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Abstract: To investigate the temporal distribution of planktonic larvae of Tegillarca
granosa and Anadara kagoshimensis in the Boseong coastal waters of South Korea,
samples of planktonic bivalve larvae were taken from the coastal waters from June
to September 2018 (this consisted of monthly sampling in June, July, and September
with three- or four-day interval sampling in August). The samples were analyzed
using metagenomic next-generation sequencing methods (target gene: mitochondria
cytochrome c oxidase 1 region). In this study, a total of 21 bivalve operational taxonomic
units (OTUs) were detected with the most abundant bivalve OTUs (relative mean
abundance >1%) belonging to Magallana sikamea, Xenostrobus atratus, Musculista
senhousia, Magallana gigas, Sinonovacula constricta, Anadara kagoshimensis, Kurtiella
aff. bidentata, and Tegillarca granosa. In particular, Tegillarca granosa and Anadara
kagoshimensis (the main fishery resources on the Boseong coast) accounted for 0.51-
12.50% (average 4.00%) and 0.01-12.50% (1.92%), respectively. The planktonic bivalve
larvae were most abundant from July to August. Anadara kagoshimensis was most
abundant in early August but rare in the other investigated periods, whereas Tegillarca
granosa was more abundant in late August. Bivalve larvae monitoring is important to
predict the production of bivalve fisheries. Therefore, intensive monitoring is needed to
understand the changes in planktonic bivalve larvae because potentially rapid turnover
can respond to the ecological interaction of spawning bivalves.

Keywords: bivalve larvae, Tegillarca granosa, Anadara kagoshimensi, metagenomic
next generation sequencing (MNGS), Boseong coast
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=X 0 (Arcidae) ol &5H= HuH(

M A28t (Anadara kagoshimensis) 122l T 27K (Scapharca
broughtonii)= YAS 9] 7ol whet EREHH, o] 5 X
TRe GAAERD FR-rA71er BRI A & 7
22| 5| 7] o A Eehste] A oA AMPES T
Foll wet Zfol= Lo, 2 A o] A 2HA HEH(T.
granosa) 2] AT Ho} T oF 3~45 FF B/ 7
£ AZ F 200~450 ym 2] 2717} EH 24 D 22 AY
715 AX F A2 A7t Z1eivt BT granosa) A
Tjo] e B7] wiZel A2 4 fiztx o] A
Z8L 10% oW 2 B E I th(Moon et al. 2004; Kim
2012). E5], FAof| A3 MAet(A. kagoshimensis) 2]
A= 170 o]l B2 Fol HAlstH, o= s A
Bo) A, ol 4B P4, HEAY| BelA . ol 2o
el golof ot o2 <A Tt (Kim et al. 1980; Kwon
and Cho 1986; Chun et al. 1991).

HEH(T. granosa) -2 =gt opye} U2 S
H|Z5E S oA o E It Mg eFe] of 2] et
oA Agem 17] T2 FA ol Folth (Yoo 2000).
U A B9 (T granosa)-2 %%, HAGTH 730Nt S5
gk ozt 5o Aol xRt FafetelA] T2 A
AYE|H, 2=t AJateFo] oF 70%E -5l QITH(MIFAFF
2008). 2P O] WU (T granosa) "84 -2 1970 0] <F
1,900=2.2 =Hl A4S oF 98%E A5l 1970
ol SRHEE 19909 FH7EA] 5,000~10,000F ©1/
= FAISH oY, 1990t SHtof| SHA §A35] 745t
o] 201699 244, 2018¥ = 47202 Flote
Alo]t} (Jang et al. 2006; KOSIS 2019). ©]2 et @42
oz dtehd 9l A A A e o ofsket -2 1rH]
(T. granosa) A1 21873 2] A3t Fo] dHA Aot (Park et al.
1998; Sato and Koh 2004; Jeon et al. 2018).

Feutetet A = A2 FO F lot=
9 (T. granosa) ©] 37l et & 202 2851 QL
of A FAS T AT Aatol 7hestH, FA el
o A7 2de] ZsgElo] WEH(T granosa) 2] 2173 (Lam
and Hai 1998), 3% (You et al. 2002), ¥/ (Narasimham
1980; Sanchai 1996) Z12] 11 4] /<3 (Zheng et al. 1994)°]l
TeE A5 At Hasfo] gtk 9-ejuhet ERF WEk(T.
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granosa) 2] FEIHO] (Yoo 1971), 4] (Bae 1986), A1+
718} AFgh-RHE (Lee 1998), 548 (You et al. 2001; You et al.
2002), 7 W-d (Shin et al. 2002), AF 7} 437 (Jang et al.
2006), & A I GA A% (Kim et al. 2012) 52 st
A7} o] Fol 2| AL Qlth. 5] HAo] 9 4kl 12
ok (T, gmnosa)ﬂ' AR (A, kagoshimensis) Ho oMol
3= o] A9 (T granosa) B AA9F (A. kagoshimensis)
FANA H FATIES] TR 712 RR AMEHO,
FAEe] e 9 QP AR A el 7199 4= =
Ao = fetE, S FAgo] wlie o 7] wiEe] 11
A= oA 7HA] 1|H| ST (Jung et al. 2018).

2 Al B vt E-2 W9F (T granosa) = Af

W9} (A. kagoshimensis)©] T8 4tz olty, Aak (T,

F=
& 5 Sl T8 7| 2R BR-RAE] HEeE oot
stal, F BR-RA87] 2 5= sdol 5 238] Y524
£ AAlsEI. £5], A A7 E EA4HS S5to] &
giatd o= FAHo] o WU (T granosa) %

kagoshimensis) F--7-"82] 4HAQ EdF € 11 SAA

71 sferetaich

TE 9

1. 93 XY

efubet ler SAR] S1AS A BT
Stz Seol glov, sl

koo

=

H1
W 42
n e

X o

=o] Il ol whe] BAZofA 9125t
F49] fo] WAyt (Fig. 1). 2 A4
oAl Ao HFAETAH o= QI
AFE 5O A1 22 Aof| oJste] 2/
o] PZSHA] ¥t o] 3L e} Ao
- AlER YA o] EfAEo] fAlste] wiF
T, B4 Hw Ad= 52)7|k ok
=W} 2|tho] Wt (Tegillarca granosa) ¥t
(Anadara kagoshimensis) 2] "JAt2| = 22 Qlch
AR At BT Hus 25, B, D
LA 20030 FAESAA A 432 25
™, 2006 °l+= A2 5-E = AT (Park 2016).
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Fig. 1. Location of the sampling sites in the Boseong coastal wa-
ters of South Korea.

2, ojulinfE {782 T A WA

W8 (T. granosa) Tt MALEY (A. kagoshimensis)<= G2
= JF olmjulF FH-RA0 £ S Tt fisted
2018 6FFE] 9ol HA Al 2] 471 ]S (HH 2,
T AR, i whE Al Hat 4 4~6m)ollA] AR HA
Sttt E-5], A9} (T granosa) Xt AHALEF (A. kagoshimensis)
o] it & BRHA71E 7HA = sdole F 28] (3~44
4ol A5 AAISHAT olmiaF 257289 A
A2 oS 085t 44| (Hydro-Bios, Germany) & -
25 Y E (27 45 cm, T 78um) S oF 2kn®] HEZ 5
22 A 1mollA 48 s AR E Alees A4
oA 709% -2 ZA] ST

AFAZ E9H A= dF= AAARAH (Axio
Imager A2, Carl-Zeiss, Germany) 2. = S| ol F

82 75 ZIsHA T, o] F 500 pm FE2] A2 =

Distribution of planktonic bivalve larvae using mNGS analysis

& AASEL 100 pm AS F3 oloflF F-5-344]
g 9% NB2 5559 55E ARE genomic
DNAE FE517] 91't Alm= Aot

3. O|uHI} 7 37242 XtMIcH HIIME
(metagenomics next-generation sequencing,
mNGS) £
Genomic DNA (gDNA)% FZ317] 99t
B A E L S5 FEAIZ] T, Homogenizer (Daihan
Scientifics, WiseMix, HG-15D, Korea) & AF8-5lo] 25}
Al E&fsti. oA #ESHE A&+ 60°C dry oven©l]
A x93, 1 g dry weight= F|5t] QIAGEN Power Soil
Kit (Qjagen, Hilden, Germany) 2. = gDNA% FZ5H9Y
ojumj 24 Avte] Fet=F £ol7] flste] Tt A=l
A gDNAE 33| HHE 53t & A9dof o]-§53irt

2 AN FHr8Ee] 24 ERE A f4
2t AR B EFZE 2o} cytochrome c oxidase 1 (CO1)
FAAE AGstlen, nEEE ot fHiAE F=9
25 AAE gAY ASHAVAE #FEsk= d 1
G 8 AR 7 = de] o]-8% o] 2T} (Jung et al.
2018). F|JEZEZot9] cOol FHAE F5E517] flote]
forward primer (LCO-1490; S-GGT CAA CAA ATC ATA
AAG ATA TI'G G-3")%} reverse primer (HCO-2198; 5" TAA
ACT TCA GGG TGA CCA AAA AAT CA-3)E AH&319
o} (Folmer et al. 1994; Jung et al. 2018). 12} PCR= 435}
7] 915+ template 10ng®]l 10x PCR buffer 2.5 uL, INTP
mixture 2 uL, 1 unit Ex Taq (TaKaRa, EX Taq, Kyoto, Japan),
Z}7F9] primer 1yL (10pM) ¥ SHTE Yol T 25uL=
ar22lt} 13} PCR (BioRad, Hercules, CA, USA)°lIA] 30
3] SE2 AR L™, 22 94°CollA] 47, 94°C 30%,
5§5°C 40% 11811 72°C 60%, HHA|BFO & 72°COllA] 108
7+ HRS-A]ZiTh PCR product= 1%9] agarose geloﬂ/\i 7]
= AAISHY] CO1fAre] S& o fE wdsgirh
o] k=% 12} PCR producti= Nextera XT Index Kit
(Mlumina, Inc., San Diego, CA, USA) = 22} PCR< 35}
Rom, 212 12 PCRY} FLSHA A7t # 108] 5%
= AAISH . Hhgo] k= H 22} PCR AHE2 Qiaquick
PCR purification Kit (No. 28104, Qiagen Inc.) 2 “JA|o}3]
S 1, o] Bioanalyzer 2100 (Agilent Technologies, Palo
Alto, CA, USA)Z ©]-85}9] quality control (QC) testS
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Table 1. Summary of reads (cut-off: 97%), operational taxonomic units (OTUs), and alpha-diversity indices (Shannon diversity and Simp-
son evenness) obtained from the mitochondrial CO1 region using metagenomic next-generation sequencing of larvae from the Boseong

coastal waters of South Korea. The results were analyzed by one-way ANOVA tests

Sampling

Reads

OTUs

Shannon

Simpson

date Site (bivalve) (bivalve) diversity evenness Fvalue

Daepo 14,080 (1) 36(1) 1.48 0.69

Sangjin 8,324 (3) 32(1) 1.50 0.72 No significance
June 16 Jangdo 6,556 (4) 30(2) 143 0.68 g

Daechon 6,331 (0) 31(0) 1.47 0.66

Mean+S.D 8,822+3,616(2+1) 32+2(1£0) 1.47+0.03 0.69+0.03 -

Daepo 6,672 (70) 30(3) 1.50 0.64

Sangjin 22,276 (31) 46(7) 1.52 0.69 No significance
Jly1z  Jangdo 8,211 (106) 39 (4) 169 0.69 9

Daechon 24,721 (31) 44 (6) 147 0.67

Mean+S.D 15,470+9,345 (59 + 36) 39+7(5+1) 1.54+0.10 0.67+0.03 -

Daepo 6,866 (1,836) 43(7) 2.43 0.89

Sangjin 4,373(777) 48(7) 184 0.71 No significance
August02  Jangdo 8,807 (1,758) 46(9) 195 0.80 g

Daechon 7.838(2,566) 55(12) 2.58 0.88

Mean=+S.D 6,971+1,904 (1,734 +734) 48+5(8x2) 2.20+0.36 0.82+0.08 -

Daepo 9,006 (3,043) 43(13) 2.21 0.83

Sangjin 1,310(695) 38(9) 1.92 0.75 No significance
August 06 Jangdo 8,107 (2,909) 56 (13) 2.59 0.89 9

Daechon 5,672 (574) 41 (8) 1.02 0.36

Mean+S.D 6,023 +3,443(1,805+1,353) 44+7(10+2) 194+0.67 0.71+0.24

Daepo 67,806 (384) 38(11) 0.47 0.18

Sangjin 18,388(5,393) 56(14) 244 0.88 No significance
August 09 Jangdo 22,639 (11,780) 49.14) 196 0.79 9

Daechon 21,256 (6,257) 49(12) 2.28 0.86

Mean+S.D 32,522 +23,589 (5,953 +4,668) 487 (111) 1.78+0.90 0.68+0.33 -

Daepo 14,639 (257) 51(13) 1.39 0.61

Sangjin 10,406 (85) 30(6) 0.54 0.19 No significance
August 13 Jangdo 8,667 (931) 52 (9) 165 0.63 9

Daechon 5,92 3(1306) 47(12) 2.10 0.80

Mean+S.D 9,883+ 3,665 (644 +572) 45+10(103) 1.42+0.66 0.56+0.26

Daepo 3,167 (533) 35(9) 1.80 0.76

Sangjin 15,700(2,441) 50(12) 1.60 0.63 No significance
August 16 Jangdo 13,721 (6,060) 41(15) 162 0.70 g

Daechon 4,827 (1,487) 43 (11) 195 0.75

Mean+S.D 9,353+6,274(2,630+2,415) 42+6(11+2) 1.74+0.17 0.71+0.06 -

Daepo 10,347 (500) 43(9) 0.80 0.30

Sangjin 9,447 (53) 41(6) 0.35 0.m No significance
August20  Jangdo 17365 (172) 44(7) 1.02 0.52 g

Daechon 10,518 (48) 41(7) 0.84 0.34

Mean+S.D 11,919+ 3,660(193+212) 42+1(7x1) 0.75+0.29 0.32+0.17 -

Daepo 13,240 (174) 48(13) 0.51 0.16

Sangjin 15,104 (192) 57(13) 0.76 0.25 No significance
August22  Jangdo 9,141(307) 48(11) 112 0.38 g

Daechon 4,319(182) 48(10) 1.43 0.51

Mean+S.D 10,451+4,787 (213+62) 504 (11£1) 0.96+0.40 0.33+0.15 -
354 ©2019. Korean Society of Environmental Biology.



Table 1. Continued

Distribution of planktonic bivalve larvae using mNGS analysis

Sampling Site Reads OTUs Shannon Simpson F value
date (bivalve) (bivalve) diversity evenness
Daepo 8,619 (380) 50(13) 1.48 0.64
Sangjin 9,222 (758) 67 (16) 177 0.65 No significance
August 27 Jangdo 9,591 (2,396) 56(12) 2.18 0.83
Daechon 4,510(793) 59 (14) 2.49 0.84
Mean=+S.D 7985+2,351 (1,081 £895) 58+7(13+1) 1.98+0.45 0.74+£0.11 -
Daepo 1,380(14) 29(5) 1.41 0.55
Sangjin 4,214.(10) 25(5) 1.67 0.75 No significance
September 14 Jangdo 31,072(18) 45(6) 0.86 0.43
Daechon 1,995 (18) 38(7) 1.80 0.72
Mean=S.D 9,665+14,322 (15+3) 34+8(5+0) 1.44+0.42 0.61x0.15 -
2D Stress: 0.12
Arthropoda OBacillariophyta ®Mollusca M Others 14 Sep, D~ - "Iii"s@, 55 Similarity: 57%
o 2
// \
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Fig. 2. Nonmetric multi-dimensional scaling (nMDS) scatter plot of the Bray-Curtis dissimilarity at 0.2 of the stress levels of the plankton-
ic organisms obtained from the mitochondrial CO1 region using metagenomic next-generation sequencing of larvae from the Boseong
coastal waters of South Korea. The hand-drawn lines indicate statistical support. The bar charts show the mean relative abundances of the
taxa classified at the phylum level. DP: Daepo, SJ: Sangjin, JD: Jangdo, DC: Daechon.

AASHA QC test’} AE=H
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o
<
L

Mlumina Mi-Seq

platform © 2 F-A5t Tt} Mi-Seq platform®l 4] &4
ZAT}= Mi-Seq Control Software (MCS, ver. 2.4.1) 9] Fast

QCE 33+ poor-quality H7| A= A AR E
3t fast length adjustment of short reads (FLASH) Software
& short sequence reads (< 150 bp), low-quality sequences

(score< 33), singletons ¥ non-target sequencess A7
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0% Others
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©

Fig. 3. Taxonomic composition of the bivalve larvae obtained from the mitochondrial CO1 region using metagenomic next-generation se-
quencing of larvae from the Boseong coastal waters of South Korea. A: phylum level, B: class level of mollusca, C: family level of bivalve,

D: family level of gastropoda.

SHITH (MagoC and Salzberg 2011). o] 2 A A2 d7]
A Y92 CD-HIT-OTU program= ©]-§5t] 97% =0
3 (Li et al. 2012), ©]F Mothur
‘&%l alpha-diversity (Shannon diversity, Simpson

Al clustering= A A|5}
program=

evenness) = AAFSIS T (Schloss 2009).

4. 34 24

B Agholl Y1AIR Hi 2, F L, AR, tiE2] 470 A1l
Al col F3Ate] metagenomic next generation sequencing
(mNGS) A3t 2}o]5 AWK 7] 9|5t statistical package
for the social sciences (SPSS, ver. 24) & AH8-5%] one-way
analysis of variance (one-way ANOVA) =412 53l &
& mNGS A5 7|Hte s B 40 A3
2tolE EA5E7] 916F0] Bray-Curtis similarity methods
<t analysis of similarity (AN OSIM)E AH8-519] nonmetric
multi-dimensional scaling (hnMDS)= =35ttt dH 9]
nMDS +4]-2 PRIMER 6.0-% &5l &5ttt

B AQtol A A A=RE mNGSE 24 A3t &
£ 98,0553~156,539,416 (45,563,530 % 36,152,001)
O]l reads (97% cut-off) &t 1,310~67,806 (11,733 +
10,861)°] Xt} (Table 1). ZF A& 9] rarefaction curver

356 ©2019. Korean Society of Environmental Biology.

reads gt} operational taxonomic units (OTUs)—OJ AT} i
st=o] ol o] A=4d-& FHSIAT OTUs= 25~67
(44£9)°0 2 YERET, S 2= 0.35~2.59 (1.57
0.59), 5= A4 0.11~0.89 (0.62+0.22) S 2 L}EFGE
TH(Table 1). F-FAE0] 24 42 44 1 FoAg 2
o]E Holx| ISk (ANOVA, p>0.05) nMDSZ 434
TREA ] At FAE 57%E 7]FO R 69, 7Y, 9Y
3} ggo] ZHzF FEE] I T (Table 1, Fig. 2). A 713 5 A
25 & (Arthropoda)©] -4 &R/l o, AAs=
(Mollusca)©] 6E5E] A2} F7lote] o 21 44|
& Bl 5 o] S35t
AH7I1E 5 FRAEL 27 14719 BRIl
O] T A= (59%), THE5F (Bacillariophyta; 18%), A
= (14%)°] 90% °ld= ZAHASFALL YA Rt
47—}1 ool w2 AJH &S BTt (Fig. 3). ©
A'sE-2 ol T|F (Bivalvia; 79%) 2} =57 (Gastropoda;
21%) 2 T o] ATk o|mjEF{ 5 = (Ostreidae)>
olufufj 70| Pt 67%E AAot= A EFoI
I ZH (Mytilidae)2 19%=, ©] F EFTo] HA| o]uf
T72] 86%E AHAISFT (Fig. 3). 1 @] 7HA T 4ol
Z 785 (Lasaeidae), =205 (Arcidae), 27275
(Solecurtidae) 7} ¥ EdH|-&S E ot

2, OJfEH T R{ R/ EUT U EUAI

HAJ dAgtofA %Tﬁ}% O]”Hﬁﬂeh 210l o] F 8
= 225kl Th (Fig. 4). 2%
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Fig. 4. Temporal variation in the composition of bivalve larvae obtained from the mitochondrial CO1 region using metagenomic next-gener
ation sequencing of larvae from the Boseong coastal waters of South Korea.

A& TR EZ (Magallana sikamea) =, O 7 34
ANlA H 37.25%S AHASFAT. UL EZ (M. sikamea)
< AT A 712391 8ol s0% ©1F 9] & FHHle
= H3ow, 53] 88 ool gt 68.59%E Holtt
7} ohof| FHSHATE NLZ3 (Xenostrobus atratus)< Bt
18.27%°] T/dHE2 HAL iRt 79 1291 76.89%
2 yehgtt. 9 (Musculista senhousia)< Bt 12.55%
o] FAHleS AL, 8 6UFE F7ISH] 8 22U
39.88%°] Z|tigtS Bl & FAskih = (Magallana
gigas)Z Bt 8.42%°] FJHlEE SASIL, 8 274

o 20.36% 2] H gt Bk 7927 (Sinonovacula
constricta)= B 8.36% %, 6~7AVA = Aol &5}
A Frot, 8 209 5431 S5t 67.70%2]
JH)&S HAth A2 (Anadara kagoshimensis)< 8+t
4.00%5 AA5FHoH, 682 Aokl 89 24l 8.63%
=2 7 =94h A1 §<F ATt (A. kagoshimensis)
9] read#t-> 89 290l 71 =UTE Kurtiella aff. bidentata
+ B 3.35%= 697 9doll= S5 kAL 8E 9
gl 20.50% %2 5AY S7HE Holtt fAasklnt. &
9 (Tegillarca granosa)~= Bt 1.92%=, 69= A 2|6t 8
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Fig. 5. Changes in the common bivalve larvae obtained from the mitochondrial CO1 region using metagenomic next-generation sequenc-

ing of larvae from the Boseong coastal waters of South Korea.
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(Jung et al. 2010), F-F-F471E & 4t7]
=017l 278 59 AALE TS % 27
tot 2 A 23, A9 (T granosa)& HI%
82 SHAIRl 7~8€e]l =2 &9
, ol 29 ol 77t of Fd ol At
SHA At o=z el 7]E] A Aot dARt
T} (Boolootian et al. 1962; Yoo 2000). A28} (T. granosa) 2}
M A9t (A. kagoshimensis) T8 2] 7R A 4= (relative
abundance)+ H|& 620l 71 %%’X]%(Fig. 4),649] o]
ool T8 9] readglol] -9 271 wizoll Ae7hAl
F7F A 2A = A wEkA oo 7] 7213t readdt
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]
B
3~4F & 7IQI5HH (Moon et al. 2004), ¥ A7-2] FEk(T,
granosa) X} MIEF (A. kagoshimensis)< 212t 781} &l
S AlZohs Ao R R o] = WUH(T granosa)
o} A4 e Al7leh ARttt (20181 HAIHITHSA
A, AR 2FR). WEH(T granosa)< WHEA| Ad<5ohH,
T2l T7Fete 749 Foll ASA R AbekS mhA ARt

T
03 7o) Wstol Tt S2o] & s AT A
2517 & Qtt (Yoo 1971). BEH A A29F (A, kagoshimensis)
2 7~947kA] Wath ot 71 AFREAIZ1E 7HA] L Qo 5
A7 7~892 A Utk (Kim et al. 2008). 72 (T.

gmnosa)iq' MAE (A kagoshimensis)g A A DA 7~8
dof Wrdst= Aoz B E o] Itk (Moon et al. 2004;
Kim et al. 2008; Shin et al. 2011). 2 Ao A A2} (A.
kagoshimensis) 2] AFEtA| 7|7} TFHE A+ Axto] H]of tha
wE A0 2 SIS O U, WUH(T granosa) 2] dA17 =
dufjo] AAgH 9l 42 Fofl S ot TLE FellA
T Ot4 Aol Holx= Zlog HIEo] Qltt (Yoo 1971;
Kim et al. 2008).

2 AF7IZt ERt W (T. granosa), A8} (A. kagoshi-
mensis) 2 A FutREZ (M. sikamea), T (M. sen-
housia), a2 (M. gigas) 12|11 7FSERI (S. constricta)
5ol T2 FAoE SIS (Fig. 5). & ATl 7t
A w2 Eds B PR EZ (M. sikamea)2 H/J3]



o]
=

RHE o 2 g~11gel] el
ZrE= A0
E2A f7lE0] S5 AolA dFer E3stal A
MeS A7 AEE
Wafist= SIAMER B 151 Th(Morton 1974; Lim
and Park 1998; Crooks 1992; Kim et al. 2006). ThepA] Z01
(M. senhousia) "89] =2 282 @A S olsiE
T AY HlE S 4 Qlo], 72 A F
ol 2 WS Ao &FF o] whE tiFo] d sttt Hel
SeFtoll A 3 (M. gigas) 82 ZAEZIZEQ1 7~8E 9]
=7 TEE T (Kim et al. 2008), ¥ A7 At} L2)5}
Ao, Aol Fagrel A= 2 (M. gigas) S| F8-2 649
of HolHor A Edste] Ao E o] Zpolof w}
2} 23 9] Z}olE H Tt (Jung et al. 2018). 7FIFETH (6.
constricta) @] A2 8ol ) EF &S HYoH o=
Han et al. (2005)01] o5 H= 7leEHEERI) (S. constricta)
o] Ar17] (8E~10¥ %)%} Al

4528719 olmiuiF= FE7t FAsH ] wizoll, <
A7t} st et olmjaflRF o] FRfAde s st
710l olgzo] whEt 3t dl= ul= TR Are] 2009
T ool iFEol AAlska Qlov ZF A8 JHE A
2 7 Sl T2 509 Foll AR =t (Lutz et al.
1982). o|2|gt ZAIE slidst7] 915te] mNGS A7} Al
X3 Q) O} (Hajibabaei et al. 2007), o 5fF2] F-7-5
B o2 gt A= oF2] ulH|Stt(Jung et al. 2018).
2 A7 B Aste o] sk B 23
< EY& o|ujuljF9] 4F=tA7]E F5t 7t shelom,
olefet A+ A= A A A FHUE S AR
Al719] At S 22 A1l 2A7 2 5 e
Tk Euk opet & A= FEEE R T4
St7] o2 ojmiuiF FH-RAY e F v
Foto] Ao H 9] =2 TS gl ol
off B AQtafHo] ofe] ofujulFo] Atetdo
T Q2SI ey 2 At At ol &
O] gt T IFTHS AFstar 9loH, 714

8

w70l AAZehe} T A B
197) RE ohvje} olohahR o] 43, H2H5437]
REAE T A7} NIEA Fasi,
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