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ABSTRACT

The habitat of the Manila clam (Ruditapes philippinarum) was assessed using habitat suitability index (HSI) factors
survival (Sediment-sand, Exposure time) and water-
environment (Dissolved oxygen, Salinity). As a result, data layer assessed Manila clam habitat, it was possible to
calculate the preferred area. Consequently, it was found that areas which seemed to prefer for Manila clams (HSI
> 0.5) covers 1.23 km? (Weight) out of 5.32 km? and (HSI < 0.5) covers 4.09 km? (Weight) out of 5.32 km?. Based
on these results, it is estimated that Manila clams preferred habitat can be distinguished in areas other than the
Boryeong tidal flat. Additionally, continuous environmental monitoring will have to be carried out for habitat
management of tidal flats, and it is expected that these studies will develop habitat-based evaluation methods.

considering growth (Chlorophyll a,

Hydrodynamics),
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philippinarum) = 37 WAe] 713 £23 (Bourne et
al, 1982) Fefet A 15 PAAS) Fo Fow A
ARGt 2 20005 SoIARA R Sope 2
(Upogebia major) o €8 2 o523 qls nlx2he]
AMAgzte] ks op7]skAl =3t} (Hong, 20138). -2 v1A]
2y} npi A 2 BeBolaAlalg A HAE 4 ety
h e RS T8 ol SN 10 ANV AER
e dos|= 712 4eA gltl (Tamaki et al., 2008).
A 25 Ade 7&% T7F Y 2o 2407 9lgt T7HAA
o Qs W A
o2 w4442
(NIFS, 2016).
olel gt vl AAA) i vhAee] st A7)
Aol A2 WAe) Apmel stote] asheh ALAHG
A]4* (Habitat Suitability Index, ©]3} HSI) &= A2} #] 7]t
o] HrPPEo R g Fo] o] 8rbsd AXAIE AA, A4
Aoz sjofe] Psohn, £ el et oj3o] sselt

T2 ARG, FHEEE VE

Al
3
2 A AL oF 76.7%% A= A
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(USFWS, 1980). HSIs} #=1%l A2)#] 2] 7} A5 Abw
2o 23] Amet (Scapharca subcrenata) & 59 7Vs
MARE AEslEd HSIE 83, & 771419 A21A] |
F5 AAsty Hrie A, Ao e difte] 1% HSI
ol 0.601d o2 A velon, o] & Ajzute] Aa)x|
4l 7FeAe] ke AS AAREIY (Zhou et al., 2016).
x3h 34t (Apostichopus japonicus) & AAAAS $]3
Far absaks Ak | A9E oz A sk
MAAE Al Slste] 671 W F 2744 HSE A
% (immature) ¥ A% (mature) /NAZ FH-3lo] Fr)ek 2
7 HAE A E 29 ARA A7t Fag 2R 9
HATE (Zhang et al., 2017). o|AH, F88=cl gk A4
A A7k W AR AT 2 S ouwd Tt
gk Fo] At g 2 e FEA Aol 7k

T3, AEA W3t 7lestche BAllA A S A4
2] 7|ake] Haba ol AEH o Hrls B FeAo] gloh 1
o] MAA] 7Hke] 7} Al oAl Bl wl glo
wpx|gke] A7 ey fEld A2 HeES 2 vk
g et AAE 7] wiEel] A wA|g o} = AlA Ao
thgh wwel AFAQl X5 selsliof & Zlow gk

& AFelM e By R wixEt Aalx] e SAS slelela
H7pstaal shgick w3k, g T ¥ E AFHoR 73t
of, A7 37 7be] o E =Rt} ghth oAl A=
wpA| o] AAAAGAFE 85 AR Ul 2EY A
A7 7uke] Ae|AkE ke Efe] 2 Zlo® iy
o, 25 AdojAe] A&AQ] AEoldd AeE f% 7124
22 AFstaAl g

R

1. ZAA 9

FARA] A2 Asljtell $xgk o] 2 Fad
WE AR A 207 FEEE F 15 A
3lict (Fig. 1). 2 e Jelle MY oz 243
= ubdFxrt fAR 240ln, x4} 637.0 cm, BTEA
458.8 cm, A% 280.6 cmo|th (KOHA, 2020). FZo]
WA, A <Zels o] fAE glon, FEEL
v WA ket A vk Fo AAFE vt
Zolu] el A %l B e ofgt 37 Ty e
2 20199 2€94 20199 1097H4] EA(29), 2A(49),
3A(849), FA(109) = 71 & 44 AL
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| &Ash
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ey
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Fig. 1. The map showing the study area in Boryeong off the
west coast of Korea. Environmental (water and sediment)
samples were collected from each sampling sites
(A1-E3).

Yellow Springs, USA) & A3l AR 9] A7t &) AR
(Standing water)3] =& (Temperature), S+ (Salinity), &
Z2t4 (Dissolved oxygen), $40]2%% (pH) & 3%
g3t 3ict.

B e 7k AR HAE ARE AFEt 7
(Ignition loss, IL), 3<% (Water content) = 3|53}
AN Z7)E F3ke] A (MOF, 2013). E4&
+ AAY A4E AA, ARAT =HAR o] 247
2 AsYEEA4A] (SediGraph III 5120, Micromeritics
Inc. Co., USA) ¢} A2 AAF7] (Analysette 3 Pro,
Fritsch Co., Germany) & A3l ®A43lgic}h (Folk,
1980). EFEAE] dF= 2= F AXE HHE AA
HPLC (High-Performance Liquid Chromatography) =
2224 aS AYeISrh A4 752 KOHA (2019)°014
Wk FA2FES B4l AA HelHE 17 142
T FEote] BAsGeh 28 Ee] A 2E3AE 23
ArE o]&d 2 x=E2AL A4 TAE ZEslelen
(Jeong et al., 2012), RFIg x4Uu=4 HASAE

(KOHA, 2020) ¢} AAHES o] &3le] Ak&3lgic).
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MAARGFA 7= g Fol 0|87l AAIAe] A=A, A4
A BEAE s WHoEN 54 T3 AR B A
kgl djgt 712 AT Fal ALEIT (USFWS, 1980).
Zoll 28k Aalx] o] go] 317-8%F (Carrying capacity) 2} A
Aoz gk, g Fo et AAA] e wAgs)
Al Ao} 9e-& AL 0] ZAHELE LAZEE A4
A, 19 FAEFE A7 AAAE ou]gi
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Table 1. The values of six variables for Manila clams inhabitation and equations for calculation of HSI

Life requisite Index (value o) Condition Equation
Vi: Chlorophyll a (1.0) 6 1
Growth _ 6
Vs Hydrodynamics (10.0) No weight HS = (1_[1 Vl)
i
Vs Sediment-sand (5.0)
Survival
V. Exposure time (2.0) 6
ms = ([ V)"
Vs Dissolved oxygen (1.0) Weight B i

Water-environment

Ve Salinity (1.0)

Table 2. Annual range of sea water and sediment charicteristics in Boryeong tidal flat

Sea water Sediment
Temperature Salinity DO pH Chl a IL Sand
Surveying site

() (%) (ug/L) (%) (%)
Al 6.01-33.86  30.07-32.03  58.3-71.3  7.51-7.98 3469 1.4-1.9 18.3-51.4
A2 6.47-32.88  30.69-31.34  52.7-87.1  7.75-7.99 0.7-2.7  1.72.2  18.1-27.6
A3 6.60-29.62  24.81-31.07 48.7-89.8  7.71-7.96 0534  1.62.1 18.5-26.3
Bl  6.06.-34.05 26.41-31.57 68.0-99.5  7.70-.7.94 4272 1315 27.7-66.9
B2  6.05-29.08  30.84-31.23  82.1-93.4  7.74-8.13 0.6-1.8  2.0-2.3 12.7-33.3
B3  7.4831.22 28423227 75.3-116.3  7.66-8.41 0.8-1.4  0.820 43.2:96.7
Cl 8653406  26.30-31.80 81.2-102.3  7.78-8.11 57-7.9  1.9-35 16.0-38.5
E‘égeg‘;f C2  6.76-31.48  30.82-31.63 84.4-140.3  7.95-8.25 1534 1837 10.9-44.9
C3  9.06-30.45  27.93-31.48 54.0-134.7  7.97-8.32 74-87 1220 17.2-70.7
D1 7.87-33.28  19.09-31.10 70.5-105.2  7.70-8.06 6.1-10.8  1.3-3.1  18.4-43.9
D2  6.87-31.48  30.88-32.04 86.2-159.9  7.91-8.23 1.0-2.1  1.1-21  23.0-50.6
D3 10.50-32.09  16.32-31.42  85.0-120.1  7.99-8.17 1.3-9.6  1.4-25  21.3-70.0
El  9.72-34.07 16.82-31.89 66.4-127.5  7.80-8.10 6.9-88 1.7-35  6.7-32.7
E2  801-33.91  30.44-32.63 93.9-111.2  7.99-8.24 2339 1.725 15.4-56.9
E3  10.02-30.65 11.00-31.43 51.5-117.3  8.02-8.16 05-9.6  1.3-2.9 23.9-63.8

3l t} (Vincenzi et al., 2006; Choi et al., 2019). 72 #
2] 7Vga AAL Vincenzi et al, (2006) & wsith
(Table 1). v}x|=te] A2] Zlo|= Ao wle} 2 W97} oh=
w, wlx]g A A= FESE] bl (Jeon et al., 2015)
TS 2EAeE dAElL £l VA Aedl 2AE
IdE Foaigick T ZantelA wix k] A A F
L3 A2} 2EA7Ee® By E Y (Choi et al., 2019),
A 27 el A FAlel wet =EARte] Hstslr] we] o
Az Fe7t 9l Aoz shd=Elch iR AAz] HrbE
938t SI (Suitability index) == Fig. 20 Y3}

vl gk A A2 Hrke ARl gt 7] AL
T 7FeAdE RS 5 gl7] wiiel] 7] wigel 7
4 (Weight) 7} 7155 v]54 (No weight) ¥ 7} ¥
25 AAsle] v wslgit) (Jeon et al., 2015).

o . to

4. vpx &) A&

HSI®| Aok AR ] 54 Fof Ak 2= A4
E9} e ARE T uk=A] 5= ojoF g} (USFWS,
1980). wpA[Ze] AARRE slets}y] Sjs 7} 2|9 F4b H
HE ABE A58 FAAY7] (Can corer) & AHE-3le] 0.2

- 125 -



tXIet =& HAIX &0t

0.8 F

0.6

04

Suitability Index

0.2pF

0.0 I L 1 I

0 2 4 6 8 1

Chlorophyll a (ug/L)

1.0F

0.8

04 F

Suitability Index

0.2

0.0 . 1 L

0 20 40 60
Sediment-sand (%)

0.6

Suitability Index

v,

0.0 I 1 L I

0 20 40 60 80 100
Dissolved Oxygen (%)

120

Suitability Index
= & = =
= ) oe =

=
o

Suitability Index

o

=
=

Suitability Index
= = = =
= (=2 o =

het
(]

0.0
0

=
£

=
=

=
n

0.5 1.0 1.5
Hydrodynamics (m/s)

2.0 25

0 2 4 6 8
Exposure Time (hr)

10 12

L L L
10 20 30
Salinity

40 50

Fig. 2. Suitability index of each environmental factors for Manila clam (R. philippinarum). V4, Va,
V3, Vs and Vg were according to Vincenzi et al. (2006). V4 was according to Choi et al. (2019).
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Fig. 4. The figure shows that the levels of each environmental factors for suitability index
were differently distributed in Boryeong tidal flat.

oAl 2 %S 74 Y AeE sd=) (Table 2).
HAE ILY ¥ 0.8-3.1%2 W92 Yeht 2937
Z3A) o= AAAQ HegleH, HAE dx
2o} v)wsl] 29kE v Sediment-sand?] & 22 A2
AZ (n =60, r = —0.726, P < 0.01) Bo]= 7oz e}
(PASW statistics 18, SPSS Inc., USA) (Fig. 3). ©|
Jef oz Agiet BAEe] f7le=d oo Aua
terl= ®v¢ (Kim and Ha, 2001; Jeon et al.,
2019) Anbd oz FARRE 7S 2= Zlo g wjelEgle

ol ¥ 23T HAZUFE | ETe] Wk A v

g},

e
o e o
Obll
o

| R
o T

N

2,29 2 AG NAA 94 B

wpAEke] A7) o] Beisl 22
1o, w27 S, Re) FRT U4 U RES B
73, 2223 a o 2% Celale AW A A, B,
| ERRIA BE A% 270}

O x

(Fig. 4). 53], D1¥% E14#oe] 77 A%+ 12.82 ug/L,
11.30 ug/LE 7P wgkon, A slrda 73 Qs
L e BE Eele] sl 27bdfolA] AR 274
2 Z5E fgo] meAe AYE By, A 270 AA
(A1, B1, C1, D1, E1)9] % w2 0.07 m/s, 3} =700
A7 (A3, B3, C3, D3, E3)9 &% ¥ 0.12 m/sZ YE}
et (Fig. 4). 28 e sjetaelld 7kx Al 2247149
Ae)7} oF 1.4 kmo 2 v} dbilajAdnt == HAe] e
of Wl Agjrt gokor, AuE sisk ALE AAPL waA
hatste] 2AAA 7he] &bl 7t AlskA] gk
LA B3 seE ) AR AEE B s 270
7F g3 g, A 277 A e E 7] 23N
e 07 setEgleh. 53], A A39F B3Abeel| w9
wdele] FAH] glo] b s =70 AA (2417 el
ulsl Agkgle] s 270 0] A3AA (BA17h) kE A%t
o 71 2oz eyt (Fig. 4). 5422 A2 B3EA
o] AHT 69.1%=F 7P =gkon, o] A AR x7hdfol H]

olod
DA A
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Table 3. The results of HSI of each surveying sites and its clam densities. N.D. : No

data
Surveying site HS; HSI Density
No weight Weight (Ind./m?
Al 0.28 0.23 0
A2 0.41 0.23 0
A3 0.46 0.26 0
B1 0.49 0.36 N.D.
B2 0.51 0.31 N.D.
B3 0.78 0.66 N.D.
Boryeong C1 0.28 0.20 40
tidal flat C2 0.57 0.36 0
C3 0.82 0.63 300
D1 0.29 0.21 ND.
D2 0.58 0.38 N.D.
D3 0.78 0.56 N.D.
E1 0.40 0.22 0
E2 0.57 0.30 100
E3 0.71 0.44 160

3 sk 27bel7h A REFo] =& S Eth (Fig. 4).
Aoz Azpele] A 274l A1AA (30.4%) Bt S
22149l A2AA (21.1%), sHF- 2=3de] A3HA (21.5%)°]
o] st} e i 71A AR YA vl EAE
W fr7lEe] ol Adides v, o 52 Atkugkew <l
Sshrae] dFe] dopr, Aol AR Q= A=
7oz d=A it} (Keck et al., 1974). wpehA], 23 7AHe]
s 2ol EEse] Jle AAES] wid 71Ae] o At
Aoz gtk

ket 4
1

Aol WA Adks]e] it} (Mills, 2000; Navarro et
al., 2000).

3. vz g e A 2| A A5 Grlek AF

np[Ete] AAAATASE 283 2 AL RS A
A#] 7R No weight & @ 0.28-0.82, Weight %
0.21-0.66° M= 7le2E AE3A ddk= o HEFo]
7tk No weightd w C3%47e] 0.82% 7} A3y,
Weight% @ B3%4lo] 0.6622 71 Asiict. F 271
EF 05014l A4 s 27kd9] B3, C3, D3 v}ets|
of A F niAIF AAel 74 A3 Ao g E gt
(Table 3).

2 QoA 241 A-Eglel 5 Bt DEfel (No data) &
A A, C, Ezkale] Al AAE AlmE Hasiglon,

2 % A (2 > 10 mm) ©f dsliA] A53elE) (Table 3).
O A, B2 22 ¥l (3484 (No weight: 0.82,
weight: 0.63) ¢] A2 %7} 300 ind./m?% Qx|3H= Ao 2
FolElglon, e 35 Hgl Al (No weight:
0.28-0.46, weight: 0.23-0.26) = wlx|gto] 8 3}A] 9k
Ezhel &3k A 20eA 3t 20 ® 4 % HSI 5
2|7} EolAl+= 78 (HSI score: 0.22-0.44) & X.o] AA4
% (0-160 ind./m? ¢} LA]3}= 2oz FelF ik
o

1. vkA g A A 2] 37 54

2 AFellA 42335 HSI 7[HE &83k 25 A npA|
2 Aa Aol et AeFAQl Hrlel wel, wixEe] A3t A
A A& HE 27k el 28k AAEe] sl AeE vt
o= glct (Fig. 5). o]ejgh Aa= vpx|Ehe] M)A W 5 A
Eoll H9 HAE] ARG LE AT Ge] =2 A
o2 ek TEAE AL dkE wieh AL gs e
npx|ek A ale) At A 247 C3, B3R R gletE gl
=ull, o] F AH 25 A% AP EEF0] 49.06-69.14% % T}
2 AARE] u)3)] (BT 31.33%) 2o, LE3A7HE 347
oluiel o2 vepyteh AR e A A3¢} B3 Alo]el] o
Aol $1x]3laL glo, mefjsig o = gl A39} B3AA 7He] =
A7) F 1A17F A= Abe]7) QLo eEAZte] Al L
Z 7] A3AA (No weight: 0.46, Weight: 0.26) < sljetAl =}
9 A7} nsdt = &8k, B3AA (No weight: 0.78,
Weight: 0.66) | v]3] HSI A7} Woftl. Choi et al.,
(2019) ol w2 Zanke] vk gl Fwe) A7} wk ok
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Fig. 5. The result of data layers using HSI was established
that shows where is a suitable location for the Manila
clam inhabitation. (a) No weight, (b) Weight.

o w3l g2 xEAZFe R vix|go] AAlsly] A Aow
B uElgleh Favke] Afels A 27l vls) s =7¢
7t gfrso] wh=n, o]o we} sjpfEell &g o]
vlA|g ofFe]] 2 IS v AeZ BuE} (Jeon et
al., 2015). ®& WL Favkel| vl sj4f-5o] AHLt 2
2po] & BolA| ekgkom zAPTbAo] Ao g2 nls|
=3 R os gt A 7o =EAZR Abo] 7} vyt
th. w3k, A4 E2¢F E3v 7FEAE AL9E o HSI
score’} ZHZF 0.57, 0.719 A7, 71ExE A5 0.30,

)

r_°.L 3 rlo

ax
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2. 9bA o) A 4R B

AR 7]ake] AT-E A §igk g 71 84 2
A2 7ke] gz aAleh Fo kel digk AR glon,
o]5 R3] Slg HpE AAA ] EA o7 AEE 4 g
(Vincenzi et al., 2006). AA1#] 7|4te] 7o) F71x] v
el 7)1z3te] AAjx] o] AFstE Algshed, kv HSIO|
W, & e g Fo] o] 88 5 9l AAA e F HA ol
(USFWS, 1980). Ak AA)x]e] HAE AbEsh= A o
Al Fo3t Aafoln, MAA] H7k= mlHel ¢F 7stEE
A= oo} et (USFWS 1981).

A H7H TS F3 v EE dde® AAA e AR
3H= o] F3ich 5'—‘?3 YR "ﬂﬂﬂ npx| ko] HSIE 243}
of ol w2} & Z% 3+ Az} ujz|Eke] HSIZ}

0.5 o]Akel A3k ‘LP #o] 747} 3.09 km® (No weight), 1.23
km® (Weight) & uvelgkon], nixgte] HSIZF 0.5 ©]3k]l
RAgE WAL Zk7k 2.23 km? (No weight), 4.09 km?
(Weight)Z  u}e}=]lcl (Table 4). ¢] % HSI score’}
0.4-052] el Eejex wWAo] 77k 0.87 km® (No
weight), 0.71 km? (Weight) & yelyten 3 £7}EH°1]
Tpkol 918 ABEo] U olgiek. ol AAES uA
G ANARA BAEe] FHE] B AAA BelE B
o

|

=T
=
=

mqﬂm

~

Agslk AR R ulF7] 93k A&Ag] o] B33

@A), wlA o] HSI 7157 449 F717) Z0E
Mmgto Al o AR AAS LES st 4
Aoz feren, o2t A Fo] vl AHHLw
y2keiet,

23'30@%
o 2 b Sb

o]
A
g

olof & Zlew A

Table 4. Suitable areas (Km?) for Manila clam (R. philippinarum) inhabitation calculated by HSI

assessment in this study

Manila clam habitat area (km?

HSI - -
No weight Weight
> 0.6 2.41 0.58
0.5-0.6 0.68 0.65
0.4-0.5 0.87 0.71
0.3-0.4 0.81 0.90
< 0.3 0.55 2.48
Total 5.32 5.32
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B Aol Asfictel gt 2= A AAA] SA4E T
2} Fe A v ] A
A2 Hrls 222 a, R, AETE, 223 £
Ak =5 S8 d 7}
S71sPE o= Agste] wlwst, AEF vlolHE 533l
o} Aoz upx|gte] gk AAlFE s 274}
o7 AHGIk npAEe] A3 AAlA] HSI > 0.5)
g e z2ke & WA 532 km?® 5 1.23 km? (Weight)
2 APgE Gl on, npxleke] BAgE AA1A] (HSI < 0.5)
4.09 km* (Weight) 2 APJ=|Qic). o]l wje}, 25 7
upx|gt A2z o] £ EAS ARA 07 wletd 4 919
o B AT 71xste] o kst Alelel gt A7t Al
Ao 7 o] Folxof & Ao|w, PEo| A|&A]] o] &3} W A
Al BES S8l A=EAQl wikk 9o Tl Zle® A=

g,

(s

b

aPbope £ e

A A
2 Q7 FYARE S AT Adeld A
o3 (R2020051) Aol oz Fasiglon, d7u] A

Ao A=
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