 723 cmS} 965 go 2 AT, 43
8 74L 034 mm/YE e, F5F 010 ¢g/AE YENY § 4%
7o &L 9] 19979 649 199 7HA = T44%E FAB Ao 8¥ Sof
A 312%2A F4F F4AE Yeh T A3 99 E9 QA AF HAe AT

oY APFAAN AFx U L FRFARANM AAAMRT 712/ MRS
o] &% APTY olAUPdA 8 S0 HE o] 279~312%2 9 HA
33 9ol S MFAete AL o] 3 A¥F(A, B, CH)7F ¢z
Aldl =25e A Ao AEEH FA 71245 2 HSFo o3 EA}
Y o2 AT F2 AsH d8H JAFATA A4F &F fde=z
AGE dAY A& § 8739 g3t A% AF HAIZ AZgd. a8y 4
T FHAA o|AFA e M A & 4 UUD FHHFI AFH &
bA A3 ol4BAE EUEH mHAFY HES AAFHES o} 4%
€ JAste AFE UAJAT A F & o8 HHYES] 2HFLE AT
o AR HAGAA, €T 9 Asrt FRHAG £ o3 A
7 3l AAM AFEA J12I XA HFEAPH FFY JFL 49
4.04 cm(1.72 g), 59 577 cm(3.25 g), 6¥ 591 cm(4.00 g), 7¥ 655 cm(5.07
g), 88 749 cm(7.00 g)22 YEY AL APNH 4FE Holn ey, F
Fe AFFd3 o2 Jehgth(Fig. 39, 40, 4D).

() D +
g SFUL 7IZNE AFE 2xolF] AT F F 7o 0|43 &
I, oly BFAId 1997d 59 169 AR 122~162 cm(1494 cm)e] A&
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14 ¢

Shell length (cm)

2 -
0 ) 1 4 ] ] ]
Apr. may June Jul. Aug. Sep. Oct

Month

FFig. 39. Monthly variation of shell length of transplanted

pen shell according to the experimental sites in Ojo,

Chejudo.
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Total weight (g)

0 [ ] Il I 4 g
Apr. May June July Aug. Sep. Oct.
Month

IFig. 40. Monthly variation of total weight of transplanted pen shell

according to the experimental sites in Ojo, Chejudo.
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Fig. 41. Monthly variation of syvival rates of transplanted pen shell

according to the experimental sites in Ojo, Chejudo.
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19973 10€ 1399l &% 140~179 cm(1537 cm)2 A3l F7 a3 A
L 29%Z2 vl @A JERAAT, AEES BO%EA W =A JE
o § 243834 487 A B, C7Y MYdAMz AFsARC] B=xA bl
gg =gdle oFo AL E B7stn HESL ¢ =4 JYehdoh

F5(1995)°] 19953 5€A Bd 11L7R) Faligals 43 oF 10~15
cm®] AHRE AN HUES W FF HFF 4526%°] wste, £ AP T
ARAFE FedANY A AFF o 245%FFY Re2 dEnth o
€ F AYAT 3xA 4A3] 2HA F F(1995) APAnHE HE
733 Aoz AAT, AF= dto] Faligt Boke 71FN o] AEHA
A FHA zol7t A7l Wi Fge]l Azt o] HAS Aoz wad
t} (Table 12).

Table 12. Monthly variation of the growth and survival rate of

transplanted pen shell on experimental site in Jangheung,

1997

Items 16. May 19. June 7. Aug. 20. Sep. 14. Oct.

Shell length(cm) 9.9~17.7 12.4~16.2 13.7~17.7 148~177 140~179
(14.4) (14.9) (15.2) (16.8) (15.4)

Total weight(g) 21.6~131.6 - 583.3~102.8 63.0~128.3 80.1~1476
(69.9) (78.7) (83.6) (105.1)
Survival rate(%) 100 100 100 100 98.0
(2) vl
CH E +

d¥79 A, B, CHe TR =&5He YUY sy, § Agdae
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ZAE 2254 Gt F22 19979 59 13Y AdARE AH, Y 24
~9.8 cm(5.3 cm) S07HAE ol43tAch. 4] AFL AFzat 7|2/ X9
£ o]4% A¥F A B, C74 649 129 71 AutHoz wid 4FL
Hou, 74 FHE 4379 T 2o @ASA mE AFS Bd 1997
d 109 13¢9le 2HE 113~150 em(130 em)2 B8R, 4% 43FL
oj 2 Alet Blw3te 145%0] ol23 YUt YT FFEL 051 mm/YEA
AFA 2H e o]HF FolM 74 HHol dsdATh AEEL 1997d 7¢
149 74 880%F&EeIR e, 1997d 89 2099 30.0%% 4, 109
139 717 AEEL 0%E FA A

T AP T olHF AFA 12N A 37 genusE HERRTE olE 3
A K o]4 GAldle 472 FeHoz Aoyt velhA] ol FUFo
2 OFded, 47338 A e Azda T3]3 Aolzt el AlFst
o ¥3% A% 37 genusZ2 FEHUD. ©lE 3/ genus F ) RFE
sietel F1zMet £ Atrina pectinata japonicaQ i, = & RL Pinna
muricataZ EFHQARL, 179 genust oFd d@e WA Ram A
AAolr}, olF 3MF F AdH 71X7} AE F& Atrina pectinata japonica
oltk. ¥H  Pinna muricataZ v ME F < 1de] Ase 1997d
99 RE Y47 AL oguHA T2 o], Atrina pectinata japonica
ghe AHR7I7 & A 54E AL e AeE Jegn, gy o
g & & 154 uidt AulF 54 o477t B 2AW s,
T APFoAM e dRRo HAlE Atring pectinata japonicas A &5 FA
UGERES B9 ofugt 3 WAl F& Xeiul 1997 7Y 14Y oA
AFH AL st

T ToA AF A1z XA HBYHE F3A 370 genuse] T3]
£ X9 Atrina pectinata japonica’t 18912 A9 360%E FAn AN
on, Pinna muricatas 22912 44.0%, 71E} £9 ujArQ A 1092
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20.0%E H3lir AA

(WM FF

19979 5¥ 164AY SJFPA 1270, Atrina pectinata japonica, 2% 9.
9~17.7 cm (1439 cr)A3) F 3007HAE o] 2% A=), 10¥ 149 A 4%
147~183 cm(15699 cm)Z A3ty 24 4L 11L1%E UFA =3

E A¥7 D F Boe 458 I B4 Jelwth a8y § FoME
TY FTE 0T AYF D F B} vlnF HAbzl Bol wAsgon, A}
AZPE BEE WSS 1Y, 4% 300/hME 19979 69 1297hKE AY
Mol AEIAOY, 79 14YolE 150A 7 HAlsld HESL 50.0%2
FA3AT. olaid HANIAL 3HAI EHA Br) MRete o] oA 9
g 30 comZ7tF 5032 A A5 1520 2FAT B 948 WA &
A" HTable 13).

(3) 497 viayeo Yol

AFE Y&eo AAdAQE o)A Qe Atrina pectinata japonica X3 2]
AddHE2E 8L et was B vlaT E o zZgdFe] 7}
FFL AR UeET § AN P79 vlmpy pEe 2 9ue
YA o] MY wmTFAA Y Aol FA JYEIG AARA S FH§ Y, 3
HolA2 HmF HYF R2RA 4 2 molAE FAEY 71L& Ao o
TE4EeE AT = A Fid o]4g FOA AFE AL ALY Ao
e F1x7 o4 7t Aoz dwEc 2 o7t BX AR
ARFS FAT Bt DARAW Gt 124 AHE AFE APUA o
ol o1, AF 7148 T8I Je Aoz AAAD APAFoldd £
Zo1Z M Y AYAY ojFE o]&F¢dH AFT AL ol AS
Sl 719 & £ A& Rez godHg

- 131 -



Table 13. Monthly variation of the growth and survival rate of
transplanted pen shell of the control site in Jangheung, 1997

Items May 16  June 12 July 14 Aug. 20 Oct. 13

Shell length(cm) 99~17.7 144~188 121~162 123~161 14.7~183
(14.4) (15.5) (14.2) (142 (16.0)

‘Total weight(g) 21.6~131.6 - 31.2~94.2 49.5~128.0 80.3~1434
(69.9) (55.0) (85.7) (77.3)
Survival rate(%) 100 99.3 50.0 50.0 50.0

3. MFLH 71204 X|mel Y Aatxy ¢

AFEd A AR oA Asje] ¥ xRy W3lE KW, HF
32 19973 49 404 cm Yo, 59 520 cm, 69 595 cm, 79 7.80 cm,
8¥ 820 cm, 99 1063 cm, 10¥ 13.00 cmE4A] 9~10¥9] o] F2% AA
S Bojx YAk 19979 49 old ZFA] AF 4 cmFOl 165%2A F4
modeE °lF}en F AFE moded olPo.2 Hol 59o ZF 55 cmF
o2 ARG 6499 F 4 60 cmFLE AFsn 9Y¥ 4F 115 cm
ToE AT AL Holx 3o o]y BA Hok ¢ 7 cmAFI}T UA
THFig. 42). 28y o]y FAde AHE 33709 genuse 2 FRHA R31Y
499X 59871A] ZFRAFL 3F EAHA 494H 59 7ARE o8 )
9] mode’} Vel Aow FAHD 69 BEE °lE 3/ genus F $)via}
Gl vetde RAFA FYFYU Atrina  pectinata  japonicumt-&
Histogram©. 2 vebd 3 Atk T3 Atring pectinata japonicumo} 2] 8] 2
7} genust TERE AHLr FHMoz Wddle=F A 715F A7 &
23 Aoz AAHAT Z3 Atring pectinata japonicumste gl 4H =
Atsle AEol AU
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4. EEA IIION XMl WY AFRY @l

AZE ezolgel oA A ¥ 712N AW (Atrina pectinata
Japonicum)B 8T 2704, F #)& $8std 49 4F=Ae] EXE w9
19074 59 ol4 WA WREZAFL 1439 cmAou}, 68 1522 cm7A A AR
A, 789 e HBEAFo] 1410 cmE ZA43A 1, 89 olF & tA] HA3o
7 10901 ZHgo]l A ZAstE BRAY 4FL 2 A2 YehdtHFig.
43).

olgd AL o4 AALI HIEH BRE E AFFoA 22 Uehge
9 4% samplingZAlolA HAH vlo] 3 W2 HOEWA T}
7127 ol4oiAe o 30 cm 7HE POowA AxFo] AT, A Ry
2 AT AF 47180 3719 D55 dFoz WA} Aol HAHE
Y2+ Bl5ste BHAMY BAAT] oJshH W MnH o] 2 )
Aol A TR HA7 dojston, ojd] wa} HEHol HAH o B
gtk Iy 2A $1% x2HE YT F FAME A #Apt o
U @steh 2R Zgol 2 AR $4 HA} doleAe] Wy A
& oz AYPsIe] FRHAAT B YASS olgste] AXHA @
77} Hag AFo|t} .

5 Ao AFL o 148UEL HF 2 166 cm2 AAsd Ago] A=
F Rez JElWn AHFFE 115%2A %5 (1995)0] FsirdgteA
Atrina pectinata japonicum AW E o] 83 AFHF 167~4526% Mt} @A
Uehget,

5. RF4t 7= Xme YN 53

AFE MAZA YPoiRAM AAARE F1Z/M F Atrina pectinata
Japonicum X3 ¢] 2} A3} ekl BAE Fig. 49 Uebd v} go] SL=
04662SH-0.0249] dztHez veld £ UAD, 439 FFae FAEe
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TW= 55950SL*"®x10°¢] A44e 2 veldohFig. 45).

T3 Zt 23 groupd AF I HFF5F FE3IA Table 149 o] veh
ol 2 An, 553 F5 % (Total Weight)d] ¢ 45~94%E A8l
AN, ZtFol & HFFF] FALE 2E 244 110 mmY o 09 gold
T, 2% 150 mma @ @ o 41 g2 Zshstm YA

Table 14. Comparision of total weight vs shell length

Shell length class (mm)

100 110 120 130 140 150
TW (g) 20.1 25.3 31.1 36.2 54.0 67.0
AMW = 0.9 1.2 28 3.4 3.7 4.1

*. Adductor Muscle Weight(g)

A 4d 2 oF

AFE AAX A% PEF AQ ARAFANM AR 7127 XNHE F
< ol88tq AFz exojFe oA S F4HOE B o|AUY AFE TS}
Zo.

1. 1997 4€ oA FA] B ZF 43 cme 12/ WY HFAZe =
3 59 565 cm, 69 59 cm, 79 68 cm, 88 7.88 cm, 9¥ 1060 cm, 109
1300 cm2 AHAAH 4F& Bojn AAL, BFFFL 49 1.72 goll A 109
3814 go 2 AFHAH 43E Yo

2. 2N 22Fe 4879 =&25A gv vaTty 712 e 4%
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Age vuToM ANHoZ A Uehdoh

3. AP AEEL 8Ydl & I EF 279~372%2 A HolA 9
Yol AF A= ey, vt Zee 19979 109 A oF 30%9] A=
&8 Roln UNUTh

4, AFANEF AHE 37 genusE BEFEHAIoH A9F JHX7 L G
bl BX3sle AFN 5YEQ Atrina pectinata japonica?} 36.0% S xA)skn
AN, Pinna muricata?} 44.0%, 718} 20.0% % hepytc).

5. Atrina pectinata japonica®l Z}A3 ziz9le] #AE SL= 0.4662SH -
00242 uvetyts, 233 F3Foe FAE TW= 55950SLx10°2 Uehst
o}

6. Atrina pectinata japonica®l MW FF S FFTHY 45~94%F AA3ln
AATH

[«
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