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Abstract — Long-term spatio-temporal distributions of the benthic environment and the macrozoobenthos commu-
nity were investigated to assess the impact of Saemangeum dike construction on the subtidal benthic ecosystem for
7 years. A total of 7 times sampling were conducted at the 10 sampling stations located outside of the Saemangeum
dike in the summer from 2014 to 2020. The benthic sedimentological environment of Saemangeum sea area tended
to be finer after the completion of the dike, and the loss on ignition (LOI) was relatively high within the area affected
by the discharged water over the study period. A total of 255 macrozoobenthos species occurred with mean density of
1,692+331 indiv. m? and mean biomass of 59.9 gWW m™ that the community structure was similar to that of Yoja
Bay. Polychaeta was the most dominant taxa for the number of species and density, and Mollusca for the biomass.
The most dominant species were Theora lata, Heteromastus filiformis, and Lumbrineris longifolia. Among the
dominant species, 7. lata and L. longifolia mainly dominated at the stations located in the south and near region of
the Saemangeum dike, and the H. filiformis dominated in the every study area. Three station groups classified by
cluster analysis, positioned consistently during the study period according to whether it was adjacent to the dike or
not, mean grain size, and LOI. Therefore, the benthic ecosystem in the outer sea area of the Saemangeum dike has
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changed to where the pollution indicator species dominated over a long period after the completion of the dike, and
the north part of the Saemangeum area has remained relatively stable, whereas the benthic ecosystem of the south-
ern sea area where the two watergates located is supposed unstable due to the disturbance.

Keywords: Saemangeum(*] ¥F5), Benthic ecosystem(*] 4] 3 El] 7]), Macrozoobenthos community(tH 3 ] 4] -
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AT AeiAl= A1 9) Q1Adste] A H
=0l sk, @k, =4, HH% 59 Q19141 FE o gt
-5 WH=TH(Gray[1997]). &4 7199] f7]80] A|&4 07 F4]
7] wizel] 2laliola} vlisto] A o® Bhkeo] w8 AEiAlR
U A] QlTh(Feebarani et al.[2016]). T 3, 8}, 41214 Al
T, GAHIAY T vhek AEiA AHIAE Aleekal QUARE
SRR Qe AMENAI] 17 o] ok 1 A &g
A A7) 124 371 QEK(Levin ef al.[2001]).

21720 $742319) A

A g oA o)A} A9 F AR wol o] w7 mie]
APBENA L] TAgha} wolAkEellA a8t 53], B2
T8 SR AAHNA oAl B w g X]W@ FE= VAl
L qlem, A et BAE 27 wiste] wigkshAl wkg-ghrk
(Gray[1974]; Snelgrove and Butman[1994]). T-&ZH =0 ]‘4— =
gl njsf AP drfE o do) Az g7 theket W

3= FAT 5 7] vl sl HkE vehis AARbRA
g2] &85 31 9 tH(Rakocinski et al[1997]; Blanchet et al[2008)).
Eﬂaﬂfﬂ%ﬂ AT BXE 2 A2 3509 3742207 7
& 5ol ofell Au olelgt A wiitell AP AE F olaE
T 91% 71ZARE AFIP]|E ShMillet and Guelorget[1994];
Ysebaert et al.[2003]; Ysebaert et al.[2005]; Sousa et al.[2006];
Fujii[2007]; Ryu et al[2011]; Lee et al[2014]; Kim and Koo[2016]).

AR Bl RSPt R84 S 5] HAo® 1991
HE] 20060970 & o] 33.9 km2] WEAE FX }04 401 km?
w2l ZMA-E v TH(Koh ef al[2010]). AH J2A W5
2153 AR 7S B 8H—r & 2l
A AQ1 sljg=e] s=gto] o] FolA|A] kar Qlo] WEH FHE
A8kl JTHKim et al.[2007]; MOMAF[2007]; MOMAF[2009]).
ks g zeAle} 22 diatie] Q1Y 7= i) =ul3keh
$Pda Wskr]7|H, ol2f gt sk AMs ] el 2 wkgE
<+ 31CHSanders[1968]; Tunnicliffe and Risk[1977]; Shim et al.[1988];
MOMAF[2007]; MOMAF[2009]). AAMs& o3 732 7|7+
e AARe EH?FU Aol of gk Q1 s EiAl] AFAAQ] W
sk} Q141 WMkE 728 4 JEF dlFth

T A Aba| ol A WAl F3el] ke A 9 =5
(Woo et al.[2006]), 5 E|ZE3 X|3}82] E4J(Cho et al[2001]),
W EAIZ=0) APAHE(Kim ef al [2006]), ABERAIL] BI3HLim[2007];
Koo et al.[2008a]; Koo et al.[2008b]; Kim et al.[2014]) & T
A0l FHEN U WxA] k3 o] % Y7 BUHES S5l
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A A W3kl B digt AT PlEs Ao th(An er
al.[2006]; Park[2009]; Lee[2012]). Wb & A= Au Wbz
A &5 o] F A7IRkell AR Z3t) AMAENAIL] Al57E AEek
e metsto] glae] sk EiAlY MY dE Hdslglt.
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Fig. 1. Map showing the sampling stations of study area in subtidal
area Saemangeum, South Korea.
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¥ FAE A @ ] el 2438191 0m (MOF[2013]),
201795E 202037H4]= A% 47 (Mastersize 3000)E ©]-8-511
=9t BEYE D BFE AF-S Folk and Ward[19571
Lq.aLOUq @E(Simg}, S| E(clay)J shak (%)_O_ fslA]——g;].o:] q;gﬁlak
o7 ARSI f7 e 7347 (Loss on ignition, LOIS
o]-g-ato] T“‘F’*E‘r B 2= AR 70 °CollA 72A1RE o F2e]
AZAZ & wpApg: ARgsto] wA| Erkslgivt. &
28 FJM o do} FAZ =48t L&AV 24 550 °CE 4
ARE st sl AhE A Re FAE ARA LS ol 8sto]
0.001 g7H4 2733k 3 Ak 5] FA| ol 2 Aksle] §7]
EFF (%S A

551 Compton (1985)0] AAIgE 7|5l w2} very well sorted
(<0.35 @), well sorted (0.35-0.50 @), moderately well sorted (0.5—
0.71 @), moderately sorted (0.71-1.00 &), poorly sorted (1.00-2.00 &),
very poorly sorted (2.00-4.00 @), extremely poorly sorted (>4.00 &)=
FREE o H, Y-S Flemming (2000)0] AQFgE ¥ o)) whef
sand (5% ©13}), slightly muddy sand (6-25%), muddy sand (26—
50%), sandy mud (51-75%), slightly sandy mud (76-95%), mud
(95% oHE et

wEE o

22 HHHMNSE 55 U 2EEM
AN EEE AL olgslol F SR B T AL

3191 © ™ (Kim[1973]; Klm[l977]' Park[1989]; Choi[1992]; Shin

and Rho[1996]), AETE 84442 2712 A7 T w50
UL AN ER ) £240] fAls ARTE BRE]

$3l A4 (cluster analysisys 3510 0™ &3 52 7|4
ARE log(x+1) W3 5] Bray-Curtis A157(1957)5 AH&E38I5IT)
A7 HA1S PRIMER ver. 62 ©]-83131t}.

2.3 MAMEEX|E

@AM EE TR B8 dokrr] S8l /AT ARE 7|9
© F FUYT A4 (Shannon and Weaver[1963], H’), % F =X
T(Margalef[1958], R), F1-6 A5 (Pielou[1966], J), -+ A=A
(Simpson[1949], DY& AFE3ISITE.

714 2. $44]<(Benthic Pollution Index, BPIy= Q34| A% o5 4l
AR et OBANTES T 9 IFoE ERste] 7t
a5 EE MAFE TR e A= vetehs Welth
(KORDI[1995]; Kim et al.[2014]; Seo[2016]). BPI2] AH& AlAA] &
o 2t
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N, +N,+N;+N,
d

BPI=|1- x 100

03714 N2 oJ3}2] 2} (Filter feeder) 2 522K Carnivore)®] =&
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A=, N L9AAE(Pollution indicator) ' 73] (Opportunistic
species)?] WA LFERNH, a, b, ¢, dii= ZH2} a=0, b=1, c=2, d=3%
AR TYeAE UERdTE 2 O:‘:r“’ﬂ’\ib BPIX|5=2] A8 H]

5§18l 1-1007FA12] BPI £+ 15565 ©17), 257 (51-64),
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3. 232 nE

3.1 M2 Y=A| 2|5 Z=6iH 24 XA ek
2 AF7IZHEE vk WA 215 Zsl ] B A 3.4
5.6 0 M9 FHUES B or HE UATSRS 25.5-554%%
201651 ] Hlw A ATz} 2020 ThA] AR AES
K ItHFig. 2a). 1917 0 7= WA 40] Z1 (> 10 m) WA
oA | AR 1, 2, 100855 skl WEAl9 skl
o] vk x| A(FA 3,5, 6, 7, )U5E APt EHL Bk
(Flg 2b, d). BHEE 22-3.0 0 FFolglon 9w 2 HWYP&
b fAKHA WEAlel 7HEaL G4]o] whe X =
‘ii‘il-(Flg. 2¢). A WA R AolA ATk WA %Po‘ o
(20043 -20053) HF IEE 2.0-4.52 #%Ol%iglﬂ, ARt
WA 2R3 (2006) 0] o] $5 EEERE 2004d-2007 71%E
Feke] Hit 5= 2.8-4.1 @ 50| 2ATHAN et al.[2006]); Park
[2009]). 2007320100 A9 WA 2Jalle] Hit = 3.7
4.3 @ 7501 TH(Lee[2012]). ¥ AA7(3.4-5.6 @)%} A3 A5
Tt Ans vwaind Afvk WA gy ojde] A 4
o2 AP K| Go] At WAl WSS Xk 9lom AT
Al71ek W 917F vk2r] wel] 2321 B ol& o AUANL
ARk WA 2lele] ] B A2 Ak WA ¢y ol AlF

A= S HITH AN ef al [2006]); Park[2009]).
it S5 2015937 201630 2.1%% 7 w@gko
2017 o]F A AG7)|7HESY 2.8% o) 2 £ 1L 202010
3.5%% 715 QA% 7FE Edth(Fig. 2a). 3XFH 02 it
A Q1o 9] X8k x4x4(5 6u-])J+ U2 vl A o] 9|3k
A7, syl 3.04.0%2] Hwd] 2 F7EEHS ByoH

o) 2=
=1

O
—

m\:jﬂl

Pl %t

AR R Aol AR B, 2, 108904 2.5% o1t v]
WA ke f71EE %%_aowng 2¢). ol A A

ZA| A4 ol % “Lzﬂ]ﬂ

Ehs At 70 Al

A3 Aol frsol oA v}
1, ﬂa MR fEoe) JFO oy

wok, ks A 6, 7, 8, 99) Ao wi i fETl]
AL el AHskaL glor] A5l WA AEE T =
Fol oo w UTAREE BE(A 3, 4, 59) A A74A 1

Aol £3HH(Cho er al.[2020]). WA Ak BFz2A)] <1
AYEN A L] B 2P AR WA 21 o] % Bt 4]
WHOE Ik B WMo} Ak WEA] WSellA 715
A=2o AR FFe AEHHoTE Wl Qe AoR *PE

(Park er al.[2000]; An ef al.[2006]; Seo and Lee[2011]).
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Fig. 2. Spatio-temporal distribution of a) mean values of environmental characteristics b) mean grain size (&), ¢) sorting (<), d) mud content
(%) and e) loss on ignition (LOI, %) in surface sediment of sampling stations in the study area.

3.2 MBS YA 2|5 ol 24 MMSE RS

AT A WzA| £S5 ZatdlelA] AHE oiF
AXFE AA FETTE 2558019 oH, ERTHEE SE5E
(47.1%), AT =(27.1%), AAEE(19.6%), T35 E(2.4%) w22
B A7 RE 2014900 10550] 238k 718 4
3L, 2019l 145F0] Edste] 7P Wekom HA A7 3s
SF Hit 125%0] EAsAtH(Table 1).

TR EEETE 85 E0] 50% oS AHEeleH,

o
R =]

AFE, AATE £2F YeEPITHFig. 3a). AH 2= v|lwd] &
Aol 231> 15 m) WEAeL | 5E5:1 (87 1, 28t el
71 QS A9 @A 5, 6, 9ol 71 kst AN FE
(101-142%)0] EF3IATH(Fig. 4a). Wha Xjuk WA 9} 9153k
TTAREE B2 A (A 3, 4)3 TR HE A HA 7, 8,
1001141 80-93F0] Edslo] vl A 42 FATTE HUTHFig. 4a).

AA PEAA TS B EEE 1,692+331 indivm? 0]
EFE MAUTE 3 FE(54.9%), AAFTE(26.2%), DAF
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Table 1. Comparison of this study and reference in terms of number of species and density by the year

Reference Sampling Number of sampling st. Number of species Density (indiv./m?)

Year Month
An et al. [2006] 2002 4,5,8,11 87* 435 1,552

2003 2,5,8 116* 416 1,121
2004 2,5,8 60* 334 668
2005 5,8 50* 303 1,245

Park [2009] 2004 8 15% 223 1,028
2005 8 15% 221 1,316
2006 8 15% 135 922
2007 8 11 139 1,046
2008 8 15% 143 1,002

This study 2014 9 10 105 1,357
2015 9 10 125 1,192
2016 9 10 124 680
2017 8 10 134 2,008
2018 8 10 120 1,479
2019 8 10 145 3,186
2020 8 10 125 1,942

*Including the sampling stations located inside of the Saemageum dike
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Fig. 3. Temporal variations in a) number of species, b) density and c¢) biomass of macrozoobenthosby taxonomic groups in the study area.

E(15.1%), =I5 EQ2.1%) 7] A thFig. 3b). ZAMAZ7|EZ =
201639 78 Uo7t Sk a1(680+446 indiv. m?) 20193 713
=2 A TS WTH3,186+1,719 indiv. m?) (Fig. 4b). tHEA]
MEES FUPTS FE] R et 2pol7t ols 5 UAIRE
AFalior A dellA] 53 FaE A A3 ATET vl s RH
AR B2A] 95 Zatjel] AAehs diEAAsEe] 24 T
2 A Y = S3h(145%, 998 indiv. m?), SHE-EATH186F,
1,299 indiv. m?), o+ (245%, 1,284 indiv. m?)H.U} $9%a1 o}
TH274%, 2,346 indiv. mH) BT 23 Fee AN Ha A
AW == E=9MCH(Yu e al[2011]; Seo et al[2014]; Lim[2015];
Lim ef al[2018]). ¥ Q2] T 127070 A7)e}k FASE oI}
77N Aol ] B AMEE SHY o] A A 9
= z3l)sl SAKEIA. 0 M (Lim[2015]), 2 R0 B7)= =

Aqk oAz QP FE EHWPT T3 AN WA 9
stujel 2ds] FARIIATH(Yu et al.[2011)).

AA HHAMFE FEAEFS 59.9 gWW m2]3om 25
THEE AATE(32.8%), FH5E(23.7%), 795 E(21.6%), 4
A 5E(19.6%) w22 UEFSTHFig. 3c). A 7]E A EHS
2017'd9] 27.7 gWW m2%2 73 S¥Qkar 71 o] 52 1= 64 gWW m?
olAte] AES B o 2020 84.5 gWW m?= 7 9k
Ch(Fig. 4c). DA 771753t A7td ool A28k g A
AFE0] AEHS FyEE RFX DS A (Echinocardium
cordatum)2} AAFE] Y27 F(Macoma sp.), OF|1HFFEZ
N(Theora lata) & ¥4 7NAE BE20] =2 T2 EdolFl
e} & HsAS BAATHFig. 4c). ARl Aol eale AL
AgdE) v walR ARk Zsltjell A2lsks g EE2

il
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Fig. 4. Spatio-temporal distribution of a) number of species, b) density and c) biomass of subtidal macrozoobenthiccommunity and the top
3 density-based dominant species: d) Theora lata, e) Heteromastus filiformis, f) Lumbrineris longifolia in the study area.

AL A ohk265.7 gWW m?), H5WH214 gWW m2)k.
th= 953] Sghar oI xik(77.4 gWW m2), oFHH(73.6 gWW m?)
T AV ThPark er al [2000]; Yu ef al.[2011]; Lim[2015]; Lim
et al.[2018]).
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© % JERGTH(Table 2). 4] A5717Fs<t /A= 7H -4
T2 T lata= A 7WAG2) 18.6%5 A5l om HA)| A
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7= IR s S (97 7, 8, 9l FE IHER
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AT A elM = AR E A AR 27 WL 9]
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53 1.2-6.2% (m=3.6%) H91°I4 A3 = SUTFig. 5). -+ HA
HAE2) aHERA| GOl (Heteromastus filiformis)yi= ¥ A77]
S AFE A FE WAL 11.9%E 2AElEd], o] F
W00 A e S o v)
2 S destta ¢#A 3UThShin

o

Bl oo & Hoow
2
=

2 o

o W
c
)
1l

<
i
o
o2 <
krl
L



AR Al 215 k] A @A s E LR 0] It A-E 3t

53

M
.

Table 2. Density, biomass, and frequency of top 22 density—based dominant species in this study

. Density Biomass Frequenc
Rank Species Taxa* (ndivm) % e WWim) ) ?%) y
1 Theora lata Mo. 315+ 1046 (18.6) 3.0+ 16.1 4.9) 51.4
2 Heteromastus filiformis An. 201 £283 (11.9) 1.2+1.9 (2.0) 95.7
3 Lumbrineris longifolia An. 111 £396 (6.5) 09+3.8 (1.5) 67.1
4 Notomastus sp. An. 103 + 672 6.1) 1.7+124 (2.9) 60.0
5 Ogyrides orientalis Ar. 88+ 318 (5.2) 1.7+11.7 (2.8) 51.4
6 Sigambra tentaculata An. 42+79 2.5) 0.1+0.1 0.1) 72.9
7 Aricidea sp. An. 36+ 117 2.1 0.1+0.6 0.2) 45.7
8 Magelona sacculata An. 36+ 92 2.1) 0.1+£0.2 (0.1) 51.4
9 Sternaspis scutata An. 35+61 (2.0) 20+£7.6 3.3) 71.4
10 Nephtys polybranchia An. 33+47 (1.9) 0.1+0.1 0.1) 80.0
11 Ophiura sp. Ec. 28 £ 75 (1.7) 05+1.9 (0.8) 57.1
12 Hydatina albocincta Mo. 27 £51 (1.6) 0.2+0.5 0.3) 65.7
13 Sinocorophium sinensis Ar. 24 + 405 (1.4) 0.0+£0.3 (0.0) 12.9
14 Lineus sp. Ne. 22421 (1.3) 1.0+3.7 (1.7) 87.1
15 Haploscoloplos elongatus An. 21+ 96 (1.3) 0.1+04 0.2) 55.7
16 Spiochaetopterus costarum An. 21 +£242 (1.3) 0.3+3.8 (0.6) 27.1
17 Aricidea pacifica An. 21+93 (1.3) 0.1+0.3 0.1) 28.6
18 Aricidea jeffreysii An. 21 +38 (1.2) 0.0+0.1 0.1) 65.7
19 Chaetozone setosa An. 20+43 (1.2) 0.1+0.2 0.1) 50.0
20 Ampelisca brevicornis Ar. 17+37 (1.0) 0.1£0.2 0.1) 50.0
21 Anaitides koreana An. 17+24 (1.0) 0.0+0.1 0.1) 70.0
22 Dosinorbis sp. Ar. 16 +£258 (1.0) 0.0+0.1 (0.0) 10.0

*Mo: Mollusca An: Annelida Ar: Arthropoda Ec: Echinodermata Ne: Nemertea

et al.[1989]; Choi and Koh[1992]; Lee and Ryu[2018]). & FA}
713t Bt A ZAPYA L] 95.7%e14 Fdsto] A9 tiae] A
ool A Ed k3l O M (Fig. 4e) 7HE W2 YA F(6.6-85.1%,
m=53.3%)7} F71E8F (1.6-5.8%, m=2.8%)2] HHE B}
CHFig. 5). Al AR 838 52 X370 ol (Lumbrineris
longifolia)®. A hBAMF= WA 6.5%= A48t on] =
AZIZE et A A 67.1%C4 EA 5 THEFig. 4). 531,
20190l 431+89 indiv. m?9] Fyt AMAUES B thE A7)
H& 453 w2 /A7 A8k er] YAEE 18.8-68.6%
(m=36.2%)} 7153 F 2.2-5.5% (m=2.9%)2] H]olA A28}
SICKFig. 5). Lumbrineris longifolia =3t 21U} T2 Akl A
sk FoE Nl QAT HE AAAE Heshs 29
AlEo 2 UA QJth(Kitamori[1959]; Shin et al.[1989]; Shin and
Koh[1990]; Lim[1993]; Lim and Choi[2001]).

B AT7IRFEQH2014d-2020) A SES] & AT
T WS QAR AU EE 2017 ©]F 1,400 indiv. m™
ol 24 Edsl S8 A ES Rt (Fig. 4). A WA
£H(20061d) oK} gk 25 R Zzshf s efel M e
AN AN E S vlaaiE, Hed 73
AA| o] AfRlE WzA] WS aljs Egetar qlom
et al.[2006] A7) ¢ oI5 H S ALdT FAF AV

L @AM s AS flel AR A2 el o.

Z/\\__

O
¢

B et
gt oh 1o
_O,L' z

Mg

Lll
2
fu

ATl ARE-EE A2] FE(1.0 mm) Fr} 2ol th A EE)
2 23 59 AHZAQ HlwE thh oeds 4= 9l o) AnkE vk

1rl{,

N

A2l Euto] AP} ¢k A5 HI7HA] @AM E=S] =
= Az ek glom AU Fkehs AR €kl
A THAn et al[2006]; Park [2009]) (Table 1). AR+ WA
945 o] (-2005) AT A19] ZfefolN oI Ae) F= 97
_]',,i A (> 5%, > 50 indiv. m2) YLE7RR] H 0 F(Magelona sp.)2t EY
- 70 X] & O] (Nepthys polybranchia), 257178417 o] (Sternaspis
scutatay= 20141 ©]3- ¢+ 40 indiv. m20]8}= FAslgon | 97
E TS 3% 1RECE 7FA3FSITH AN er al[2006]; Park[2009]). HE
A AR WA € o] i A EE A AT 5% wIRE
oAU vlwA B NA EHS1 T lata, H. filiformis, L. longifolia,
7SR GO |7 (Notomastus sp.), B N$-(Ogyrides orientalisyi=
£ AF7135?t H 88 indiv. m2 o]l WEE & S
S HE 59 o)A A4S SHESE EAHICHAN ef al [2006])
(Table 2). HFAMFE H4H ¢85 3-’—(T lata, H. filiformis,
L. longifoliay> 55 7% Q{7 s &2 }‘1)‘];(] = A
she AATER defA s Ak Bx ] = Zshf &
WA ARk WA} 7P, G4lo] kom] AR, 7wl
Rt ST AR Jake e Ao MRE Bt R 0 R =
k= EA4S YEPATHKitamori[1959]; Yi et al.[1982]; Shin
et al.[1989]; Choi and Koh[1992]; Lim et al.[1995]; Lim and
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Species

Fig. 5. Box-and-whisker plot showing the range of a) mud content and b) loss on ignition in surface sediments inhabited by the top 22 mac-
rozoobenthicspecies. Species names are abbreviated as four-letter codes: A. bre, Ampelisca brevicornis; A. jef, Aricidea jeffreysii; A. kor,

Anaitides koreana; A. pac, Aricidea pacifica; A. ric, Aricidea sp.; C.

set, Chaetozone setosa; Dosi, Dosinorbis sp.; H. alb, Hydatina albo-

cincta; H. elo, Haploscoloplos elongates; H. fil, Heteromastus filiformis; L. lon, Lumbrineris longifolia; Line, Lineus sp.; M. sac, Magelona
sacculata; N. pol, Nephtys polybranchia; Noto, Notomastus sp.; O. ori, Ogyrides orientalis; Ophi, Ophiura sp.; S. cos, Spiochaetopterus
costarum; S. scu, Sternaspis scutata; S. sin, Sinocorophium sinensis; S. ten, Sigambra tentaculata; T. lat, Theora lata.

Choi[2001]; Cho ef al.[2020]) (Fig. 4).

AT7IZE F 7del AA ARk 2lEi 9] F 7070 A AlelA A
Ao BP A FE NAF A5E o143 32X (cluster
analySIS)—— 83l 43 o]5 AHAEL = 37H94 AAFo7 B
& 4= ASItH(Fig. 6). AT AT 43 oS A Llstar 25 ARk
= WEAel Qs Ao @ 3-9EEN 75
om FAT BE 20149 491, 2017 5%1, 2018Lﬂ o A8

L
)
k=i
A<

(Fig. 6). §8+* C= 2018Lﬂ 8tﬂ ZWQ A g)ska

Coﬂ 7}x1— o]xq ]_7621 5, 6134_&1:]_ ?_)\Jg]g\iou;] 2019
2020Lﬂ 6, 7&1 7(47(4(7]1:/]_ Z%Z%TTL)__ ]g]o ql RE %
AT ASE AT BERE A EE SAS BRI (Fig. 6).
A= Z 309 7K W A EEsllom Uk 50.1424.7%,
VBT 32+1.3%, AR 47412 0 B9 AMEE EAS
B tH(Table 3). & NFANTE ZQTFE 1825, o 4L

(=== Z/\]_

it

= 2,094+1,224 indiv. m22 FHT
E“Zl‘” D}okE(H) Tl H FHER) ATe
o = A (D) AG= 71 l“—O]'E]-(Table 3). B Aoﬂ _/;:g}{_
FAPR ] ﬂ%%ﬂ*ﬂ%ﬁ HFS TS B vl o9e @
A& XEehk= 71315 0% T lata, H. filiformis, L. longifolia TO]
Nom 53] T lata®] 75 vHE el vlsl] g3 AdllA A
A7} 7 =3 ck(Kitamori[1959]; Yi et al.[1982]; Shin et al.
[1989]; Choi and Koh[1992]; Lim et al[1995]; Lim and Choi[2001])
(Table 3). @xﬂ%:‘f B= X = 217H xﬂxﬁoi :rLHdiouq ,q] 7(—]7(4; %
7 e UASE20.7£19.1%) % G715 3EEQ2.241.2%) 54
HEtH(Table 3). A E EETT 196602 7%L a1
A2 1,981+1,189 indiv. m?0]3).0H ABEake-
eWW m=% -5 T 7P =3 th(Table 3). 5

TE T M wS *M‘QE

7P s

32

ﬁ

ol
& AL

2 66.4+84.3
TRy A

=i =AY
=2

(2.7+0.5) & —‘%@E 257 (0.4+0.2y 4T C9F 12 e wSlo
U, & e EATE AATE F 7.7£1.62 7P =T Table 3).
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Fig. 6. a) Dendrogramof cluster analysis grouping sampling stations/years based on Bray-Curtis similarity of species composition of mac-
rozoobenthiccommunity in the study area. and b) spatio-temporal distributions of three station groups classified by cluster analysis based
on Bray-Curtis similarity of species composition of macrozoobenthiccommunity in the study area.

SHFE 21 HANA T2 A AS= Notomastus sp.2t O.
orientalis= TF= 8Tl ]3] =2 AAUEE W TtH(Kanaya
and Kikuchi[2008]; Ozcan et al.[2008]). F&T C= F ¢/l 34
o7 FAE o Ht UATS(67.2£13.9%)°] 7FF =% F
AXBE E8 F(1248)7 B4 AU 5 (1,031+580 indiv. m™)=
7P okt sk vk RS vlaske] £ de e 7
=S TH(Table 3). 7 ColXE 542 0% QANS-(Gammaropsis
Jjaponica)2} ZREARE7RAH o) (Admpharete arcticay’} 23O F
2218491 0 Magelona sacculata, Notomastus sp., S. scutata <=
ZH8HA] U} Table 3).

BPI (Benthic pollution index)& ©]-&-3F AllTh= A 9]3l<]
Zeah] AXM S FAAT 2 A7 Fat 70451225 A
sks, RaNE, npabeE, FekRt 5 v)wsto] HlnA oSt A
o] AAELS B o) 2017 ©1F 20183 (BPI 73)E A9
slal 68 o|akE BPI} fHAvek= A1E HAITH(Choi er al.[2003];
Lee et al.[2003]; Choi and Seo[2007]; Lim et al.[2007]). A &
W2 Ak WA|el vlwd W elE|del X8k AAl, 71
HIEERE WSS dai Sl 2ol s A (A 1, 2, 4, 10)°
A WA AFIE Tk 2014 29 AHE ALk B 15F
°] BPIE R Mg A9} 717ke- Aol A 4lA], 71 )
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Table 3. Comparison of three station groups (A, B, C) in this study in term of environmental characteristics, community structure indices and
density and biomass of dominant species (Mean£SE) (F: frequency (%))

Station group A Station group B Station group C

Environmental characteristics
Mud content (%) 50.1+24.7 20.7+£19.1 67.2+13.9
LOI (%) 32+1.3 22+1.2 29+13
Mean grain size (®) 47+1.2 33+£1.0 54+12
Community structure indices
Number of species 182 196 124
Mean density (indiv. m™) 2094 + 1224 1981 + 1189 1031+ 580
Mean biomass (g WW. m™) 53.0+64.7 66.4+ 843 32.1+36.9
Ecological indices
Diversity (H”) 2.1£0.6 2.7+0.5 2.7+£0.5
Evenness (J) 0.6+0.2 0.7+0.1 0.8+0.1
Richness (R) 56+13 7.7+1.6 70+1.6
Dominance (D) 0.6+0.2 04+0.2 0.4+0.2

Density (F) Biomass Density (F) Biomass Density (F) Biomass
Dominant species (indiv. m™) (g WW m™) (indiv. m™) (g WW m™) (indiv. m™) (g WW m™)
Ampharete arctica 2 (25.8) 0.0 6(38.1) 0.0 28(71.4) 0.7
Aricidea sp. 65 (48.4) 0.3 13 (52.4) 0.0 31(57.1) 0.1
Chaetozone setosa 6(35.5) 0.0 56 (100) 0.4 3(28.6) 0.8
Gammaropsis japonicus 3(12.9) 0.0 19 (19.0) 0.0 43 (28.6) 0.1
Heteromastus filiformis 280 (100) 2.1 179 (100) 0.6 180 (100) 1.1
Lumbrineris longifolia 198 (80.6) 1.7 18 (47.6) 0.1 164 (100) 1.2
Magelona sacculata 39(32.3) 0.1 56 (100) 0.1 - -
Nephtys polybranchia 25(71.0) 0.1 66 (100) 0.6 6(57.1) 0.8
Notomastus sp. 25(71.0) 0.4 303 (81.0) 18.1 - -
Ogyrides orientalis 8(35.5) 0.1 271 (85.7) 53 6(14.3) 0.0
Sigambra tentaculata 72 (93.5) 0.0 19 (81.0) 0.0 36 (42.9) 0.1
Sinocorophium sinensis 48 (12.9) 0.0 3(4.8) 0.0 11 (42.9) 0.0
Spiochaetopterus costarum 9(19.4) 0.0 58(52.4) 0.3 1(14.3) 0.0
Sternaspis scutata 58 (80.6) 2.7 13 (90.5) 5.4 - -
Theora lata 698 (93.5) 6.4 1(14.3) 0.0 4 (28.6) 0.0
S ESe) AZHEA el AoE Tt ulnd < A .2 B
X874 90& AAITHCho et al.[2020])(Fig. 7). BPI 3535 £
grekal Sle S Ak Aol A AAY A4, 7H AR A efaele Sl FrdEs Eaeeh Al g x
WS wlEe] 98-S v AHER PAE] 2llem 2020 A2 AA], 7GRS B8l s mlEee] gado] AXAY
W 7 GRS AL BE $71209 ANEQ T laart 250 H7) 87 Wske] Fo gelow Agati gk gk ele) 21
indiv. m~20]% 5 TzEo] AE o] 1914 wite] wAlE g sl 55

¥ IEERE EFdste] 1e X Yot 20200 7TH

WUE7} 64 indiv. m™E tHE BPI 3579 HZAE0] Wigleil Hla AXE TRTEE T 9 v Eitt
A9k &g 2AF A7) AR QA ML wskE AMEES] T8 A S glom wekd
B A s MAT7E 58] Ao1(69 indiv. m™) T lataZt 55 FAOE 1] 7]3]Fo] ¢4 A AXMsE] AAEET F
Aoz A4S H3UtK(Fig. 4a). TebA] Alvbs x4 15 a9 71 3 = Qi ARk 9131 A Al Alvs W
Zatt) AAAEAE AR O 2= & BPEE Hof HlwA] /by o]$ F ¥ T st A EE STk A
H JEE Roluf, A WA UiSold A, 7Rl EES 2 Qlo] WERA AR A% A AJEiA ] wiskel wiko] )&
=2 ST Y Y= W 0% JAH I QS-S AR ARk WEA|ERE] He] Ho
2 A9 A AEAL] W |93 B3 elA= vlad] P AR] A A A
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Fig. 7. Spatio-temporal variations of Benthic Pollution Index (BPI)
of macrozoobenthic community in the study area.
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