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Abstract

[ Title

Development of new techniques for spat collection and rearing of

Korean scallop Chlamys farreri nipponensis Kuroda, 1932

I Research Objectives and Necessity

1. Objectives
This research first develops spat collection and rearing techniques for
scallop culture which can provide remarkable increase in incomes for

fishermen by polyculture.

2. Necessity
To substitute decreased fisheries resource in Daechung and Baekryeong
areas, which are borderlines between South and North Korea, it has
been required to be developed a new cultural species in this area.
Resources of Korean scallop in this area have also experienced a
remarkabel decrease due to the over exploitation using dredge. However,
the ecology and cultural techniques for Korean scallop culture has not
been studied so far. This project established a systematical land mark
for scallop farming. This will provide the recovery of resources and a
stable incomes for fishermen with a new 100ha farm. This study will also
provide an economic aspect of scallop culture, development of wave proof
farming facility, and management etc for mass production of scallop. This

techniques will result in a rearkable increase in fisherman's income.
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I Materials and Methods

1. Environmental conditions
To identify the best environmental conditions for scallop culture, water
temperature, salinity, pH, DO, nutrient Concentration and turbidity were
measured in the candidate areas.

2. Spat collection
Whatever methods of capture is used, the time of spat collection is
critical to the success of scallop culture, The time of spawning and larval
appearance, and larval density in water column were investigated to
identify a spat collection and settling time. The focus was on the
increase of collection efficiency by settling density and growth rates of
scallop in different water depths.

3. Preliminary rearing
Best transplanting time depth, spat size, rearing density were identified
by checking the growth and survival rates under various conditions.

4. Main rearing
To determine the optimal rearing density and depth in water column,
monthly growth rates were checked under various densities and depths.

5. Undesirable organisms
The species and density of undesirable organisms having habits similar

to those of scallops were also identified to determine the periods of
appearance.

6. Feasibility

Varous cases to sending out scallop were examined to identify best tim-
ing and size of scallops.

-11-



[V Results and Discussion

1. Resulits
1.1 Environmental conditions
Environmental conditions in the coastal area of Daechung were inves-
tigated from October 1995 through October 1997. Surface water tem-
perature ranged from 2.2 to 24.5T, with bottom from 2.6 to 23.7TC.
The water temperature in July through August, the time of spat collec-
tion in this area, ranged 17.3-24.5C. 5T at surface and 16.8-23.7T

on the bottom. From late June to early July, spawning period, it ranged
12.5-16.2TC.

The other parameters are as follows;
dissolved oxygen : 6.14-7.17mg/ I (surface)
6.12-6.90mg/ I (bottom)
salinity : 31.74-32.98% (surface)
COD : 0.63-1.90mg/ ! (surface)
0.62-1.15mg/ | (surface)
SS © 6.2-24.7Tmg/ I
DIP : 0.13-0.90ug/ !
DIN : 4.30-6.40ug/ !
These values satisfied environmental requirements for scallop culture
in this area.
1.2. Gonadal maturation

Gonad indices (Gl) ranged from 12.9 to 15.2, with highest values on
July 4 1997. The high Gl value (15.4) was also found on June 24 1994.
From these results, it seems likely that the spawning time for this

species is from late june to early july.

~12-



1.3 Larval density

The highest density occurred on July 22 and lowest on August 6 at
the surface. High values were also found 19-29 of July between 5 and
10m in water column. On the bottom, the highest values occurred on
July 25 and lowest on August 6. These results revealed that the best
time and depth of collection were after July 25 at the middle of water
column.

1.4 Larval density with life stages

1.4.1 D stage

D stage larvae were the most abundant from July 17 through 22,
with density on August 6.
1.4.2 Small veliger stages

This larval stage showed maximum density on July 29 with the
ranges from 96 to 173/m, and minimum on August & with the
ranges from 11 to 12/ni.

1.4.3 Large Veliger stage (settlement stages)

The density of this larvae ranged from 31 to 179/ on July 25 and
from 36 to 40/m’ on August 6. Maximum density in water column
was observed between 15m and bottom on August 3.

1.4.4 Optimal mesh size and capacity for coliection

During collection small mesh size can cause mass mortality of
young stage spat due to the accumulation of mud on gill. it is nec-
essary to maintain a suitable mesh size for increasing collection of
efficiency and survival rates of spat. This study revealed that the
best mesh size and larval biomass were 86mm and 200gr colletion.

1.4.5 Period of spat collection

The best period for spat collection was from late July through early
August, with little variation by year.

-13-



1.4.6 Settling and primary rearing

Settling density per collector at each water depth was 15 at 5-8m,
20 at 8-1im, and 18-20 below 1lm, respectively. Usually settling
density was high below the middle of the water column (6m). Shell
length at the time of collection was 0.5-0.6cm. Primary rearing
results indicated that the optimal depth for spat rearing was about
10m, with an average shell length of 1.41-1.43cm.

1.4.7 Rearing

Main growing season for Korean scallop was from April through
October, with highest during June-September. During winter months
(December-March), they showed low growth rates. Various experi-
mental conditions were given to determine the optimal water depth
and density for spat rearing. Best growth rates were found at water
depth between 5-10m and density between 25-50 / EA with an aver-
age incease of 14.3-15.7g in biomass. It took 24-26 months that the
spat were grown to be market size, which was 8-9cm in shell length
and 50-130g in biomass. April-October when was mail growin sea-
sons for Korean scallop were the best periods for marketing.

1.5 Feasibility

Gross and net profits were estimated when we sell spat or when we
sell adult scallop. At first case, gross profits were 30 million won for
the first year and 25 million won for the second year, with net profit
of 26-54%. For the second case, it was 130 million won for each year,
with net profit of 56-69%. Marketing adult scallop made 14-30% more
profit. It takes 3-4 years to make net profit when we sell spat, and
two and half year when we sell adult scallop.

-14-



2. Availability of results
This research first revealed the optimal period of Korean scallop collec-
tion in the coastal area o Daechungdo and the other basic information
for scallop culture. The results were given to fishermen through educa-
tion, journal, and newspaper etc. This will help fishermen to have more

income and currently five pioneer culture units are being tried by fisher-
men themselves.

3. Discussion
The development of farming technology for Korean scallop can provide
more profit than traditional fisheries. This research produced basic
results for scallop cuiture. However, lots of new technologies shouid be
developed such as having common working grounds, automation systems,
wave-proof culture systems, and scallop processing technology etc. For

satisfying the above items, a government-level supports are strongly
required.

-15-
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to September, 1997.
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Fig. 12. The frequency of shell length of Chlamys farreri farreri from June to July

in 1994 and 1995.
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Fig. 13.The frequency of shell height of Chlamys farreri farreri from June to July
in 1994 and 1995.
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Fig. 14. The frequency of total weight of Chlamys farreri farreri from June to July
in 1994 and 1995.
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Fig. 15. The frequency of meat weight of Chlamys farreri farreri from June to July
in 1994 and 1995.
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Table 1.

Shell length, sheil height, total weight, meat weight, meat yield and sex
ratio of adult Chlamys farreri farreri by measurement days from June to

July in 1994 and 1995

E 1. Zoig 2AE

My R A} 23

4 F |2 | AEB|8FB| 5 I
2AHY |78
(ecm) (cm) (gr) (gr) (%) | ¢ 2 A
84 89 849 392
1994 46 18 12 6:4
(72~93) | (79~102) |(605~1100)| (280~510)
6. 16
94 99 893 389
1995 4 18 12 6:4
(78~104) | (9.1~108) |(605~1105) | (295~560)
81 88 833 U4
1994 41 20 10 5:5
(65~95) | (74~100) |(560~1100)| (240~530)
6. 24
91 95 »4 406
1995 ‘ 64 18 12 6:4
(77~106) | (82~110) |(550~1305)] (285~580)
89 85 1097 469
1994 43 8 22 7
(76~105) | (80~108) |(720~1575) | (170~610) 3
6. 30
82 87 763 29
1995 43 15 15 | 55
(79~94) | (82~97) {(553~1030)| (240~475)
91 95 24 406
1994 44 18 8 7:3
(77~106) | (82~110) |(550~1305) | (285~580)
7.4
88 9.1 758 312
1995 41 17 13 | 64
(77~100) | (85~107) | (504~920) | (210~385)
1994 86 92 26 402 43 64 52 | 64
¥ &
1995 87 91 863 368 42 68 52 6:4
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Fig. 16. The variation of water temperafure at the Dae Chung from June to July in

1994 and 1995.
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Fig. 17. The variation of gonadosomatic index (GSI) of Chlamys farreri farreri from

June to July in 1994 and 1995.
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Fig. 18. The variation of the flesh weight index (FWI) of Chlamys farreri farreri
from June to July in 1994 and 1995.
a8 18. vigdrigin]e] JMBEX) 4

-57-



Table 2. Meat weight, shell weight and flesh weight index (FWI) of Chlamys far-
reri farreri from June to July in 1994 and 1995

X 2. gld7EiH|Y QAR X+

1994 1995
Z A ¢ A H B =] 4 BA FA 5
o = gat > = @t pu T T o = ar 7 = 2 pS T T
= &5 9 —]' S O (FWI) ¥ 5 O —}' S O (FWI)
6. 16 39.2 39.7 496 389 572 40.5
6. 24 344 39.7 46.4 40.6 456 471
6 .30 46.9 541 46.4 32.9 384 46.1
7.4 456 456 471 312 51.0 37.9
50 —
O
45 —
40 —
Z A ¢ 6.16 6.24 6.30 74
AA | 94 49.6 46.4 46.4 47.1
A%
(FWD | 95 40.5 471 46.1 379

Fig. 19. The meat yield of Chlamys farreri farreri from June to July in 1994 and
1995.
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water depths from July to August, 1995.
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21. The number of D-shaped larva of Chlamys farreri farreri according to
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Fig. 22. The number of early umbo stage larva of Chlamys farreri farreri according
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to water depths from July to August, 1995.
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Fig. 23. The number of later umbo stage larva of Chlamys farreri farreri according

to water depths from July to August, 1995.
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Fig. 24. Facilities for spat collection and intermediate culture of Chlamys farreri far-

reri.
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Table 3. The number of attached spats of Chlamys farreri farreri according to the

outside mesh size of the polyethylene pocket collector in China, 1979
E 3. PEFHUA ME7] QYo gE 370 wE sldrigiy] |49 22 Qiise

(1978, &=
s = a 71 (mm)
7 2
25%25 2%x2 12x15 06x08
2 & 0 £ 1 173 129 87

Table 4. The number of attached spats of Chlamys farreri farreri according to the

inside net material of the polyethylene pocket collector in 1994
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Fig. 25. Facilities for spat collector of Chlamys farreri farreri.
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Fig. 26. Monthly number of attached spats of Chlamys farreri farreri to a collector

from September, 1985 to March, 13996.
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Fig. 27. Monthly variation of shell length of Chlamys farreri farreri from
September, 1995 to February, 1996.
a7 27. viedzieid] Xse oY 4%

3. REdEA BEXIUETAL
REHR FTHE MELY AXS AT 2 ¥y, szl JAFEA,
B3], AFF, AANHolF, A T F ¥l HE FEL AN FXH
&8 ugriein st AA EEEWe 483% gt BRIt KE P SHEe
2 23U thde AN A WEEWS B% T3 6007} KA
i (& 5)
To8 AFGA], AAYolF, B¢l AFHF YAFCLE Yepth

FAAIIE BEEY 2EFE B8 B 1149 0d ZAM e 248 WE ERR
$ro] 52%0 sigste 1302 wldrteinig 29%) sigste B3RS A=z ¢

_73_




HiEC R SN ‘B 12¢ 20¥ele vdriely] #E 100 (48%), T2l 65
B (24%) <ol o™

'%6. 19914 39 10871 33] ZA A w|g@rielu] #R7F 72~0R (45~48%),
Az AT 4H5~608(29~30%) 2 Vet

Al7ER WEEY B HBREES 29 vdrielbl #Re 119 093 129
0¥ 100~30 Hdo HARES RAX I/ #EE 11¥ DA 129
090l 65~73R =2 Hhe HHRES B (1Y 2)

AFgA et 25%do] Fsode 119 3043 29 5Yel 10~13/MA = 7H3 Fo)
MRS AREME 119 30¢ 4 29 5ol 10~127RA 2 71 Bol A4 st o
AR FGolFE 129 203 19 2Y 12~13/MA 2 713 Bol HIE, FE3l2 ATk

Table 5. Monthly number of fouling organism in the polyethylene pocket collector
according to species from November, 1996 to March, 1997
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1.2 90 61 9 7 7 12 3
2.5 85 56 13 10 13 11 2
3. 10 72 45 11 7 10 9 2
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Fig. 28. Monthly number of fouling organism for the collector by species from

November, 1996 to March, 1997.
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Table 6. Mean shell length of Chlamys farreri farreri during the intermediate culture

according to water depths (13 April~10 August, 1996)

T 6. 3 |KE7 1% 5 #5858 FF 4%
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A A = 05cm 1.32cem 148cm 142cm
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15 —
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10 — 10em
15cm
05 —
FEEE (¥ 7 G A 251) 500 1009 1501
5~6m 05 142 178 1.31 1.04
10m 05 143 141 133 09
15m 05 142 140 1.30 08
Fig. 29. Mean shell length of Chlamys farreri farreri during the intermediate culture

according to water depths and density (13 April~10 August, 1996).
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Fig. 30. Monthly variation of mean shell length and shell height of Chlamys farreri
farreri at the 5m water depth according to density from August, 1996 to
September, 1997.
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Fig. 31. Monthly variation of mean shell length and shell height of Chlamys farreri
farreri at the 10m water depth according to density from August, 1996 to
September, 1997.
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Fig. 32. Monthly variation of mean shell length and shell height of Chlamys farreri

farreri at the 15m water depth according to density from August, 1996 to
September, 1997. :
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Fig. 33. Monthly variation of mean total weight of Chlamys farreri farreri at

the 5m water depth according to density from August, 1996 to
September, 1997.
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Fig. 34. Monthly variation of mean total weight of Chlamys farreri farreri at

the 10m water depth according to density from August, 1996 to
September, 1997.
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Fig. 35. Monthly variation of mean total weight of Chlamys farreri farreri at
the 15m water depth according to density from August, 1996 to
September, 1997.

I8 35. 15m3 viddrigln] B EE5H9 +8UkE gis

-06-




97d 199 A5 MAT RERC] 697grold Ro] 9¥dll= Bllgre = pfkst
o EERS 194gro2 998y BEES 21202 AKXFHJLTH K EEKHA
firhe] ¥ BERS U3gro 2 933 BEBS 173grolAith

WAERE 100 AT 2% 899 AT 2E&RLS 1690l Aol 12€0l
E UIAIS 530gro 2 AR 1297b419] # MERS 36lgre2 AT B
HRS 072groluth

97d 199l NAF 55lgrold Zlo) 9¥dle 28lgr7hA] kS @ HER
< 173gre 2 A7 Y WEELS 102grolUX AFER HHS 8 BHEES
2llgro 2 A WER-E 151grolAch

150822 WA 29 899 AFRik Rflole /A 1.39%reld o] 12¥ddl=
486gro 2 sl f BER S 347gro 2 Y HERLS 069grol Utk

973 199 AT Z2ERLS 5070 E WX 2Mgro 2 A f&kste] & |
HES 16%gro 2 YR WERS 18grolUo™ Ak HkHS W FERS
064gro 2 AYF WMER LS 147grol Ut

3. AER HED [(HEs5ECl /KRB, BER B BikE B3t
7h ARURB WEER K HF REE W3
SmZol KA S vidrteHY ER Hd KkE His KERE SR R
2 KES B9 AREe 247 40y S0B WES 7fole 44em, 1008
KA A% 37, 10B KA A 32 KEFHLT sSmEdME 5~508
WA vdrielve gRol 78 5 mk @S Bolx AUtk (2E 36)
10m%Z 9] ASole BB KES 2% 45md KERS BRI 0B KkEY 7
% 42em, 5 WKES 73S 41lem, 1008 KES] 36cm, 1508 KEFS B¢ 312
RERES Bolx UNen B5~50B4 WES A9 Had mREC] 45~42m
2 7M 433 ZEES B9 U 150R KA S ol 3lmE Bd KEE
o] 743 Ax¥ WK S Holx AMUTh

-97-



15mZ oA B8 KES 7% 39m, 0B KEST 2$ 36cm, OB KES B¢

36cm, 1008 WET 735 3l 10 KET 3¢ 27ae] Hd KRES Bo)
32 ANen BEAA SRE KET ud 7teiHle] #Rol 39~36mZ 71

Y33} REES EolT e kA 1508 WES Ade 27mz 71 Az
EERES Bolx UNUTh

KB BREE BEW 5~10m3o] 5~5024 WEd vidrieiv) o] i
1 B wEEl 40~45m=Z FEk&EC] 7P ¥3¢ 23S ez Ao
uh RES, BEER Py 2ERS] Wi

SmZ el ¢ 5B KET A5 157 Hd BMEES BT S0B WE 4%
153gr, 7SR WEFSl 7% 135gr, 1008 WES Z¢ 121gr, 1508 KA A%
94grol RN LM 26~50BY KES widrielvle g BEHO| 153~
157gro 2 71 38 Rk S BIoY 15908 KkES A de 94grez /-
Az wEROR Jebgth (22836)

10m%-9] A% 5B WES vidrieivl Ha MEELS 148z, 15B WEe 74

§ 143gr, TR WE S 7% 125gr, 1008 WA A% 113gr 150R k&Y A$

100gre 2 25~50824 WA 759 Wk HiEd " BERl 148~143gre
B 7MY 433 BERS Yo 150B KES Aole 100gre 2 sh Az
3 MERS A

15mZ 9| Ha WERS BB WES 39 114gr, S0BY KE T 2% 100gr,
TSRA IRET A% 95gr, 10BY WA 739 85gr, 15084 WES 2A¢ 7her
o] K&SIAUL BRA WES vidrteivle] Ha FERO| 114 o2 7MY BE
Bol B2 ¥ 150B4 WEFS Atoe 752 MY Axd BEEL Bl
UL {= 3

-98-



om, & | 5 157 153
15 135 121
94
10
50
40 > 44 48 4
5 I 4 4D b 37 42 32 &7
R R IR R R LR R I R
Mt 5 50 75 100 10
10m%
15 148 143
125
" 113
100
48 47 45
5|45 . 42 41 36 Al 31 35
I
TE | AR AL 5| R AL | TF| AR AL | T AR AL SR AR AL T
st s 50 7 100 10
15m%
15
114 100 95 .
10 : 75
5|39 43 36 42 36 40 31 38 27 33
]
Rl i3 2 U Rk S ed o B gl B A S A R B e e e e B A el AR
i 50 % 100 10

Fig. 36. Monthly variation of mean shell length weight of Chlamys farreri
farreri according to density and the material of cage for intermediate
culturing from October, 1996 to September, 1997.
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Fig. 37. Monthly variation of mean shell lengh of Chlamys farreri far-

reri according to density and the material of cage for inter-
mediate culturing from October, 1996 to September 1997.
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Fig. 38. Monthly variation of mean shell height of Chlamys farreri
farreri according to density and the material of cage for
intermediate culturing from October, 1996 to September 1997.
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Fig. 39. Monthly variation of mean shell lengh of Chlamys farreri far-
reri according to density and the material of cage for inter-
mediate culturing from October, 1996 to September 1997.
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Table 7. The analysis of net profit on sales as seedlings of Chlamys farreri
farreri in 1995 and 1996

T 7. 2 E TIOjA] 401 B3

1% %] = 2apd % |8 %
H] 5 + 3 4 A EF d|F oA
F % . .
cm () qe) | (H9)
Zd| S B A E 23 |1000d9]| 30¢ 30000 | 25000
* ki A 22,325 11525
A A 15925 5,125
Ag AL oex Lmn 43 160,000 640
% " 24mm 2% 100,000 2,200
" 18mm 108 60,000 600
" 120m 8%k 25,000 200 200
k=3 " Ymm 158 15,000 225 25
B2HK) | 4001 47\ 25000 100 100
BN L 601 4507} 2000 R0 90
PIHK) 80 871 420,000 3360
olg | [ | 23 | woh | 10000 | 400
Azt dkeg 4007} 1,000 400 400
yubgoiu | B8x65am | 50007 100 50 500
¢l {WuHPE)| #lm 1000kg 2800 2.800 2800
A A 6400 6,400
A AB71A4 2 o 30 30,000 900 900
) R EE AL N 109 | 50000 500 500
o] Ar7®st| o 2073 50,000 1,000 1,000
] golay] o 50 30,000 1,500 1,500
S84 =1 50 50,000 2,500 1,000
& A = ¥ Z 5 % - A4 A oy 7675 | 13475
A (Y - AA]) 30000000 - 2325000 = 7,675,000

'/T:
Srolg(EFel/4e) L 1T 76700 < 30000000 = 26%
22Pd % 13475000 = 25000000 = 54%

-113-



2. BRIRE = BN #& £ EHHA| £EEEDH

BHARE § RHEZ sl S KT Wge (B 8)3 2o

lhad AR & 7FeFe £HE V%2 A3t maEES 327171 9molA}
QA Hrtelvle] F HFTE-S 20000ke7t = AT

SR BEE ke 6508024 F 2FYY-2 130000 Po] o4t

g IWES AAshe 1Azl e B9 F @Sk O A9 A8 5
2557 Yo] AR F Y WBERY W AKEE 194007 Yol 28 EH AKES
BE 150008902 ZAEA & AERE 56958902 Yehton #EHEe
73075 d ol At

AR =] BARKRE T AN £HS AL BT ASde 1A9Ee] 719 H
FE BHA gEo ZAIvF BBMEEMEE S 653038 Y] 285AY
HEE AGRT 184004 ¥0] 28 H o BERENE IAYES} YT 1500
AP 2 sBAANZ A3 F AERE 9B0HYLZE AR A MATEEES 900704
Ho] HAo

FilER A2 1APd ol 56%01d o] 2abd o= 69% 2 AU

-114-



Table 8.

farreri farreri in 1995 and 1997
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The analysis of net profit on sales as cultured adults of Chlamys
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