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The development of mass production systems
for Manila clam
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O Obijective

[] Sustainable development of Manila clam farming industry by stable supply of healthy clam seed

O Result
(] Evaluation of healthy Manila clam broodstock
- Investigation on reproductive effort, reproductive cycle and parasite infection of clams sampled in costal areas
of Korea
-. Development of health measuring technology of Manila clam against disease outbreak and various pathogen
-. Development of EST-linked microsatellite marker to identify Manila clam population and it’s application on
different clam groups.
-. Genetic characterization of Manila clam (R. philippinarum) and Variegated carpet shell (R. variegatus)
[] Study on Manila clam seed production in hatchery
-. Artificial conditioning of broodstock clams in a closed-circulation system
-. Investigation on larva development and larva culture of clams produced by artificial spawning
-. Clam seed production from hatchery condition
-. Development of collecting method for clam spat
-. Mass culture techniques for the food organism of Manila clam
] Mass production of R philippinarum seed in hatchery
- Comparison of the intertidal on-bottom culture and the hanging culture of spats of Manila clam

(O Application of the research results and future plan

[0 Conditioning, genetic characterization of clam populations and locating clam broodstocks
- The artificial conditioning technique developed in this study to mature sexually inactive clams using an indoor
condition will be widely used in future clam hatchery since it secures supply of broodstock to be used as
spawners.
- Flow cytometry technique used in assessment of clam health is expected to be applied in selecting healthy
broodstock and to evaluate overall condition of clam culture ground.
- The seed production techniques developed and described in this study will be used as a guideline for the
future clam hatchery operation.
- The microsatellite genetic markers developed in this study will be usefully used in identification of introduced
clam seed or population from native Korean clams.
. Output: 2 papers (1: international journal, 1: domestic journal)
conference presentation (1: domestic conference, 5: international conference)
GenBank deposit (48 gene seqeuences: JN807338-JN807385)
[0 Development of clam seed production guideline
- The present study developed mass production of clam seed in hatchery condition and subsequent spat
collection using a mesh screen and the techniques are summarized as a guideline. This spat production
guideline will be usefully used in future clam hatchery operation as a manual.
- The technique of mass production of feed organism for clam spats can be applied in other hatchery operation
such as oyster and sea cucumber, which feed on phytoplakton as food source.
[] Development of suspended culture technique for juvenile clam
- The present study developed suspended culture method for juvenile clam and growth of the clam in|
suspended culture was 2.5 times faster than bottom culture.
-. Output: The net-bag suspended culture system developed in this study has been asked for a patent titled as
"Fouling-reducing apparatus for bivalve suspended culture"
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3—1. vpA| & At FH-E 93k microsatellite marker 7} @

see) A Ay 98 248 meHoR FHey) s olul ATelAE
vlx]&r g3 EST dataolA] F#l¥ microsatellite markerE 7|&3la, ©o]& o] &3 unpxzh
(Ruditapes philippinarum) 7R Ao 4] 2] o]& AL 3elst gt 2006\d Perkinsus olseni (B}X] g
IAF)E FEAZ 2 vet v gte] @ (hemocyte) cDNA libraryoll A} f2f€ 112871 <]
unique gene (Expressed sequence tag) 2E-F di, tri, tetra, penta ¢} hexa nucleotide motif&
57) o] A& zta 9= 1970 9] microsatellite & H EST clones WZ35t1 PCR &8 43951
$15490h PR ol 1170¢] marker® o g3ke] 1571419l nhxietel] that a7 oA
(polymorphism)g 213t Az}, 11709 markero A &<1F allelee] == 3—1174°|9, locus?
i 6.5719] allele® ztx1 919 t}. Observed heterozygosity$} expected heterozygosity= 2+zt
0.0667—0.7692¢} 0.3571—0.8843=2 e}t =3k KR1, KR6, KR11, KR12, KR14, KR17, KR 19
marker®] 74 PCR Atzo] SF5A = null alleleo] #ZH T} mebr THFHA /2
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microsatellite marker= 8}X[& 7§ ] tt@do] =A FAFS v A HATFY FHTH 5

A FHEE 3 583 EX} marker2 o|-8&E AHo|t}t.
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SEuE e g o= v A o] {fHTH S48 Hwsty] fske] 20094
SEuvEl 849 (B, BE, F4&, AA, A4, 43 AT, 9x), F7 249 (Xiamen,
Yentai), Y& (Kanazawa—ku)3Z EZA QAL AA5g . Microsatellite markers 117) 2]
markerZ ta& A (polymorphism)o] =4 #&% 5719 marker (KR2, 6, 14, 17, 19)E A}&-35}
o] genotypingg AAlst olE Hde #FATH Ao fABAE EASAT. 49 A
SEvEl BE Ao (BR)9 vl g Ay Fo9 A9 (XR) vpAg Fobo] Aoz 7}
7t FAFAE VYT B3, AFE =AY v gd £F uA gL oprjupAge
02 299 vAg JAGEF Ruditapese] ThE Fo] 1522 FHEEJT. wabA, EST &
#] microstallite marker= ¢-#u2t vpx| & Hety o= vlx|g Aok Watk olug} Ruditapess:
o th& F& FEstedl F-83F markerd & AJAFSHTEH
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3-3. uhAFT ohrupAe] Fe % 4AH 54 ¥

Suet vix|gte] WA Ak F7] 2 AW gl ik AFE HAAIS 2, AFT
At A& s vExE Hubo] T Fo| upx|ERl viX|& (R philippinarum)®} o} 7182 & (R.

variegatus)©| AAst= Ao 2 YTt 2009d 6 24XE 69 290U Alolo] A A
(s1A2), SIEe} B5 (ol Ael AYR A AAEE ool NAX, FejoA
ot 4F 9 fHAte] e fAstA 54 24L& AAstan. 2 23, FAE AAZ A
2 sHelA AFE AT vAE, d=et 559 AF 23RO AFHE vpREE o}
HhA| g o 2 FRIEATE E3, T2 7k Aot A thik o Fu 7hle] AguH|rt niA]
gho] op7|niA Rt o5 B ZA TYEHASS FHH o Z G5t (p<0.05). o]t
CEo] 7 F9o ux|goA Z2AE FHAAE 1Y /18 A AsdAE + T9 44 =
B8 A 2PL WA Aoz BT @A, AFE AASE olrluAT
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ALHQN 2= 247 Ho|FFS T3l HWBU 3 A5E frEsted Aok Ao 221 ut
AFLe 20103 49 23 TA A ddA] AAYZ, FL 11-22T, & 26.7-32.2 psu, DO
5.9-9.8 mg/L, pH 7.3—8.6, NH4" 0.1-5.0 mg/L, NO®™ 0.3—1.0 mg/Le] ZA3}l| A 857 £544]
2Ho A okttt wlF 20 JHAIE AEste BIgEE (Condition Index), AA4 #e oA,
A2 4 FFA 4 (Gonad Somatic Index)& F8stth. AFZA 7, AF 7|2k 2t vpx| o] 4
82 6033, AT FFE T AAL dEEAE AF AR (0d) tiF2e] vpx=
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40%<] vlA| o] A AT GSIE 22¢ 3.7%9 o AA3E] 718t 57Y 8.2%= FH U Fk
o UEhdch 9o ARE uleo m 233 upx e AT 2.876,687+1,473.9067) ST}, u}
A& ¥AF == AP A1ZF 272,836199,884 perkinsus cells/total wet weighte] HL|E
Heow o] A¥=x7 705,064+313,231 perkinsus cells/total wet weight2 <F 3uj| 7} =7}
Htge 2 QIFFE Al AMEEolE Bl v gEAFH 22 7S

A2 FEAA A - AbeT
255 o]gste] viA|Ee AFAk
2011 84 144 AFA] g el A] 3
o A thed A E, RS A AR e, Al upx g o4 of
Atk FAHE 3o v DA /A BEs FaEn A FLREFAL AAAR A S 0] &5
ST FA"E 3o =27 50-60 umen, £ A% T FAH7E FAEHAT. ol F
cell, 4 cell, 8 cell& AA, 34 447+ & gastrula stageZ7} ATt o|A| 7]9] embryo=
prototroch7} @A 5 o] A& -FL A &ASATE. 54 1941 7F &, embryos DA (D shaped)<]
FHE Eom, "HolHolg AIFsITE AgtdddAlE
galbana, Chaetoceros gracilis)o] #stdu|7ZddoA TAFHPY. £4 2d & up g fA
velume] A %M A Early D—shaped @A 7} F it} o]|& {5 straight hinge veliger (124.7

|

Aolgt ZgaE  ([sochrysis

um), early umboned veliger (153.4 um), late umboned veliger<} pediveliger (217.8 um) ©A4 &

HA, 36€ & siphono] B E ™A post—larvae stage?} #ZAEH AT vlX| o] dd HAHELS
4.6 umlo ™, HF early post set ©A 2 vlxZFL 281.2 yumYPtt. ¢ A= BRI AdFF
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=giHl= 10 g -
Platymonas FeSO4 29 16 g
subcordiformis MnSO4 01lg -
KH2P04 - 5 g
EDTA-2Na 10 g 8¢
QAHIZE 10 g 36 g
EXTE 8 g -
Isochrysis FeSO, 29 29
galbana KNO3 10 g 10 g
KH2PO4 - 5 g
EDTA-2Na 10 g 8¢
QAH = 20 g 10 g
o EEEE 10 g :
Nitzchia sp. FeSO, 2 g 16 g
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SUMMARY

Chapter 1. The development of mass production systems for Manila clam (Ruditapes
philippinarum) seed

The Manila clam or short-neck clam (Ruditapes philippinarum) is an important aquaculture
species including oyster that inhabits on sandy or muddy tidal flats along the coastal areas in
Korea. In 1990 Korea produced 70,000 tones of clams and the clam landing declined gradually.
Currently 30,000-40,000 tons of clams are produced along the west and south coast of Korea. The
natural clam seed supply for clam industry has experienced the decline in the seed harvest, due to
decline in clam culture area by massive development and reclamation, deterioration of habitat
quality, increase in infectious diseases and over-fishing. To compromise shortage of the seed
supply, Korean clam industry has imported clam spats from oversea, mainly from China, and the
Korean clam industry has paid over6 billion won for the imported seeds. The imported clam seeds
are often exhousted during long-distant transportation resulting in depressed viability and subsequent
mortality after sowing in the clam beds. Accordingly, developing a mass production of clam seed
is greatly demanded by the clam industry of Korea and the technique would improve the seed

supply condition.

Chapter 2. Aim and scope of the study

To obtain a high quality broodstock for the seed production, 1) we investigated the
reproductive effort, condition index, gametogenic condition, parasite infection and immune capacity
of Manila clams collected from the west, south and east coast and from Jeju Island over 3 year
periods. 2) We examined the growth and overall pathogenic condition of different age of Manila
clam raised in intertidal clam culture grounds. 3) To identify genetic characteristics of clam
populations in Korea, we developed genetic markers based on EST-linked microsatellite and
confirmed the marker polymorphism among different clam populations. Additionally, the
polymorphic markers were utilized in discrimination of natural native Korean clam populations and
the clams originated from overseas. 4) We studied genetic characteristics of two species of
Ruditapes (R. philippinarum and R. variegatus) clams inhabiting in Jeju Island and morphological
characteristics.

In an attempt to achieve stable clam seed production, 1) Manila clams collected in early
spring were conditioned using indoor recirculation system through controlling of water temperature

and food supply. In addition, reproductively mature adults clams were induced to spawn and
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subsequent larval development was observed using scanning electron microscopy and compound
microscope. 2) To develop massive seed harvest technique in hatchery condition, larval settlement
and subsequent collection method was developed by eliminating harmful organisms in the tank
during the larva development. 3) To optimize the larval growth in the tank, we examined the
supply of algal food to different size of clam larvae and spats. 4) A suspended culture technique
using net-bag was developed and growth rate and parasite load in clams in suspended culture and
bottom culture were compared. Growth rate of clam in suspended culture was 2.5 times faster with

much lower level of the parasite infection.

Chapter 3. Research method and result
1. Evaluation of healthy Manila clam broodstock

a. Evaluation of reproductive effort, condition index and P. olseni infection intensity of Manila
clam on the East, West and South coasts and Jeju Island, Korea in 2009, 2010 and 2011.

The reproductive condition and reproductive effort have been considered to be an important
element to select quality broodstock for artificial seed production. To obtain optimal and quality
broodstock clam, reproductive effort, condition index and parasite infection intensity, clams were
collected from 25 sites on the East, West, South coasts and Jeju Island in June or July in 2009,
2010 and 2011. The condition index (CI) was found to be highest in clams from the west coast.
In particular, clams from Duruini, Hwangdo, and Boryoung showed fairly higher CI. In June and
July, reproductive condition of clams on the south coast was partially spawned while clams from
the west coast such as Sunjae, Sungam, Gonam and Imwon were in ripe. This finding suggested
that when clams are fully matured in June, it is suitable period to reserve large adult clams used
as broodstock in hatchery operation. GSI and fecundity of clam was higher in June in 2009 and
2011, while it was somewhat lower in July in 2010. Infection intensity of P. olseni in clams was
found to be higher on the south coast followed by west coast. The parasite burden was much
lower among clams from Jeju Island and from the east coast. In conclusion, clams from Bangpo
and Padori in Chungnam, Geojae in Kyongnam province were considered to be a useful broodstock

for artificial seed production, which showed higher CI and low parasite infection level.
b. Immuno-capacity and resistance to infection of clams from different coastal regions
b-1 Health assessment and monitoring growth and parasite infection of clams in different age

group

b-1-1. Evaluation of health level of clams to secure healthy brood stock
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To obtain quality clams to be used as broodstock in the seed production, clam must have
superior physiological characteristics and a technique to identify such superior characteristics must
be developed. Immune function of Manila clam was assessed in this study using flow cytometry
and we compare immune function of clams in field and at laboratory after transportation to the
laboratory. The immune parameters including hemocyte viablity phagocytosis rate and the cell
DNA damage level were found to be much better in clams before transported to the laboratory,
suggesting that assessment of the immune parameters is a good technique to locate healthy

broodstock.

b-1-2. Age-dependent growth P. olseni infection intensity in bottom cultured clam

Growth, P. olseni infection intensity and mortality of various age groups including spat,
l-year old and 2-year old manila clams were examined in this study. Clams used in the
experiment were installed in cages and raised in intertidal mud flat. The clams cultured on tidal
flat showed age-dependent shell growth, P. olseni infection intensity, and mortality rate. The shell
growth rate was found to be highest among 1 year old clams and the shell growth rate decreased
as the age increase. Infection intensity of P. olseni was the lowest in spats and the infection rate
increased as the clam age become higher. The mortality rate was also found to be lower in

juvenile clams.

b-2 Physiological response of clam populations challenged by P. olseni

Clam populations from Gangjin (Jeonnam Province), Hongseong (Chungnam Province) and
Jeju were challenged with the portozoan parasite, P. olseni and the immune reaction were
compared using flow cytometry. The challenged 3 populations by parasitic and bacterial pathogens
were examined in terms of presence or absence of resistance to the infection to compare different
immune responses and viabilities. As a result, the immune parameters of clam from Gangjin was
significantly higher than that of other groups and its mortality rate induced by the pathogen
challenge was comparatively lower. It was believed that Gangjin clam has physiologically superior
characteristics compared to other clams in other areas, and it suggested presence of

pathogen-resistant clam strains in nature.

C. Genetic characterization of Manila clam in Korean waters
c-1 Development of microsatellite maker to differentiate Manila clam populations
In the present study, we developed EST-derived microsatellite markers to investigate genetic

characteristics of Manila clam populations in Korean waters, and to identify the marker
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polymorphisms in Manila clam populations. From the 1,128 unique genes (Expressed sequence tags,
EST) originated from Manila clam hemocyte cDNA library constructed in 2006, we discovered 11
microsatellite candidate clones including over 5 repeats of di, tri, tetra, hexa, penta nucleotides after
microsatellite screening, and examined the PCR amplification for marker optimization. Eleven
verified markers were determined the polymorphism in 15 clams. Characteristics of 11 microsatellite
loci are as followed; the numbers of alleles per locus ranged from 3 to 11 with an average 6.5.
The observed heterozygosity was 0.0667 to 0.7692, while expected heterozygosity was 0.3571 to
0.8843. Also, 6 markers (KR1,6,11,12,14,17,19) were not amplified in some individuals, indicating
that the null alleles are present in the Manila clam. The EST-linked microsatellites used in this

study were found to be a useful resource for population genetic of R. philippinarum.

c-2 Genetic characterization of Manila clam populations between Korea and foreign country
using microsatellite marker
To compare genetic variation of Manila clam populations in Korea and clams in other
countries, we sampled clams from 8 sites on the west coast of Korea (Hwangdo, Boryoung,
Gomso, Geojae, Imwon, Sungsan, Seogwi and Oeido), 2 sites in China (Xiamen and Yentai), Japan
(Kanazawa-ku) and Hong Kong. The genotyping of collected clams was carried out using 5
markers (KR2,6,14,17,19) and then analyzed the genetic distance and phylogeny. As a result, the
genetic distance and phylogeny of 5 markers (KR2,6,14,17,19) showed that Boryoung (Korea) and
Yentai (Xiamen) formed a single clade with closet relationship than any other populations. Oeido
(OD) and Hongkong (HK) also distinguished as a group (R. variegatus) of the genus Ruditapes
from Manila clam populations. This finding suggested that the EST-linked microsatellites used in
this study were found to be a useful resource for population genetic of R. philippinarum as well

as cross-species amplification of the genus Ruditapes.

c-3 Comparison of genetic characteristics of Manila clam (R. philippinarum) and variegated
carpet shell (R. variegatus)

In the national survey of Manila clam, we found the two species of clam, Ruditapes
philippinarum and Ruditapes variegatus inhabiting in Jeju Island. Consequently, we isolated three
nuclear (18S rDNA, H3 and ITS) and one mitochondrial DNA (COI) from R. philippinarum and
R. variegatus collected from coastal Jeju to examine taxonomic affiliation of the two species. The
sequence comparison indicated that the two populations of clams sampled from sand flats in
Sungsan and Seogwipo were identified as R. philippinarum, while the other two populations
sampled in pebbles beach in Oeido and Geumneung were identified as R. variegatus. The ratio

of depression of a pallial sinus to shell length in R. philippinarum was a significantly high
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compared to that of R. variegatus (p<0.05). In addition, the pair-wise genetic distance and
phylogenetic analysis of the 2 clam populations formed a monophyletic clade with published
sequences of other population of R. philippinarum as well as R. variegatus. The morphology as
well as the genetic analysis carried out in this study indicates that R. philippinarum and R.

variegatus are genetically distinct and different in the genus Ruditapes.

2. Study on Manila clam seed production in hatchery

a. Conditioning of clam broodstock in an indoor recirculation system

In an attempt to produce clam seed in an hatchery condition, we have conditioned the clam
broodstock in an indoor recirculation system. Manila clams to be used as broodstocks were
collected from Hongsung on the west coast of Korea in April 2010, when the water temperature
remained 13°C. To condition the broodstock, water temperature in the indoor tank was raised from
13 to 20°C by elevating the water temperature daily by 1°C for 7 days. The clams were fed with
concentrated algal paste, Shellfish Diet (Reed Mariculture, USA) by 3% of the clam dry tissue
weight twice a day. To monitor the reproductive condition, 20 clams were sampled weekly for 57
days. Level of gonad development was determined using histology and quantity of eggs produced
was assessed by the clam egg-specific antibody in ELISA. During the course of experiment,
mortality remained as 1.1%. Histology revealed that reproductive condition of clams at the
beginning of the experiment was early development. Reproductively ripe and ready for spawning
clam was first appeared on day 42. At the end of study on day 57, 40% of clams in conditioning
became reproductively ripe and ready for spawning. On day 22, the GSI was estimated to be 3.7%
and it was 8.2% on day 57. The estimated fecundity of ripe clams ranged 2,876,684+1,473,906
eggs/clam. The protozoan parasite Perkinsus olseni infection intensity in clam also increased during
the condition period, from 272,836+£99,844 cells/clam to 705,064+313,231,844 cells/clam at the end
of the experiment. Relatively small amount of egg produced at the end of the experiment was in

part, explained by the high level of parasite infection.

b. Spawning induction and larval development in the Manila clam

To understand hatching and subseqeunt larval development, sexually mature clams were
induced to spawn in indoor tanks and the larvae were raised by supplying microalgae produced in
the laboratory. Manila clams were collected from Kymnyeong in Jeju Island in August, 2011 and
maintained in an indoor tank with supply of cultured microalgae. The clams from Kymnyeong
spawned in the tank and produced approximately 5 million eggs per clam. Using compound

microscope and scanning electron microscopy (SEM), the embryo and larval development of clam
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were recorded. The size of fertilized egg ranged from 55 to 60 um, and the egg formed polar
body within 1 hr. After progression in the cell division through 2, 4, and 8 cell stages, the
gastrula stage of embryo observed in 5 hrs of post-fertilization and initiated the free swimming
with developing the protoconch. At 19 hrs in post-fertilization, the embryos reached the D-shape
stage and showed feeding behavior. The larvae were fed with micro-algae, Isochrysis galbana and
Chaertoceros gracilis and these algae could be observed in the digestive rack of the embryos. At 2
day, the embryos developed into the early D-shaped larvae with velum. As passed through four
steps of development such as straight hinge veiliger, early umboned veliger, late umboned veliger
and pediveliger, the embryos was reached post-larvae stage with siphon at 36 days. During the
period of experiment, the daily growth rate of clam larvae was 4.6 um and it reached 281.2 um

in post setting.

3. Mass production of R. philippinarum seed in hatchery

a. Seed production system for Manila clam spat

To produce clam seeds in hatchery, 3~5 years old adult clams were selectively chosen as
broodstocks. The adult clams were rinsed with 3 ppm KMnOs to eliminate parasites and
pathogens. After transferred to the hatching pond, the water was changed everyday and food
organisms were supplied 4 times a day after checking the decrease of the food level. After
examining reproductive condition of the broodstock clams, they were transferred to the hatching
tank and spawning was induced by 1) 4~5 times of desiccation stimulus, 2) freshwater
stimulation (30 minutes of immersion), and 3) cold temperature stimulation (30 minutes in the
refrigerator). Just prior to spawning induction, 3 ppm EDTA was added in the hatching pond,
one capsule (0.1 g) of vitamin was also added. Spawning starts between mid-night and 2 a.m.
under dark and quiet conditions. The water temperature of the hatching pond was adjusted to
23°C, then the plate was transferred to another hatching pond after the density of the fertilized
egg reached 15~20 ind./mL. After 24 hours after fertilization D-larvae stage was observed.

Food organism was provided at 6 hour interval for 5~6 days, and water was changed twice
a day. After 2 weeks, Manila clam larvae metamorphosed through umbone stage and reached
200~300 pm in size and settled down on the pond floor. After the settlement, larvae are
transferred to a larvae nursery pond, water circulation and food supply were kept in same

condition, and transferred to other pond after screening with different size using Muller gauze.

b. Seed collecting technique for the mass production

Since clam larvae in D-shape larval stage need to be transferred with seawater, 60 um
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Muller gauze was placed on a bucket and the seawater was withdrawn using siphon. The clam
larvae hold in the bucket were transferred other water tanks. When the larvae settled after
umbone stage, they were transferred to the larvae nursery pond, which was covered with mud to
assist the settling and secure habitats for the larvae. Finally, the mud and waste material in the
pond were discarded with dead larvae and the slow growing larvae were also eliminated. Fine
mud filtered through 60 pum net was supplied into the larvae nursery pond, and spats were
filtered onto 100, 200, 250, 320, or 420 pum Muller gauze according to the size. Because the
water level of the settling pond was lower than the larvae nursery pond, Muller gauze was
placed at the discharge pipe and filtered seawater was sprayed onto the pond wall to prevent
dry. All the mud and spats were completely discharged slowly and filtered to harvest the clam
spats. The clam larvae harvested from nursery pond were filtered onto 500 um mesh and
weighed, then wet towels with filtered seawater was placed underneath the transportation

container and transported

4. Mass culture techniques for the food organism of Manila clam

a. Mass culture techniques of microalgae as food for clam spats
One of the most important elements in the seed production in hatchery condition is the mass culture of
microalgae as feed and pure culture of different size of algae to feed the different size of larvae or spats.
To produce mass amount of microalgae, several stages of culture were performed according to the size of
the culture vessel, and inexpensive nutrients were supplied in the media to secure the economy of the
culture operationa. Microalgae selected as food organisms in this study included Chaetoceros mulleri,
Dicrateria inornata, Isochrysis galbana, Nitzschia sp., Platymonas subcordiformis, and Tetraselmis

suecica.

1st stage: stock culture (250 mL, 500 mL) — 2nd stage: small scale culture (2L,
3L) — 3rd stage: extended culture (middle culture; 20L) — 4th stage: extended

culture (60L) — 5th stage: mass culture (6 m’)

Culture stages were composed of 4 to 5 sub culture steps with increasing volume, and the
maintenance of stocks were carried out at a clean room at Gwangju University under the
constant temperature. The concentration of algae before the inoculation of each culture stage was
performed when Tetraselmis suecica and  Platymonas subcordiformis reached 200,000 cells/mL,
and Nitzschia sp., Isochrysis galbana, Chaetoceros mulleri became 5,000,000 cells/mL. Before
inoculation, the physiological status of phytoplankton was checked finally with microscope and

fluorometer whether the FRI values were above 0.6.
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b. Improvements of culture media and mass culture or food organism
The primary purpose of microalgae culture study was to develop low cost culture media to
overcome the difficulties involved in algae mass culture and to maximize the benefit. Inexpensive
agricultural fertilizer was tried in this study to enhance the algae growth in the media. However,
it was realized that the agriculture fertilizer as nutrients in the algae culture had difficulty to
reach the peak within a short period (5 days) and can not be used for an extended period, due
to the imbalance in nutritional contents. Recipe for the mass culture of micro algae in the water

tanks includes,
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Species Reagents Normal growth Reduced growth

Urea fertilizer 20 g 10 g

Composite fertilizer 10 g -

Platymonas FeSO, 2 g 1.6 g

subcordiformis MnSOy4 0.1 g -

KH>PO4 - 5¢g

EDTA-2Na 10 g 8 g

Urea fertilizer 10 g 36¢g

Composite fertilizer 8 g -

Isochrysis FeSO, g 2g

galbana KNO; 10 g 10 g

KH,PO, - 5S¢

EDTA-2Na 10 g 8 g

Urea fertilizer 20 g 10 g

Composite fertilizer 10 g -

Nitzchia sp. FeSO, 29 16 g

(& Chaeto.ceros KH.POs - 5 g
mulleri)

EDTA-2Na 10 g 8 g

Na,SiOs3 10 g 10 g

- The amount of reagents are per 1 ton (1m’)
- When preparing the culture solution, freshwater is used for Chaefoceros mulleri and
seawater is used for the rest of algae species.

For normal growth,

- When physiological condition is good, Platymonas subcordiformis grows well with only
urea and composite fertilizers. Other species grows slowly with the same fertilizers.

- Platymonas sp. reaches the peak of 200,000 cells/'mL, and Dicrateria inornata and
Chaetoceros mulleri= reach peaks of 4,000,000 cells/mL.

For reduced growth,
- Platymonas subcordiformis reaches a peak of 80,000 cells/'mL, Isochrysis galbana and
Nitzchia sp. reach peaks of 700,000~1,000,000 cells/mL.

- When peaks do not reach after 5 day incubation, reagents were reduced to 50% level (To
reduce the mortality rate of larvae and to prevent the deterioration of the water quality of
hatching tank).
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c. Concentration system for the food organism

Food organisms were cultured in massive volume using a outdoor mariculture farming facility
and concentrated to produce almost limitless amount. Because the microalgae were culture under
a natural conditions, it was expected that the algae produced from this study could be healthier
than the algae produced indoor incubation facility. Before condensing the algae, it was essential
to remove impurities in the media including suspended solids and zooplankters such copepods.
At 1st stage, the cultured seawater was passed through the long-hair filtration system, at 2nd
stage, cloth bag filter removes 50~80 pm sized particles, at 3rd stage, the cartrodge filter
removed 20~30 pm sized particles. To reduce effect of high temperature, a cooling system was
installed. The concentration system was a modular structure adopting multi-stage membrane
screens and 15 of which were connected in parallel with spacers in the middle to increase the
filtering area and give structural strength. It could be easily expanded with the increase in food
demand. The concentrated food organisms grown outdoor was proven to be unsuitable for early
clam larvae as food, but it was good to the larvae larger than 600 um and supplied as food to

spat and juvenile clams.

5. Study on the intermediate culture of juvenile clams using a suspended culture system

a. Growth of juvenile clam in bottom culture and suspended culture

Clams in conventional bottom culture are exposed to radical changes of the environment at
the time of ebb tide and the feeding time is limited to high tide. Alternatively, clam may grow
in a submerged suspended facility which increases the feeding time and subsequent better growth.
In this study, juvenile clams were raised in hanging culture facility and conventional bottom
culture. As a result, shell growth and fatness of clam spats raised in the hanging culture were
far superior to the clams raised in bottom culture. The parasite infection and the mortality rate
were also markedly lower in the suspended culture system. Therefor, it was concluded that the
hanging culture technique developed in this study can be used in intermediate culture of juvenile

clams for grow out, with low mortality and faster growth.
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6. Analysis of economic value of the seed production technique and industrial application

a. Plans to reduce the production cost of food organisms

It is essential to supply enough food organism to produce Manila clam seed in hatchery
condition in large scale. The algae culture methods with detailed sub culture stages developed in
this study can be applied in field without any special equipments. The modified media formula
uses low cost agricultural fertilizer instead of expensive high grade reagents and it reduces the
food organism production cost. For f/2 media needs various reagents including NaNOs;,
NaH,PO4+H>O, Na;SiO3:9H,O, FeCl;:6H,O, CuSOs5H>O0, Na;MoOs2H,O, ZnSO,7H;0,
CoCly'6H,0, MnCly4H,O, vitamin Bl12 (cyanocobalamin), Biotin, Thiamine-HCI, and
macro-nutrients of NaNO; with 75 mg/L, and NaH,PO4+H>O with 5 mg/L, and total of 80 g is
required to produce 1 ton of f/2 media. This modified media simplified reagents needed and
macro-nutrients of N, P were replaced with agricultural fertilizers. The reagents used in the algae

production cost less, 5~10 times less expensive than other reagents.

b. Development of efficient seed collecting methods with substrate
The efficient seed collecting method was developed for D-larvae stage, for settling larvae
through umbone stage, and for transferring to the nursery ground. This method can be applied in
the seed production of other marine bivalve species, which share similar growth and
metamorphosis process. The technique also reduces damage or loss of the seeds during the
production, and maintains good water quality. Also, production can be increased by maintaining

the spats separately sorted according to the size and changing the food ratio.

Chapter 5. Results of Current Research and Future Plan for the Application

1. Study on selecting healthy broodstock for clam seed production in hatchery system

a. Evaluation of healthy broodstock clams and conditioning in indoor system
In the present study, we collected baseline information on location of a high quality
broodstock clam which produces high reproductive effort, low parasite infection and high
condition index. The results obtained in this study will be usefully applied in selecting quality
clam broodstock for seed production in shellfish farming industry. In addition, we established the
artificial spawning technique for adjusting timing of the spawning using an indoor culturing
system. This technique also will be widely applied in other marine shellfish aquaculture such as

oysters and ark shell.
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b. Development of health measurement techniques to select healthy broodstock

To obtain good broodstock for clam seed production in hatchery condition, the clam
population must have superior physiological characteristics, and a techinque to measure health
condition of clam must be established. In this study we tried to develop a technique which
quantify immune parameter of clams including level of DNA damage, apoptosis, necrosis and
ROS production. Flow cytometry analyzed the immune parameters of clam and the technique
indicated that clams from Gangjin were physiologically superior and could be a good broodstock
for clam seed production. Such techniques and the research results were published in the

Korean Malacological Society Journal in 2009, and a manuscript is under preparation.

c. Development of molecular marker for selecting healthy broodstock

We successfully developed the microsatellite marker derived from expressed sequence data
of clam hemocyte and identified the marker polymorphism among clams in Korea. Also, these
marker was found to be a useful tool to distinguish native Korean clams from oversea clam
populations (Japan, China and HongKong). Accordingly, the molecular marker developed this
study could be applied in identification of imported clams from abroad as well as in the study
of population genetics of R. philippinarum. Genetic characterization of marine bivalves is
routinely investigated using single source of DNA including 18S rDNA, ITS or COI. However,
we examined the sequences of 3 nuclear genes and single mitochondrial gene to distinguish 2
clam species. The molecular technique used in this study is considered to be a powerful tool to
resolve the issue of marine bivalve taxonomy. Outcome of this study is presented in

international conferences, and under preparation to submit in an international journal.

2. Study on the high quality broodstock population

a. Mass production of clam seeds in hatchery condition and seed collecting technique
The technique developed in this study for mass production of Manila clam seeds in
hatchery could be widely used for the mass production of other marine bivalve seeds. The
guideline of calm seed production in hatchery system prepared in this study could be used in the

shellfish industry.

b. Mass culture of micro algae as food organism for clam seed and spats
The mass production of food organism can be utilized not only for marine bivalves seed
production, but also for other shellfish seeds such as oysters, and sea cucumbers which feed on

phytoplakton as food source. In this study, we used inexpensive fertilizers to reduce the
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production cost, scaled-up the throughput using the facilities and equipments already available at
the aquaculture farms, and presented good food organisms favored by various stages of Manila
clam juveniles. The mass production of food organism can be a great business opportunity with

the increase in the demand of food organisms due to the restructuring of aquaculture industry.

3. Growth and parasite burden of clams raised in intertidal bottom culture and the submerged
hanging culture facility
We developed a new suspended culture method for intermediate culture of juvenile clam.
Juvenile clams were included in a closed net-bag and suspended underwater for grow-out. This
technique was successfully applied to field condition, resulting in significantly higher growth rate
and condition index with lower level of parasite infection and mortality rate compared to those
of the intertidal bottom cultured clams. In particular, we developed an effective technique for
reducing fouling organism, which increases the efficiency of suspended culture. Based on these
achievements, we applied for a patent titled as "Fouling-reducing apparatus for bivalve suspended

culture". In addition, we will also submit the remarkable result to an international journal.
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Goulletquer et al., 1999), Ho]AE (Defossez and Hawkins, 1997; Kim and Hur, 1998), AFA
28 (Kim et al., 1996), §F4t4 Wste] wE Al ¥k (4 9], 2001), A¥ (& 9,
1999; Park and Choi, 2001; Ngo and Choi. 2004; B+ 2], 2005, Park et al., 2006) 53 &<
Dord ATANE A4} ATAANE Asksloiel Frh.
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H 1-1-1. O|AtAM Ol HiX|2to| MAIEHZ (Ueda and Yamasita, 1997; Yamamoto, 1997)

o5 L1231 R B R o5 uLA 2 A A 87

*8 | HFHe FHA7E Rold xi’fjl Hit 2¢(fine sand)7} #HH
0.5% o

& 2= 35 cm/sec ©|uf AR % ol

23 (0.5~2% ¥<])
A (total) 0.2 mL/g °]57} HA

29 123CHA (-2~35TC)

g3t =
A% | 25% A ot m (gEESE 12
ZA
fiz %giﬁ);io(])g ppm) HHE 10 em ol
(2) JAFFTE dFALE A MAMNF & HolAE 55
HA g JIFFE gFPLE s s REEA] SRS Ho] AEo| FHEojop st
vix) g 2|3l o] B ol EL [sochrysis galbana®} Chaetoceros simplex 5 4uH&Ql S| & &4
Aok AFREHE 2R AT AR AdEAR AAE ojud Holg drivtE T
HE2 FYste 3ol 224 FHY A obF wEAA g1 vk F upA X o] o
AE AZEE gofste dAER FFsfiT< Wgete]l Zasitt. 53] Asje oAF5Eo] w-¢
E7] dE B2 ¥ HolAEo] sttt F, FE3 HolAEY Mg A FAAIES
u gk HolAE FFo| Fasith. weEtA XA Hoz tfFe] HolAEug Al2=HT FA
of % A28 T W E ooyt AAA R g uiA g JdFFEE LT +
=3
(3) A EAD (2@ AFAAE dy

A AFFRE ATE FxH GaHDne ARt HEd WEES 5
B J143e e Solsl Ak of A3t Ashel 4y

1 AEEE 2 BE 5 Utk e FH0E WAES AUstel AR £3L 74
ES sholof Btk w3 4ol QAFROIL YR FEL wAY A

o BT ool 2 BAREE HLRE FUHA FE=S Shelobw I}

flo

8 &

=
Bol B¢ olnl QrAAe] MAFHE wiAT AT KA B4 BHS B FYN



¢ FAH S8 B3 A= AJHeE FIH

Joet A=e] npAg S tdere FHHA Gun. wEkd o] dFdMe vt A
= HHAE AT 134 548 DNA mAE o]&ste] £45t1a 3o ol&

#1sted wixg 3 DNAS] microsatellite F&#3 COl H&& uluwsitk. 3} DNA F
microsatellite= 2 97|17} g8 W wE = 2122 7} %
7 t+¥7d (polymorphism)& Z+il A3 Wd-Frrzte] =}o] A
Ao FHA FES It s F&oH AHSE= WRolth B3 24
22 (codominance)-g Z+7] uj
A wEel 538 Aol 44
I3 WRiolH, olF ol&ste] FAH BdAel =2 5 AYE 22 st &
T W uE Jdd fdF8 fABAE

(Galindo—Sanchez et al., 2007).

a2

kl

v
2 o Oli]

oft 3o
e

(D AZES 2 F2

HAGAINE T2 FALE AAelA T SR, o] Ae A oJEANA AAS
of A2l viAE FAYAL o2 FFAL vk T} A2 T AN Ah A
A AR BPACE FTAU AT HYEHD Uoh ol Fe W] FRoME
A2 (20079 B~20084 2) F2A A T o] 45AL B3 F5 FH A4S
WA itk Zei R4 A9E AW 2dR 57170 Aol mE BHES grE 2
shol AE g0l Zasts 5o B BARL WET

Aaeks (HupRigh) oz ArEE vxEE BAA Azt
200~600¢] Frolth (28 1-1-1
oA <k 20,0008 HE7} ¥k = S
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70,000

60,000 +

50.000
3
-
£ 40.000
c
L
£
[%]
S 30.000
(=]
f
a
20,000
N I I III
0 = ; . . .
1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1998 2000 2001 2002 2003 2004 2005 2006 2007 2008
Year
8 1-1-1. f2|Lfet HEX|EF Mo Al At n o (AHA7E 1~30HE "FE AAE|n, %
= 4%t ATt FE5HA LIEILED ) AFEEXN: FAO
(2) &9 a7

2006 =2 A Ah vlR L oF 15,0008 o]z, BIJAE o 20,000 0] B
HAaok vpAg A= 2 H3d T A2 2 ¢ Yol dAVHEA kAR, 2007d
T T AAEFol A FAsU] o At Adgfolty. 2o r HHo
A= 2008 2 ¢F 500082 AHE o4y <A AHFATH

20079 = ilﬂoﬂ/\q AN RE 2=

Hn
2
)
<l
©
b
flo
it
J

6,000& 2] 7‘<].LH7} K3t ﬁgi . kgol] oF
1,0009 Aea ez, 9ol srkd ¢ wid 60@ He] AzfRFEol ddHEH

WTO 2 24298 A (FTAAAR g A oF3tel ddtol el fif e HHuPos
T E] A B Ao g HI, Aol Ve F53 AAE st gl
A--L ofAJotoll A g-itekel FaThe] ZEA L e A d=



end ddsirhs oedAE 2A 245
Fdae s Aside 714

By

At AL AFUAEANA 4
R

At Fol shtoln, HE FHYL sHE ofn
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=1

gt 2002yd

Bk 3~4 m7kA] o}

T

ol Ut 2004d &

=

ol
EERE

Pz

tod 105
T8

°

PR

=

=

200032 E 2007377 $-2)1}ete]

o

T

L

A21

3 ]

S

Hralo A3 AADAAA GRS AFH 2 Zol AT
()

A1 AHEIZE dH

e FAE A= Tl AFHeE vl H 2] )

H 2 & =2 7l=9E

el

NA] AFEA]A 600 pm =7

ol

—_—

o

)

—

o

olgelote] 7
%

T

st Z3h A

Al 7}

=33
=

o] 79 uhA]
2] A9 10~12 Euro/kg ==& ¥ & 17folth. 2z} £HQ, =
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M 3 & diyzsd e X Z4

3_

14, v % ) A BEe A% AT

H =
ot & AFx vlx]E iAo WA AT 2 v

1. 2009-2011d Sa)ba} B-A-
18 A% (P. olseni) 9= =3
7t. 47 £3

=g = F ool olstel Abzso] ol el A
A 7o) ol §H I gtk WFEES St el ol TP WPEC] ATH o

Sk
olulsi el Aeisty ATl el AgHT vk FEF L FF F OF oluFel A%
dzt mee BAEe s 4 Wolrt A% A A Y £ g $AFF vE
AERT W, wAE BA 5 7 4ol AT oluaRe WHE: £ 45
EE AF% A7 2ANE Yen o

olrfzl Fo| Y-S FHe= W AHSH BFE, A A5 FA ve 17
T, A 2 dhg ®@ 4S8 Algste S AFesta ¢tk (Toba and Miyama,

1994; Tirado and Salas, 1998; Ceballos N et al, 2000; Zhang and Yan, 2006). §}X] g}, o|&

W2 oluja {F Atgk A7 FEelA] S A IS HBRE AFSHHA XS dHE
ZEAIZ ek olel - -gAl wheS o83k WA =3 Y (Enzyme Linked
Immunosorbent Assay, ELISA)o] 7§12 ¢t} (Choi et al., 1993). o] WrH-& oluja Fo &

Gl B BAE A S AR BAFE RGO A, o0 T B
Who] = WY Wak ohe} A7 WEE YT F U=

=
B A ARS8 9% 5 Buo] glo] Ao
=
=

AR 718F] Perkinsus sp.= =, HWB* AE 59 Aoz F83 it dA

5] A 94 AEE AR Aot (Choi et al., 1993, 1994; Dittman, 1993; Dittman
et al., 2001). @) }atoll Al AR Perkinsus olseni @A FaoF & A s)ote] A Asl= uf
Aete) HFHAE dov)E AAMER A EH o] girh (Park et al, 1999; Park and Choi
2001). Park et al., (2006)& Z At A A5t= vlR| &) Perkinsus TR EES =33 A1},
Aol AgE AANAE B2 v wEet HARe] Ayl HEEHAY. weks, A57F AR
H 2009 dFE 2011717 wid 6~7Y€ ATl AAste iR EE Ao R Aoz

3 2o g AdAs7] 9l wiwtEsk ELISAE o|&ate] W& 53 sk, Perkinsus
FEE =

Hopsled $4% 2 249 WDE B WATE SHod A8 WaRe 5

rlo l‘lo
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2

AL olslist AFFEA AEE ¢ EIE A=l 72ARE AFstaA HAAs
Aot
U As 9 439 3
(1) 2009~20113 u}A = vlw % (Condition index, CI) =A
FEluet FAgEiet 2 AlFA G| A Ak vlA g viTtEE vlwstr] 9]
AN KGe AAFGT, 20099 64, 2010 7Y, 20113 6Qo] AAL A YT} (.1%
3-1-1). s 2e] tﬂu == oA £33 2 AzFFe) w2 Jehigen, o= &
T I elA 3= FH dojd Age 22 WHez FAsY 1 3hS v¥ust
7] Slgoltt.
Cl = vx& 5% (g)/=7z 7 (g)
N
W E
S
IMwoN ©
KOREA Eastsea
POHANG

PADORI
HWANGDO
Duruini&
Bangpo {
Gonam /3
MASAN
TONGYONG

Yellow sea
BORYUNG
Saemangeum
GOMSO
- o Yeosu
e South sea
Y-
( Jejli_/’ < SUNGSAN
A
SEOGWIPO

24 sampling area

72l 3-1-1. 2009~20114 HFX|2F ki RIX| S
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(2) zH3t4 BFL T 2009~20113 A= vpAgte] 444 W oA B2

252 HHE F3 ospxEle] A @ dAE #ES] fE AL
IFHEHEE 1.5~2 mm FAZ A=35}] Davidson's solutiondl] 48 A|7F AT A 0]
A2E ABRE 0% €L o]&sty &3 FH Feldezr xusict. Xul®E AL

2004; Ngo et al., 2004)2 G| AZEH 23 A5= 33 du|HE o|&sle A4a
g g4 S FEsIHT. vAE 44 9e dAl= (Drummond et al,, 2006)9] wE o
uta} 388 ) A5k A &3] 7] (Resting stage), 7] ©&7] (Early developing stage), 7|
wd7] (Late developing stage)s} 2+<7] (Ripe stage)® FEs3Y (¥ 3-1-2, 2€

3—1-3).

Ripe stage

Partially spent stage Resting stage

s
TF 312 PRI 3 HRIO) AL e B

Partially spawning stage Spent stage . Resting stage
8 3-1-3. HEX[E NN dAa TE T
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(3) 2009~2011 F-A-al @ AFAL wpA o] WAF ZPuy

vlx]gte] HAlZE =L 93] indirect—ELISA ®FH-L A A)5t9tt (Park et al., 2004).
96well ELISA microplated] Z-&32 #dg¥ 100 uLe vpAg A8 5 HA7F & F, 429
A 3AI7ZF e 4T A % E9F w8472 washing FAHE AXH 0.1% BSA (in PBS
containing 0.05% TritonX—100, pH 7.4)& 150 puL&A o] 1A]7+=<r blockingg stth. 1%}
glal= Park et al. (2004)] o8] 7= uvpx|gF <o st g, 2% A= alkaline
phosphatase—conjugated goat anti—rabbit IgGE A}-&st¥ 1, @A 7@ 2= pNPP (1 mg/mL
in 0.1M glycine buffer)& &3t &, microplate readerE ©]-83}] 405 nm oA O.D.
(Optical Density)& &&3gch (28 3—1-4).

% st EF o] U o T Ae) WAL olgatel ELISANIA 24T % ©
dl gl gomRE 4o F AZXFTHS AL, AALASF (GSDe HAY F d=x
S g g dx FH HEE ALbsH

- Blocking -

ol

Washing “ ashing

Antigen Primary antibody Secondary antibody
(1 #g/ml)

-
=
-]
w
=
=
=
[1{=]

Voo A Ty T R RS R T R TR

o -.‘-————-—-_

OD at 405 nm

Substl ate

1 3-1-4. ELSAZ 0|83t HIX|2fo| egg THUTZY SHILY

(4) 2009~2011'3 &5, A, Fall¢t & AF= upA g upx gt TRF (P. olsen) A%

=4
vk & L= (Perkinsus sp.)9] 79 =+ Park & Choi (2001)¢] W o) wa} S35
k. vlRE 23 AA 2= FHEZH oprin|Y H£EF%S =A% T, Ray's fluid thyoglycolate

(RETM) #h27h 971 Frol 9o} Aol adA 157 stk moke] B4 5 3%
2 9lstel MAF 2He 2M NaOHE ol§3te] uhA TA4F olsle] =
IAFe ATASBE

Perkinsus cells/gill
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weight or tissue wet weight (g)2 2 VeER At vlx|&r =2 A Aol )3t Perkinsus A=
E e Z] 98 Park (1999)9] F4& |85ty upx|gt JRAle] et HEAEE b7 2
o] Alsle] F=A 3T

Y (8FA= 1 g 9] Perkinsus =) = 3.37 X (o}7}m] 1 g 29| Perkinsus %) — 104,612

oft
hv)
o~
1%
flo
wm
B
wm
©
—
%
e
wm
5
@
=4
('D
=)
o
o
ay
=
‘<
Z
O
c
wm
E
il
£
O
ol
2
Jﬁ
g
e
N
~
o
ol
Ml

o a7 Az

(1) v]9t% (Condition index)

20094 69, 20104 79, 20114 69 ¢ehteg B-A-Geie 2 AFEdA AYE vt

Agte] HF vTEE 0.610.10]9 (28 3-1-5). X949 upx)2 vgts 2427 20093
A (0.740.1), @3l (0.6+0.1), &l & AF= (0.5+0.1) £2 EA}H ATk, A3t

A FoAE =3 Y (0.8+0.1), 3¢ X (0.8£0.1), ¢ =21 (0.8+0.1), ¢ 3=
(0.8+£0.1) 29L& AMsicl B vPt=EG F9kow, gk 4= (0.7£0.1) 5 vkt
(0.7£0.1) A9=

¢t H vwtERT =4 2AE QT
Q2 et (0.6+0.1), B3k (0.5+0.1), AF= (0.4£0.1)E2 2 HTE

7} %@Q;’iu}. a% & 1y (0.8%£0.1), A7) g (0.7£0.1), ¢ =21 (0.740.1), &
WL (0.7+0.1), 9 25 (0.7£0.1), A AA (0.7£0.1), & £33 (0.7£0.1) vp=|te] 1
N7 A FHoEY A AU

201130 A3 (0.7+0.1), 3l 2 E3f ok
At Aol uix|gte] thE A kel H]3| |
Hol gL 23 =21 (0.920.1)¥2, ¢ 3
Al (0.8£0.1)2 ZAE ST
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Sampling sites

A HMFALe| BHX[E H|THE
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gl 3-1-5. 2009~20114 F-A-Hs)

a3 3-1-6.9 JERAQTE 20093 690 AR A u}

=
=

g Hstda

20093 6¥Y A
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il
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(21.6~89.5%)

(7.9~73.5%)
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ok wp e of

=3

=1
=

uh A 2
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(28.9~70.4%) g o1,

20103 7€

=124

eyl
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o
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)

(21.1~526%

L] STt

&

7] (50.0~90.5%)2

2] (36.7~93.3%) &

7] (10~90%)<}

7] (33.3~76.7%) 9} F-EAr&7] (6.7~46.7%)

fob Ao mpAe el ¢
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2011d 649 AAFH A
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(3) WA A A4 (Gonad somatic index) ¢} &% (Fecundity)

20093@7-H 2011d7bA] A¥E A= R o] AALAFE 54 27, 2009d 649
HEA e 0.5~18.9%, 20100 792 3.7~33.1%, 2011d 692 2.0~18.8%<] W= BHYTt (1
g 3-1-7). 2010d A E vpA|Fe] Ho AR ©7F 200933 2011 Bl =A)
e, ole AA7I mE AARE ALREHT, dFH o2 8px|go] A3 d=d A

7le 69RtE 79e] o EA #RAEHAUC. ol Y @ Auox dA|sih
2009 6ol AFE vpA|Fo] AALAFTE 10%0174-E Bl AL F 5AHFe R S

=24 (13.3%), WX (11.8%), 1 (11.6%), Ad &= (18.9%), A& & (15.3%)t}. 2010
979 AR vk AA2A T BE 14% o)F AL 8o A AR (23.7%),
A Fd (25.7%), A7) W (20.0%), & 2 (33.1%), A& what (22.8%), Fd AA
(23.9%), 74 994 (28.2%), AF A4k (14.5%)0]A0T}. 20113 6ol YA i o] A2 4
A7F B 10%017490 A 9L 12307, - A7 (12.7%), 7] ®Wug] (10.9%), ¢H4d W
7 (12.8), 29 3= (15.7%), =g 7= (14.1%), 23 9% (105%), =g 19 (12.2%), =
w BE (15.2%), A 22 (18.8%), Ad €% (14.3%), A o5 (11.9%), B&E =Hit
(10.7%) 2.2 ZALE| AT} Jasim (2008)2 A AA4ka 7] Win|g]o] AAshs vpx| o] A4
4 A4E ELISA 71W¥E& ol&std FHA, F AYe upxgl AAaAFe Agate]
0.9~19.7%, 7 7] Wu|g]7} 4.3~20.6%2] HAE Bt F A A9 npA gk Hojo A2n

T (A2 19.7%, Wmlg] 20.6%)7F #ZE o|F Abgho] oot o|gt & AR m|Fo
Hol, vl gte AAL7F AA S oF 20% Bl TS o|F Atgho] o]F oA A

2 AlsEoh.

2009 Jun M 2010 Jul N 2011 Jun

40.0

35.0

30.0 -

25.0 -

20.0

Gohad somatic index (%)

15.0 4

10.0 4

B e NI ST . S-S N - S RN T I . S T T PC- S Je

& & ES F o F TS LGP SO E O RS
o P T @ T T T T T T E G S

I A P < TLggolyLe 4
MsHor Lhsj oF ssjio-Y HFER

Sampling sites

712 3-1-7. 2009~20114 AIA|El K|t AHAIAX|Z H|@
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Park and Choi (2004)= Fartell A4shs wpAlge] B TAEE 945,000~11,794,0007H,
Hlx|&re] Fakd= 123,114~19,239,018712 kw1 9=
= v &e] A= (meat dry weight)Z} WA A

53], 20101 7€) AAFE A AA vlA 7

%]—
A& Az =FE& 2.1+0.5 g, LA F= 23.
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58 olgstel AR u}

Agel ZRE A4 e Adel watd £ FRHYT. 2 olft, YwHon TIE
= AAE Al F aAY H2FFE e F apAE & S 0.000000022 ng (Jasim.
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£
=
3 25,000,000
[J]
w
20,000,000
15,000,000
10,000,000
5,000,000
bh
. 1
. F & P F e L OSSOSO LS
& & & F T TP L T O IO & FOF YRS
o §<b oo&f %&"é\ S Nl Q;e(‘o" «°® Q;3(.\ {-é\ N B <« (\Q"\ Qéo & zo§ ‘1&9
h) &0
L Mot I geiet —ILssporll xzxg

Sampling sites

8 3-1-8. 2009~2011H XYY H}X|2H9| L2t (Fecundity) H|u
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(4) 2009~2010d HAl€E AQH vpAF xRS (P. olseni) FEE vl
RETM ujokz 2M NaOH HH-S o] &3] 2009~2011d E-A]- Lol B AZTo)] A]4]
= vlx| o] olrlmlolA BEE BB IEAE FFE AFAE Park (1999)2] wH o) wie}
upAgt 2k WA F Perkinsus HEEE $AFSFATH (Y=3.3667x - 104,612) (& 3—-1-9). 2009
W AR E 9 bpA 2 ol7bu|o A AE:E v A2 A9 HYE 0~1,542,240 converted
Perkinsus cells/g weightgth. A Gz 2L 30|82 HY=d HFFoz wajole] upx| k)
A =T 2 Ao Hla =4 vEiden, e g Al AlFE, Tl £o 2
ZAFE S, 20099 7Y =2 AEEE EQA AY9L gx upx|gezm olyim 1 gd
1,542,240+817,697 converted Perkinsus cells/g weight Jth. E=3F, F3letel £33 XY
sk, S H=d, AF AAX 2 F5 A9 vAH AT FEETE ofF U AU E
A=A gt
20103 ZAPNA = AZHo 2 0~1,176,168 converted Perkinsus cells/g weighte] HYE
Bt F2 Gt X8 A3, A5, X, AAS T FE L A A =&

2) :

Falet X wxg IAF AIEE 20100 Bl&) <F 267tH FSUtete AL A
Rom, Tt 23, A, AF A%, AHAE, S =y, T TEANGLS v g IAF
Zrdo] ol AAL BHE R gkl kA, vpR e 7| ss £ (Perkinsus sp.)-&
el A Al EaF BESI Qlow, O AIAES AYe wE vE S4E U
Wi vk F5, v A" JAFFE S A% % vk 23 AAA ] viA g 22459
HAATE aHdlof & ARQtelH, ofo] #E HEIF 2ol A §&31A AMEE Foz A}
E=Rl= N
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12009 Jun = 2010 Jul

3,000,000 -

2,500,000 - %

2,000,000 -

1,500,000 -

1,000,000 -

Converted Perkinsus cells/g weight

500,000 -+

[]

> .\.{\\ & o N & O F ° &

be' t,b\ & J *9 & & o
¥ ¥ 4’0‘ RUNTI & & e o

' A9 I e A A i

a
Sampling sites

a8 3-1-9. 2009~2010 &AlSh X|FE HIXEHEAS HE H

El
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(1) o84, 434 H=4H

AAAATES LA olgts AHEY SAT Ld=ZdE & 5ot A8 H o

= ZHer dARYUEHH dg o]&3F 1 vt (O'Conner, 2002; Rittschof and

McClellan—Green, 2005). £3] v}x & Oo‘fé‘.%%—ii/ﬂ AAA 7HA7F =& But O}Qﬂ—

TRER AAs7] i Aty 7Hx7 $-et

z71& FEAT7IA vkl geA] st A g
(Ji et al., 2006).

o 5o dAlTES "9y AL 53 T AEY AUE AT ol HELe=R

)

(Chu, 2000; Park et al., 2009).

Q "gﬂlx—‘l IH3S ST HolA Eo Hstw &3k et W

AMIE Zta Qlo] 71Ee WET ARE J|ez AFET Qry. F 9/Fs FokollA] A}
|54 Jl=E5o] A FHEH AR AYF dEE AFHoR FAs7] A% A=T}
HAFE T ok, I txHA gH F shUd FAE B4 (flow cytometry)S 214535t
AgstA HAAE] 79 e 2 2 AZ 54 28 AFFeEN gE A
22 WHIE AT 5 7] W& A olmime] MEY Ay TRE FFs=d W

5835}tk (Hegaret et al. 2003a,b; Goedken and Guise, 2004; Tu et al., 2007; Park et al.,
2009).

S} fAE BAvlY] Bgo] 4P BAAAE dRE 4FHoD oFo o
ETota AAl igEAANA HedE e wHits F33 AEFE UEA Zste B FF
Haux ¢t} (Gagnaire et al., 2006, 2007; Flye—Sainte—Marie et al. 2009). Donaghy et al.,
(2009) o ¢l oleld WT A5 g e Holsh ARE olfE ATAT 23 W
Hel Aol g, HAZE Wol B AW o] EF7F RAsA vEsteAdd tE o &

22 7heAS AASEATE o]5 &9 & Ashton—Alcox and Fiord (1998) & thA g =
(Crassostrea virginica)® 73-%- A M9 7]13 (acquired immunity)o] 2o E o] = 7
FEEUAE E:FLO]'—J—- AR AL wE JHAIZE WYTIRe] Wolrl HFFEI FANE
grel ut gloh &, WA Reluige] Abolgol olulseld EAEHE oleig Hole 7
QaEAe Aelal sish 93 glom, ol @ AAE Aol 7 @
Y © g¥For WY dgS AAsle Aoz HiE vl Ity (Ashton—Alcox and



Fiord, 1998). whals] &7 HuE = BAug o] o)
LTAES Aeg FAHH

uweta] Sfjaboluale] HAEH ek B; HE3 olFE HsiH= MA AGH
Ags] FHste Aol EgHolnt. o|F fsiAE HH FAAA AT o YR}
(baseline value)®] s}eto] HZAEFojoF & Zolt}. et}
|

1

fr

ARE AT Wold] o

E)

ir &

9

H

N
-~
=

:

rO o
(]
9,
2
)
[-'O
)
18
N
)
)

g S8 ANEE HPAR olFATI AL HS Al
A Mo uk-g-o] W3} (alternation)7} @A A=
HAE Zo g wudn. meps 2 AFE v
3}

o fr

(L

oo Ho o ©

oN 1R oX
)

o o
dot
ro
ol
ol
N
o
ol
ol
£
do
X
Hd
Ae
1%
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=
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=
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o
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e
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o
g
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o m
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s
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b
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N
i
O
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o® [
i)
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o,
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>
fru
o,
offt
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g
12
(o3
ol
>
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)
fru
%
>
il
o
o
i)
o
i)
fr
g
12
Eiv)
(B
£
o
oN oot
N
do
o
it
dot
re,
o
k]
X
>
>
i
38,
o

O 43 Ha

20099 29 =
of 4 X7} 4|
1o AeA P Z A =
g7 W 24 HYES =AY Y (Sample A). B3 TAAYGoA QAHE ABZS 12
At 4TCol A WHste] AFHE &
7 o] BT DS HAg o HIlE vusth. B AT S WY
Park et al. (2009)¢] ol 2] & = =
WAk flsted EE 9l

ol

N

i of
©
ass
fr
A rlllo F{E
1%
11t
fu
o J
g
=)
oo
[-'O
>
L
N
>
N
]
o
ofo
ol
£
>
kil
o
o
s,

ol
L
ek

Al Z¥

1% of

oo 1M g
™ o o1& AL & rd

w "
=
Mo
1
o,
o,
Al
el
>

mm) ¥ FFF ()& 43I e, v7= (condition

= (
index, CD) = shztZo] i@ £5%¢) mz Atk

Alge gzl 200 uLE —20Co A WYz+E 70% ethanol 500 uL} 448 5 4T oA
S AAsI

Y

K
Mo
1%

X 7] (Guava EasyCyte Mini) ¢] Guava Cell Cycle Blue program& ©]-83}s DNA &
AE2 2519t DNA €42 = FSC/PM2 dot plotg ZHAdsla o] & ulgoz dpyust
el (gating) 3} £PM2/Count histogram & o]&3}a] subGO—Gl ¥B3} 7 0|9 BE

filo
rx
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AFFeEM AA T F subGO-Glel &3 F2 vl & Atsto.

@ Apoptosis, necrosis, A|FEAMLE

vlx) 2 9] apoptosis®} necrosist Annexin V—FITC Apoptosis Detection Kit I (BD
Pharmingen) & ol&-ake AaFalglch. ol2 skl FP=) 100 W& APskn FLF
Aleka} B AEE & G A E B A 7] (Guava EasyCyte Mini) ¢ Guava Cell Cycle Blue program
< o] &35l B4 oluf 50007]¢] AEE FSC/SSCZ plotting 82 A L 7He A€
(gating) 3}ge. ™, ©]5& thA] GRN—HLog/Red—HLog plot-& A A 8}e] FITCS} Plof] 2% <344
F Ao wal & quadrate2 AR 9] apoptosisét necrosise] Zs HE e} v S
L ATt =, 229 quadrate2 live cell (FITC negative and PI negative: lower left
quadrat), early necrotic cell (PI positive and FITC negative: upper left quadrat), early
apoptotic cell (FITC positive and PI negative: lower right quadrat), dead cell (FITC positive
and PI positive: upper right quadrat) 2 2 FE35}9 ).

@ MEW B4

7Y ROS¢ #EAHE =4HL& Lambert et al. (2003) ¢ wWHo| ozt
—dichlorofluresceine diacetate (DCFH—DA) fluorescent probe & 9|
A8 150 uLe] dPZ AL Fe Fo GF/C filter 2 Ag 3¢
DCFH-DA (Sigma) 2 #7lsted A% 10 (Mo] S52 stdon] Ao shalo]d 120
2] & DCF fluorescence & -FA|ZEA7] (Guava EasyCyte Mini) & o] &3l =4 s}
=S fluorescent arbitrary unit (A.U.) 22 F AT

©® FAEH

Sample A} Bo] e Aol v m3lr] 93] T—testE AAISI AL, 2+ WG] A
BBAE AT FAEAR SPSS 101 FAZ2IHE ]85t p>0.05 FoFEdA
At

&2
BN

P
_O|L
> e 3
jol_ll)ll
oo
_&—E
N O

e
¥ oA 2

lil
g

o

3) 4+ 2%

B AT AR E AR B A4, £F%F 2 CIE ® 3-1-2¢] YelAH. Hd 2
Z-2 Sample A7F 44.09 mm ¥2™, Sample B& 39.07 mmEX F 2E7F <9 F < 2ol=
glgdem (p>0.05), =% 9A| Sample A= 5.24 g o™ Sample BE 5.35 g2/ & 18
ZF Aol 7h it (p>0.05). CI 9A] Sample A 6.0592™ Sample B 5.922 4 544 #
o] o] Qe Aoz JEIYTE (p>0.05). o]Ate] AFE nietoe =z E uw) Sample A9} Sample
Be 593 o=z B die Y JATE oz ol g "Wy ol vl
= AT

1\

o] 3o

¥
mjo
ro
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% 3-1-1. Al5 A9} Be] =Z7] & WY Hlw

Sample A (Immediate)

Sample B (12 hr later)

Immune _
parameters coefficient of coefficient of T-test .
N MeantSD Range variation N MeantSD Range variation  (Significance)
§£§nﬂ> length 20  4409+295  39.67-4873 0.0669 90  4485:348  39.07-51.00 0.0777 p>0.05
E}esfg‘gi et 20 524%123 3.73-7.48 0.2355 20 535126 3.43-7.43 0.2353 p>0.05
CI 19 6.05+0.96 4.20-7.85 0.1579 19 5.92+0.77 4.03-7.27 0.1303 p>0.05
ROS (AU) 12 41.96+5.63 37.99-58.03 0.1342 12 72624560  62.10-80.49 0.0771 p<0.001
DNA damage (%) 19 0.45+0.26 0.15-1.04 0.5711 20 3.46+2.30 0.54-7.16 0.6653 p<0.001
Live cell (%) 20 99.80+0.23 99.82-99.96 0.0023 20 9435+1.18  91.56-95.83 0.0125 p<0.001
Apoptosis (%) 20 0.03+0.04 0.00-0.12 1.3165 20 0.29+0.45 0.00-1.92 1.7527 p<0.001
Necrosis (%) 19 0.10+0.125 0.00-0.48 1.2935 20 4.84+1.56 1.90-8.34 0.3222 p<0.001
Dead cells (%) 20 0.060.07 0.00-0.18 1.1861 20 0.52+0.87 0.00-1.60 1.6797 p<0.05
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Sample A9} Sample Bo] HHE ol § 3—-1-2¢) VERC ™, T A8 HIH L
SAALRE Foug ztolE YERY T DNA 4% (DNA damage)®] 7-9- Sample A¢] ¥
TZFS 0.45140.257%9]) %ﬂs}g}gur Sample B -9 3.456+2.299%¢] Es}‘}iﬂ (p<0.001).
ROS ¢ A$¢% Sample A9 -9 41.9624+5.631 AU g1} Sample BE 72.623+5.599 AU
2 %7}8}2515} (p<0.001). Oﬂzxﬂz 9] 7% Sample AE 0.10£0.13%9] B}y,
Sample BE 4.84+1.56% & <F 50u) AE FZstgom™ (p<0.001), HA|Z AAE AA] Sample
A7} 0.03+0.04% B2} Sample BE 0.29+0.45% 2 °F 108) A= &34ttt AEa A 9]
749 % Sample AE 0.06+0.07%¥ 21} Sample BE 0.52+0.87%2 9A] <k 10u)¢] 7 A}
FEo] 7t (p<0.05).

r3 Sample A9l HEA 4 (Coefficient of variation) & ZF @y xA} &2 = ROS
o} AFAETEL Astn ZE FEo)A Sample BET}F Woron, 2 Wigdgo] T}
Al Sample Bell M F43] F7tE A&l FAHATE (F 3-1-2).

Zt AL = 7 ABBAES A 23 Sample Ao E F 87HA] & oA F93%
FEBATE FAHEHASU, Sample B ¢ F S7Exe] frefn g AdwaA st %%E]‘Ziq
(¥ 3-1-3). Sample A2l 3¢ AZAE v &L FFAE, ALAE, AAGAE
demage 9} 2 (—) o AFATAAT AW, AFHEEL AAMEET & (+) 9 AFTHA
7b BEFEAT. AAAEZELS APGAHE 2 DNA &A= o ZaaAE
DNA &4 == APRAZET 49 a7 S = Ak Sample BY 3¢ ROS= Cl¢} &
o ATBATE AN, AEzAde HEAETS dFMAES 9 AEdAVE BEEAT

o

O A
AP Z S-S dFAZETE GO #AVE AzAEETRE

O

HAAAEEe] 3 WY G797 (immune effector) 28 AEA H whgo] 8

= %t} (Donaghy et al.,, 2009). o]#3t A2 W B2 HGSTE =

FEFE B 54 2o 3ot meps A5 AYH FEHE tdste AR dEA 3
g

P

i

<

op

o

g
'*d =

X

)

2
o]o IILJ

Ll'

B Ao AFLE GAE BEAVE FgeEN (5% 22.7 kg, 23 cm (h) x 39.4 cm

7
(w) x 45.5 cm (d) BFA o] FAE 1 Y= dAgA AH 89o] 7153 7|F0]|RT}. o=
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o)

ol§-3 SHE npAEe WY 71AHF, (Sample A)

el o (Table 3—1—4).

o] Mg (Sample A)
B AF A 43 F Sample B9

PR

ERS

o3
o] #ellA Sample Bell A

il

2o

ool Sample Ash Wastdl 328 W] FAH| wa} upx]

o] &<l =3

ble

2} (standard deviation)¢} 9] (range)”}

A

Y2

=
) L

it

EEER

A4 (coefficient of variation) T
ol A A3} HAUWE HEA]

5 7

Sholl ®W1ztstA whggoe 2 HAH | A

o)

~
o

7} Sample

A

or

= FJIHA.

AT} A

ki3

Bl A 4 (87 A 57 = 4)

EAAS BAZE & (H)] &
ol 59| #A 7}

Al

5 -
X

SALL AA

BH

(=)o &A

o
=

T
T

Al B A

o
s

F o

=)

2 AgHoZHA uhA

7]

=

Al FAAAM YERAE

o)
do
G

3
G

)

Ashton—Alcox and Ford (1998)¢] AAF3slH = vlel o] 7NA]

4= 9lt}. Flye—Sainte—Marie et al. (2009)

5 A Al FRFL mlAE

_
o
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® 3-1-2. A5 A9} Be] =y ©

EEEE

1

A}y T

o .t

Al

ROS Live cell

Necrosis Apoptosis

Dead DNA Shell
cell damage length

Biomass

Shell
weight

ClI

ROS -

Live cell -
Necrosis -0.419
Apoptosis -0.967
Dead cell -0.850

DNA
damage

Shell length -0.598
Biomass

Shell
weight

ClI

0.473

-0.539
-0.615

0.660

0.501

0.965
-0.705

0.455 -
0.621

0.798

0.812

0.667
0.574

0.834
0.811

-0.592

0.514
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T 3-1-3. A7 RuE Wodzk = H A v

Immune parameters

Hemocyte Intra cellular  Apoptotic Necrotic cell DNA damage Sources
mortality (%) ROS (%) cell (%) (%) (%)
Species
R. philippinarum 4 - 3 5 ?;5159) et al
o L.
R. philippinarum 3.7 - - - ge()%a;)et et a
Crassostrea gigas 20 - - - glag(r;%lgia) et
) Duchemin et
C. gigas 2.5 - - - al. (2007)
. . Labreuche et
C. gigas - =100 B - al. (2009)
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.ouherd b4 wbdge] AR Ag, 4 49 2 WA AT

(1) o237, 32 AHud

0

A el A shAEe QusEold AsgAold T A Aol o) Y
5 ] o gol A48 QE wARe AH ATE olgsel
Saht PHoR BRE FHe] Ad B4 A 7HY (recruie] AASE o EFTH B,
o] W 2UUE olgstel FHE 994
% Salbete] A% OlRRe upxe] os T
ol s GArElT glek ol@A EuTHelA A9)F J&am g8 Fo7t dEHT &
AR B4e vig o 4 gy mpHEe o 14 FHE T

s}oq la-2d A% BE B F Sudel BsE w6l FE o g5 A2 2 oq t!
A

[¢]

I

o]Folx 1L gE AAoltt (Park et al., 2005; &z} v 2005; H7} o], 2008),

v gte] th #H Ak FEste] thekd 99 AL o] Folxul 9o, $F A g
A7 AAd AHel g FHAE Fa dJe= 21 Ha e AA7bA BEE 4dS
THED QA B3 Aot (H 5, 1998 FPFAAZY, 1998, 2001). 53] Ayl u}
2 AT AIES ZASIY O x} 17F &<l %E}Uﬂ o213 AR = HEAH 4 WS N
Asted 712HA GME AFT F UL Acg ARHEY. wEkd B d3e vlgey] oA
G wpREte] Ao mE A B 2 Td 2 HAEES A A AT E 1d
239 miA e 230 AR XA o5 4% ¥ AW Fd FAE FdstuA
stAAth. 53] oleld ZALE flste] AP v R AL wjASy] f18te] cages

Azstel Aol olgatgdom, Al o AW niAZge] tF HA A ER T L
A Perkinsus olseni®] 7€ AT E ALY T

(2) a7 &

A2 ALS AJAL 20099 19 3 34 24 I8 (2" 3—-1-10)0] A E 319
T, A vl 23 (AR 3~5 mm), 13X (FHF 4= 29 mm), 234 (HF 43 42
mm) 24zt 2,00070 A2 1 m’] cage 4 ol ALSEIHA 69712 wlY 3070AA AHF st 2
Mol o]-g3tAtt.

_81_



126,250 126.333 126.417 126.500 126,583 126.667
36.833 AN 36.833

12207 125.000 127.083 128.167 131250 .
— Chungnam Province

41667 "\ ! I.u 7 36.750 i 36.750
¥ ety £ / g { . s :
39583 _,ae_ s 5‘.1‘-): a 39.583 36.667 N 7 J 36.667
ez c L N i S .
g ; i Sore '
{Balegil : , I !
37500 Mo W, A 37.500 ' g . e
g - 36,583 v H H 36.583
i3 i - ! @ Sampling site
Korea| 3 4
> L ;
wsayr , Yellow Sea SN, S — E
q:ﬂ"\,\ £ 36.500 5 36.500
pars F_
s U s ] ;
I g b
33333 7 ,-gt" 8 33 333
r} P L LA -
sl 200 | I X1 NG ek o 36.417
125 000 127 DR 128 147 131 250 \'\\ { . ot B -
g R oY
% : :
36.333 Vi ——— — — 36.333
126250 126 333 126417 126500 126 583 126 667

a8 3-1-10. A& AHEX|E

o
olr
L

APARE & A5 AFES S457] ot A5 Z4FE HUARHAE o
o 0.1 mm7t=] s, AR §F< 4F4 7IAFY P olseni®] AL u}"éE
ZAYsFH T} o] wl Perkinsus®] A& Ray's fluid thioglycollate medium (RFTM)H & o]-&
of BiAI= A& Perkinsus GFA7F FRHAEAZ FEHES 3 F Lugol's iodinee 2
gstel Selshgon, A PAE Fole FARLAE 2M NaOHAA £oEeld F
TATHE o]&sto AFst= & AHESHTE HE AdEE A" URAR FA

E YERIAT 2 Aol o] &F X#e] A 2008d 129 F4 T sidelA AFIIL
o, a4 (2007 stA @A —<F 1d 6 7Hd AaF4) 3 2394 vk (20063 shA DA —oF
2d 6 M A )Y Beoe 2 vk FAF R 2R v S Aol A
&3ttt

i

ol
-

wet  dg

N

Bpxgre) S d@el met vhE B Uehiit (23 3-1-11A). 294 9] 7+
AL BHole 4ol AR olglen 6do] HIUS W FstE Aol BEHIUG. F
1299 5 2pge] 42 mm et o 7L ol 58 5d7HA] & wWEe 1 Row 6do] =
Aok 48 mm7bA] Agstgieh. 2y 1] Bed AEA Aol 30 mmAFE Aol
A ANt 3EFH A&LHo= *Wé} 644l 35 mm7Ax] B ste A= U
k. MH A= 1A Hd 4 siEe yEhl Aedds 2ol 5 mm mw

BA8] ddste] 644 15 mm7bA] st & Ayl 2 3749
A¥T T %%l Z1F W A e} o] 7P FAe] ool AT B A A o
T FEAZIQ 8l 1T 2348 Aol Fad olfE o] FA B AT A
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om 53 thE HAISAAA AEEC] =97 L2 AR HT

x| gte] FHAL A VS o2 dHF P oolseni= vlA|Ee] A wE} ohE
Hes i (29 3-1-11B). & d¥°] 5255 FH=7 S7kskes Aol #E =AU
1ade] 3¢ A FHd= u};qa L 7iA & oF 1009+~500709] FAI7F AEHAH
6dell= 8005k 7HA7HA] Frlstdth. 21348 €] o%ﬁ 1dA el Bl HA=7F HS F7Hste
2 10007 7RAl o] FA7F HEFHUL 587 6Lol= HE Frkste BAEFE UEA
o a2y A A o] 18 mmeld HIS W (64)FH AEHALH onf A=
= HE 87 AR Atk F B AFdAE 59 d¥o] FUEFE P oolseni FEE
Al Fleks Zlo] AR H, o] A= P olseni el thgh vpx|eto] A EFE H4
Fol ¢ 10 mm AFYE vehlle Fa3 HRE AFsta vk & 5+ Uk

vkl At AR wet Adeld AFE vrhlie Aol BEEHIJW (2
3—1-11C). 1347 2348 AE 3} o8 Folle HAF A dojuhA] ggtort 58 FH
HAZE 2 st 6Qols ¥ HAbgo] 20% o] ol AFFFEAAHY 8LolE 50%7}
A gutetth. olel g HAME FAE 1Lﬂ*£ﬂr 23 o] W& FALG ARFE UERRIT. A
e Aolle ALFEH S22 A ¢ viulste] 497429 FH HARELS 3%m T o
Fot 599 ok TR Zrletyn 8L 23%77}21 S7tetith. et oleh e HARE S
37 23 visiae mf-¢ e AR Ze FHol A= A APFEo] Y
< YER AT

ZEAHoRE B ATAF upAZe ARy AR Zd 2 dxe A o b2
Uebgo]l Sleden, Ao gdge] M= AW Fde ‘%*OH% HAME EF e Ao

2 U e o] BoldsE 4ol RojAH AAF BAEst BolRen AAE
o 1dAolt 2346 BAGe]l Aol s A »}EML Aow zAET. gaA b
A FAe £HA 1A 4FEL B 2ol £RF 5 e A g e A
o] ATHolo & Aoz HAT)
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a

Shell length (mm)

Cumulative mortality (%)

60
A 107 1
A
o
401 % 10¢]
30 é
5
20| — spat g 10
—+— 1 year old "o-
-2 Id
104 year ol oy 104
Dec Jan Feb Mar Apr May Jun Aug
2008 Period 2009
60
50 e
40
304 — spat
—% 1 year old
20 1 —& 3 year old //
//
10/ "
o Lyoteemfmtmy
Dec Jan Feb Mar Apr May Jun Aug
2008 Period 2009
3-1-11. 2t o a5 A= ME W4d%

—&— 1 year old
—=— 2 year old
Fa

& A & A
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2—2. v x5t By 9 Xse] AA#AE Ve

7h A v Ao AW gl g A4 ukg vw

(1) o84, 434 H=4H

do

FHFFESY omidle HFFE v dHHez njddd WAty B4 B2
st 9o (McKay and Jenkin, 1969; Mendoza and Faye, 1999; Johansson, 1999; Donaghy
et al, 2009), F7}7FA17F w7] 2o AAA 73 NS T AW HAge) LS &
stAY FF NEE ol&s A¥d th3t HFAgo] =& JHAIE Aiste Wil A%
it} (Gagne et al., 2008; Flye—Sainte—Marie et al., 2009). o]&]3} =} oz
T3 WHALE 7HR FF9 Ndo] =2t vm § 4R AFE FASE AEEHIL

]
q

30 o RIOH

5
o 7IA A AHAyE AF2 drk (Barber et al.,, 1991; Degremont et al, 2003; Ragone
Calvo et al., 2003). metA] A&t} Z& AFA Fo 4ol =& AEY HE -3 §4
B9 g B3 AT St AlmEolok sl o] F RS o] &% AFFT TS
Hig vl&F ArH ZRAESY ARt AF & 5 U] HF dF AXFAME F7
AFAA Aot AEET s doln.

ol AitgFo HA= dAF 7HAl (family) & 7|Hte g §HFP AL =lold <3|
373 574 AWl W3 Aol dE2A velhd F o= Abdelnt (Beattie et al., 1980;
Perdue et al., 1981; Langdon et al., 2003; Ernande et al., 2004; Degremont et al., 2005). 9]
23 7HAE A AL A Aol g3 vEehve B-¢-7F RIWsith (Degremont et al.,
2005). %, 2L Folat FABE AUH FFold] o3 Jﬂvsﬂ ot A APl the
A e S olths Apdelth ddlz threl AWgF ATAN 97 27 4YH m:
Az QdegFel T2 A7 ddse ogHT Yok
}o

]o

—_

et A sk
Holw ofo wat npAF
a2 10od B Tﬂﬁ—‘?— v = #H A %”33}
Ab 908 FHERA Faa e AFow F43 3F
Aes o2 FAHHDL Yot o5 9 F HdEAd AW OIE (Office international des
epizooties) M= FQ3IA HAFHE EokEX T A
23 Ha4E el =2 #HAL as
dol & AT MRS AgHeE wl$ F43 o E ztenk 53 fEuat Asfte
Perkinsus olseni®] 7A€ ZAFT7F wl-¢ =& Aoz o] 7|AFL el i F H
Abell 8% &S PIA=
AT g w- AlgE Aot

o
o

W
lo
fru
f
E
i
=
o
N
=1
Al
2
e,
o
o
i
ok
2
=2
o
N
o
X
fr
flo
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cytometer)E o83k HIH L&
A EAY Aztety EAHS HYsta A& AR 4+ Jdue Aol o] x| 2
2 At olmjEle AIEA WY 7Fe SHsk=d wl$

2004).

Bol ZAHNL W vehbe ® ES
o AW Fgel UE AP AFE AT FF AT 35T wAY ma) HAw

jarsi=el 240 ik,

gebd 2 Are $uet sl 3 EstA/Austd S0 e dehtbe g
BA (g, 2 B4 (M), AR (AF) A ama 7ﬂxﬂ 2 oz ol5o] 934 4
=E W Ao B uA

N

(2) A7 &
7hH A BERH

A FEHE fE9e 2k 9len, B AT A& ukA|g
L oy Yo EAS st Y T4 (M3ehH, A ZAH (g8l 2 AF % (AF)AA
AAH QT (2™ 3-1-12).

124833 126.000 127.167 128.333 129.500

38.500 38.500

37.333 37.333

36.167 36.167
35.000

35.000

33.833 g 33.833

32.667 § 8 32.667

124.833 126.000 127.167 128.333 129.500

T2 3-1-12. A|EME KXY (B4 =AM, MU 2R JHE QE)
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() B A AL

B AT AHSE uxEe Agdel #Hg® A0 Z AR 2N T2 JfATelE &
At BHH/PETHOZE T s A HASER FEEHUTE BE vpA e H4 2704 o]

A AR AGA AFSEYer, 29 37]= 50 cm x 30 cm x 30 cm 2 ZF $&ukt} 100 wRe] 4]
Hhz|gto] £2E itk Hole Shellfish diet 18008 29 cell/1Le] F=2 WY FFHUTH F&
24~26C, 30 psuZ FAEIHT vt T Tz FLI 2719 AASx9 dRxg FAFHAT. A
& 2= A% 1 mm Y99 7te 2= 15 cm9] Eo|2 AYR L, Z Talgtd Auoy)zp A
A= Qe AlE7F FYst] AL F AEE FFS 245k ARz A% 5 mm W =
2 20 cmZ A9 ARSI

O

T4 nyEE A 2o nixTo| hEA AFA AW Vibrio tapetissy 2% okt vpx|g
oA B8 nE5A 9A%5E (Unidentified Manila clam Parasite, MPX) & A&} t}. Vibrio tapetis
T TCBS agarose Wix|oA wjoFE ¥ marine brothol A the S5 AT o] o) v 2=&= 18TH
ot} AAEE2] Z$ DMEM:Ham’s F—12 (1:2)¢} HEPES 50 mM, 3.5 mM sodium bicarbonate,
100 1.U./mL penicillin—streptomycing o]-&3}e] A|Z3tAth. 26 CollA wjok® MPXe] 27L&
oF 2~3 umz THE FFAAJS (2 3-1-13),

a8 3-1-13. S ENQF HXEHOIM 22[E 0|5 EdsE SYH (scale bar=10um)
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() &4 vz HF

V. tapetis= OD 600 nmollA] 0.1¢] OD g+& 7Hd wi7hx) o3} 5o Astgon, A4F
(MPX)2 EFAIF#E 0|83t 100,000 cel/mLe] =2 34 =t T4 AP 7 AHE v
Ptk V. tapetis AT, 8T E AAT TR vEer T A¢ ofFd 2AE A
sttt Aol o] 8d v Z4 2 7 2074419 A2 2AHSNeH, V. apetisst ABTEL 7
ZF 100 uLA wpAlgte] AR FAPIE BEAA Foz2d FART JE F 59T Abssid
A HALEE ZAREATH

T

82

A et S ZF Qe RE APAdE &4 AS T 2do] B E o AR FHE
2 H=ZA 200 ubE: -2

oA Al 1A]7F =<¢F permeabilizationA] &

AR (3,000 rpm, 5 min) 3t AESWL A At JAAHEL PBS 500 uLE H713 &

voltexsle] &3} . 7)o 200 ple cell cycle reagent (Guava Cell Cycle Reagent)

9} 200 uLel PBSE H7ista 3027 vkg- e

Guava Cell Cycle Blue programe& ]85l DNA &ATE =59 tt. DNA &A=

FSC/PM2 dot plot& Z}Asta o|E nleto g I TGS A

histogram< ©]43le] sub GO/Gl ¥-E3I} I o]9] RES AHFozxy Ax FFL = sub

GO/Glell &3t 7o) Hl& Attt

(8}) Apoptosis, necrosis, M ZAFES 2 =ML A=

BEX & & 9] apoptosis@t necrosiss Annexin V=FITC Apoptosis Detection Kit I (BD
Pharmingen) & o] &3} AT o2 I8t = 100 uLs A¥sty 5LHF Al
ok}l 3| A8t & FAHE EA7] (Guava EasyCyte Mini) ¢ Guava Cell Cycle Blue program<
o] &35} EAMIYTE ol 5000709 MEE FSC/SSCZ plotting 3t HFA ZgHe A=
(gating) &t¥oH, o] 54 thA] GRN—HLog/Red—HLog plot& A A]&}e] FITCS} Plojl 2% &4
H Aefo wa} R E quadrateS ZAHE 9] apoptosis®} necrosis®] J3F HE o} v]&
L AESYUTE. =, 2729 quadrate live cell (FITC negative and PI negative: lower left
quadrat), early necrotic cell (PI positive and FITC negative: upper left quadrat), early
apoptotic cell (FITC positive and PI negative: lower right quadrat), dead cell (FITC positive
and PI positive: upper right quadrat) 2 2 FE3}$ T}t
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(3) a7 2+

b A7 27 4 5%
= ?i%%ﬂ AREE BEREr] B 2, b, A4E g F5EE § 3-1-59] vERIT A
g A F S 34 upAge] JPY R oe® ool M 37 mmen, AlFek A upA =
MZ fA 27]12 32 mm W ST (R 3-1-5). $5F Agd Hap} vl 7 4 vlx|ggo] 2.29
oo, ZH v g2 1.3 g, AlF vpx|EL 0.98 go| Tt

3

h=4
O
)

gab g 20 Ar8E BHRIE

B 3-1-4. HoH

A

Tissue wet weight

Location Shell Length (mm) Shell width (mm) Shell thickness (mm) (2

Jeju 31.94 22.23 13.15 0.98
Hongsung 37.17 26.44 17.75 2.29
Gangjin 32.81 23.56 15.44 1.30

(1}) DNA &4 =

7t A wpA o] DNA £4=5 vag 23 AF>F4>747 wAzge] A=
DNA &89 298 3ozt ZAjshs AL 2 Uehgt} (p<0.05). AF vpx|gte] ¢ o
ele] DNA E4ES B, F4 vhx=e] 3¢ of 14%9] E4EE Yepdlon, 243 v
A2l 79 DNA &457} oF 4% E3tstitt (28 3-1-14). o]23 A= 22 wpA=f

o] 4540 €% DNA &4k 71 AL Mg 2L g

=

25
C
20 T
9 b
% 15 1 T
S
S
< 10 d
pd
(|}
5 al
0 ‘ . .
Jeju Hongsung Gangjin

Sampling location

Ofot

4, ZT! BHXIE @19 DNA &gHn

a8 3-1-14 AE0M 27HE old HSE M=
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(t}) Al ZAAF(apoptosis)@ I A}(necrosis)

AN AR STAZS ALAZS APALE GA5) G31) FITCH L= o/

QAT AT AZAL AS AGE Folrt HAHA Qgrort GFAT ML AT u}
ASA 915 Bgel AAHGL A1 Aol g A ekt B8 AZA

3 WTAES HEE AF vhH ol %g M A v el 1 sk
e ZAHAY (27 3-1-15). wabA 2 A787 27 wpxeto] A2y
TAEe] o] AFL T4 vixge] vstd foaA Be AoE vpehtoh

100
80 A N lai
N Jeju
R B Hongsung
X 601 Ganai
5 angjin
o)
@
c 40
@
2
)
o
20
9 b b
0 : B N
live cell apoptosis necrosis dead
Cell type
a3 3-1-15. A0 2708 Ol H3E HMF, 29, 4T HHX|E I MEAED Al

EIAFE Hl
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(2}) #HAME (mortality rate)

Aot T4, A viAg ZzF 107§ Ao V. tapetissk MPXE 242k HFsa 59 T AES
B2 23 AFaAgL 47 50%E vehieu 4 sHAEL 20%E vehiith 23y AR
upz gre] A4l ZAZ|IZE F HARE HAZE A JEhbA gtk (2" 3-1-16).

*0 . \§ N\ Jeju

40 - \ \ Hongsung
§ N § § Gangjin
-l I B
= 20 \ %

gl 3-1-16. MPX 2t V. tapetisO] ™Z =l HiX|2HO| HALE H|w

(4) A&

T T4, g AR 2 AF A=A AE sAge d¥dE &4 20 o4 ©
il o] MHo] Eka HAMS

of s deHez 3
A2 f-d P Ao 3k AR o]
A ot Aol w2 AW g

Hgte] o] Wo g AR ALREY. T2y HZ 10 of d A7
8ol oo glem ofo wal A7 A

A Ao B fYoE Sy

o
<3
el
e
it
o
=
I
=
f
kv
iy
e o
4] iy
a2

18
=2
)
S
(2
m
fr
)
<l
N
)
H
2
lo
i
do
oft
m
)
T
t
fr
ofy
H
-

2} BpxE FAAE Y] d@esket e de] THAEE Ha e ddelth wEkd AT BHE A
el A o] F o Bt A7t 243 Ao Addn
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3. A% wiA o) ARE 9T wixte] %Y 54 BA
3 o

THE 93 microsatellite marker 7j3

7F A=
Microsatellite= nuclear genome’tol] 1-670¢] @A7|A4go] HIEFHow =L HES g2 =
A sk}, o /H% o|-8-3F molecular marker= & AAA, T4 4, =2 ¥4, PCR

—_

ol &% 7t HEHoR AEAY AW 1%, AAAEH AR AEZAG o

DNA library
gJor}, HZoE genomic DNA libraryQlol T s el d g @& 5=
AR T8 RNAE o] &-sto] A|=2E cDNA library2 58 th#Fe] @744 248 &3
3 =% ESTs (Expressed sequence tags)oAE A 22 EST—H2] microsatellite marker7} g
2 sjAaF olwfuf <1 FF Crassostrea gigas (Yu and Li, 2008; Yu et al., 2010), H{X|L]o} =
Crassostrea virginia (Carlsson and Reece, 2007), @70 %/ Hyriopsis cumingii (Bai et al.,
2009), &9 Mytilus coruscus (Xu et al., 2010)3} s 2t7}&lv] Argopecten irradians (Zhan et
al., 2005) el A 7HgEo} A2 vt webx, fEviet v Joe] {fH88 54 287
o2 FHslr] fs ol AFdAE mxE dF EST datadlA f2¥ microsatellite
markerE 7f@sla, o|E o|83t wiX| & (Ruditapes philippinarum) F 2 JNA F+EE 9

3} molecular marker2 % 9] o]|&7}5A& EA5ST.

arker9] shitQl microsatellite marker= enriched genomic

PRRE R

Microsatellite screening, primer A Z+ ® PCR Wkg-: Microsatellite markerZ 73} 7] €
st 20063 Perkinsus olseni (BIAZFHEZAF)ES TEAZl syl wvixgte]
(hemocyte) cDNA libraryoll 4] thg7144d ZA = 1872709 EST (Expressed sequence tag)
Ho|El & o]&3lgtt (Kang et al., 2006). Microsatellite motifS ZAA3}7] 95} & 7|4 G o]
ZAA = EST cloneg ©]83+ trimming¥} assembly AL AA5YE. Assembly7} &4
112870 ¢] unique geneg websat, SSRIT$} TRF A3Z¢o]E o] 8-3}a] microsatellite motifS
A2 EFH T Microsatellite motifE 57 o|AFe] dFEAFE zt3 9= 1970¢] EST cloneo] o
3k microsatellite primerZ A Ztsta, A|ZHE primere] THRE== 470A19] vFA 2 adductor
muscle 2 2 %23} genomic DNAZ ©0]&3}] gradient PCR (45—55C)8k8-8 A A5}l =
Z35 AELS 2% agarose gel A7|FES 35 A ZE microsatellite markere] =3
annealing temperature$} ZEZAELS Qs gct (¥ 3—-1-17).
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Primerdesign & PCR

-

Agarose gel

electrophoresis

23 3-1-17. cDNA library dataE 0|&%t microsatellite marker screening, primer X% 3!
PCR Ht2

Microsatellite markerE ©]-83F v}lx|& 7fA| 2 allelee] thekAd 2l AlF= (A4, A
A) ek Asfier (%) A AAS 15704 vl #¢] adductor muscleZF-E] DNeasy tissue kit
(Qiagen, Germany)Z ©]|&-3}] total DNAZ B2]35}1 spectrophotometerE o] &35l =2 &
=7 3}a genotyping2 93+ F3 o 7 A1-&5}9 Tl Microsatellite marker= 197§ PCR &%
o] golx 11709 primer setsE AF8-5}9 11, forward primer= 5'—ende]] FAMC 2 F X|5tY
t}. PCR g2l & 20 ulLo] 100 ng/ul == 50 ng/uL¢] total genomic DNA, 10 puMe]
forward (5'-FAM 3% A])¢} reverse primer, 2.5 mM dNTP, 10X buffer, 1U¢] FR—Tag
(Biomedic Inc.)& FHstth FH® ¥gd 2 o3 22 whgxde 2 PCR ¥-§-S 44
3t th. Pre—denaturation& 95Co)| 4] 58, denaturation& 95CoA] 30%, annealing& 54 &
= 52Co A 30%, extension& 72CoA] 2522 353] wlE35}1, final extension& 72Cof A
53t 35kt FF " PCR 4H=2 3% Metaphore agarose gel H7|95& st F
Z3 AME9 Z7E Fest9, ZF markerd vlRE iAW microsatellite  loci]
polymorphism-& ABI PRISM 3130 Genetic Analyser (Applied Biosystems)¢] microsatellite
genotyping modeol| A] size marker$! GeneScan 500 LIZ—Size Standard (Applied Biosystems)
E AMe3YTt. =23 microsatellite markerd WE-GAHRY] =7 4= Genescand}
genepop (Applied Biosystems) e & BA5tH Tt 24 %F markers] vlx 2] /A8 = Mo

Heol g -G 4AS AHelsle] H, (observed heterozygosity), He (expected heterozygosity)-&
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A Zrstk

o. A%

H AFLEL 20063 Perkinsus olseni& 7FaAA17] 9-gvte} vFx & & ¢cDNA library &
Azt om, 29z Held oF 20007019 cloneZ 187270 cloned] €74 E-& AASIT
HE Ad B R FrIMEde EFStL = cloneES AAS F 1815749] clone
S =&Yt A7)e EST dataZ o|&3ste] FdA %A A 2 microsatellite 7242
235t A7 E overlapping fragment sequenceZ assembly IS AHA 11287]¢]
unique gene (251709] contig®} 87770<9] singleton)S FR3Ytt (¥ 3—1-6).

# 3-1-5. "HtX|2F (R philippinarum) hemocyte cDNA library 22 &AM

No. EST clones (sequencing completed) 1872
No. EST clones (after trimming process) 1815
Assembly
contigs 251 (938ESTs)
singlets 877
Redundancy” 51.6%

* Redundancy= No. of ESTs in contigs/Total EST clones

112871 €] unique genew microsatellite repeat motifE websat, SSRIT$} TRF A&AZ E ¢ o]
Z 0]8&35}] repeat motif7} 571 o] wWHEE = T H gened HAAMA] SSRIT =2 138S
A 2)5ka websato| 4] 90.1% (228/253), TRFA A= 61.5% (24/39)7F mononucleotide repeats
(A/T/G/C)7} 7FF =& v]8<L xx)5}H, dinucleotide repeats (CA/CT/TG/TA/AT/CG)=
websatel] = 0.05% (13/253), SSRITOlAM = 54.2% (19/35)F uUEhfiict. ol9dl=
trinucleotide (ACT/TAT/TCA/TGT/AAT/AGA/TTG), tetranucleotide (CAAT/AAAT/TCAA/TGTT),
decanucleotide (T3CTAT3CGTA/TGT3CTATGA/CAsT.GT2CsTAT,)9F compound repeat
(CCALGCT:G)7F &A= AT (& 3-1-7).

Microsatellite A Z 2 WL o] 83t o =% thokst microsatellite repeated zte= &
A A% mononucleotideE A3 ®HFEAZAY motif7} 58 o)A BHEEE 19719 EST
cloneo| A ®FE- A go] 35 =2 PCR primer pair (forward and reverse primer)2 T]jz}2l

5t @ulol ol o & ste] A&ttt AZE 19709 EST— microsatellite marker setE
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B} 2F adductor muscleZ 8B FZ3F total genomic DNAZE o] 835t PCR ¥F3-2 435}
primer®] #Z ZZ 2% (annealing temperature) s} SZAM&9] =72 FstYyct. 1 A,
1970¢] primer setZ 1170¢] marker set7} HF ZFZ 2% 52 = 54CoA dAEH
o] m7I7F =ZHE Folstgoen, VA 87§ 9] microsatellite marker setd| A& =
oALtA]l FAU W S0y FFAEC] BRHUY (H 3-1-8). wWebA, PCR & b= &<
Fl 11709 microsatellite markerE v}X g Zwto] {47 EA EAd Al&3517=2
Art.

1170¢] EST—marker setsZ o]-&3ta] 1570419 vpx& (A A, 3al)olA F=3F
total genomic DNAZE o]&3}e] Z} marker® genotypings AAIstHTE. Z+zZbe] marker=
agarose gel A 7] & A] single =& multiple band7} #&F ™ (28 3—-1-18), alleled] &=
3-117l2 vekstAl veld™ locusd B 6.5719] allele® zta ¢lom, observed
heterozygosity ¢} expected heterozygosity= 2tz 0.0667~0.7692¢} 0.3571~0.8843=2 }ERSTH
(E® 3-1-9). &3k, KR1, KR6, KR11, KR12, KR14, KR17 3} KR 19 markere] Z3-¢- PCR 4+&-0]
FEHA ¢= null alleleo] #ZHGITE Null alleled] A4 olu] & &4t o]nfjzl Fo
microsatellite markerollA] ¥WIWH&A #FA == dAe|t; (Carlsson and Reece, 2007; Xu et
al, 2010; Yu and Li, 2008). wtgbA], ol 72 wpxgt d5o @ FAAAA
microsatellite marker® Hz2 /|d3tHon, o5 markers BFAE A EL o]|F Ao
o Joz eyt uiAY FHee 34 tdd Bt Be

#4% T2 ASE Rolnh

H 3-1-6. Microsatellite ZM ==z 208 0|28l HAMEZ HiX|2H (R philippinarum)

EST clonelf repeat motif SEY

Tool Type Mono Di Tri Tetra Penta <Deca Compound
Websat Contigs i 3 4 1 = < s
Singlets 151 10 4 3 & = -
SSRIT Contigs - 10 6 2 - - -
Singlets - 2 4 4 = 5 -
TRF Contigs 12 - - 2 - 2 2
Singlets 12 - 2 5 e 1 o
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# 3-1-7. Microsatellite 2210] At2%=l EST clones, repeat motif, PCR o4& 37| & S=ZZ4t

T —— Repeat Expected PCR amplified
motif amplicon size(bp) (yes/no)
KMC1 Contig62 (CA)6 310 Yes
KMC2 Contigl67 (AGA)6 340 Yes
KMC3 Contig221 (TTG)7 367 No
KMC4 Contigl06 (TGTT)10 338 No
KMC5 Contig3 (CCA)2(GCT)2(G)4 282 No
KMC6  Contiglé5  (CA)6 206 Vel
KMC7 Contig82 (TTTO)TA(TTTC)G(TA)2 347 Yes
KMCS8 Contigl6l (CGCCCATC)6 263 No
KMC9 04-R-C19 (CA)6 119 Yes
KMC10 04-R-N02 (TG)6 393 No
KMC11 02-R-C01 (TA)6 108 Yes
KMC12 05-R-H16 (CA)T P B Yes
KMC13 06-R-HO06 (CA)S 336 No
KMC14 02-R-L07 (ACT)6 318 Yes
KMC15 05-R-C15 (TCA)7 343 Yes
KMC16 05-R-A09 (CTTT)5 226 No
KMC17 06-R-M24 (TCA)6 296 Yes
KMC18 02-RH21 (CAAT)6 206 No
KMC19 02-RO24 (TCAA)S 177 Yes

# 3-1-8. EST-microsatellite markerE O|&3%t HtX|2 (R philippinarum)2| microsatellite locus

o s 24

Tm No.of Size

Locus motif Primer(5'-3") (T) alleles ramge 2 Hi

] (bp)
IS s e omw s
RECME. (ae6 123%22%%5?35&?55& x 54 10 310340 0.7692 0.8333
el ("TC)TA““C)Gﬂ""iﬁg&‘gﬁ%&iﬁgﬁfj&ggﬁmm 52 4 338350 0.4667 0.6067
e S
KCMIL A1 ;‘;‘;i:gifg:gg;géﬁgi; 54 6 100-121 0.2667 0.5511
ECMLL € ﬁ‘;‘éﬁi‘é‘;ﬁiggﬁ‘é‘;ﬁgfggm 54 4 211257 0.0667 0.3889
e N R g
OO S B nen o e
KCMI19 (TCAA)S F:GCATTCGTTACGACAGCAT

R-GGTTGAAATTCGTTGTTTGGTTGG 4 WL e AEase

Tm: annealing temperature of primers for PCR, H: observed heterozygosity, Hg: expected heterozygosity
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(A)

B)

42 43 44 45 46 47 48

B 0 G S e - - -

a9 3-1-18. EST-microsatellite primer setg O|2310 SZE= HiX|2F 157§K|2] PCR AHZ 9
3% Metaphore agarose gel M7|¥s. (A)1~9; KCM12, 10~21; KCM19, 22~32; KCM15, 33~44;
KCM7, 45~56; KCM17, (B)1~12; KCM1, 13~25; KCM2, 26~37: KCM6, 38~48: KCM9, M: 100bp

marker
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3—2. Microsatellite markerE o]g3+ $-2|v}a} vlx| &3} o= HFA]
775

it
N,
L
i)
o,
do
2
-
Y
Am
oX,

BAEE 7HAR Aok o™

e A ol Q17

T ZAdd fFE&SHA A& E A

microsatellite markerZ& o]-£3} =l

EHE 2483, fABAT 245 $eUe wAte] 3 BES FE AN Qo] 7]
A

ZAR 2 &8317] H5HH

¢

PRRE R

Microsatellite markerg o]-g3%F ¢-2jivtet vpx| g3t ol=npxe izt {8k ohef
4 A4 20099 vtel vixga o= vpA g Hudte] §Ad8A 54 AL sl ¢
vt 82y (3%, By, 4, AAl, 49, A4 A9, 9%), T3 249 (Xiamen, Yentai),
A B (Kanazawa—kuw)@ EZo|A AAE 2+ 1071419 vlx g gzt o2 HE total DNAS
Z 23} microsatellite genotypingg 93+ 3o 2 X183}, Microsatellite markers= 11
7€} markerZ ©]®/d (polymorphism)e] EA #&® KCM2, KCM6, KCM14, KCM17, KCM19
primer set2 A}&3}9th. Forward primer+ 5 —ende] FAMe 2 # 2|5} tl. PCR vk&-ol o
Z 20 Lol 100 ng/ul =+ 50 ng/ulL¢] total genomic DNA, 10 uM¢] forward (5'—FAM ¥
2] )¢} reverse primer, 2.5 mM dNTP, 10X buffer, 1U¢] FR—Tag (Biomedic Inc.)-& &H|s}¥
ot FHjE dhgde tea e uksz e g PCR w82 AA5% Y. Pre—denaturation
2 95Co) A 5%, denaturation& 95Ce|A] 30%, annealing& 54 = 52T A 30%,
extension& 72 Co A 25%9] 7L 353] vFE-3}31, final extension& 72Co| Al 5E7F A A]
5l w28 A3 TE. Z=ZH AFEL 3% Metaphore agarose gel A 7]9%=3 Z} marker
¥ microsatellite loci®] polymorphism& ABI PRISM 3130 Genetic Analyser (Applied
Biosystems)©] microsatellite genotyping mode®l| 4] size marker<! GeneScan 500 LIZ—Size
Standard (Applied Biosystems)& AF&3} T =Z % microsatellite marker® o) -84 2}<¢]
A7]¢} 4= Genescan¥} genepop (Applied Biosystems)e 2 2 A3ttt A %E markere]
vz ghe] fAE == Aode fHSAAE Helsle] H, (observed heterozygosity), He
(expected heterozygosity) ¢} PIC (polymorphism informative content)& #&3stal, o|5<¢] A
BHE o] &3 JATte {AEH AE 245
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o. A%

Seue MY QBT 9FuAY QB 4A%E 24 oBdol =7 BEE 5
M9 markerE o]&3te] BA3t9ch o A, alleled] 4= 21~317], #FHE o84 T
(observed heterozygosity)= 0.4483~0.7609, odl&% = o|FH A (expected heterozygosity )7}
0.8171~0.93669] W= #AF AT (F 3—-1-10). 3 hE - EZF (PICO)L 579 locusF
KR17 marker7} 0.94292 7V =4 BT ¢2viet w23t oguiAg - 7h9
R FABAE Dot 7] 28t 2 markerd] WYPFAA NEE &8t 124 A
BEAstgtt (29 3-1-19). 2 23, AFE A Jekel A4 (SS)F A7 (SG)e] A4
FAHeR 71 77k dAST (0.1259)& FAsHA L, Selvet YA npAg A
3 F3e AW A ulA Ade] HUASE At FABAT et 3, AFE
199 9% vpx|ga T3 v o] §H A0 2 77k FAWA (0.0326)F Bt 53],
vz g2 ol FAlo A A v ofr|upA gt PEjot {FATH EAA o]
Ag 2 A gdE FEEE Ruditapes£e] e FYLS &5ttt E3, ZTFuEA
shz JEW 5 SRS vl wA] BYA =T BRI F R 2 opr|nuiA g &
Zka Qgol FRlFlo] ol ATl o]&% 5709 microsatellite markere
cross—species amplificationg £3F £ FTHIE &3S 3401 g 4 Tt wakA], o] A
o] =A #AZH 57/0¢ EST—2 microsatellite markerE ©|-&3F vpx| gt Je7te] {4387
4 42 euet siAg s FEkAE Jele] 34 FA8A 5 Ruditapes$e] o}
ek gt Hek AT F8351A o] &2 Ho|th

o

o

N
d

18 oo to
|

o 1o

oA

Am

N

¥ 3-1-9. R2|L}2} "EX| 2t Q=2 HFXK|2F EIERZEO| 5 microsatellite marker®| E4 H|I

Markers Sizerange No.of Ho  He PIC
(bp) alleles
KR2 309-346 23 0.4719 09366 0.93331
KR6 184-255 31 0.4906 0.8171 0.8095
KR14  282-324 21 0.4483 0.8862 0.8768
KR17 ~ 267-329 31 0.4800 0.9454 0.9429
KR19  152-227 31 0.7609  0.9409 0.9000

Ho: observed heterozygosity, He: expected heterozygosity, PIC: polymorphic information content
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0.2550

I'w
0.1793
0.1259 [ B ( S8
0.0515 [ 0.2434 SG
0.0189 0.2248 HD
0.025 0.2147 - P
02725 N-B (Yentai)
O.TSS 0.032 e ( CN-A (Xiamen)
0.1956
0.0347 0.2166 GJ
4
. 0.3784 ¢ oD
| 0.3952 -
0.00i84 0.2240 GS
R
0.05

08 3-1-19. QE|LteEXIE o|F HiXIZ Tt SESE Ha| 24
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3-3. HpA gt o7l FE 8 fARH B4 Wm
7. a7=A

S#utat viAgel HAF Ate 7] 2 AW g thd T3S AN 2, AFE

“ 1 =
Abe] A Aste v g A 5 Z9 vAFA vl (R, philippinarum)3} o} 7| u} x| 2
= =2

(R. variegatus)o] AAst= Aoz 3=t AA7LA] of7|upx|&ta} vpx| e B3 A7
= 9384 FEo) B3 dFEo] EHERITF o]FoA XA, olEY {FAFH 5 B4 #

3 AFE BHugo] QA gk w3, olmjFE AAA|, Hol, B AAE w} P
47 Sx0] w4 hoFal B1E T Qo] BEYAE B ofeizfe] o® (synonym)e.
2 BuFa ot (Keen 1969; fisher—Piette and Vukadinovic 1977). mehA], A|F= At
Haste WA oluAge] e 4854 BEAT 417 dERLe Holk 339
nuclear gene (small subunit ribosomal DNA; 18S rDNA, histone 3; H3, internal transcribed
spacer: ITS)¥ EAFAS B3 ALy = nEZ=8ol= nuclear DNART wWE &
¢} =& AU)AE Hol ]— A2 5= mitochondrial gene (cytochrome oxidase I, COI)E &=
Yatel 471 EE B, el g driMdu ATE R FABAE Veneroid
familys] ols)s) fEe] §HST H@-2 AT

v A3y

ATE S AAStE WA A umaﬂ A FUAA 248 7

ARk A AL A 18}%. A A7 SR Adsl sl A4
A=k F5ol HAZES AT okl A4sta ek 7 AgEE 30mkele] wixe A
4 %, A48 BES AU $A% e Pol, ¥AE ST £4L WAooz
AASL §ATFH SHZA ol gL, WA Axsel FUFA 4 LA Ag3s

dgﬂ

=

Aol 29 Bpx|gtT} ofr|ubx|ghe 20 mge] HZAZOZHE total genomic DNAE
DNeasy tissue kite] ®wrHol wa} F&3519th. PCR B4 A1&H 3%9] nucler gened} 1%
9] mitochondrial geneo] ©h3} primer= GenBanke] SE2FHolgle olmjaf|F2o] 18S rDNA,
ITS, H39F COI §-AHAE o]L3te] multiple alignmentE 3§t 2 HEEH o] Qe g9
A71HL e ol 43t E 3-1-117 go] A=rshsich

Thermal cycler TP 600 (Takarka Co.)& ©]&3st] t}L9 HtgZx Ao Z
g5ttt Early denaturation® 94 Co|A] 5%, denaturation®& 94CojlA] 30%, annealing<
48~55C (& 3—1-11 =) A] 30%, extention 72T A 252~18 50% 303 vtEsta, F

g
e
s
(T
oo
filo
>

- 102 -



Z DNA extention& 72CoA 5&7F Alasttt. PCR AFE-& ethidium bromideZ} 37}
1.2% agarose gelol# H7]|95E st FFE bands st FFE A&
pGEM T—easy system kitE AF8-5l] F 28 4335l plasmid DNASE B stgtt. &2
H gARe] ArA44dL ABI PRISM Big dye terminator cycle sequencing ready reaction kit
¢} ABI 3130 genetic analyzer (Applied Biosystems)& ©]&35lo] EA59TH d7A4dg £4
H 7z §AAE GenBanke] BLAST =Zzad8 o]&3le 1A AEAHES AAsia,
CLUSTAL W= X =208 3 d7IAES QA7HA B e olm#fiFo 4
A5 3 multiple alignment® 33U, 0|2 MEGA softwareE ©]83Fe] sequence

of. o it

divergence =32 9|3 dataset® F&3s}11, kimura 2 parameterd] 23} sequence similarity

¢} neighbor joining methodE ©]-&3}&] phylogenetic treeE Z+AJ31A T}

# 3—1-10. PCR Ht80]| At 2t QM X} primer 5% Sl annealing temperature

Gene Olionucleotides (5'-3") Annealing temp. (C)/size

F: 5'-CCTACCTGGTTGARCCTGCCAGTA-3'
185 TDNA R:5'-TAATGATCCTTCCGCAGGTTCACC-3' 55/1800bp

IS F:5'-GTCGTAACAAGGTATCCGTAGGTG-3' 52/1200b
R:5-GTTTCTTTTCCTCCGCTTACTGA-3' P

m F:5'-ATGGCTCGTACMAAGCAGACYGC-3' 55/410b
R:5'-TTAAGCMCGTTCTCCACGGATTC-3' P

COI F:5'-GGTCAACAAATCATAAAGATATTGG-3' 43 or 50/700b
R:5'-TAAACTTCAGGGTGACCAAAAAATCA-3' P

. st
AZES) Adske BT oprupAete] HAAE BRF AT AT)sh 4k Adsts uiAet
& A EE FE Al THE Jx Aol 2ol Adshs w, 9459} 5ol AAlehe

of7|ulA| g2 Aol A9 gl F& A Ev gy 27t Alska itk (2™ 3-1-20). A
HE F oA AT g 54 BAS Ay, iz ojF e YFo] M3 7] 7y ¥
B 0% ohekstA #aE gk s2he] A& (shell length, SL), 3)2ke] =o] (shell height, SH)<} =)z}
o] 7 (Shell thickness, ST), sjzte] Aol thet sjzte] Eolo} FA 9] W] (SH/SL, ST/SL)el A= 1t
A&zt op7|upA| g Atold e g Afol7b BAE A ghokovt, wpA gt opyulx| g ojFH; gk
o] Aol (distance of pallial sinus, PD), 7] thgh eJF=t wke}o] v] (PD/SL)7} upA|ghe] o}7]u}
ARtk F25HA 24 BHdE Aol BRFHAY (F 3-1-12, p<0.05). whekA], 95 2] Fx7}
7= T2 FH EF keyE |82 Flolth

2 847 vjBo] % Zo] upxgto 2 BE] 4% 444 (18S rDNA, ITS, H3, COD<]
< 29 HHS AA B, |25 EH 24" 4719 FAA AdE /A
) (GenBank)oll A7]¢] =W 3 IN807338~IN8073852 SEatgrh. uix &3} o} 7|upx e 4 EA
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=

2 3-1-20 BRI D O BRI Y HAX (A) M, B) MF, () 25, D) 9

¥ 3-1-11. vlA = (R philippinarum)z} o} 718} X & (R variegatus)e] Fe|ss 54 vl

Sample 5L SH ST SH/ 5T/ PD PD/

Location
size (mm) (mm) (mm) SL SL (mm) SL

R. philippinarum
Sungsan 30 37.9 26.9 18.6 0.7 0.5 2 0.48
(29.8-50) (20.1-35.4) (14-24.5) (0.7-0.8)(0.5-0.6) (1.5-2.5) (0.43-0.51)

P-value =0.05*2 =0.05% =0.05% =0.05* =0.05* <0.05* <0.05*%

Seogwipo 30 33.3 2EH 15 0.7 0.5 1.8 0.48
(29.7-40.2) (19.9-27.4)(12.3-18.6) (0.6-0.8)(0.4-0.5) (1.5-2.2) (0.47-0.54)

P-value <0.05° <0.05% <0.05° <0.05* <0.05® <0.05* <0.05°

R. variegatus
Oeido 28 . 14.6 8.3 0.6 0.4 0.9 0.39
(19-26.4) (12.4-16.5)(16.5-10.3) (0.6-0.7)(0.3-0.4) (0.7-1.1) (0.35-0.42)

P-value <0.05¢ <0.05° <0.05° <0.05° <0.05° <0.05" <0.05°

Geumneung 30 26.1 17.1 10.1 0.7 0.4 1.1 0.40
(20.5-31.8) (14-21.4) (7.4-12.2) (0.6-0.7)(0.3-0.4) (0.8-1.3) (0.37-0.43)
P-value <0.05¢  =0.05¢ <0.psd <0.05¢ <0.05¢ =0.05% =<0.05®
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18S rDNA¢] ZAol= Z+z} 1833 bpe} 1832 bp, 71 AW GCo| v]E&L 51% &} 51~52% =2 25
Art.
ol 77 FEHE BLAST T2 1g o] gake] R4 Al uAs} opulAg 2% £
18S rDNA (EF426293)9l 99%2] 97144 4542 Uetdth (F 3—-1-13). °]
E Age 01%5}04 ATEFRTY S WgHEY o2 IFe] 18S rDNA F-A-E3 ¥4, vhA|
) Ruditapes 42 DA ST (single clade)g A4 (28 3—1-21). &
LH nucleosome %*Joﬂ HAsl= H3 A= opy|ulA et vlx|& =% 411 bpz I Zo|7} 593}
o, 136702 olv:ite ¢Estala itk H3 S g3stele ZES Al WA A2 471494
A= vpAEH of7|upAETke] @7 E Aot BEEHIAOU, ot AE Y T FTHe A}ol
= B2 oot (E 3-1-14). 13 879 971492 ol4atel AEE g 24 A, 185
DNA 2ot} spirlAz uAgs obrlupAge] 247 shiel BASEe F48w A (29
3—1-22). ¥¥tA o 2 H3E nucleosome assmeblye]] #oddl=d] 7159 wal F 7fe] o] @ AA 7} Z3)
ol¥ AT A

1
=)
o
<
~
=
R
A
rlo
_|::
hini)

sl=d| (RI: replication—independent form¥} RC: replication—coupled form)7} Zx) slt}.
A= H3 §A4A= RI form FAAZ RC forme] F71A8 Q1 A EAo] = Q&)
nEZ=glole] o] EAsks M EEFT #HF cytochrome oxidase I 8= vpA|Ez} of
71vpA g 25 711 bp, 235719] ofr]xqke SE st FAAZ FAEA Tk (F 3—-1-15). F BpA|&
9] COI 3 2= Z=ukA g (ABD60304)el A} B g COI Aol 99~100%2] 45734 Bt} ol
FARE o] &8k FATA FAB/A FAA], opy|upAZe T (GQ855271, GQB55268, GQB855269)7}
(DQ184829)0 A B E nvlx|He] COI § 7<4X}%J+ single cladeZ AIsla, BlA| & oA B
(EF066720, DQ39394) v}A| &z} 713 71718 A BAE FASHEA ofr|ulx Ea) EXH dAE
HAET Tk (2" 3-1-23). <] 18S rDNA, H39} COI ¢-d=teh 2a), ITS ¢-AAb= v 2
P1ekA1g YeollA 2 g9 =771 vefstdth (2 3—1-16). ITS F82F A48y 18S rDNA,
.8S rDNA¢S} 28S rDNAS] A geo] Zol= vlR|&z} olr|vlx& 25 44, 1573} 67 bpE 2 HZET| o]
9l ¥k 5.8S rDNA -2} Abole] ITS13 ITS 2 A g9 Zol& vix|EHe 614~633 bpe}t 367~377 bp,
o} 7|HIR| BHe 624~630 bps} 367~375 bp2 2L H RS 2T TSIz} ITS2 4 el 2ol
Hol7b =t ol MG Wl E71ME dole] L Wole AT A 24 IS 1A
GAET old AEES FASITH (28 3-1-24). i}A], o]5 FAHAAES o] &3 F Bio
key2H Agtslx] ¢ Aoz AlgdHT) .
derzo g2 wpr|EtFe] Fejsty BEFe AAAd wel =27], shello] &, Hzte] o
He 50| At TLF £ o|FLE EFEHE B 5 BaH Stk dev, oW
ol A Aasks 53] AFzel AAsts vpAEE F Fo] AR e AR EA8tL dS5S FH
o ¢}

olgstel Az FHSYTE Ea SHirolri AT FHTH FA Yy

[e3]

QB
A3l
T

=
)

i
o]

o1

, 243k 297} Bovk, 3% Wujst 139 wE
okl ST H4AE BAG vngozA sagel HA8A pel wae Ve 7
Mol 62 $4FoA A4 ol BRol 724 A5 B4 Aoz Az,
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H 3-1-12. B X 23 0p7|BFX| 2 SSU rDNAs (18S rDNA)Q| @ 7| M B3t BLAST similarity B2 (SG: N3
Z,SS: MM WD: 9 &, GN: 44)

Species (Individual per Nucleotides (bp) BLAST search (Identity)
population) /GC ratio (%) i

Ruditapes phillippinarum

sG1 1833/51 EF426293 R. philippinarum(100%)
SG2 1833/51 EF426293R. philippinarum (100%)
SG3 1833/51 EF426293 R. philippinarum (100%)
$S1 1833/51 EF426293 R. philippinarum (99%)
$S2 1833/51 EF426293 R. philippinarum (99%)
S83 1833/51 EF426293 R. philippinarum (100%)
Ruditapes variegatus

WD1 1832/51 EF426293 R. philippinarum (99%)
WD2 1832/52 EF426293 R. philippinarum (99%)
WD3 1832/52 EF426293 R. philippinarum (99%)
GN1 1832/51 EF426293 R. philippinarum (99%)
GN2 1832/51 EF426293 R. philippinarum (99%
GN3 1832/51 EF426293 R. philippinarum (99%)

H 3-1-13. HEX|Etat Of7|HEX|Ee] H3 FAXtel H7|ME &M (SG: M E, SS: 44, WD: 9 &,
GN: 4d4)

folrm

Species (Individual per

population) Nucleotides (bp)/amino acid(aa)

Ruditapes phillippinarum

411/136
o 411/136
S6G2 411/136
S 411/136
H6 411/136
552 411/136
$S3

Ruditapes variegatus

WDI 411/136
WD2 411/136
WD3 411/136
GN1 411/136
GN2 411/136
GN3 411/136
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¥ 3-1-14. HiX|2tdt of7|HfX| 2| COI SM™A 7| A Yuf BLAST similarity HlW (SG: N H ZE,
SS: 44, WD: 9 &, GN: Z4Y)

Species (Individual per Nucleotides (bp) BLAST search (Identity)

population) /amino acid '

Ruditapes phillippinarum
<Gl 709/235 ABDG60304 R. philippinarum (100%)
SG2 709/235 ABD60304 R. philippinarum(100%)
SG3 709/235 ABD60304 R. philippinarum(100%)
s51 709/235 ABDG60304 R. philippinarum(100%)
852 709/235 ABD60304 R. philippinarum(99%)
$S3 709/235 ABDG60304 R. philippinarum(100%)

Ruditapesvariegatus

WD1 709/235 ABD60304 R. philippinarum (99%
WD2 709/235 ABD60304 R. philippinarum (99%)
WD3 709/235 ABD60304 R. philippinarum(99%
GN1 709/235 ABD60304 R. philippinarum(99%)
GN2 709/235 ABD60304 R. philippinarum(99%)
GN3 709/235 ABD60304 R. philippinarum(99%)

¥ 3-1-15. HfX|2t1dt OF7|HEX| 2o ITS
SS: M AL, WD: 9 &, GN: Z4)

SHEX Y7\ LSt BLAST similarity H|w (SG: M E,

Species (Individual per
population)

18S/1TS1/5.85/ITS2/288 (Total;bp)

BLAST (identity %)

Ruditapes phillippinarum

44/627/157/368/67(1263)

DQ399404 R. philippinarum (98%)

gg}_, 44/614/157/367/67 (1250) EF035087 R. philippinarum (99%)
$G3 44/624/157/367/67(1259) DQ399404 R. philippinarum (97%)
$s1 44/618/157/373/67(1259) EF035087 R. philippinarum (98%)
52 44/633/157/375/67(1277) DQ399404 R. philippinarum (99%)
383 44/633/157/377/67(1278) DQ399404 R. philippinarum (99%)
Ruditapesvariegatus
WD1 44/629/157/370/67 (1267) DQ399404 R. philippinarum(98%)
WD2 44/630/157/367/67 (1265) DQ399404 R. philippinarum(97%)
WD3 44/629/157/370/67 (1267) DQ399404 R. philippinarum(98%)
GN1 44/624/157/375/67(1267) DQ399404 R. philippinarum(98%)
GN2 44/624/157/369/67 (1261) EF035087 R. philippinarum(98%o)
GN3 44/628/157/373/67 (1269) DQ399404 R. philippinarum(98%)
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99

Trus irus AMTT74572

|

Venus verrucosa AJ007614
Daosinia corrugata EF426290

Chamelea striatula DQ 279943

Protathaca jedoensiz EF426292

Venerupis saxatilis AMT74571

82

98

Paphia undulata EF613236

—Ruditapes philippinarum SG1
Ruditapes philippinarum SS2
Ruditapes philippinarum SS1

Ruditapes philippinarum 853
Ruditapes philippinarum SG2

Ruditapes philippinarum SG3

Gomphina aeguilatera EF613235
Ruditapes variegatus WD2
Ruditapes variegatus GN1
Ruditapes variegatus WD1

99

Ruditapes variegatus GN3
Ruditapes variegatus GN2
Ruditapes variegatus WD3
[ Callista chione AJDNT613

57

Callista disrupta AMT74567

Saxidomus purpuratus EF426294

Nutricola tantilla AMTT74569

a7 3-1-21. HtX| 2 (Ruditapes philippinarum), Of 7| Bt X| & (Ruditapes variegatus)dt & 3t 1t 0]

o SSU rDNAs (185 rDNA)E 0/ 8730 MEGA 4.0 program9 Neighbor-Joining & & of

SSU IrDNA9 A&
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Venerupis philippinarim EF426293

=
=)
. du

Sl

Anomalocardia auberiana AY 553966

Ruditapes philippinarum ANTT4568

ikl



§0 ———— Ruditapes philippinarum SS1

Ruditapes phililppinarum SS3

53 Ruditapes philippinarum SG3

Ruditapes philippinarum SG1

100

Ruditapes philippinarum SS82

Ruditapes philippinarum SG2

Ruditapes variegarus GN3

Ruditapes variegarus WD3

Ruditapes variegarus WD1

84 Ruditapes variegarus GN1

Ruditapes variegarus WD2

[¥]]
(=2

R
Lh

L Rudipaes variegatus GN2 -

a9 3-1-22. 4 X & (Ruditapes philippinarum), Ot 7| B K| 2 (Ruditapes variegatus) histone 3 &7 2
QEOE HIMES 08510 MEGA 4.0 program@ Neighbor-Joining & # 0o 9/sf &AM & histone 39
Ask
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— Ruditapes variegatus GN2

:g ‘I ages vanergar% r'l.

e5 Vi

eaﬁrs a"
-I
esvan ats. i
g g E !
(]
anna [

u} 4=,
il
.....

4

52

54

R T
' ”ac{oca rs anrm hosa. [
g

a1 l—‘—|:E&§.s'arsa

o COlRHA (oY NE)E
COl MY ASE
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a7 3-1-23. HtX| & (Ruditapes philippinarum), Ot 7| bt X| & (Ruditapes variegatus)dt @t OO of &
0j23c 0 MEGA 4.0 program? Neighbor-Joining & of z



9z Ruditapes variegatus WD1
Ruditapes variegatus WD
Rud.irapes variegaws WD

Venerupis philippinarum AY 498757

Ruditapes philippinarum $G3
4|E Ruditapes philippinarum SG1

Veenerupis philippinarum DQ399404

Ruditapes philippinarum S$31

Ruditapes variegatus GN3
50 : S
_|: Ruditapes philippinarum 3882

Ruditapes philippinarum 883

_|: Ruditapes variegatus GN1
66 . p

Ruditapes variegatus GN2

Ruditapes philippinarum 8G2

Ruditapes philippinarum AY498756

Ruditapes philippinarum AY498755
[ Ruditapes philippinarum AY 498753

\_: Ruditapes philippinarum AY498754

Ruditapes philippinarum AY498751

Ruditapes philippinarum AY498758

Ruditapes variegata AY695803
100 Saxidomus gigantea EF035111
Saxidomus gigantea EF035110
Paphia undulata EU183531

Dosinia comugata DQ346656
Mercenaria mercenaria DQ190445
Protothaca jedoensis DQ220291
100 Protothaca staminea EF035084

Meretrix lusoria DQ389108

Meretrix meretrix DQ399410

Meretrix meretrix DQ273167

56
91
100
9z
66
100
58
100
a3
100
68
57

gl 3-1-24. vt X & (Ruditapes philippinarum), O 7| Ht X| & S
Of ITS SMXE 0/£3510] MEGA 4.0 program® Neighbor-Joining & 0of oaf 2ME ITS SHX O A

g
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Meretrnx meretrix DQ399409

NMeretrix meretrix DQ399408
E Meretrix meretrix AY695801

a7 NMeretrix meretrix DQ190444

(Ruditapes variegatus)3t #3tat O/ &
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£
:\_l,
>
Ho

ol AT AMEH & Z 37]E 600x400x500 mm’elw, oz

2500x<600x1100 mm® =72 ¥Ax, HB3A o3z, UVAFZE, protein 27|19} &%
zAZAZ T4 dk (27 3 apA gtE 1102 gh3oixl fxo4 393
HZ g2 £AAZT o] F s 28 1TH %Elftl Han et al. (2008)0] AA1%} wpA]
2] 7bg a3l Ho] Holgg HtE 20~25C Fe7kx v ge A48T (29

3-2-2). X717 B Holk BFEA WO, AP 22Ce 2GS W Holg

Thalassiosira weissflogii (30%) o] 1 mLel] 2F 209] cell2 H=% o] ¢J&= Instant algae
A}-&-3 T} ”40] FZF %S Hatchery culture of bivalve (FAO, 2004)9] AA = st5 &
Ho| FF Ald&=

ol Hix| g AA AFHFY 3% 23] 2 1}Fo] 09:009F 18:00 FF3tAct. ¥
H#HE d+E Adstsien Instant algaeo] HpEo 7??49%5 A& WA 87 A6
Fxo] oo} 2E I 5 W REE A8ty £72 ST

| o — p—
I
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T} 85 =9 GE 9 M= 26.7~32.2 psu, EEAAE 5.9~9.8 ppme WIS BT} pH=
7.3~8.08 Rgeorw NH, = 0.0~0.13 ppm, NO, = 0.0~1.0 ppm<] ¥H$E JeERIQT (28

3—2-3).
25 35
- 30
_ - 25
0 ' —_
e 3
o [ a
3 20 —
® [ &
@ IS
o - ©
£ -15 @
2 I
—(O— salini [
Y - 10
5 —/\— Temperature
1 5
0 T T T T T T T T T T T T 0

0 323 AR YS0) T2 BEW 5 (42 YL

AT FrAAY wAF £ dF 49 1695H Azttt o] F F 13] 20704
£ AdHEste] mpA|gte] Hgtx, AN e g, wpAE do tidk dd FA wheS o %

3t A A A~ A4 (gonad somatic index, GSI) 2 v}X|8F £ 2}= (Perkinsus sp.) A EE X A}S}

A ete] HghE (CDE wAg 539 97k AzZe w2 el
$5% (/M2 A23F (9)

293 BRE FT 444 0T AT BRHY) As) vty 9E7, AAAE,
a3ty g8 oprtmr] Fo] XIEHEF 3 mm FAER Z JfARY dASA HFH F
Davidson's -&Mo] 24A)7F 11338+ T o] Harris' Hematoxylin®} Eosin Y (Howard and Smith,
1983; Ngo et al., 2003; Kang et al., 2004)2 M3l Fstdn|F oz #23rt. vl &
A A4 dg A= B 2]7] (Resting stage), 7] @¥7] (Early developing stage), &7 v
=Z7] (Late developing stage), €+<7] (Ripe stage)® FE3}$it}h.

vlx|ghe] AA A4 (GSI) 242 913 Indirect—ELISA -8 A A5Gt (Park et al.,
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2004). Park et al. (2004)9)] 93] 7jers® nix|ete] <o U3t thZ2 A= Al Lsgod,

‘

o shte] AxFaFo] thek b el o] vl A4S o]&-5te] ELISA A FHE F b o
Ao Yo 2RE U9 F AZZHL FAFYT, AALRAE (GSDE MAY = Ax
o & &9 dx FHF HE=E AAtstart.
vk & I A= (Perkinsus sp.)9] 79 =+ Park & Choi (2001)¢] W we} =439
A

t}. v g olrlml o] H£EHS =A% 5, FTM 8|7} &7 FHol| @o] ALeo] A 1
F3b et Anh weFel B H ARAA Hd= AL st viAg 2242 2M NaOH
=2 At AP T2 o|9e] 2L B &Y, Perkinsus 9+ A stg}. vhA|
2= YA T = Perkinsus cells/gill weighte 2 VJENI QA 9k, vlx8r 22 AAo) st v}
A g FAZ E}?QEE YR 7] 918l Park (1999)¢] &4 (Y=3.3667x - 104,612)% o] &3}
o vlAE Ao gt AA=E AT

H

7 OF 28 11~22T, 48L& 26.7~32.2 psud] HYES Bt (28 3—2—-4).
5.9~9.8 mg/L, pH= 7.3~8.6, NH;"= 0.1~5.0 mg/L, NO, & 0.3~1.0 mg/Le] gto] A3
71 T SAEHAG (2" 3-2-4). v AEE 2= 3" 3-2-5.9 YERAIT
0~6Y471A] 100%2] AEES RSl vlAFe 7TYHE 48YU71A] 4Y He 0.53%% #H A5
82.1%2] AEZE&S HYoH, 48UHFEH 57U7LA 1.38%% HAlst] HEF 60.3%2] =
Barh Aol o] &= A Fe F 150/A =, Z47F2 39.6~41.3 mme] HARL, &
3.6938+0.7~5.9900£1.0 go] HAAH (F 3-2-1).

AFE Ao v w=(Cl) Zy= ¥ 3-2-6.0] YeERJSIE. 09 0.20+0.0.03¢]
HZEE 2 HOl Hlx|ehe ALS 12dA1%E 0.17+£0.030.2 7457 AlZsle], 229 ~28Y
0.15£0.012 #9]& (p<0.05, ANOVA)e 2 ZAHATh 53], 48 F5UA 57¢H <
A gl HlvtzE 0.1240.022 A8 A1z w8 v=txrF 60% (0.08)7F Fgxo=
(p<0.05, ANOVA) 74359t vtz (CD= 34t olvial {9 A2l 4 A3 E Uehl=
272 AF-ET (Kang et al.,, 2007; Yang et al., 2011; Limpanont et al., 2011). Kang et al.
(2007)2 olmjsiRFel HT=EE JEE o8& FH =, Ayadd Tz AgHd
2E# 29 THI -l Uk Budmt ok HietEs AL dEge] o
S7FsHA HH, AtskolF HasiA "Hv. I W HolgF et #Ho] e, Hol
AFFol ZolAAl =W HRtE A Frlete %S vk (Kang et al., 2000). Domitilia
et al (2009)= Z=EZ BZEJ <£x3}l Rias Gallegas®} PZo] £x3 Ria Formosa
Lagoon®]] A]Alsta21 9= European clam (Ruditapes decussatus)& 115 =<¢F conditioning-g-
AAstgEr. AR A Z 09A Rias Gallegas R. decussatus®] v]EFE=+E 0.1, Ria Formosa
Lagoo®] ufAg HlgtE=& 0.08¢]th o/ AP AFE" 24 AH9 v Hnl=es

rl

o
=
KR
) .

[e]
==
K

i
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0.1~0.12) H]

(B gkE x}o],

Formosa Lagoon A|9#} Rias Gallegas A Hof H]

o 00 W < N O W W < o N
-—

/6w o'a

1Bw YHN

1/Bw FON
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mjJ

2l 3-2-4. AFR 7|74 [}
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Survial (%)

100

90

80

70

60

50

[4.]

10

08 3-2-5. HiX|E MEE

15

20 25 30 35

Days

H 3-2-1. Conditioning0j t2 HiX|2te| 37| Y FEF

40 45 50 55

JUETIRS 7 W2t 27|« EEHA (mm) SEY:EEHR (g)
0 10 41.3£2.0 5.9900£1.0
12 20 39.61£2.3 4.3695+0.7
22 20 40.0£1.8 4.6519+0.6
28 20 40.1£2.1 4.5491+0.6
37 20 40.8+£2.2 4.4409+0.9
42 20 39.7¢1.5 3.9759+0.6
49 20 40.0+1.6 3.8706+£0.5
57 20 39.911.5 3.6938+0.7
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0.30

025{ g

0.20 -

0.15 -

0.10 1

Condition index

0.05 -

0.00 -

57

days

2 3-2-6. 7L 7|7t SO HEX|2H H|DHZ O] B3} (ANOVA, P<0.05).

vpA o] AgAlAgkehd A|7to] Auto] whal Wslefdo]l FElsHAl vEhdT A8 AIF 0Y
2o i g2 27] e oA (90%)aL, 129 $7E $7] @ oA (20%)7F B2 A0
379 F 100% F71ad gAen, S <A wpAE2 479 Fo 20%] AHA A
HHEAT AUz AR S7EA At 7S & e BA) =719 viAEE 40%9]
HA N A FZE YT (2" 3-2-7).

ojufzl 7ol i WL £} Bo] 7o we} Wgt} (Park and Choi 2004; Marina
and Alejandro 2007; Limpanont et al., 2011; Yang et al., 2011). Roger and Manuel (2010)¢]
Ao osta 20T 2R AlSFZoA] 2= conditioninge AABIE algae Tetraselmis
3600 (Reed Mariculture Store)¥} Isochrysis 1800 (Reed Mariculture Store)& Holz& 2=
A5 2% FFoI 7248 ¥, 44.6%9 F=AA SswACE #REJG. ol sS4t
olmja 7] 4/d< conditioningg sh=tHl o G Holo o] mj¢- FASHA L E ook
3} @ Aot} Chung et al (2002)= ZAe vlx|Ehe 20013 39 19XEH 59 199 71#] 8047+
6% Z83E ([sochrysis galbana 10%, Chaetoceros gracilis 10%, Chlorella ellipsoidea 10%,
Nanochloris oculata 10%, Tetraselis tetrathele 30%, Nitzschia sp. 30%)¢] &AWL AlS-=Z0
300,000 cells/mLe] HZ=E A& FFste], g0 W& AL o ®gle] W3 ATFES
AAEIEH. 22T ARSE wiAFEoAE 304 § F7] dguAe] npx|ghe] #AEF L,
5045EH =g JArE Edstd 604 Fole A#HEHS EIUSES Husith oW
AT M= Chung et al. (2002)¢] AT Az} v]S23HAl 30Y F 100%2] wpAIg A 4 F7)

A7 UERe ™, 50 Fddle ¢sy] @AY upA|go] #AFEUN. kAT 60d &

L=
G=7lol A7 wpAIF S JRAe] zeol7h Ud=Hl, Fart vpAFo] 60Y F T0%7F =7
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SA o), o] AfoME 40%2] Blx|Fo] L7 TANY
Z=7le Perkinsus® GOz Q) Aol BRI FJFERS FFELA EI A7 A=
A2 H}.

m Ripe Late Early OResting

100
80
=
- 60_
Q
c
g
o 40 -
2
(18
20
0

Days

vA o] GSIE %7] 7|7t B3 7hs ek vkA gl GSI
= 37 dgo)l #29 22d FHRE ZFHo| 753 WF GSIE 3.7£1.0~8.213.0%2 X
Fgom, 224%H 37474 KJHA ZTtE oy, 37%_‘ ol FHE #474 (p<0.05,
ANOVA)Ql z}olE Holw =713ttt (28 3-2-8). 57U & Algel] 71UE &= = $4%7)
@A B ] GSIE 9.8+0.13% %t} Jasim (2008)¢] B3k vpxgt W =2k (0.000000022
ng)S GSIFEe 2 o] AlMtg v #e IATE 3,561,9184896,095 eggsHtt.

B4k olujH Fo AANAAFE FAFHoZ EAst= B2 oy ol YA WHTEH
FHE ol &3 sS4k olmi o] WA S o] o] o]&FHi Utk (Choi et al 1993;
Kang et al. 2003; Park et al. 2003; Park and Choi 2004). B}x|gte] W AlgFe & 7] wg o

A7F BZHYE 22U K E 2790] 7Fsst A th. Park and Choi (2004)&] Atof] 231 A2

s

A dwdo] 7] #EgAd A F @Al /ngﬂﬂﬂ oMol AL AAAXTE T 9o
4ol @ U B0 AqoL ARslE o REEARA 240 AsHtn Hna
vl l=Hl, 57Y F<F conditioningg &3 u}z]_,g TATE g7 DA U= MAS 7
Fo2 #F 35 x 10° eggs7} wEoF Ao 2 F3Hr} Chung et al (2005)& F4 A

3
vl A &8 o] &35t Hol|ME 6F (Tetraselmis tetrathele, Isochrysis galbana, Nitzschia sp.,
Chaetoceros gracilis, Chlorella ellipsoidea, Nannochloris oculata)& Z3tsle] 4~6 x 10°

cells/day FF39 T AHRAAZL Z7 2, $22=2 2 AR} A2L F0] 40.1~45 mm =7)
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o] vt A 1,540,154+58,359 eggsE AbaHA| AT

=LA

(2004)=

| A4

]_

Q. ool wl

k.

Gonad somatic index(GSl) x 100

uh A 2

weight <]

14

12 A

10

— Q

L

o

Days

. A A X4 Gonad somatic index (GSI) Z1} (ANOVA, p<0.05)

w3t Toba and Miyama (1991)& d&

A gte] TFEE 0.24~1.35 x 10° eggs@ B a9,

St} Favke] A2ste wix|ge] zATE
al

0.
oWl AT ATE Bal Z4W TUEE FLY up

Park and Choi

94~11 x 10° eggs® K 1 3kn}
HE] /485 @

AxEe Ad Az 0¥ 3,581,250+1,782,446 Perkinsus cells/gill wet
HYow, olF A|zto] Aol uwet F9F (p<0.05)e2 F7}8}7]

Al ZELe] HE 9,931,250%4,165,155 Perkinsus cells/gill wet weighte] ¥ & H YTt (28

3-2-9). 9149 A=
sttt @AtE Perkinsus QS

weighte] HelE Aok (28 3-2-9).

Converted Perkinsus cellsi g TWWT

ag 3-2-9.

1

1,

1,

400,000
200,000
000,000
800,000

600,000 -

b
C
o 0 o1z 28 a1 a2 a9

400,000

200,000

Park7} (1999)¢9] v o) wpa} vlx|er AR 229 Perkinsus I E
Ay}, 182,522~705,064 Perkinsus cells/g tissue wet

Days

HEX|Zf IS ZYE (ANOVA, p<0.05)
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Al 23 9 A2 HolAES wgstr] s = mHAzR2HLZEEH 3F o

Isochrysis galbana Chaertoceros gracilis Tetraselmis suecica
<KMMCC-12 > <KMMCC-604 > <KMMCC-111 >
18 3-2-10. ONERSYORRE 2YWL TO|ME

Hokdre 100 mLe] HolYEL &% 26.5+1.0C, =& 8000 Lux, &% 32.7+1.1 psu,
FF7] 1342 G57] 1A 2302 wjgstsint. ol =] wjged2 Conwy mediaE
AbgElded, O 2AXEE 29 3-2-11.9d YelhAo. Hol AES HFL [sochrysis
galbana®} Tetraselmis suecica= 1L% Stock A 2 mL, Stock B 0.2 mLE EHH% sl A
dle] A=8 HEd9 o™, Chaertoceros gracilise 1L Stock A, Stock C 2 mL, Stock B
0.2 mLE 3Asle] HZsgth. slg= 1.2 um filter paper (Whatman)& o] &35} oz &
AF dleF (250 mL) & AwfeF (1.5 Lol AM&-stath. Ful e (15 L)A] 3= CaCOsE 1.
gg 37t F 24413 RISk ALk

vlx] gt 232 9|3 Ho] AE HjUdLS 4709 500 mL flaske] Conmwy BJA] 300 mL
(250 mL #§=] + 50 mL ¥4F)ell A 3L7E At viFe AA] 3 &, 1500 mL (1000 mL v} =]
+500 mL 9%) wjoFole] WEsf ThAl 3UTF Z4 WFAATH F4 e wieke] 3 LE
15 L wjopolol JFAA tik sjokdol mojo) Holz A& (28 3-2-12).
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Stock A

Trace metal
solution

Stock B

Stock C

FeCl;.6H,0 Ferric chloride 1l3g
MnCl, . 4H,0 Manganese(l) chloride 0364
H;BO; Boric acid 33649
EDTA Ethylene diaminetetra acetic acid 459
MNaH;PO,. 2H,0 Sodium phosphate dibasic dihydrate 204q
MNaMNO; Sodium nitrate 100 g
Trace metal selution 1.0ml
Distilled water Up to 1L 1000 ml
ZnCl, Zinc chloride 219
CoCly. 6H,0 Cobalt(l) chloride hexahydrate 2g
(NH4cM0,0,, . 4H,0 |Ammonium molybdate tetrahydrate 09g
CuSQ,4.5H0 Copper(Il) sulfate pentahydrate 204
Distilled water Up to 100ml 100 ml
Vitamin B12 Cyanocobalamin 10 mg
Vitamin B1 Aneurine hydrochloride 200 mg
Distilled water Up to 200ml 200 ml
MNa,Si05 « 5H;0 Sodium Metasilicate Pentahydrate 4q
Distilled water Up to 100ml 100 ml

gl 3-2-11. Conwy H{X| =8 E
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Stock culture Starter culture Intermediate culture

3days 1500ml
[ ]

3days

—
]

3days
1500ml

' 4
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z ElEHg 31E 2 kwrl £
F2& Z2HAY. @ FFE AMSE (40 L) 7ot A7 E, WA

E 48 ( 10 ym), UV 4-##o] Lo g
3-2-13). A& ZE FFE dFe AdHx=E oA e,
£ 53 d4747E FFEHA, o
< AASA €t oA ©
o

=)

r

ki
PN
)
o

Y

N

7], protein 27
C wez 5o
SEERE P
% protein 27|HE EFHSIHA &5 Lo S8
Aol AARA e Z

] iy #
%2174] Sl eRA A o A T B ‘:‘#Eﬂﬁlo‘f% Al

2 UVEe BREA 5 So 2gE A
A F BFFE Azl HYHA "ok
. s I...-
| -
m T
FSW
f
] ¥
<«

A: Algae reserve; WC: Water cooler;
AP: Algae pump; S: Protein
Skimmer; FSW: Filtered sea water;

UV: Ultraviolet ray bactericidal; P:

pump; MC: Mesh cylinder
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39.8+2.8 mm,

T

T

o mztel 2ol

x

At (28 3-2-14). AF FA 5L

5
507Y

T

T

AFA Aol A

=

20113 8¥13¥
21.5C, 982 21.1 psugct. AAE =3
Lo 4.634841.2 g oL}t

T

T

3]

oN
j

IS <
T ﬂm M o
2 i
X NI
b E o
R
N qwr T
o o o_a =
oON &
o = oF .
o]
Twa I
o % _ ﬂ_OI
ko]
(o)
<t ‘m.ﬂ JI_.__H o
) i il )
Q_M_ of o e
il ~
B %_M o)) g8
] T G4
© oM on T
S E i
oF ol =) =) —
5 0w o F -
1o T o
0 ¥ Roa e i
~o _ ofg oK S
o s " M %_w S
< —_ L
KF N W2 Gl
= \ o = 5
< : wr Gl
N ™ o) ~ &
KO oo I
=1 ™ »owm o o)
u_A.H X HA_I w ET o
- A
S — e "3 ~ N
& = A Pex
! = 5 T | |
o AN B o n_A Ak
o DR

o

T2
At (28 3—-2-16).
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Male

lcm -
Female =
lcm

J18I3-2-15. HEX|E 2O{of #X| 8l 2t=oh HIX[EO| Q2R G

- 128 -



4. ATt

SELE R EE

ri;

ot
)
o

A g §A4 b AL FeAn A AAP0 B S ol&ste] A AT B3y
b Ely 3—2-18 VYetH o, FEFAL

%! F FAEAY gl 32" 3-2-199 33 3-2-20¢] e
gt g1l SRS 55~60 um Z7]go™, 4 T 1A AGEEA ZA7 g4I
o|% 2 cell, 4 cell, 8 cello] MAWEHA 74 < 543t Fo|= gastrula stage?} ¥ = AT}
o] Al7]ell= prototroch7} @ASIHA (/8 = |So] BaEATt 54 oF 194
ZTRHE Hol4olE A&stE D-larvaert B2 E Ak 53], Mol 4e]& & D-larvaed|
Az} A= Aol 1} Z93E ([sochrysis galbana, Chaertoceros gracilis)o] 3&-&n] A A}
ol #ZHAJLH 4 24 T wiAF {FA-L early D—shaped @A 7} HHEA velumo] &4
Fldtl. 49 F straight hinge veliger (124.7 um) ©AS AXHA] 10¥ & early umboned
veliger (153.4 um), 17¢ % late umboned veliger 281 =3 & 21Y footo] A5} A]
pediveliger (217.8 um) @47} E932 HZ Ao 2 3644 siphono] A= ™A post—larvae
stageZ7} HUTH A e B 7|I7FQE vhA g dd 4FES 4.6 um 2™, early post

set @A9 vlx e = 7= 281.2 um YUt

2

N
-
2
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17 3-2-18. THO0|AS 0|8 AIZATO| 2 HiXIZ 94 Wt pHE AT} I
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18 3-2-20. MARSO0|Y
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(2) v F49 438

vl gt S-S 36U7F e 24.7+11.7C, 94BL 32.7+1.1 psu, &FA4 6.4140.6
mg/Le] A ALSEHJY. vl g {FAL 369 B HAE] 2 Z7|7F Ul ed,
D—larvae ©]% early post—set @A77 & 36¥o] A8}t (28 3—-2-21).

300 -

‘ .
250 - AN

v & Early post-set
200 - .

150 - . *° -
Pediveliger

Shell length (um)

1009 Umboned veliger

50 - D-larvae

2] 3-2-21. HEX|2F QAo MZt

(3) WA molo] M A-F wlEE A 9 ARG W

HpA g Esfe] Abed d-F vk s B qkebeke] WIkE &Sttt vk E 15704

2 olg3le nAY A YD} Rt AzE

H A2 =39 Enzyme—linked immunosorbent assy (ELISA) wPH-& o] &3] =R th
(Park et al., 2004). Park et al. (2004)ell &3] 7iE vl Lol 3t b F2 FAES 13
A 2 A}L5F9 L, 23 34| = alkaline phosphatase—conjugated goat anti—rabbit [gGE o] &
st AT & shbel AxFTFed sk o D AT v A& o] &3te] ELISA A

Avs)

28
FHE T O wiidy gozHE oo F A ¥, AA2A4% (Gonad

FF HEE AMsn. 2@
= AYL ATt goll T ouAg AxFHE Ve F ouAg 3 S 0.000000022 ng
(Jasim. 2008)& o] Aitste] Yepfi et

A8 Az}, uxg 2] vox (CDE Ab

PN
ol
ot
filo
i

Somatic Index, GSD& 7RA ¢ & Ax ==

uc)
B
(@)
o
ﬂ
H-
(@)
=
\e}
o
e
o
(i
512
pats
K
|
e
H
fr
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13,014,754£5,138,5277/ 2 S AT Atgh o] % vlx|g Zujo] HiTte =

0
S, X T+ 6,225,637+3,208,183712 WS B o S¥igfe g 4bet &

ZAFE Yt (28 3-2-22).

0.10 -
0.09 -
0.08 -
0.07 -
0.06 -
0.05 -
0.04 -
0.03 -
0.02 -
0.01 -
0.00 -

Conditionindex

Before spawning

Condition index

After spawning

20,000,000 -
17,500,000 -
15,000,000 -
12,500,000 -
10,000,000 -
7,500,000 -
5,000,000 -
2,500,000 -

Fecundity (egg)

0

07 3222 AR RF BRI 2ajo] MaN W
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A AAS s =g BPe AAEI) A FY A7)
3-3-2). Ze} dldRT} Feo] UGW BAE R Lol A e Ha%E =)

n
=)
)
2
o
e
N
lo
i
+
5\
2

< BRI 2] FUATE = A FHGE EBAlY ekl E Ao A 8Y Zof npxFE
Tty Ag-g AAEHT (2" 3-3-3).

a8 3-3-2. 20104 48 g2 HiX[E 2O (O]d= E)

a3 3-3-3.
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o HolAE ug & TF Y

(1) 2] ol 42 HEE Fo} T Hol4

ol

wHE A4

HFALE Holt TRBAS HAF F4, IYTL I oF X3 Holz FFF

1 2A9E 2412 Bo) A fAL e A% 60~80 me] 27|E K2R, 27]9 Hol
BEE 10 m 0|57t o wdslolor Yk ¥ HFe) Wolk 5 m HEY T7E
2 FFAUL viHZo] ABAE A AAE o7 Hu GurHoz o 200 im 270
o2 Hi, olw Hol4EL 10~20 m 279 HoldEL FFHoE FFIES ST

ZA A3 27] v g {fAol AA7IZA Agstedl Bed Fa Holde [sochrysis

=
O
galbana%} Chaetoceros mu]]erz‘}i £3] Isochrysis galbana= Z7d0] 5~7 mo|al A EH o]

3 A"E 51, 2R/ Fole L2dAAE AZAHol e =2 Fo2 PRFE

Q8 Holgder A3 ez BAAnk. 2 F AA7A ZA str] A7bAe] 9 ] sEHY
L Jsochrysis galbana$} Chaetoceros mulleri o Platymonas subcordiformis=-2 Tetraselmis
svecica® 21 2 12 £ Holde HuFoz 4T + U5 Uk upAt A3
o] =717} 500 m o]F7AAE 9 HolH]&E FASHEE 3L 500 m o] Fe R g vl
g A= A7) HolAE FF HEL 1 1 22 APt FFIFAY Isochrysis
galbana ¥+ Chaetoceros mulleri & dhperg ME&t1 Platymonas subcordiformisE gt
gto]l T 7EA FF HolAES FTHSIA. HIAIFE HoldE MdiEe FRE F
T AA T, FAY 2717 60~80 mo]RE HolHE 9 Ato]=zo] oEste AR wwH
= vA &S] HolAE Hare Z7] RAGANME Isochrysis galbanast Chaetoceros
mulleri?l Ao 2 npotE Q). w3l H
Moo seol} o SeolA tEstoe
At ARRANN ATshe] ol F A
ARAG 71 MBat Fo2 18~28C0) 52 WS Hol e FedlAE vl
A gk ol WAlst Nitzschia sp.g W FstAem AA & & I[sochrysis
galbana Rt} %2 15~23C& Welyth. Platymonas subcordiformis= ™3 vj% 7153k 87
F2o] 18~27C= AHAWAHoz eyt diAz wxzt Ho|WE=RZ AME3E Platymonas
subcordiformis, Tetraselmis suecica, Chaetoceros mulleri, Dicrateria inornata, Isochrysis
galbana = W7 22°C 2o A wlgA] vlAg HolAES] thF vjke] BF 7H53ste o] &
Al71el HolFES wWigE dE Beo] 7hsd Fx27F &0l AR Hlh
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9ot 13 dxoles d=kgoz 1 mLE
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2~34]
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j

NA AAsL 2o BAE 44

= ez

=3

frAe] 207) BER §AAZ H,

o
o
iy

Fooh 23 d=ds A7)

A=<

)

1A

o} o] 15~20 7|A/mL7} = ojok

39 6=k A S FAAo] At

o A AbghA] 15~20 7RA/mLe] |

E93 AAT @FdA 10 MA/mLz A3e FE3ld 408 &2 UIZ 49 A /A4
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uh. 27| A&

SHATE e DY KAV 237 AL A HAE S =W W] ZEs
S22 §AFAT. FAs] A dgds Be Zdl wAge] 2o 3¢ o8 T2u
= e W3 HAY Ao H4INL 4HFE BRE 2L 5

S St ol Ag3 We HIIAA 300CE P9 #718S AASD Lol ol

A=
AZG JHE BED o F 60 m Fol Pol Ins)Fo] Azl oly Wt 8%t WA
HAE BEES st 2o Ad2YA FYHAG (27 3-3-12).

RAE, RAL oIHHoEX, FW 5L 2L ol AATL o

Q2

[¢]
ste] AT 2 F S48 7] 18] KCI0,7h 27
= &

skt 2 % W, me, Wi mYg o] Hol E F
obgf= 50 om A& Fi LS WA fFABEE el FIT a2 AAGA
o & wAY fAS AXste] FxutgS st FAT AHAZAT. T|ES AbSzo
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a2l 3-3-15. HEX|2H ZHE 7|

Hg o] =

=
@5 8 BRA A2 Sl A% FHoR wAY Fshot
Z

olH AT A Abgh®E vEA| S 4ton F£Z0] 10 eggs/mLE 49 QAo FAo] ¢
Atk 2 AbS F o] Fold

wastgon, A A7|RE dAFECIY FEFY 3

o HZF 0.2%9 ALES BAuvh A3 up A& A= F 807 NAZA 2A 7]
=As9tt (29 3-3-16, 3—3-17).

ez A8 FEshs Fol F7ket

i

ol A]

T2 3-3-16. AFX{SH 200pme| HEX|2H S
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2l 3-3-17. X3k 500ume| HEX|2 QA4
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7] AHE AR ZAHE A e 74, U ST K7)7] A% AR

A o] 2tgk & D¥ fAo] oF 80% o] AL W Ago® FZE |FIY &
ok o] w wZko] kAl A AdEjolr] wE vl 2A~HA AR ok itk DY /A
o] A7]E 1H3tY 60 m E7HAIE ARSI vPRREA & F& AXs et Alg
Aoz wolx E7IA vgZRoz £ TS F 4 5 UEE st} oA FHF
FAE A wdl 7] S8 FA 100 mm 328 AMESte] fekalor £ HAE] wAue
A g FHE B2 ERUIA Y2 Z2EE 3 Fr) olu EUIAIY R ES £o7
AT AFo FA o] Bo] EolHE BlZEAE o] &3l et A OE 22 AT
o}

49 ARE DF FA479E 2g A7o] tha

s g2t fFAuelzs AAS] A wigels
& Zot vpAFe] o wAd sl FEHRAM A= A RSk, v F A|se] A
AEE WiFe Z9E Bol=5 Aok wEkd ¥H kdEs AAstL vlefgle sztel
U SR =E 2717 9 e 1* = 2sted AR oF gt

olE Hsl A HE|ze We FA Z W 60 mel] AE AHI Wrks ol&stH 4F
3 A= o] =712 ;#ste] 100, 200, 250, 320, 420 /m E7IAE XS def At 2HA3
Ao xzole {4 Bzl v slev BX gonz wjeTel EUMAIE o855t
TEo Fa JH3] WL sl MX= Bolt Huo] HxHA| g oAvtsleE BT
Bietell dolgle W AW E BF ¢ AA ARAZIT. ojhxE F27HA7F =R &
£o2 FVMIE TAFH Mol & WA U2 5 UESF SFA /4 B2 R oleAA
=

FUHHAAE A% FAS 2L HHe=z 500 m JtFe R AqFste] XWghe oy F

AE ZHste] ofolzutze] olmE sel A £ 2T HA4L LB
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344 Hol A& diFiY

. ASEHIAES AT AEF 50%01dS AASH G AAA Azt
°f 104 Gto] gastgES FAdMHT A= LAk AR A wie T3 HAE
Hfreta don, AAou AF /4, 7 5 4F oAdF B sidE=ed 4
Al7lel Holgo R o] gHrt wabx EFA sF (A o oluisiR{) FH it
71 2e% & Fo sty Hol AEQ A4 EFIES wiSdT AFe "y A
e AEAETIES ZVIE cFF wYeltt. olEd HolAE Wi Alde HET v
A7F Badd, A AL Jd= F/2uiA, h/2 AE WAdF h/2—beta vj=], ES uj=],

5 B TR/ ATk Hol4BS WAL Ho| 4B 7 SAd weh x4l o
20, 4§HIE Btk 52, G2 wa wAe] 24 wgel tea, dAel: A u}
= Ho] 424 WAE 4Eol B AzHD YT 2EHCE Ho| 4

B8 wiA= HolBES wdsts A HA A wet A2 B2A =7

1 oA Ho] 4B SA

Ho|AME2  Platymonas subcordiformis, Tetraselmis suecica, Chaetoceros mulleri,
Dicrateria inornata, Isochrysis galbanaZ wjdst@oen 1 EAL trewt v}l Platymonas
subcordiformis® 7% X7} w9 YW FE ¢ Fdix AT}t Platymonas
subcordiformis®] WA= w]-$ Zto} Uulk Zo|7} 15~17 m, Yol= 7~10 m, FHA <= 4~5 mn,
W ok offhel BB, 2do] Tk ¥ ZL of7t BT BRE: o WHTh m7

1y

_:‘II__]_ | =
22 Hlwd Fi wEsiH, 4719 HETE da HEe ozt AdAY 3/4, AE fF-d
o

d

AL FFoA I 4153 FEsit. w3 FAMA Ao g WAL 1M 3 )
TR (AgsE VIR) 29 & AHAXE HES "ojmdy EAEXE ¢

]
A HE7} Aetdr, a8n ZAXE #HEe 1 "ol et} Platymonas subcordiformis=
1
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2 el 2 &) w3l Platymonas subcordiformis
Aol v W vleheta Azd-e FEA = A FFE L=tk EIF Platymonas
B

=

A7h W pH 5~9.5014 BF AgshA% A 25 W9

g 3-4-1. Ij& HO|M =9l Platymonas subcordiformis.
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a2l 3-4-2. 1|5 HO|AM =9l Chaetoceros mulleri.

a2l 3-4-3. 1|5 HO|MEZQl Dicrateria inornata.
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2. Yol AE dIF I 7=

b Hol AR (HEASFIE) A4Y

(1) A7

ORI RV
Yol AE tfaFulu-S 98| Platymonas subcordiformis, Tetraselmis suecica, Chaetoceros
mulleri, Dicrateria inornata, Isochrysis galbana, Nitzschia sp.Z F/2 BjX|& 12} AFuloksta uf
7o) LTS N AEE tiAst e A HolBES thFsel] A A5 & T wjg
S ol STk olE A3 AEFHIAES] AIFEEE S5ty A8 AnFRET YAEF
4, WAeAS (FRDZ 24349,

A EE

v

he

O

AA &3] =HL fluorometer (Turner Designs Inc., Sunnyvale, CA)Z o] &
o2 AEEYAE FHY £FT 4L S5 A wHer 2719 AAEF #% Un
vivo fluorescence; F)E =73 35}a, Photosystem IIol| 4] Photosystem [2. 2 A E = AXE *
osle ARAEA S AafAel DCMU [3—(3,4—dichlorophenyl)—1, 1—dimethylureal & 7}5}

F7td % (Fd)S S5t F F3AolE Rludeazn AEEHIAEY Fd4sHE ¥
7}&kth (Samuelsson and Oquist 1976), o] 258 3 F 714§ (fluorescence enhancement
ratio) ¢l & 33uk2-x]4= (fluorescence response index, FRDE A slo] I A9 S

=235}t (Cullen and Renger. 1979).

r_>.i ol

-

lm

£

l

(Fd—F)
FRI= ———
Fd
FRI= A EAHZEYIES stressof] 2|3 FFA Alo|F9] M3 Az, ASEYIE 3T
e B3 2= oA AT E vlygditt (Domotor et al., 1982)
(2) A+ A=

AEMEFIEES = B gsty] fI8lA Wi &7 271 2 dAE ug BHE
At ATh 271 5E i wjtg oo me FtH 54 £ =81, F4IFHAA AME
H AEAHAZHIEC] vigo H7), EIFEWEA =2 o3 A = 7] wEolnh. welkA
Ho|AERQ AEA ZFIAES | SAAAH Hol|2 ALLSe Wo] EHIES v
st HAuHolth =3k Holujoks & w) 23, 3% wdS SkA] ¥x, 13} sjgTEs fF
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o s F4g AL, ol oFe W B A7 o] Ay MLRL AgHBE
F2E F4ngol P v wEHol U7l MRl BB AZolt YAFE F4 @

1CHA:
SHOfHiQF (B Z2HHiQF (20L)) — ACHA: SHCHHHQF (60L) — SCTHA!: CHZFHHQF (6 m')

rio
ORt
=
02

250 mL, 500 mL) — 2EbA|: ASFHY

o

Hol AE9 vjY TA= 4~5HARE 3l F4& AFHeH,
Z BYEER o] dAEA QI AV FFe o
~HL 2252 g 7 BAE AE A SEE 4EAESZIEY A%

2 Tetraselmis suecicas} Platymonas subcordiformiss 2zt 20%F cells/mL Nitzschia sp.,

St HF Al
#HFo 2 dv|4 7 Fluorometerg o]&ste] FRIZF 0.6 oS Uehl &4 E3=2E 48
7h#3E o ¥l = HEFATH

Isochrysis galbana, Chaetoceros mulleri= 2z} 500%F cells/mLEtA o 4] HZE=L-

gl 3-4-4. 4F (250 mL, 500 mL) S 1CHA| HYQF (AZHHHRF 2 L 3 L)

o
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2l 3-4-5. Platymonas subcordiformis 1THA| HiQF (AZFHHQF (2 L, 3 L))

12! 3-4-6. Chaetoceros mulleri 2% (250 mL, 500 mL)
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2! 3-4-8. Tetraselmis suecica &= (250 mL, 500 mL) 3 1EhA| H Q¥ (AZFHIQF 2 L, 3 L)

a3 3-4-9. Nitzschia sp. & (250 mL, 500 mL) 2 1EHA HHQF (AZFHHQF (2 L, 3 L)
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8 3-4-10. 20HA =Bl (B2 (20 L)

2l 3-4-11. Platymonas subcordiformis & Chaetoceros mulleri 2TtA| ZHCHHYQF (F7HHHQF

(20 L))
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2l 3-4-12. Chaetoceros mulleri & Tetraselmis suecica 2EtAH| SCHHIQYF (S ZHHEY (20 L))

2l 3-4-13. Isochrysis galbana 2TtA| SHCHHIQF (F7HHIQF (20 L)
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2! 3-4-14. Chaetoceros mulleri 3EtA| CHEFH I (6 m’)

2l 3-4-15. Isochrysis galbana 3THA| CHEFHHQF (6 m)
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| 'JLJ Me AL_.,J

2l 3-4-16. Platymonas subcordiformis 3THA CHEFHHQF (6 m)

2l 3-4-17. Tetraselmis suecica 3THA| CHZFHHY (6 m)
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AR o8 A7Q 3URHE Hol 4B that e s ATE ADTRL
W Wol|MER Nitzschia sp., Platymonas subcordiformis, Chaetoceros mulleri, Isochrysis
galbanas st W= wjekstAint (2@ 3-4-18).

gl 3-4-18. I E HO|MEQl Nitzschia sp.(MZl) Platymonas subcordiformis(%<)

Chaetoceros mulleri(StZt) Isochrysis galbana(s}<2)

39 ol & Al7ldle ¥ 2= F&o] ot 2i A 23w F (2, 3 LIA| Nitzschia
sp. & AT EZFAE AFEETE FAe R =7 wdH AT 28 A A 30 L] T3
e AA 3
Isochrysis galbanac= 12Y0] A8 Q‘}it} (29 3—-4-19). A Feo g G yjeo = 23l 4
A2 60 L diujge F7tge =z tgujek (6 m ¢x)7tA o2 Azke dofsts]

A vl mE Aate) A S A stk (29 3-4-20). 2010 39 AU
L& 6.5~10C2 g vo}, gjd4zo s BYaig 7MeAIA 18~20C2 fASIESE
A SEAR HE F 4 wigE 60 L 25 dAFR HES An, 784 F
Nitzschia sp., Isochrysis galbana= 1,000~1,5009F cells/mL, Platymonas subcordiformise
100~200%F cells/mL Bo] B2 AHE 4 AT (28 3-4-21). 3~49 tjkujopin)
259 7% BE Al 420l AHoE HANE B £28 24TAA 71eda
o O A3y AFETE o 5 A 9=S¥ew  Nitzschia sp., Isochrysis galbana=
2,000~3,000%F cells/mL, Platymonas subcordiformise 300~500%F cells/mL &g 4+ Q1L

AV

A9 60 L Zohuf 7t A] Platymonas subcordiformis, Chaetoceros mulleri,
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5~6EFE = YFAA Fud7tA] F 15~16¥c] 28 FHAT. 697 HE 0] 22T o4
o2 et By 7HEE SHA] &1 HolAE wiYE & 4 Aok =3 2o Bl AL
|5tz Ad AE S BLSHA A8l TR EFIAES TEAA T T2 EFEA Y

dsko 2 Chaetoceros mulleri®] #3749]
SaHA dFstaen HoldER
A A7 3 AER AFuSE fASE BEE JEle A3E AT EEREEHE
Qo] 24ColAye g2 27} Nitzschia sp.o] A3L AAsHA =g|A Vel Hol Y E ul ok
Al AT TEEE L0 27~28C=E =7}ste] Isochrysis galbana$} Platymonas
subcordiformisgt Mol EZ wjeksty 89 142 7] (30T oA 6E F£RgQAE E £
o] HoldEo] BAdHor At Eath neerld HoldEol HAHe 4EE st
5 4% seoz 445 A% £& ¥E 4 A Wxe Adol BastAw, o

o

T 3k, o] 7
A2 ElgetA gskth. &, o] EAld AT LF27]NAME HolAES
=

1
™
el
Lo
B
B
R
i
A
B
=
N
3
=
5
%
©
&
S
5
<
v
5
g
o
QO
=
QO
fr
o2

of

B

o

A

=S

ek

03 3410, 16 FFHY, 28 2 3 L AZHYT 30 L BHYoz 7E

2l 3-4-20. 3CHA| HO|ME0| 60 L SHCHHYQF
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w3 %C¢EM%LMO}%M gz%Wg
= < E_En,aoﬂk%u_w}wﬂ_/%m %Mo_
R %Zﬂrziﬁ Do W O_Eixlu
™~ ~ Zo H g md I do
' T4 . ] B X = ] M ox (=)
. S 0 ) — B o B X o sz Za
o = %O M T X o= 25w o N o
- g woe ” e o o gy N
" T o K o o ) — B o))
50 o) o o B Bl 0 m TR
o z_.o ﬂ__Hl mﬁ — O_l
ﬂl ﬂ_OI = ~o Q) T 7T
m W o )

10 mg/L
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[e]

=
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B3]

L

L

’

=27 Holilx
20 mg/L

=

=
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AH[E:

Media 1: &

H o]
1&-& Redfield ratio



Media 2: 84¥])5: 20 mg/L, B389 5: 10 mg/L, Liquid extraction from sea mud: 1 mL

Media 3: 84185 20 mg/L, B8] 5:10 mg/L, FeSO,: 2.5 mg/L, MnSO,4: 1 mg/L, EDTA: 10
mg/L

Media 4: 8 48]5: 20 mg/L, 28] E: 10 mg/L , FeCsHs075H20: 2.88 mg/L, NaSiOs: 10 mg
/L for diatom

o] = Liquid extraction from sea mud :1 mL= ZA® 100 g& AFstd 1 LY =F
ol W3 5ET FuE HolA F ohe, 1AL FHERE W A7 og, 459 1 mLE
FstA k. NaSiOss 727 wjkol B P40y
wjopel AFE-5 9Tk EDTAE 2o o1E dgEaA vHEE Fesh Mol F4o) A4
g ek e Hol4Rel oo APskA Uzl AT pealt vhehiA| 4
IE JZ2S 1/15~1/20 H| &= %j%% stgom, moFl e Media 1, 2, 3, 42 250 mLoj
mLE Fstgrh. EFIE THEE JEhlE FRIS AASE i 24590,

Platymonas
0.80
0.60
E —_— = fadial
== edia?
0.20 Media3
0.00 =i 2 digd

gl 3-4-22. 2+ Media0f [tZ2 Platymonas subcordiformis®| Z8H &=
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Isochrysis sp.

0.80
0.60 - g/. ™
E - == Medial
== edia?
0.20 Media3
0.00 == e diad
0 1 2 3 4 5 B
Day
2l 3-4-23. 2+ Media0f 2 [sochrysis galbanal| E/H =
Chaetoceros sp.
0.80
0.60 - -
E —— = ﬁ == Medial
== edia?
0.20 Media3
0.00 == e diad

2l 3-4-24. 2k MediaOf 2 Chaetoceros mulleri| M=

EFIE H=FRDE FF A 3¢ el H A o]

3 A Ste AL VERTE. Platymonas subcordiformis®] 739 5L A7 A= %}ié}-‘i 3
E Vel o] & FHzt =rlEle IS BHYth. Isochrysis galbana$t Chaetoceros

mulleri= Platymonas subcordiformis 23733} 8|2 o] AT W3y} =2X &gfon E

3] Isochrysis galbana= A %9 F3o] X &1l 1E UGAS Vel =477 ¢ ¥

7 0.610]49] =2 FRI 3t& vetdnh. o= v 717t Bt EF3ES] BH4E7} S0t F

o A Holdos FEW 4L e AL dudth 4E4
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Q]
=

/L, EDTA 10 mg/L)®} Media 49] 7§AI4 Wat= vl A 3E7MA= & W7 glsley 3
o]Zo] HolMEZA QTS T & 9 peakel] TEEFE A 7He] FolFoH, o= AEES

FIE wjgd ez ALgslr|d FES Yol H 5 e Aoz AZrH

Medium 1

2,000
1,600

1,200
—— Platymonas

—— [zochrysis sp.

800

celkx107 fml

400 ~ cheatocerossp.

2l 3-4-25. MedialOjM 2t =5 & JK|%= (cells/mL)

Medium 2

2,000
1,600

1,200
—— Platymonas

—— [zochrysis sp.

800

celkx107 fml

400 ~ cheatocerossp.

2l 3-4-26. Media20|M 2t SE & JiX|$= (cells/mL)
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Medium 3

2,000

7

1,600

—— Platymonas
—l— Isochrysis sp.

1,200
800

|wif 0T %q|22

cheatocerossp.

400

Day

2 8 72 (cells/mL)

=
o

12! 3-4-27. Media30j| A Z

Medium 4

—t—p——tp—

2,000

1,600

cheatocerossp.

—— Platymonas
—l— Isochrysis sp.

o] =] =]
] ] ]
[} 5] =
—

W/ -0THg 20

Day

2 8 72 (cells/mL)

=
o

12 3-4-28. MediadOl| A 2t

7HE MA 1EA e

G52 7heE A (B9 100 mL

il

{

g1 IR v Ztade] ¥ B

H 2] ]

el

4 2.8~3 L

j=

=)

3 = A g

2 Fostm e wgdAd 37 2 m PEd

HAE

kil
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il

Th 447

=
HE

14 28t 7tE S

3]

Z1E7F Al

16} 2% 5A]

3-5-1).
1T}k, 20~30 Lo uj

1

2 AF3 o}F 94
o} (

2= 200 mL
Aol 5L o|H peakdl

theo g 2 39A YT 1xt¢} Bt
E2 o] 23] A"t 94 (20%) 1,000 mLE 931 &2

=8 AL G2 AlHEe 2 AAkgol Ths

il

o we} 3 mL Yol wjx

-
it

ol

v
1

—_
o

|

ol
T WA A A

FE

h 2 259 A%

=
gl

4

|

=

=

7]

=

=2
b clg

o1 AL

°

o
3%

0r O
=

A NasS:03 &< 20 mL
ww

3—5-2).

st o}
500 L7bA] A&t 60 Lo A% d4 (CaCly)

S

A+

soe Fohad

S

o
=

o

It

Ho}h. ATl Al H E A

Rig

o
S} (
k]

T

7
5]

o

=

A

[e))

s "Jok. a2gz 9542 2~33tdE A F

=

=

Shat, 1 m o 3l
5L

°

E

= ARTsA Al

§-%-™, 600 L

S

A

=

=

2 33 A= AH
A 2 A

=

pLe

I~
T

HA

}
35 o A% 60 L

npx|eto g 4

PN
T
NS

o

IR E==

/6]'

12417k o]

ar

T

O
=

I F4 (CaCl)E 1EZF 50 g

=)

o

g oA 104 AF

[e]

=

of 60 L7}

—_
o

stsiem

S

- 172 -

Lhed A zjolc,

Bate 1, 2eAlols aaol ALgslol F/2ujxe] Aloke ALS

3, 4zk9] o



dETIAE L 2 HA HY & BT 22 B

B sy
58 Ao} 5%
KNO; 300 g
KH,PO, 309
- FeSO4 80 g
MnSO4 10 g
EDTA-2Na 180 g
SETRE S 3,000 mL
=2 3,000 mL
HY QO 2 H|EfDI Bl U= 24
H|E}@I B12 & 274
sl 3 =24 3,000 mL
Na,SI03 03 g
*Platymonas subcordiformis. - HjH 18 4H=C}.
*Dicrateria inornata - H{QH11} HjQYW 22 ztzt H=r}
*Chaetoceros mulleri - HfQFoH1D} HYQYH3S 242t Hi=r}
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3-4-2. NEHEYAE X O HIYY HX 2y
MEFEE 7
sz Nt wwm gy SR b2
QAH=E 20 g 10 g
=gtz 10 g - 1k W0 @80
Platymonas FeSO, 29 16 g MESZ I S 2| A
subcordiformis MnSO4 0lg LtEfL SSES
KH,PO, - 5 g g2,
EDTA-2Na 10 g 8 g
QAHI=E 10 g 36 g
=gHl= 89 -
Isochrysis FeSO, 29 29 ,
galbana KNO; 10 g 10 g
KH2PO4 - 5 g
EDTA-2Na 10 g 8 g
QAH=E 20 g 10 g
=gHl= 10 g -
Nitzchia sp. FeSO, 29 16 g
(& Chaeto?eros KH,PO, i 5 g "
mulleri)
EDTA-2Na 10 g 8 g
Na,SiOs 10 g 10 g
- 47| B>e 1E amg ey
- B{FAZX| A| Chaetoceros mulleri= E=E 0|83t1, LIMX|= si+=5 0|&
- = SEAES Holz & Al 1A BiYES SloF 2.

UstE £ A8l Z2,

- Platymonas subcordiformis= ZEZ3E 2MH0| £ [ QAL o= Qtoz FAl
of ZE. L2 FF = ORZIXIR|ZE SAEET =

- Platymonas sp.= |3 ¢ Of 208
mulleri= 2+ 4008t cells/mL7} &l

b cells/mL, Dicrateria inornata?t Chaetoceros

r

NYEET} LT BL,
- Platymonas subcordiformis= |3 & [ 82t cells/mL, Isochrysis galbana, Nitzchia
sp.= 70~100%t cellssrmLZ L}ELLH.

- 2y B AE2l 4% a4 SgME o2k ZAO0[ ZE Platymonas
subcordiformisE HS £202 05l ZAJE TA0| EEX| YO AREEIF LF
Zoo| Aot FUS X,

- 5UZF HIQF A| T|AJ} LIEILEX]
ANZE (RM0|Lt KT} 23tz & 2%}
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B ATHE 3 9uzdel 9 42ER3E 4% B9 A7E Aadd. A7F
o7 B AFo|A] Ho|WER AVL3¢ Platymonas subcordiformis, Chaetoceros mulleri,
Isochrysis galbanaZ 37}A¢] A EEFAES A&, Mixe 13 d=d Ads &4
& wAZ olgstd FH ARzAL FA AT F7 o AR W
Platymonas subcordiformis®] Y3 g 3—4-290A Ho FQa BE HEHFAHANA 27
Az AEE= 12 x 107 cells/mL ZEc}. A8 Z Ao A lag phase= L 24 Fob A%
S, 2 F 89 AAE A4A Aol BAHL, I o F FAGE AL BIT & A
A A2 AEE 242} 475 x 10° cells/mL, 400 x 10° cells/mL, 393 x 10° cells/mL =82
382 x 10° cells/mL At} 7H3 =& A2 FxS Uehd AL 25 psu & fPon], gEol
I Xt} Yol% Platymonas subcordiformis® A& or5 354 Vel o= Platymonas
subcordiformis®] MEZTEUEE ollg} 3T =& 7S el Al Zd et AABA T F
= R*=0.8206, Fd& R*=0.90372.2 AHa}A Btk thgoz 128 3-4-30L Isochrysis
galbana ME Mx H3E HAFA=H 4F 717 ¢ A 2= HE 2¢ Fte A
3 F7bsta 2 F 12974 zHz} 5,162.5 x 10° cells/mL, 4,445.8 x 10° cells/mL, 4,439.7 x

3 i?L
s
N

l

o !

10% cells/mL & 4,160 x 10° cells/mLe] ¥ 52 Ho|mHa FuHo] =Zal¥ct. oluf A E o]
A FEFL gEo] 30 psu o]A4F 25 psu o]l A YEh e FARA T vjeke] 755}
A BoyAT. AETLEs} FgE Alol T r*=0.9654, Fd= r*=0.88792 A#zA 7} ;3 Ao g

Vet Chaetoceros mulleri= 13 3—4—310 4] B uie} Zo] o F Fv= 2¢]
o] At ¥ 129 Bk #atd HEYUE7} 531 x 107 cells/mL, 432 x 10° cells/mL, 486 x 10°
cells/mL 783 387 x 10° cells/mLZ VElGT 7 o]% AT ol Z7lde d&d

HE 4L HOlE £ Ao v Fed WE 4Fael B Fo sl A ol
Aol I FEWIE VERE F gl
600 -
500
by
£
=~ 400
,55 ! m51-25ppt |
= 300 - ; |
E , lSE-SDppti
i )
£ 200 - | m53-32ppt |
o ! i
S | B54-35ppt
100 e — . L
0 S T T T T T T T 1
0 2 4 =] 8 10 1z 14
Time (days)

gl 3-4-29. AE2HZL0| ZE Platymonas subcordiformis®| 2 x H3}
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&000

5000
=
=
=~ 4000 -
g
= ; @51-25ppt !
= 3000 - : !
- | m52-30ppt |
[ i !
£ 2000 - | m53-32ppt |
= ; !
S | m54-35ppt |
1000 - B
ﬂ -
0 2 4 g 8 10 12 14
Time (days)
2 3-4-30. G230 WZ Isochrysis galbanal| 2k Hio}
600
500
=
=
=~ 400
i ! m51-25ppt |
= 300 ; 5
.E , N 52-30ppt :
: !
5 200 | m53-32ppt |
= ; !
S | m54-35ppt |
100 B
0
0 2 4 & 8 10 12 14
Time (days)
a2l 3-4-31. G2 H310|| 2 Chaetoceros mulleri®| 2 = H3}
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To 3ol

+7] o

S

SRR

3-4-32614 RAZE us}h Zo] FFAAE ol &

T

27

Joku) A 219 A= 2007d9] o]

3]

s+7]

£ ]

7] oAF 7] wjEoll o] A7)

=)

b= A

0
H

)

ol

A Ag @

5

A -8

el

B

ZXM3s 0.5 um Of

0.5 ume| &30|

=
—

a8 3-4-32. SSAME EH; 7t 20

7
Nlo

1A T2 ol uhe}

OkA
&4

H

3]

o

2A 243}

olth. o)A

de

7h= HlaA avtelnt. uhed

)

G

<)

ohuleh A4

A+
A

FAAI =Y, 27} d =]

tol @7te 24s

=)

T
T

A 1z A=

H2o g Asto] 7t

S
pd

bl Aol

=)

ol ES FF

N
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el el

7} 6714

=
o

o]
e %

o|u}, copepoda®} %

7FA7F oA

Him

:AO

\

171 W Eoll B o] A5 2 A]

kel

Tr
~r

iy

o
el

ali

1] glstel 2341 BHE
)]

I 28 BeES AAS

=)

=k

Al

ALESt HoldE 5& AR

A= 4

E]_]_—I:

& A=Y

=
T

A A= of

44

el
=
J|

Abe}

=Z. 7
TS

tdoh. v

=)

]

‘cq

=

/6]'

]

600 mm o
o] HEL 1~2 cm o]

O]%-Z] E’_]-’

oleER upAE ZU|FAY HolZ2e AHY

=
=2

\

:AO

~
o

Xeldl AlA'(2

s

I HAH)

~80m

YHZE(50

K
J%#
T
A
D=
I
|_._._ﬂ
A
_.MD -0

(20~30em 3| A H)

K
Ho

HAlel td

a1 3-4-33 AANEfOIM SH817| SB HHE| ALY

G

171 &

=)

A A

1 50~80 um =7]¢] o]

3]

Fe o1BAL

17 Qo gebd o

=)

] O
=

£

=
=

2 WEHE o)§

22

i, 1x4ez2 Fronr|s FIHA7L

3]

17 = 7

=)

A A
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/3te] 3xpA o2 20~30 mm Z7)o] o] EAL A AN FE AFnA Gt g wkxA|
3

Hoz $o] s o2 HolAE JFS HAsg) st 33 A & WHr|E HAAE
o FFH HoAES WA EHstA o] &stuA YT
A.+8%
Hoj|g= Halx
) o A5
‘llliHHHHl'
A
Azl Y
T \x\\\
< S 29
C.2Sg s

B.EE YR RIS BEU A F N spacer= i =4.

b= =ail el

39 Ho} (0.2 m)

(2

%719 BEE F3A, B e Sol itk FIATLE 2L 2 o, @
[e]

Hol W2 Aol AT A AlZke] A, ol ofsir IEHT] A ofFe] don H
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=
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o
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gol o] HH AsHo= )

a3 3—4-3429] AR
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=

5719 37HA
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7

AZY 358 AAsHE
AFAe vpx|gho] thake] B o)

o

T

7}.
2 4# A" vt (Sorokin and Giovanardi, 1995). o] ¢} &+

1. viA g xe] wpet
Ao} 2EH7A )

=
o

=1

)

il A Al ET 3

Holw, mebs dA ¢

bohe

S
pd

8=

T

T
-

o

HA el

°

stk ohehAl

A Al

8

=

hyil]
o 1d 234 veht

ZA7}
Aol A,

=

pLe

1

kel
pa

3

Rig

F7] o

=Hm olwj Hol FFe Fee] vehdrh B SA<

. olE

°

o

fir
el
KH
™

ol

, 2005). o|¥

)

ﬁo
B
!
N

H Abell

=1
=

#4

20113 69 72
A (36°34'53.40"N, 126°26'46.57"E, 2% 3-5-1A.)dA ¢ 2=

ol #A 3]0l
i A2z FAgle] &4

ISl

T

T

SEREC LS

S

F71 4

°

|

.

2

AE &1

Sy

o]
Aol ALSE WA

(1) A& A

g =
2

b

o B# T, 2011d 64 169
A4 At (36°59'36.01°N,

il

=)= 4,000 70 A
G AAA

12

sl (3ha) 2 ol

S

kel
pa

A}st =7

[e]

MZ2

T

T
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o o|g® A Ao =27
°F 100 m AEE ZHAA
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=
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=
T

=

128°40'26.09"E, 18 3—-5-2A.)¢] =7t (m}=a)e} %
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sttt (2™ 3-5-2B). AAIZE o] 4 w2 ot ot Zrt.

gl 3-5-1. 20114 68 7¢

o & XY X= (A), HEX

F)

d XY =ZHOo A Ko Y 25 X
& B), Xmf & 250C),

- 182 -




A 1282534° 128'3028° 128'3523° 128'401T 1284512
n

EE”\ A

A 1 ”./.{."
%‘*g 223

™S
A a8 "
o ; g"g‘{, o e

35'1026"

8

053

C .l'n_'ll-ﬂi_"

07 3-5-2 %N AE 28 K. KT (W), IHAR B), MY HFQ), HrEA gy
A(D), 64 YHTHE)
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(2) ¢4 4A

T 7HAE o8-Stk vig4] <
m2glole] A oS Zo] 20 em7tA| =

Zg}2g vty (25 cm x 18 cm

5 cm) 770l FH AMUAL] F& A9 ¥ 1 Qtedl AWE A 30074AY FAs &
AZxHI] Y3 =ol2 vFUE B0 (2" 3-5-3A). 43 < vpxge f48 T
98 Bty 99 WL U2 5 mme 28R Y (¥ 3-5-3B), 2 fo 2§ 2 A4 F
T 7IEl Y TEZEH Bosty] A8 WE Smme] 2EZ Y Imx1mx1mée =
IS Adxadd (28 3-5-3C-D).

k] %A HHe g5 2 emd F{HEA (100 cm x 80 cm x 50 cm) HA FAH]
—4A—E) W&o xpA A= A}LL =28 vy (25 en x 18 em x 7.5
g5t 242k X3 30070 A @i AbS Skith (28 3-5-4B—D). AMS& ZEks
o 1 HAE AVIAFE ol&std AF 5 med 7HE FF3] Fo AT #
1o] el E FF3] A 9 2 Ateld vpxgs ¥
etk (2’ 3-5-4C). E3F vy s g
T st vpRE e f (2@ 3-5-4D). o|%F Al& cageE TEW ol 2 m

Aol o} ALk (2@ 3-5-4F).

(@]
ay
)
D
N
o
W
|
Ol

2

(3) 4staat whetd A wAY Ashel A wBE

fy

%, A%, TFTEFS SHs
S zAF 9. 4%, Za, Z+E2 Vernier calipers® o]£3te 0.01 mm7t# =
AL, 5% WAFE, FTFS AAAEE o183t 0.001 g7tA] &7
A

A Ao

AYAE gL A AsdE 2, 24, 42,
=

&
oX
o3l
il

=&EH/ 2% o7 23 st Yy
=(&F%/24% x 241 x Z4E) x 1,000

o= ZASE PH § 2HAE ALS S
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(A), X|Ij

o AL
= B2

=
=

g

2K

3. =ztChof

ag 3-5

182 cage X 2EH(O),

A
o
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12 cm

HOSmm

—

©0 000
©0 000
00000

————— e e e e

1
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.

& LHe|F cage 24

©

22 L

i LHE cageOj

|
[¢]

b HEX|E S| O]F HXIE ?

-
o
—

ME(B), 840 950 ©f
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f

i

Ef2f(C), K|
(E), 2=8}Al cage MX| 2

Al
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Ea
=
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(4) 53 HAV,, Perkinsus olseni 7¥g A3 2@ A Aax =A

ANFYL vttt Z A npA g AP AR 4070AY Ak JHA FH F 2070A=
P. olseni ZHAE &AL, 2070A= A4 F7] 2ALE A% 22 HA A Zdd AME- s

P. olseni®] = ZAbe Rayel FTM vk RS ol&sto] upx|gl 2 o] &
A FH 2 A5 P olseni® FHIEANR FE31¥ 2, Choiel Widl wal 2M NaOH lysis
S B8 AdEE 2A} sttt (Ray 1952, Choi et al.,, 1989). FTMuj =] A& wiHozE=
thioglycollate medium 29.8 g¥} sodium chloride 20 g2 F&<4 1 Lo Y11 wut o}Uﬂ PO =
Aoz HE uf 71A 7}Ed & 15 mL conical tubeo] 10 mL® EF gt O & 14F
7] EH71E o]&ste] B A7l & "Este] A9 dddA A7 T ARE sHoh FTM
v Aol sjzpe A QF U A S 9, FFolet Al W
o] o gt&-3} wgtLo] nystatin 10 mg¥} chloramphenicol 10 mg&
oA 20 uLA FY st A2 A 237 mjdstdnt. AdE FH8S S8 4 TubeE

7+ 2,000 rpmeg QAR o}oq A=ol FTM WA 2 A A3tz

o] water bathollA] 1AZF wljekste] FHEARE Ad U] 2A& sttt 2 & 5
H3F 2,000 rpme 2 AA4AE st 4F 9 2M NaOHE & AA%
mL7} EF=Z 0.01M PBSE #H7} sttt TubeE voltexE o]8-3}4] x3
o|-&3te] 0.4 UL EAsts FHEAE 478 w5 Agste] Hogs 73 H A 2
ZAst= P. olseni®] 9 22 1 g& P. olseni® & A& st9t)

3 “rE ZARE 2AH BEe T *‘/\13}215}. Bpx|2} 225 Davidson
297t 1 F 70% JREE A% AT 2 F YL, L3k, otHlE
5mm EAZ A2 T 422252 7] (LEICA TP 1010)= 0|45t AL grsigon ¥
o] 7] (LEICA EG 1160)& 0]5-18}04 paraffin blockel] E<dstth. &} blocke 5
vd sl 2 slide glassol] 52819 2™, Mayer's hematoxylin®} eosin (H&E)2 2 A3} ).

Canada balsame. 2 B9 & #3383 n|FL o] &3] A4s BES A5

FN

S
)
&
>
o
+
8
{0
4
fo
=127
M
ik
il

FAEF W3l

(1) 53t43% vty G4 FA4 wpAete] 438 2 vws
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A3 Azg el 2011 69 169 upx|ete] HHE 24 11.61+1.46 mn, z}3 7.58+0.99
mm, Z+E 3.17+0.66 mn, FFF 0.42+0.13 golth. 28yt A3 FE Y 2011d 9¢9 27Y
2514 vpAZe] ¢ 28.97 mm7ZbA] RS wbw npgba) ok wlx|Ehe] S 18.03+2.03
mel Edste] Foha] oFdol niera] kAol Bl 160%<] dgol i:} ° 2 e
(2" 3-5-5A). 1= 20.49+1.94 me} 12.604+0.99 mn (1 3-5-5B), ZrZ-& 13.39+1.39
m&} 7.35+0.71 mn (28 3-5-5C), sfzEF2 1.39£0.29 g} 0.21£0.05 g (& 3-5-6A),
2=z 0 20640.28 g, 0.53+0.10 g (28 3-5-6B), 2= 3.45+0.52 g, 0.74+0.15 g (2
g 3-5-60)2=2 g2l FHAJr} (F3-5-1).
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B 3-5-1 M LR SOHAD Bher

&g HIXES| HE

A HE Het

Shell length (mm)

Shell height (mm)

Shell width (mm)

Wet weight (g)

Shell weight (g)

Total weight (g)

Hanging Sowing Hanging Sowing Hanging Sowing Hanging Sowing Hanging Sowing Hanging Sowing
June 16 1161146  11.61+1.46 758099  7.568:0.99 3172066  3.17£0.66 - - - - 042013 042013
July 01 17.33+1.17  1327+1.30 12114137  850+0.96  6.73£t055  3.84+0.58 - - - - 0.84£0.18  0.56+0.13
July 16 2047£1.70  1599+1.95 14.08+162 11.09+1.39  854+1.06 6.27+1.14 - - - - 1.11+0.21 0.53+0.16
July 30 21.06+154 16556172  13.87+148 1151£1.02  847£0.76  6.75£0.67  0.66+0.14 037009  0.44£010  0.15:0.05  1.10£024  052£0.14
Aug 13 2157+1.86  15.23+1.68 14.87+£1.82  9.98£1.39 7.90+£1.01 4.79+(0.82 1.00£0.25 0.43+0.11 0.80+0.24 0.19+0.0 1.80+0.49 0.62+0.18
Aug 26  2611+1.34 17864151 17.73+0.81 1250£1.06 11.29+0.83  7.33+0.84  1.33+020  050+0.12  1.13#023  0.18+£0.05  247+£041  0.68+0.17
Sep 27 2897193  18.03+2.03 20.49+1.19 1260+£0.99 13.39+1.39  7.35+£0.71  2.06+028 053010  1.39£0.29  021:0.05 3452052  0.74£0.15
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MOES EWMAFE on SRW AT Sab4 AR wAegel A9 79 302
FH 8¥ 2697HA FUlsithrl A3 FEAY 949 27 Hasts #AE vERgleH,
shebe) opdFe] mpAZe 79 30URE 89 13UAA 4E 27} shgont 89 269 o
Bh AW F2UQ 99 279 Tl £F BEaE £AS UshiAn F P4 Ve
Ha A3 £ahd ARl ¥ £AE UEITh (39 3-5-7A). E ThE HEOR WRE
ZAF (5% x 1000/ x Zta x &) S 43 A3 7Y 30¢FH 8Y 1347kA] 453l
Ath7h 89 1395 H 89 269744 sheaion saiael A9 99 2797 Bastgont
setael A9 £Z Aeath o 23 oA ZHANe W EF Fodol mgART =
< FAE YT (2" 3-5-7B)
12 045
A ] 040 B
10 e Hanging culung . el Haanginig C1stturi
—B— Sowihgculluné 0.35 B Sowing culias
E“‘ T ll:l-lf.-...--"“___-__-—‘}'..‘.H"- E 0.3 i &5
§ | — § 025 1 T
= T I_ 3 = \\ .
£ £ om g - T
&5 = G ] i -
! I I 015 *
04 — — — 1 T »
02 - - . 4 005 4= -
Juby 30 Aug 13 Aug 26 Sep 27 July 30 Aug 13 Aug 26 Sep 27
a1 2011
07 3-5-7. £BHAIDE HIEFA 24 BEXItO HIDHE Bl (A 53 / HABE. B 55
x 1,000 / Z+& x 270 x 24E)
A8 2y A, 43, A4F, A4S, 5%, TTH, UNE BT gy g 2o
Fota FAA =2 FAE UEIHeH, 5514 g elA oF 1.58 oA =& HFES
Het= 2oz g = (2" 3-5-8)
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(2) 484 F4ge 23 42 A4 4%

7814 cage Aldol thEd BF AEo] #A HAow B AA FE caged] AR
o wta} k2 A VeERdTh (28 3-5-9A, 3-5-9B). B& 4 E = X F3 B¢} FERT Y
MAGF7F =2 Aoz &l FHAUT AF3 BFRl= 68 16Yol= 25 cagedl A 217HA17}
3l Ha, 79 19 5470, 79 164 897/MA), 2L =2 304 66070A], 88 13 4377
A, 89 26¢4 84170, ZAF shA = gl 99 279l 1,02870 A 71 F-2E o] e, i
cage®] ¢ 22 77t 5/0A (74 1), HAl (74 169Y), 77HA (7€ 304), 37041 (8€ 13
o), 670 (89 269), 470A1(99 27)e] 237} st} (F 3-5-2, 2 3-5-9C—F). FEn|t
G2 9X caged A 6¥ 16 370A, 7€ 19 6704, 7€ 169 774A, 7€ 304 870A, 8
4 13Y 6704, 8¢ 26 470, 99 27 IUHAIZF BAHAL, UF cagedlAE BEEHZ
ororth (¥ 3-5-3, 2% 3-5-10).
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B 3-5-2. 2814 UM Al F QI8 caget LIH cagel] A3 XAl K % Hl@

—

Period
June 16 July 1 July 16 July 30 Aug 13 Aug 26 Sep 27
Cage type
Outer cage 21 54 89 661 437 841 1028
Inner cage 0 5 4 7 3 6 4
E 3-5-3. 4314 UM Al F 9% cageo} LI caged| &3 FE0|EHo| AN 4 H@
Period
June 16 July 1 July 16 July 30 Aug 13 Aug 26 Sep 27
Cage type
Outer cage 3 6 7 8 6 4 3
Inner cage 0 0 0 0 0 0 0
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(3) & HALE

A9 P B T G4 wEel H ANES AR AT ek GAT vy o
A BT Aol FsGo tge A9 79 198H A4Hoz Sl @7 FE
AR 99 ol RG] o 27%74A F7hE WA, $54 wA B3 2 A0

Fo 15%] P=e] Soba GAgol v JEES Folt P MW e vk

o (29 3-5-11A),

(4) Perkinsus olseni 7} &3}

i

P. olseni®] ZHAE B FAES A 27 A3 AFEQl 2011d 69 795 7€
L7 A= a3 vt A =5 P olsem'ﬂ wEER Fort 74 30Y B ¢
37 iAol 30%9] FAES UYEMATH I F vl g3 v el AF9 74 30
A 85%, 8¢ 13Y¥ 90%, 8Y 26Y 85%, 9€ 27 100%=2 AL F43] =7}ttt 435+
2 Fgge A vt g uiAgET oF 109 o] %<l 8¢9 139 AHLo=m 10%9] 7
AES Ve eH, 89 269 5%, 99 2749 70%9 FEES Ve (28 3-5-11B). P.
olseni®] A=+ v & 1I/AE A% (cells/clam) XA} A3} vleb2] ok npx|ete] A9
74 16 FA~F WY FA7F HHE AL o] F FA43] Frlste] 8Y 13l 709 N
ol AEHE vX g A #ARAESH, AL TR /‘H‘j‘ﬂ 99 o= 10054 o4 A
Z5e NAE A=A vigA A3 uix e A9 849 FRFH 99 BAEA
v o A 1077 o] el TAZE AEH AT (27 3-5-110). E3F upA= &
FA TR B AAE AR FEEE 89 S 5438 FUste 307 JRAl o] A
5 A7 93] vebgtr (2" 3-5-11D). 18y} 3544 1 sl FAE W ¢
P. olseni®] 9L Hx HEo] 7Y FToldgodx EFsla 8¢ s/t #AH=E 33

sl oyt ZAF FE AEY 9¥Y SeA
3-5—11C). &1} o] Ao % vl
v s dAsHA HA S
o utg-Ael Hla] P. olseni < Al7I7F =3 &3 FEE7F AEA EE A2 gQl
Hct. ol e AL Wz sty BRIME FQE AT
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E 3-5-4 53pAT} HISHA 94 BRIt £ HAME H@
Period
June 16 July 01 July 16 July 30 Aug 13 Aug 26 Sep 27
Culture type
Hanging 0 0.15 0.50 1.50 2.93 3.73 14.16
Sowing 0 1.23 6.59 17.95 21.63 31.80 34.53
H 3-5-5. =otAI D HEERAD b HEX|EE| P. olseni ZHHE H|u
Period
June 16 July 01 July 16 July 30 Aug 13 Aug 26 Sep 27
Culture type
Hanging 0 0 0 0 10 5 70
Sowing 0 0 30 85 90 85 100
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s S g N S
& 3-5-13. HiX|gt SR MEo| H=THA| (A; Early active, B; Late active, C; Ripe, D; Partially

spawned, E; Spent/Inactive)
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2 3-5-14. HfX|2F =71 MAIMZO| Md=CtA (A, Early active, B; Late active, C; Ripe,

Partially spawned, E; Spent/Inactive.)
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B ATAs F3k Ao A% 4F D vnmsh stk ws) s Ao
B HEeT gEEs yHer W Aoz ushgth £3 ekl AAEE we
Aoz Yeh} upAE el Qlo] miEtnth BEHQ Aom zAHT. 444
E3 o ol Wi gl el I AE Was daEs Aes vegew,
o5k ge WHe iAol Hololg 5 Fold] o5 YEhtt Aoz FHU F, 9
o olg Fol FUHLE 5T AN 4G FHL ddo] WA WY He A
oz AgHED. o4 uAZe Ads 27] Bge Ave 27 Ao olofH7] HE
of £ BA IAIE A whAe] A ATold W wheh Lol ALBels A3 A
Aol Lolupx] ehee AT W ¥ F GHAE ALAAA A% gFol ME Fay
s o] 28A R uhgha wAe] Hs olgs 4ol ME + U Ao R
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WE 44 % 444 92 wa A7t 2aE ) gold B 271 A7 g
Ao AAe 20D 5 Ut 24T GAS ATT 5 AL Aoz JYEth Fay
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Cellular Immune Responses of the Manila Clam, Ruditapes
philippinarum, Exposed to Cadmium Chloride
Kyung-ll Park, Min-Soon Choi, Sung-Woo Park, Kwan-Ha Park, Sang-Hoon Choi and
Jong-Man Yoon

Department gf Aguatic Life Medicing, College af Ocean Science and Technology, Kumzan National Universiny, Gunzan
373-701, Kovea

ABSTRACT

The Manila clam, Rudifapes philippinarum, has been considered as a sentinel species due to dominant distribution
along the coast of Korea and well developed regulatory system. In order to develop and understand immune
responses of the Manila clams, clams were exposed to 50 pg/L of cadmium chloride (Cd) for 8 days and monitored
the cellular immune parameters of the hemocyles including blast cell composition, DNA damage, necrosis,
apoptosiz and hemocyte mortality using a flow cytometer. The results showed that all immune parameters
analyzed in the present study increased remarkably compared to the controls and the increases were statistically
significant. Apoptosis rate was higher than necrosis rate in the clams exposed to Cd suggesting that apoptosis
was preferably induced by the concentration of Cd used in the present study. Our study indicates that the
measurement of cellular immune responses of the Manila clam using flow cytometer will be a useful technique for
assessment of heavy metal contamination in marine environment.

Key words: ruditapes philippinarum, cadmium chloride, flow cytomefry, immune parameter, environmental
menitoring.
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DENSITY DEPENDENT GRWOTH AND
MORTALITY OF MANILA CLAM Ruditapes
philippinarum REARED IN CAGES IN
GOMSO-BAY, KOREA

Kyung-ll Park’, Hyun-Sung Yang®, Do-Hyung Kang® and Kwang-SikChol®
‘ Deparment of Aquarie Life Medicine, Colloge of Ocean Science and Tochnology, Eunsan National Unfrarsiny, Gunzan
J73-Tol, Republic qf Eorea
‘Forea Ocam Rezearch and Developmant (EORDI), Ansm PO, Box 10 Seoul 425-600, Republic of Eorea
' Faculty of Marvine Biomedical Scionces, Colleze of Ocoan Science, Jeju National Universiny, Jgiu 690-756, Republic of Kovneq

ABSTRACT

Density-dependant growth and mortality rate of Manila clam Rudifapes phiippinarum reared in net cages was
imvestigated in Gomso Bay, Korea where unusually high mortality of clams has been reported. For the experiment,
four groups of clam cages were set up with a density of 2.000 clamsim” {group A}, 1.000 clamsim” (group B}, 500
clamsim® (group C) and 100 clams/im” (group D). Mortality and growth of clams in each experimental cage was
monitored biweekly from May 2001 to September 2001. Highest mortality in group A was observed in late August,
while highest mortality of rest groups was observed in early September. In September, the cumulative mortality in
group A was F8%, while it was 93.2% in group B, 91.2% in group C and 8% in group . Shell growth rate of
clams in thecages was found to be density dependent; monthly shell length increase was 0.67 mm in group A,
1.33 mm in group B, 1.83 mm in group C and .71 mm in group D. Our study indicated that clam growth and
mortality in the Bay is density dependent and the growth and survival rate is negatively comelated with the density.

Key words: Mortality, Ruditapezs philippinarum, Perkinsus alzeni, Growth rate, Density.

1880 (MIFAFF, 2010), Numerous investigations have

INTRODUCTION reported mass mortality of clam in spring o fall

Monila clam (= litdeneck clam or shortnecked ~ °Ponding on clam beds and the mortality s
clam), Ruditepes (= Tapes) philippinarym s vey nth'ﬂlzluted AR Tl e g K:cmfu
oomimen in aatid boschien and tiel Flata along the  (Coot # al, 1996, Park ¢al, 1999; DEMARO, 3007).
consts of Hovea, Clams are often commercially raised Mass mortalities of K philippinarum have been
and considered to be one of the most important reported in Gomso Bay (Fig. 1) off the west coast of
shellfishvesources supporting the agquasulture industy Korea in early fall (Park et al, 2006). The fall
in EoreaiMIFAFF, 20100 Clam landings in Eovea,
however, have dramatically decreased since 1995
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Fig 1. Location of Gomso Bay in Korea.
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Isolation and identification of Perkinsus olseni from feces and marine sediment
using immunological and molecular techniques

Kyung-1l Park ?, Hyun-Sung Yang®, Hyun-Sil Kang®, Moonjae Cho°®, Kwang-Jae Park®, Kwang-Sik Choi"*

& Department of Agueatic LifE Malidne, Kumzan National University, Gunsan 573-701, BEepublic of Korea
= Faculty af Marine Bomediol Sgene (POST BE21) and Marine and Env irmental Resenrch hstitute of gy (Ghegu) National University, 66 [ udosh alono,

Jeju G80-756, Republic of Konea

“Department aof Biochemistry, College of Medicine, iy (Theju) Mational University, §6 [ojudashakne, feju 690- 755, Republic of Konm
4 Tidial Flat Ressarch Institige of National Fisheriss Ressinch and Developmment s Siute (NFRD), Kusan, Republic of Karea

ARTICLE

INFO

Anticle histary:
Recented 13 March 200 &
Amepted 28 July 2010

Available anline x00

Keywords:

Perldnsus oleni
FRalitapes phi ippinanim
Transmission
Palyclonal antibody
Feal discharge

Karea

ABSTREACT

Molecular and immunological probes were used to identify various life stages of Perkinsus olseni a pro-
tozoan parasite of the Manila clam Rudirgees philippinanem, from a mardne emvironment and decompos-
img clam tissue. Western blotting revealed that the antigenic determinants of the rabbit anti-P. olemi
antiboedy developed in this sudy were peptides with molecular masses of 559, 2400, and 192 kDa
Immunofluorescent assay indicated that the rabbit ant - olseni 16 was specific to all life stages, inchad-
ing the prezoospoangium, trophozoite, and z oospore. Perldnses alsend prezoosporangium-like cells were
successfully isolated from marine sediment oollected from Hwangdo on the west coast of Korea, where
P akeni-associated clam maortality has recurred for the past decade Purfied cells weme positvely stained
with the rabbit anti-P okeni antibody in an immunofl sorescence assay, confirming for the firt time the
presemce of P.olsend in marine sediment. Actively replicating zoospores inside the prezocsporangia were
observed in the decomposing clam tissse collected from Hwangdo. P olend was also kolated from the
feces and pseudofeces of infected clams and confirmed by PCR. The clams released 1-2 prezoosporanga
perday thmough feces. The data suggested that the fecal discharge and decompositon of the i nfected clam
tizgue could be the two major P olsen transmission routes.

& 2010 Elsevier Inc. All rights reserved.

1. Introduction

Perkinsosis is an epidemic disease that occurs in commercially
important marine mollusks, including oysters, dams, and abalones,
Perkinsus marinus and P okeni are the two pathogens primarily
responsible for perkinsosis (Perkins, 1996; Bondad-Reantaso
et al, 2001; Office International des Epizooties, 2004; Villalba
et al., 2004). Perkinsosis of Manila dam Ruditepes philippingrum
is caused by P oolseni and has been reported from tidal flats and
sand beaches along the coastal Yellow Sea of Korea and China
and in the Ariake Sound inJapan (Choi and Park, 1997 Hamaguchi
et al, 1998; Park and Choi, 2001; Park, 2005; Liang and Liang,

2007; Park et al., 2008; Uddin et al., 2010). High levels of P. okeni

infection often cause severe host tssue inflammation and interfere
with the gametogenesis in clams (Villalba et al, 2005; Park, 2005;
Park et al.. 2006). According to Park and Choi {2001), P. olkeni infec-
tion among Manila dam populations in Korean waters varies spa-
tiotemporally, and the infection intensity and prevalence are often
higher in commercial clam beds, which have a much higher dam

+ {ormesponding author. Fa: 482 64 756 3493
E-muil addres: skchoi@ejunu sekr (K-5 Chai)l

22 -2011 8 - =& frant matter & 2000 Bsevder Inc All rights neserved.
dai: 101016 §_jip_20 1007 006

density than natural habitars. Mass mortalities of Manila clams
in commerdal dam beds in late summer or early spring have been
reported in Korea, and extremely high levels of P. oleni in clams
were partly responsible (Park et al, 2006) Recently, a new Perkin-
sus species was isolated and propagated from Manila clam in Japan
and reported as P. honshuenss n. sp. (Dungan and Reece, 2006 ).

Auzoux-Bordenave et al. {1995) demonstrated the P. olsen life
oyche as a trophozoite in infected host tissue, a prezoosporangium
and a motie bi-flagellated zoospore (see also Villalba et al, 2004)
fs observed in Pomerinus, the P olseni prezoosporangium stage can
be induced when infected host tissue containing trophozoites ans
placed in an anaerobic medium such as fluid thioglycollate med-
ium fortified with antbiotcs and salt {RFTM, see Ray, 1952 and
Ray, 1966). Mumerous zoos pores are subsequently produced inside
the presoosporangia and released through a discharge tube when
the prezoosporangia are placed in aerated seawater (Auzoux-
Bordenave et al., 1995; Ahn and Kim, 2001 ; Park ¢t al, 2005). How-
ever, the Pobkeni prezoos porangium and zoos pore stages have only
been confirmed under laboratory conditions and have yet to be ob-
served in the field.

In the carly description of P marinus, the first Perkinsus sp. de-
scribed, studies have reported enlarged trophozoites in moribund

PFlease cite this article in press as: Park, K-1. et al. Isolation and identification of Perldnses okend from feces and marine sediment using im logical and
. Pathodl. (2010), do: 10,1016/ jip2010.07.008
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Molecular phylogeny of two Ruditapes species Ruditapes

philippinarum (Adams and Reeve) and Ruditapes variegatus
(Sowerby) based on I and mitochondrial DNAs

2oL, AR, FA2), A
LR DR e

Manila clam Rwditapes philippinarum and varicgated carpet shell Ruditapes variegarus belonging s
the family Veneridse are commonly found in interidal areas such as sandy, muddy or cobble flats i
Korea, China and Jspan. The venerosd clams have a wide range of morphological diversity depending
on habital, geographical location and food sources, resuling in a confusion of specics identification
within and between species. Several stadies have analyzed on determine the molecular sequences of
muclear and mitochondrial DNA to identify the veneroid species. We investigated two nuclear {SSU
fDNA, ITS) and one mitochondrial DNA (COL) of B philippéaeum and R variegames collected from
coastal of Jeju w0 examine taxonomic affiliation of the two species. The complete or pastial sequences
of the SSU rDNA (1832-1833 bpl, ITS {1250-1269 bp) and COI (709 bp) of the two species were

and compared with seq of other species in family Veneridac.

2010¢ 118 4 (=52 (@) Our investigation indicated that the two. populations of clams sampled from sandy fais in Sungssn
BA SIS EATE A and Scogwipo were identified as R philippinarim, while the other two populstions sampled in pebbles
flats in Ocdo and Geumneung were identified as R wariegatur. R variegames was significantly smaller

| 1 (Ah EHTaRerer than P philippinaries in shell length, shell height snd shell thickness (p<0.0001). In sddition, the
FE  RACEE AL WISt} ratia of depression of a pallial sinus to shell length in R philippimarues was 8 significantly high
B PUcisD LSENT RAGND HYDITL compared 1o the ratios of K. variegarus (p=0.0001). In the pariwise penetic distance and phylogenetic
RUCiSiE BK21 SRR MARCH analysis, i@ demonstrated R philippinarum formed s monophyletic clade with published sequences of

other population of & phifippéserum a5 well as & vordegates. The morphology as well as the genetic
amalysis camed oul in this study indicates that two Ewdivapes spocics are clearly dilferent in genus
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of and ial DNAs in two
Rucmapu :podns Ruditapes philippinarum (Adams and Reeve) and
Ruditapes variegatus (Sowerby)

Hyun-Sil Kang®, Bong-Kyu Kim, Hyun-Ki Hong and Kwang-Sik Choi
{Faculty of Marine Biomedical Sciance, Jeju National University)

Manila clam Rudit um and carpet shell
hﬁmhgwwmﬂymemmmmmhmlmm“m
mmmmmlnm mm--mmmmmm.mmum
diversity g on habitat, location and food sources,
,hn ol'op.du within and species, Several studies
have yzed on of nuclear and mitochondrial DNA to
mmmmmmmmmm"m(ssumm ITS) and one
mitochondrial DNA (COI) of 7. and R. from coastal of Jeju
to examine taxonomic affiliation of the two . The complete or partial sequences of the
S5U rDNA (1832-1833 bp), ITS (1250-1269 bp) and COI (709 bp) of the two species were
determined and compared with sequences of other species In family Veneridae.
Gwlmﬁaeﬂgallonmdhal;dlhatthempowhlmofehnsnmphdmggnmﬂmm
were as R philippinarum, while the other two populations
samplsd in pebolu flats in Oedo and Geumneung were identified as R vanegatus. <
varegatus was significantly smaller than P. philippinsrum in and length of depression of a

pallial sinus and ratio of (p<0. DOCH) In the pariwise genetic and
lysis, it der R phifpp n formed a phyletic clade w‘ﬂh pul'lishsﬂ
of othar ! ofﬁ.nh'f- as well as R varegatus, The morphology

a5 well as the genetic analysis carried cut in this study indicates that two Ruditapes species.
are clearly different in genus Ruditapes.

0-3
Development and characterization of EST-linked microsatellite markers for
Manila clam Ruditapes philippinaram

TR m

Hyun-Sil Kang. Bong-Kyu Kim, Hyun-Ki Hong and Kwang-Sik Choi
(Faculty of Marine Biomedical Science (POST BK21) and Marine and Environment
Rescarch Institute, Jeju National University)

Introduction

The Manila clam or short-neck clam (Ruditapes philippinarum) is on important
aquaculiure species that inhabits on sandy or muddy tidal Nats along the coastal areas in
the world. Although this species have transplanted into several countries for aquaculture
purpose, it is faced with ral problems such as deterioration of habitat, an increase of
infectious diseases. overfishing and the production declines. To resolve these issues,
rescarchers have studied on genetic traits to conserve and manage for shellfish resources
R. philippinaram. In study, we developed eleven EST-linked microsatellite markers
originated from Manila clam hemocyte ¢DNA library and charscterized the genotypes
of 115 clams sampled from Korea, China, Japan and Hong Kong.

Mulvthls and methods

1 b

loci were i from EST database of Perkinsus olserni
<hallenged Manila clam’s hemocyte cDNA library analyvzed by the screening of micro
repeal motifs, and examined the PCR amplification for marker op zation. Eleven
PCR wverified markers were determined the polymorphism in 15 clams. OF the 19
markers, five markers (KR2, 6, 14, 17 and 19) showed a high allele numbser. Using
these 5 markers, we investigated genctic distance and phylogeny to 115 clams. The
genolypes were scored using Genescan and Genotyper (Applied biosystems). The
number of alleles, observed heterorogosity, expected heterorygosity and Hardy-
Weinberg equilibrium were calculated using POWER MARKER 2.0 software.

Result and discussion

OF the 19 microsatellite loci, eleven were successfully amplified in PCR as we
expected and the remaining cight were rejected due to the nonspecific or no PCR outpur,
Three loci (KR1. KR17 and KR 19) of the 11 markers were no Ll in some
individuals, indicating that the null alleles are present in Ma clam. The
characteristics of |1 microsatellite loci are as followed; the numbers of alleles per locus
ranged from 3 to 11 with an average of 6.5, The observed heterozygosity was 0.0667 1o
037692, while expected heterozygosity was 03571 1o 0.8843. Significant departures
from Hardy Weinberg equilibrivm were found in two loci KR12 and KR17.

The genctic distance and phylogeny of 5 markers (KR2, 6, 14, 17 and 19) showed
that Borvoung (Korea) and Yentai [)unmcn] waz a phy tically closcst than other
populations. This find the Boryong population could be a transplanted
strain derived from China. The | ked microsatellites used in this study were found
to be a useful resource for population genetic of £ philippinarim.
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Nuclear and mitochondrial sequence analysis of Ruditapes philippinarum (Adams
and Reeve) and Ruditapes varicgatus (Sowerby) in Jeju, Republic of Korea

Programme & Abstracts Book e i, o K. i g g 1 o

Faculty of Marine Biomedscal Science, Jeju National University
6 Jejucdachakno, Jeju 690756, Republic of Korea
+eorresponding author; skl e me K

Ruditapes phili m aned Rudil L belonging to the family Veneridae commonly
wecur in sandy, muddy or cobble hm.:«.im n Jqu Island, Korea. In the present study, we
investigated the phyl e rel hip between R. philippinarum and R. varicgatus by

ing sequences of nuclear DNA of small subunit ribosomal DNA (SSU rDNA) and an
mternal transcriber region (ITS) and the mitechondrial DNA of cytochrome oxidase | (COI) along
with morphological featres. R, philippinarum and R. varicgatus were eollected from a tidal
lagoon in Sungsan, Seogwipo Harbor, a cobble beach in Ocdo and a sand beach, Geumneung, in
deju Island. For morphological comparison, shell length, shell width, shell thickness and length of
the pallial sinss were recorded. For DNA analysis, total DNAs were extmeted from adductor
muscles and used as the template for PCR amplification. The amplified gene products were
cloned into pGEM-T casy vector and the DNA sequences were determined by the modified
andd molecular evolutionary affinity of the two popul
A 4.0 software based on Neighbor Joining 1NJ] clhuster,
1o shell bength of B, philippi
i (p=0.0001 ) confirming the presence of K. phi
varkegatus in Jeju Island. 1n the NJ cluster, R, philippinarum and R. va
clades, sugpesting that they are different species. The sequence of R, philippinarun analyzed
this study was also grouped with previously reported 185, ITS and COI sequences of R.
philippinamum elsewhere, Accordingly, the sequence of R, variegatus collected from Jeju was also
grouped with 185, ITS and COl sequences of R. variegatus reponted from other studies.
Conclusively, the two populations of clams sampled from sandy flats in Sungsan and Scogwipo
were identified as R philippinarum, whereas the other two populations of clams sampled from
pebble beaches in Oedo and Geumneung were identified as R The present study
indicated that there were two different species of clams disiributed in Jt.J!I Island and the two
species inhabited different habitaes such as sand or pebblc beaches,

ratio of depression of a pallial sin
than that of R. varig

28 - 31 March 2011
Paradise Hotel Busan, Republic of Korea
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vt & (Ruditapes phillippnarum)-2 g1l A dtel] A2siH, 27 HEo] 4
A 747 =2 olmiF Folvk (ZE 1-a). vRX|F A2 ofr|ote] B9 AFHo=Z Tt
2, 9B 2 FZox dy dAHE 9o, FAO EA gstd A AA uiAE Aage
2006 d 71Zo 2 A7 3,100,0008¢) &ukstn Qrt (28 1-b). vt A= 1990 7
T 25 AR olfl 2 I A4kl AMAE] HAsted FHIZoe 3~47rE AEE fAstE 9

o} (238 1—c).

ape c 70,000 - d

3,000,000
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2500000
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2,000,000 420004

30,000 4

Production (Tons)

B
g
Production (Tons)

P FESEEIS IS SIS SIS IS IS S

Year Year

A2l 1 HEX| 2 (Ruditapes phillinarum)Q| Q)SHE] (a), MAXEZ (FAO 918) (b), MA HIX|

=St (o, FElLter BERIE Y4 (d)

= Z7kg Aoz A¥HT Aok aed A2 BRE AT 2 ans 39 F93vte
As) AANRE B wpA F9) Ado] gastn vk ANF FLE FYF Fh2 42
o] @zt s—4mr Be] nA|gte] FoavE £UHT Ak sASEH L AT A BN
2o A9 RN AYHeE FREY UF Ade F3) HEo T4 wpHH)
2 5983 9t Agolth. 2tk £UM Tl FFL O Bl A7t BAFT &
Fol M2 Aed BY P 5o BAS TA debd AT wpAFFAL Aol w
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Al 71l = prototrochﬂ Ay O}Uq/‘i XPO 033% ste JMAIEo] BaEHY, £ oF 1947 T5
B Holidolg AlZste D-larvae7t #&ETh 53], #Ho] 4o]E & D-larvaed] Ay
XMolst Z73E ([sochrysis galbana, Chaertoceros gracilis)o] Zstdu| @A oA &
ol
=
k-3
E

dEm, =4 2d T ulAF FA8L early D—shaped ©@AZF HWA velume] FAEC. 4

2 straight hinge veliger (124.7 ym), 109 & early umboned veliger (153.4 um), 17¢
slH Al pediveliger (217.8 um), 36¥¢ ZTH

4
o}

0
late umboned veliger, 219 & footo] W
=

siphono| Y] MA] post—larvae stage’}
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5% 4 A

D—larvae ©@A7} &Aool ™ Zthr] 2o ALEEIANA ¢k 20¢€7F pediveliger
larvae7h #28 wrbA Agdoz wAg fA4e FHIT (2" 10). B
B3 U 89 o3 zv|o] wal Helm and Bourne (2004)7F AAISF G =70 wE
Isochrysis galbana &5 %S vlE o2 AASY Isochrysis galbana ' chaetoceros gracilisE

111 ¥vjg2 FF3 (£ 1).

o] BFHL A%

=

Transparent
plastic cover

Valve for draining
water

a2 10 HIX|Z SAALS T A E, (b) SAALSE

3 TE (0 ZU7| 2¥e

#.1 Helm and Bourne (2004)7} M| A|st HEX|EF QAT 7|0 2 HO|MEEF

Cells {(Isochrysis equiv.) ingested per larva per day
Mean Shell C. gigas 0. edulis T. philippinarum
Length (mm)

100 2 800 4 400
110 e 700 6 000
120 10 00 8 000
130 14 500 10 200
140 182 400 12 800
150 22 300 15 700
160 26 200 182 900
170 30 100 19 200 22 300
180 24 000 28 200 26 000
190 37 900 37 300 29 900
200 41 900 46 200 29 100
210 45 800 55 400 21 900
220 49 700 &4 500 14 900
230 53 600 73 500

240 57 500 282 a00 \-—/
250 a1 400 91 600

260 65 300 100 600

270 69 200 109 800

280 72 100 118 800

I 13 A% 58 A8, Ag sl CaClbg 1 g/l H7lstod 2443tF

%
i
fr
olr
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b £7] & Na,SO.& 0.5 g/l H7lstd F3F A2 F A3t} &4 §4 Z7)d0 wet 3
237152 24 3o Eg3g=d, 9E9 =Z7]= Helm and Bourne (2004) Xﬂ/\]@- o
gAste AAs ATt (R 2). HF AL FxoA= DI fATA A HeldEES 19 43 &
F sl=& dth. HolWEL Isochrysis galbana, Chaetoceros mulleri =& ©]& 1112 3}
Tz 1/571%& 33

. 2 Helm and Bourne (2004)7} X|A|st HFX|2F QA3 7|9 gt=20o| 37|

Mesh aperture Minimum size of larvae retained
(um) shell length (um)
45 15
80 120
120 145
150 170
160 210
180 255
200 280
220 300

300 -

. ’
250 -
. 100um
+*
P Early post-set
o L
E 200 . ,ﬂ_ﬁﬁ
=) e
= . * J ¥
£ By
B ¥ o
& 1501 N S
= . Pediveliger
7]
*
5 =
[
100 | ;
s Umboned veliger
B
ot :
50 | D-larvae
0 s
1 4 7 10 13 16 19 22 25 28 31 34

Days

3. 11 HiX[E X §8&
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12l 12 Pediveliger larvae AtE B3 (a) air-liftHS Of

— Dinclion of water fiow

7 Aesarveir tank
2 Downweling cybnded. 20 om in diameter fitted with 140 jim mesh at th 100um
3 Constant head tank

4 Air-ift pipe

5 Suppast

6 Adr inled
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(c) pediveliger larvae

A
rl

x| go| pediveliger larvae ©HA|7F F| ™ o] A o] 2|54 ALSE) T A G54 3o
A ASE Az A A B (2" 12). durd o2 pediveliger larvae THA| =
£ Sl o] we O}E] 22 s 7 ol f-@ste FEL stH, oA 7dE =
o o} 7L 7EE Aol Fo HR|Fe FAS F=vF. D-larvae @A S A pediveliger
larvae @A2 FolQmWA vl S HF40% o]Ae]l A HANES HolA ok HELS
SA A7 wat vpe] F5E s 250 um, 350 um, 420 pum, 660 pum, 850 wm, 1000
um 23 1500 umE o] &3tk AMFHBIE FU1HY AHE Fot o HeldE E A
B FHY FAEE S B FFE ¥H AHE . 34 3 8k X 600 mm
7MA Agdst, oA 719 FAS AT E 2 AEY fIFel & AIVIE AMSS #Ed 79
£ a3t 8px = %"3% E}% /\P% Haz &7l A4S B2 sttt oldd HYgs 4
g Ze7t 7hseiA '8 Aol 7h

ST, S ‘n"‘g —Hram NS AR S 2 9 e FRAAR B 4
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4 TO|MS W AE fY WYY HE WY I

i Alof T H[ 2
QAHIZE 20 g
=gHl = 10 g
Platymonas subcordiformis FeSO4 29
MnSO4 0lg
EDTA~2Na 10 g
QAHIZE 10 g
=gH=2 89
Dicrateria inornata FeSO4 29
KNO3 10 g
EDTA~2Na 10 g
QAH= 20 g
=gHl = 10 g
Chaetoceros mulleri FeSO4 29
EDTA~2Na 10 g
NazSI03 10 g

~ M7 FHUL 1E 1 mY ey
|

Al
A

0H>|

= [l a0 Sge2 ez

L 2]
—_— 5.

ol

~ Platymonas subcordiformis= Z2Z3E &M |
Of ZE. L& S/ OHEIHXIX 2 SASE

~ Platymonas sp.= U3 & 0§ 202t cells/mL, Dicrateria inornata?t Chaetoceros
mulleri= 2+ 4008t cells/mL7} =l

~ H|{¥H Ot=IMl Chaetoceros mulleri= &=

~ B EYIAES HO|Z & Al 1A HIZTS S0 &

~ S5QUZH HiQF Al Im|=7F LIEILEX] G2 Tf HHO| HiYSt= HEH2 A[AES 50% ZaA|
7

ZICH (F4OfLt X Fofx #=F ozl &X]).

_15_




H

5 HOldE & X O YN M= &y IO
zs Aot a= B2
53
QAHE 10 g
=gt 2 ~
Platymonas FeSO, 16 g HEEET7F =2[A| LtELE
subcordiformis MnSO, ~ Hord S ZkaA|Z.
KH;PO, 5 g
EDTA~2Na 8 g
QaHz 36 g
=gt 2 ~
Isochrysis FeSO, 29 ,
galbana KNOs 10 g
KH;PO, 5 g
EDTA~2Na 8 g
QAHIE 10 g
=gt 2 ~
(&Ng)(;’;i:o:g:os FeSO. 169 "
mulleri) KH2PO4 59
EDTA~2Na 8 g
Na:2SiO3 10 g

~ Platymonas subcordiformis= L3 Y [ 82t cells/mL, Isochrysis galbana, Nitzchia
sp.2 70~100%t cells/mLZ LIE}L.

~ HIYH XX A| Chaetoceros mulleri= &= b

~ BE SYIE2 HOlz & Al 1x} HIFES Si0F 2.
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