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Abstract : This study investigated the characteristics of a macrobenthos community and sediment environment and assessed the health of tidal flats along
the west coast of Korea. A survey was conducted from Ganghwa-do to Mokpo, Jeollanam-do in April (spring) and August (summer) 2017, and April
(spring) 2018. The sediment grain sizes in the Chungcheongnam-do region were coarser, and the sediment in the Gyeonggi-do-Incheon, Jeollanam-do, and
Jeollabuk-do regions were finer. A total of 140 macrobenthic species were collected from this study and using a cluster similarity analysis of the
macrobenthos community, they were divided into four groups. Group2 was associated with Manila clam farm stations, and Ruditapes phillipinarum,
Nephtys polybranchia and Lumbrineris nipponica were dominant. Group4 included some sites with finer sediment composed relatively, and Eteone longa
and Nemertea unid. appeared at a high frequency. From the health assessment of the western tidal flat, the ISEP and BHI indices had a "High status,"
and the AMBI index had a "Good status." In conclusion, the tidal flats along the west coast of Korea have good ecological health. However, pollution
indicator species such as Theora lata and Capitella capitata have appeared in some areas. Therefore, periodic administration and interventions are

necessary to prevent deterioration of the tidal flat environment.
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Table 1. Location of the present study site in tidal flats along
the west coast of Korea

Region Site Latitude Longitude
. GH 37° 35' 30.0" 126° 26' 23.0"
Gyeonggi-do
o SJ 37° 13' 55.1" 126° 31' 18.6"
Incheon-si SG 37° 11' 19.0" 126° 37" 42.0"
HD 36° 35' 29.0" 126° 23' 40.0"
Chungcheongn 36° 21' 49.0" 126° 30' 47.0"
am-do
SC 36° 07' 25.1" 126° 34' 483"
SS 35° 48' 58.4" 126° 27' 15.7"
Jeollabuk-do ~ JP 35° 35' 35.9" 126° 36' 03.6"
GC 35° 33' 41.0" 126° 32' 21.0"
MA 35° 09' 22.2" 126° 20' 13.6"
Jeollanam-do  SA 35° 01' 31.7" 126° 10' 15.6"
MP 34° 49' 46.0" 126° 23' 00.0"

227T0C % EXZ & -E A
TOCE HAE A 8E & wAlgk 712 <An}
3lal, IN GAHHC)O. = %171 BAE AAT F dag 87
(tin capsule)ol] Hol ¥UAEA7|(CHN analyzer 2400, Perkin
Elmer, US)Z =74 3}31 )
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A 7155 40
2astgnr =84 Ag= e
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Health Index)(NIFS, 2018)2} AMBI(AZTI Marine Biotic Index)(Borja
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(NIFS, 2018). A7 =+ Table 29} o] A S 553 )
At
2.4 *EEA

PN sE THS F NAFY 1% o 28 +&
oz BAgon SHFA 93 JIFE Folr] 93
4th square root= A 2] 3+ & Bray-curtis similarityol] we} %
AF AT E8 TS A4t WHOZE groupaverageS

x—l&g],oﬂ E]—(Bray and Cultis 1957) E] x—l/\} —“rlx19_ o-]x]—bﬂ o]
E=ZJ(Sand %, Silt %, Clay %)= normalize 3+ ¥ Euclidean
distance® F FAIEE A5G oH, A "1 = %
A2 54374 255 ulg o2 PCARAS A AT} Primer
version 6.0 program ©] &3l =% %= (dendrogram)E 2} 5137
TH(Clarke et al., 2014).

Table 2. Thresholds utilized for each index. BHI and ISEP indices are newly classified in consideration of the original paper (ECJRC,

2008; NIFS, 2018; Yoo et al., 2010)

Diversity with

Ecological Status muddy sediment BHI ISEP AMBI
H  high, normal, unpolluted 33 <H 80 < BHI 0.610 < ISEP 0.0 < AMBI < 1.2
G good, slightly polluted 25 <H <33 60 < BHI < 80 0424 <ISEP < 0610 12 < AMBI < 33
M  moderate, moderately polluted 1.8 <H =< 25 40 < BHI < 60 0359 <ISEP < 0424 3.3 < AMBI =< 43
P poor, highly or heavily polluted .1 <H =< 18 20 < BHI < 40 0290 <ISEP < 0359 43 < AMBI < 55
LB | bad, extremly polluted or azoic H < 11 BHI < 20 ISEP < 0290 55 < AMBI < 7.0

Table 3. Average grain size composition and mean size, sediment type and TOC of tidal flats along the west coast of Korea
. . Gravel Sand Silt Clay Mean size TOC Sediment type

Region Site

(%) (%) (%) (%) (%) (mg/g dry) (Folk, 1954)

GH 0.27 1.81 78.05 19.87 6.51 6.25 Z

Gyeonggi-do SJ 1.41 26.63 61.68 10.29 4.88 1.74 sZ

hlchéon-si SG 1.42 4.52 72.82 21.24 6.31 5.77 Z

Average 1.03 10.99 70.85 17.13 5.90 4.59 Z

HD 1.00 49.16 37.69 12.15 4.32 1.58 sZ

Chungeheongnam-do BR 0.94 40.80 44 .81 13.45 4.56 2.36 sZ

SC 0.63 69.90 22.73 6.73 3.42 1.03 zS

Average 0.86 53.29 35.08 10.78 4.10 1.66 zS

SS 0.29 8.66 82.04 9.01 5.40 1.83 Z

JP 0.45 1.92 69.59 28.04 6.78 6.00 Z

Jeollabuk-do GC 0.06 9.50 8335 7.09 5.35 4.02 z

Average 0.27 6.69 78.33 14.71 5.84 3.95 Z

MA 0.09 0.75 83.21 15.94 6.42 3.46 Z

Jeollanam-do SA 0.34 1.02 72.64 26.00 6.93 4.19 Z

Average MP 1.58 1.92 68.23 28.26 6.93 4.73 Z

Average 0.67 1.23 74.69 23.40 6.76 4.13 Z
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n=144,r = 0.668, P<0.01

TOC, mg/g

10
Mean size, 6

Fig. 1. Relationships between sediment mean size and total

organic carbon (TOC).
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3.1 El®g & % TOC
EHHE9] Gravel % H= A A
W] 2] % tH(Table 3). Sand % 54 9% A

[<2]
=

oA 0.06~1.58 %
M of| A 69.90 %

= 7

2 Ega, AR AE g om AbE ko] 2o A
2 B 49.16 %, H.7 40.80 %, A AT 26.63 % w0l ATk L
voll #19-& Sand’} 10% ©13}, snt+c1ay o Hl&o] °F 90%
ol YAt Ao rs T Aol Ak x40
=31, A7]-0H Ad) x}‘ﬂbﬂg—-’ﬂ@"g A3 deFALe
e AT} B4 = 9] 1Y = (Mean size, Q)T 5.650°|™, &
o ﬂ@‘,% 41002 st Ad A9o] 6760= AT &
4 BT A HARES AR Al 2 T

ar anfel]l A B A

A3l A E AR silty sand, z8)S
& AFE A E(sandy silt, s2)2F A Eilt, 2)ol sig3F T

TOCE M Aol A H 1.03mg/g dry= 7Hd wokar 738}
o] 625mg/g dryR 7} Ekom AlEr Anmem]
TOCE 3.58 mg/g dry= o] &el¥ Al11x22 o4

Table 4. The top 10 dominant macrobenthic species in tidal flats

A tEAMEE

of #Fx % UAE F7t

7152191 10mg/g dryRth Ytol F5eh gHo = 591y

o AR = S AYo] 166 me/g dryR Skar, 7]l
7 Aol 459 mg/g dry® =okTh A& A A Ade
Z}7}; 3.95mg/g dry¥} 4.13 mg/g dry 11Tt TOC FE=E 7
E AE7F 29E oA wtar Al S Ao A A e
wom EAE JiEYeet ToCE Fo] e (r=0.668,
n=144, P<0.0)E X th(Fig 1). Jeon et al.(2019)2] AH ¥
A3 ATl E HAE FAYE 7715 % (Organic

Ao, o] Clays X33 16um ©]3te] AHAES} SA
H AE ] nl&o] TOCS LA 3 #edo] At}hi= Secrieru and
0aie(2009)2] AToF% F3H3}3it

Content) AFo] 9] o] A2 (r=0.797 ~ 0.864, P<0.01)7} A
3)sk
A=4

32 XM EE

38]o] AR At A 1274 FALeA F 18917Hzﬂ7}
ARE QAL 752 1175 14050 2@ & 242 o=

(Polychaeta) 56%(40.0 %), 77} (Crustacea) 40%(28.6 %), < Zﬂ
F(Mollusca) 38%(27.1 %) 0. & YEbSTr. FH(Family)s= 270
A ¥ o] #}(Spionidae) 9%F(6.4 %), A T(Varunidae) 7°E(5.0 %),
H7N A7 o] IH(Nereididae) 2} ¥ S 70 %] & o] I}(Capitellidae) 7} Z}
& Fdssith

WA Z(Ruditapes  phillippinarum) 20173 4ol 1337] 4],
2017\ 8ol 24704, 2018\ 4o 25170A = F 4087 A 7}
Ao AA ﬂ%fﬂxw SE T 2L6%E TP w& HES
2} 2] 512 CH(Table 4). & HAZ $A3 2o ugHES4%
e Ol(Heteromastus filiformis) = 23671 21](12.5 %)7} =339 o
H, Al WA 2= 7y (Batillaria cumingii)g]r ] Z 70 (Laternula
gracilis)?t Z2F T6M A0 %R AH F a1, Bl 57X 2 o] 3}
(Capitellidae)2] Mediomastus californiensis7} 6971 A (3.6 %)= 7
9] 5Eo] AA MAF 457 %E 2AFFAT

along the west coast of Korea

Rank  Taxa Species Spring 2017  Summer 2017 Spring 2018  Total Prol({,zr)“"n
1 MBI Ruditapes philippinarum 133 24 251 408 21.6
2 APOL  Heteromastus filiformis 114 83 39 236 12.5
3 MGS Batillaria cumingii 53 7 16 76 4.0
4 MBI Laternula gracilis 2 71 76 4.0
5 APOL  Mediomastus californiensis 16 11 42 69 3.6
6 ONE Nemertea unid. 13 11 21 45 2.4
7 APOL  Prionospio pulchra 4 40 44 23
8 MGS Stenothyra edogawensis 2 41 43 23
9 MGS Reticunassa festiva 22 15 37 2.0
10 CDB Macrophthalmus (Mareotis) japonicus 11 13 12 36 1.9
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Aokl LAE olFaL, FAE IAA A 2=
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3.3 MEASHN AN+ ¥ HYE A4
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Table 5. Biotic index (Shannon’s diversity, BHI, ISEP and
AMBI) and status of macrobenthos communities in

tidal flats along the west coast of Korea

Site H’ BHI ISEP AMBI
GH 1.7 [P 94 H 0.807 H 22 G
SJ 1.9 M 81 H 0592 G 20 G
SG 1.7 [P 88 H 0.567 G 33 G
HD 1.7 [P 65 G 0.624 H 21 G
BR 1.5 [P 82 H 0.779 H 31 G
SC 20 M 74 G 0.630 H 21 G
SS 22 M 73 G 0.819 H 24 G
Jp 1.6 [P 95 H 0.747 H 28 G
GC 1.9 M 83 H 0.688 H 26 G
MA 20 M 72 G 0591 G 1.1 H
SA 1.6 M 93 H 0497 G 31 G
MP 24 M 84 H 0.368 M 23 G
Average 1.8 [P 82 H 0.642 H 24 G
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Mgt A el F-51A HFAAE
(RE)ysFo] A th(Table 5). BHI 2 22 ‘High (7H4 %
Tysdefolal ti-Ee] FAMA o] ‘High VM 4E) ®E
‘Good (YT yom v &o AHow Ty}
*1%4 A1/\] , Ter XMO] BHI ¢ 60~8020.2 Good%-&g
wo xo] & = BHI 1830
& o|(Cirriformia tentaculata)”} TH
2] o] (Sigambra tentaculata), *|7
A M= AR QAGNA (4. lanceolata)?F BHI LF4° 71
ol 7t A WA ZFIRA DO|(P. pulchra)?} ZFsFTE ISEPE=
Bt 0.642% ‘High (Vg FZydefolnt. dAxee Az,
o3} Aok ‘Good (YZyAElo)al FUslA B Ao
‘Moderate (X5 ) A Bl 2 YEF T AMBIE H 242 “Good
(Fy deioion, F¢k Al High(71 Foy dele]
AL 7M7) Aow Fhelw et

3.4 2EEA

3.41 MAMME 27
WHEAMFE THE FALE 30 %S 7)|F0 2 479 1%

o2 U A th(Fig. 2). Grouplelli= M3 Aol £3om %

o (N. japonica), B2 g X9 A] —?—’\}?E(Umthoe convexa)

20+

’—A—‘

Aug20T
Apr2018 SG

Apr2017 SG [ ]
pf2017 BAu&,2017X},c

*

122017 HDAug2017 SS AufRelf

£2017 SS APQOIWOI s®
i

Aubztﬁ 7 B

Aug2017 GH

Apr2018 BR
Aprzolx sc

Dendrogram of cluster analysis and ordination of 2D

Group4

Apr2018 GH
*

Fig. 2.
non-metric multidimensional scaling (nMDS) showing the
faunal similarity between stations in tidal flats along the
west coast of Korea.

I AR QGANX G O)(A4. lanceolata)’t A o2
St} Group2el = WA o2 A%, 3F%, %‘, AA &=
% ol TR 53 A5 ol 4A
philippinarum)©] 12 -3 A ¢} vpA| H-EL} 3}
TR & o] (Nephtys polybranchia)®t o]y H L=
O|[Scolelepis (Scolelepis) kudenovi]7} Group2ol AWk &3 )
Group3elli= =3 o] &3 om w2IN(L gracilis), T
HYF Al(lyoplax  pingi)9F  S-AHEH 7] 4=9- o]
(Stenothyra edogawensis)’} 4202 ZA3IA T Groupd=
Ak, 3, Feh 2leto]l 23}HAL A HIFAATE
o] 13~16%2.2 thZ Group?} Bl w34 &8 £57F Aok
v 2R, philippinarum)®} G805 X] = O\(N. polybranchia)”}
& ZdskA Fkon, AFANLAA G o|(Eteone longa)
2] & o] F(Eteone sp.)= Groupdol| A7+ & &3}

A
35 5(Nemertea unid.)9] &3 o] Eokr}

o,
“

senhousia),

HAE & v g getM T #3& vudE A7 F
5709 2E o2 o™, Sand %2 Hl &) 49.2~69.9%
o o]2& M} F =7} GroupAol BFE L, AFE ko)

GroupC

GroupA GroupB

Ap2018 BR

Abg.2017 SC Apr2018 HD

o Group A ‘pn20.17 BR

Apr.2017 HD

Fig. 3. Dendrogram of cluster analysis and ordination of 2D
non-metric multidimensional scaling (nMDS) showing
the sediment similarity between stations in tidal flats

along the west coast of Korea.
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26.6 ~40.8 %= A6k A A et B EH o] GroupBE ©] F ).
GroupC, GroupD, GroupE: AFEo] 10% wRkel A Eoln,
GroupCE AMA| =9} 13 GHo] &gl om ALEo] 87~9.5%
Z vjnd w7k x5 = AE o]t} GroupDL} GroupE
= Silt?} Clay®] B]&o] 97% o]/l YAA™-E sSilte] v|F
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Clay 141%= Rt AEZL $A3 Rog BuEdrh
(KOEM, 2017). ¥ 998 Sand %E 77]-21H B Ho] 464 %, =
A 674% A5 A 449%, A B 253%2 B A
TR AP o] A 0] =& ubd, Silt %= 7] Aol
37%, AE AT 4.6%, A B 509 %2 B ZALRG
SOk TH(Table 6). =71 | FAEf Al ST = Ao N7
A71-A 7570, T 6970, AE 1871, A FA ) 907

2 @l WEe FFEA dal o dEdeldn 47
oo agelE B ATE Fi B9 A0 HARe 29
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Table 6. Regional sediment composition in tidal flats along the
west coast of Korea. (A) this study, (B) KOEM (2017)

- Gravel (%) Sand (%) Silt (%) Clay (%)
egion
A B A B A B A B

Eﬁzzigl 10 17 110 464 709 437 171 8.1
g;‘ll;nglfggo 09 1.6 533 674 351 267 108 43
(Jif)"”ab“k‘ 03 0.1 67 449 783 446 147 103
(Jif)"”anam‘ 07 26 12 253 747 509 234 216
42 lPXAsE 29 EXE 54

P A EE T Group(A A=, 3%, B8, A%, 31
e IR philippinarum) ©17ol™ 1 Wl E A B
TOCE A% Az, F= HLE Sand %2l o] & o]
w, ML AHLS Clay %o d&FS Ho] wtorn 53] TOC

T - A8 - A3 - =52
o} B Fhedo] Utk AA =} 1F-E Silt %7t T
FolRomn, nyge AP 5L YEFHIT(Fg 4).

2 Groupdc A3l%E, X,
20173 49 w3 A 2017
W Silt %2} TOC Alolel] 2H

rT‘

(a) Group2

PC2

PC2

PC1

Fig. 4. Principal component analysis (PCA) biplot of macrobenthos

fauna based on sediment environment data. (a) Group2,

(b) Group4
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