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Short-term Variations in Spatial Distribution of the Macrozoobenthic
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Community near the Geum River Estuary, Korea
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Abstract — This study aims to provide the scientific information of benthic ecosystem and management strategy in
order to develop an integrative management system of Geum River estuary (GRE). Sediment and macrofauna sam-
ples were collected four times during 2014-2015 at 24 stations, located from tidal barrage, sea route, and outer
estuary. Sedimentary environment was stable and consistent during the study period except near tidal barrage and
sea route disturbing macrozoobenthic community. A total of 211 species occurred with mean density of 941 ind./
m? and mean biomass of 153.1 g/m?, mainly composed of polychaetes, crustaceans and mollusks. The most den-
sity dominant species, Heteromastus filiformis, appeared at 90.4% of total stations of which 45% showed a high
species diversity over 30 species, affecting positively benthic biodiversity. Four station groups, clearly classified by
cluster analysis, positioned consistently during the study period from tidal barrage to outer estuary according to
physical disturbance, salinity, and sediment facies. Natural seawater circulation and development mitigation would
be necessary to restore estuarine ecosystems disturbed by tidal barrage and sea route.

Keywords: Geum River estuary( 73 3F), Macrozoobenthic community(th & A A 55 %), Salinity(Q ),
Estuary management(3|7#-2])

LA 2 e 4, Bk, ] Mol el SRt ol &S VA o®
Adshs 53t AEs 3P7] wlito|th(Gray[2002] ). ol&gt s+
[e= K

sHAEARE ATdelA 7R 7HA7E = AEAR A 92 Qe Alek b2 5o BrFsd BElEeh] SAS
g AEURY, BF 5o MHAAMNAE Al F etk (Barbier et Q1T Costanza et al.[1993]; Day et al.[1989]; McLusky[1993]).
S o

B3 A1s] 2Eeol Bl 17k o
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SHEAEIAIE Eeldkeld AEDAR Qs AETRH]o] v A
o defA YA 715 ol A8ate] Adlehe tike e E
o] s, sk 7149 frlEe] AA FHE7] wiEel it o]
ol =& AEjAlo]th(Feebarani e al.[2016]; Maurer and Vargas
[1984]). HEEAIZ L Alesh= T3 AH2] 715o® o Fih Al
Fo) AREA), virhafe] DA 9} Ho] F, vt} A& @7 k= 33
o9 o) xER So] delA QItkDay ef al[1989]; McLusky[1989];
Odum[1983]).

NG A FH 552 o3 ALl Hol g oz 3148
EA1S] Bhaimgh wolrlEellx] F o5k 93ks: gtk Fhgh B4 o
Alshs 54 ulitoel E8mske}l 23S XA sk AAESE] A4
A2 2 deEA] AT Warwick et al.[2002]; Ysebaert et al.[2002]).
A F2FEE0) A ZZHEEE SHHEAIS olale = Qe
712 HE AlFsl] F(Ysebaert er al[2003]), 01218k A]
A Gt HAE A g8 T2 AYEHE slew A
Z &4HA Sl thMillet and Guelorget[1994]; Ysebaert et
[2005]; Sousa et al.[2006]; Fujii[2007]; Ryu ef al.[2011a]; Kim
et al.[2016)). 12U AXTES &, AT, TF 5 Eel AA
Q7o) 23t Jgko)] Az o2 miZsl] ujie| Fd sl
AMEE THE AAE wko 2= Agst 4= QA Etk(Bayne er
al.[1988]; Day et al.[1989]; Pearson and Rosenberg[1978]).

274 3HE 19834 o]delli= ARSI O 1983AFE 1988
ol %] sh550] ehaE]o] 2pAshe] 758 AHAsIsict. rEet
199010 Al BS5EF7A9) 19920 A2 FEE7A 2 =
WA FAE, 283 1991 d5-E 200617k AfRkE-& sl
&t AfTEEAlZAPF A E AT Koh ef al.[2010]; Suh[2004];
Sung[2017]). w7375 714 2521 1988 ZAE S8l wAds)
T o] P AMFELH A st 53] FHEE7F HaE vt

offt okl ofy
Do o
o Mz

)
=~

1 21 (Choi and Koh[1994]), 201400l A4 F7HEE8} 8
Q19] #A7F A7 1l 9 O (Yoon ef al[2017]) 015 AT
IB|ZANE A MFS A $tth 18 20159

B FAE I Qe 7RI A SEEAIA 57 a9 4
7N AL oz ARZALE slar itk Sy g st 9
A EELel i drERE A 3% 3 &t
(Hong and Yoo[1996]), & 2J&-d 3} (Lim and Hong[2002]),
A7} 319 (Lim and Park[1999]; Lim and Seo[2011]; Park et
al.[2000]), A7} 89 (Choi et al.[2003a]; Choi et al.[2003b];
Kang et al.[2014]; Lim et al.[2012]; Seo et al.[2017]), S&7d St
T4 (Lee et al.[2005]; Park er al[2016]; Seo et al.[2016]; Yoon
et al.[2011]), B13F 879 (Kim er al.[2016]; Yoon et al.[2009])
0] 3lom olF AFrelME T AlRRHEEEE A AT
2 A7E 7 s E e R & s FEHEAIAE Ul
7o dgoZ S ATFHLL QIAAMFTES]
AFo] A A7t BEE velsie] PEAlA

g 7S At 7|2 RE AlFshs Aol o g A7
27 B Qo] AMEE FHe G B3l o) X
A=, PR ARG wsd dgle] A% YAl AR
the Zo% Asiict. A7 35 v o= AXAE A D3l A

A% T 5 Gl RS A

oo %9

o
Q
S
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-

o
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AN ==

=7 3ol Ui AMSE TRHTERE Fotshr] S8l 2014
1293} 2015 29, 49, 697K T 43]ell HA 2671 S i
o7 HAFZAE AAsI tHFig. 1). E&lA 71#E van Veen
Grab (4794 0.1 m)= AHgste] A9 334 HAES A
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Fig. 1. Map showing the sampling stations in the Geum River Estuary.
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atol, 23] A€ AlR= 1 mm AE o83l A EES et
R, 13] AR ARE EF 2 om EHES AF Skl HAE E
Mol o] gaplet. A B AXT= 10% T/ F2URoR 1
gt § Az ekelol AMEEs AEsSith AMEES #
e o188l F 7 S8l AiAlE Al 7 SER
BEFS T8 fl8ke] 0.001g7H4] S48 = Sl AAAE
AHESle] S5EE S8

FTHEAE =S A RS oF 20 g E Foe] sl
2(H0.& o183l f7les Akl Aeld Alge B4
4o olgato] A EH = AHA HAER Lelsisivh =5
A HAES FFAE o8-8t AAAEN S o8Il Ald

HAEE PAEEE o83 v o 24siltt. B4 E 1=

HAE A71ESEE 97383 (Loss on Ignition, LOIS ©]&
slo] S, A FARS S Stk AXE
TIPS AZAA § wprpEkS o] 23]

ol 2-3 g L5 FH3l] 127725

M
i)
>
il
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g
e
u
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I

o]-8-3t0] 550 °CollA] 4rIZFERt ZHsISitt. AdE AR FAE
AAA S-S o]83to] 0.001 g7k S7dstar A a
o] Akl f71E88 (%) AFEsIgl). 2 2 A4 A
TAE S4517] Aol Alzha vrlAlolElellA ZEs] 215
= w5l g YT HA4% sl

AYEX]a==2= Shannon T}¥d<]4=(Shannon and Weaver[1963]),
Margalef F--5-5-4]5=(Margalef] 1958]), Pielou 75 5=4]5=(Pielou
[1966]), McNaughton -3 5=4]4=(McNaughton[1968])5 AAF]
o diFA A5 Fx/d0] fAkeE BRATE R 19E A
4 (cluster analysisye T3tk 3 BE £ 7lAlG =
F5 log(xtl) W3S 3t F Bray-Curtis A< A]4~(Bray and Curtis
[1957))5 Atet T5dwdiE ol8st] A5 st
Atk H#EAE Primer (ver. 5.2.8)2 o]-&3}3ic}.
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Fig. 2. Spatial and temporal distribution of mud content (%) and loss on ignition (%) of sediments in Geum River estuary.
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o7 7P FHashs B ATHFig. 2).
el 19881 2ARR A7 ATl B
AFStAl WEFE 2 WH(Choi and Koh[l994]), 1988
7] FAGEA G S o] 83 BofoA s
éi ]Lﬂx] 2o g Qlsle] ZAst QTS Al
Tt o S7Fekal ole Ao Ky v Qlrk
(Suh[2004]). *1 1‘% B A 87 o] Wsh= o] &l 4] 9} 71k
o AR S AT UAF QA o] mlsls sk WElE nel
elafioll YA HHEL FAPIRE FRt YA e AR S B
th sk sl o] Uk A7 viskE B 20144 12
ol 29.8+30.8%% 71 %9k o, 2015 2€ ) 14.3+15.8%°
wolh o7k, 49 19.24233%, 62 27.5422.0%% A} S7}s)
R Bolot T Aol FAIX = FefshA] 28kth(p=0.07).
718 ge YRS AR 43S 2T 20149 12200
2.6+1.5%% 71 =9ka1, 20151 2€0]] 1.8+0.8%% SobAtiL, 4
4 22+1.1%, 62 2.4£1.0%= 2} okl o 71 Aoli= SA1A
o2 folaHA] Athp=0.06). WebA A1 F9F 5
o] gH@7 ] A71E WAshs o) wel 2ol glont 2k
o7 A3 A E §HA]E %1_%_% oF 4= oh;]. 1311/]' BT

“-Arsk
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o
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e
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S
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S
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r,mi
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lo Hot 3

rNP

fr R ople 32 KA

o,
o°('

o] AA 1119 77}2],1 oH 1 e gEX ]oﬂ_i 2007'd-2018
W ok 2DP7:H°1] A7 FrEA AE Faf oF 23408 m] ¥4
ol FAHE Elx*ﬂ o e = F e TS 7H‘ﬂWﬁ
o] Zlaxlo} g}, 2 ZAIZF Bk R al|odo)x o) ¥H 8

she] B sl vlal] syt Ak Aow yeht A EE o

el E2bst #4S AlFstal gl 0% AR

3.2 IEMESETE

ZAPIREES RS DFANE RS HA] ZREFE 21150)

], BREEE THEH(46.4%), T2F(27.0%), AA152(19.0%)
9] 2o 7 = vepdth. AR ERE 20143 129001 137F
o= 7P AR, 20154 480 1545 0% 7Fg Wk (Table 1).

Rl FEETE ARl AA v, A, A=
AR AT AAERE sk elxs AETedol

i Qe 0 7 A= oluh Ss el (9 1-54)

¢
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15% o]8}e] e 23E4E B ot 989 (3 10~11, 15~16,
19261 = 308 ovu tjeksl A A EEo] A4l51thFig. 3).
27 3] 7)1EAeA Hae EEESE vlwsl] B, 1988
ol 771 4ol 18] AR AtellME F 3550 Eda
(Choi and Koh[1994], Lee[2012]= 2007'd-20101 ZARl|A] Bt
635°] thLF7E E283e Rasiglon o A # A7 AT
o} 43l 9 8 R Aol Kol A4 vlaE oY
th 27 s ¥t fAkHAl shtsol EAlshe Gadat Ysd
sl o] A7Aste} vlwal ¥ Lim and Seo[2011F= A 8f
T 4070 A 13 2A A 19950l 1415, 200630 135S
RS, Seo e al[2016] 57 s 871 -4 2013
20159 1238] AR ZALE £ 26650] sty stk 8
TFA7E FEEE AFAsl AR Sl A Seo e al[2017]% 7
7N S e 23 20152016 53] AL AN 16358 B
33Tk Lim et al[2012F Fot F3- Fofd sh-e] 2471 4
S| oﬂ}q 2009 3].7;" ]§]Z/\]_§_ E—E;H = 44}.& _—Lr]_ilg]_oﬂq_ T;]é

sFrelntel & E@ETE vwske AL AN, HA49 o]
g ol whet Wep] izl 2A2A ek sht, & AT

9} B)2Ek ] Aol R e slrele) 26&%(Seo et
al.[2016]), A7 79) 163%(Seo er al.[2017))2} HlwaPd

7 el ] AETIAS vlest FEoR o AXI

A BEAALEE 94] ind./m*|H, BFTE A=

BF(57.5%), F257(25.8%), QAT E(12.4%) wo= =3t} =
ARAZ1E A T 718~1,319 ind./m?Q) WS B om 2014
W 129, 299 ASHE Wil 49, 622 7PA ZoAE AE
o] YEFHTH Table 1). F-FE AU EE ZAR]7]0] 23 th
7, 4R, QASE o dHs ATS Bk AYHEE S
T5 A FEIAGHA 2~7)0lA & AU =g Helony 7}
QB AR 104 7185 Edhol wet 2 AAEE
£ B3 HIlEE Zith Rk o Qe ] A ert H2
e 14tk Choi and Koh[1994)7} #2sl Bt A AW E 1,290
ind/m*= & AFANe} FAKSE FEOE YERTE G e
9] 7% 1995 1,979 ind./m?, 200631 750 ind./m>C = L}
EFTH(Lim and Seo[2011]). 57 Sl A= 859 ind./m*S)

Table 1. Ecological characteristics of macrobenthos community in Geum river estuary

. 2014 2015
Ecological Parameters
Dec. Feb. Apr. Jun.

Total species number 137 138 154 139
Mean density (ind./m?) 770 718 957 1,319
Mean biomass (g/m?) 100.6 90.9 95.7 325.1
Mean species number per station (No. of sp./0.2 m?) 15 15 17 17
Ecological Indices

Diversity (Shannon) 2.224+0.74 2.21+0.81 2.29+0.68 2.14+0.84

Richness (Margalef) 4.77+2.02 4.97+1.97 5.11£2.33 5.06+2.11

Evenness (Pielou) 0.74+0.15 0.73+0.17 0.73+£0.14 0.69+0.20

Dominance (McNaughton) 0.53+0.21 0.49+0.19 0.50+0.21 0.55+0.24
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Fig. 3. Spatial distribution of species number, density and biomass in Geum River estuary.
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(Seo et al.[2016]), X7 3ol A= 1,865 ind./m*3ATH(Seo
et al.[2017]). °1& 379 <] AXE AAHEEE dAZ 0= 1)
S8t 9l Ao g ke

A HaAYEFL 1531 gm? |, FRTEEE AAFTE
(73.1%), =352 (14.3%), TFEF(7.8%)°] A3} ZAA]7]
H SRS 2014 129, 2015 29, 490l A 90~100 g/m?
o] 2 Hothrt 6ol 38l o)’ F718ISIt(Table 1). -
W A Ao AA AAEE, FUEE, THEF o=
o, 20159 42olE AATE(63.6%), THEF(14.3%), 52
E=(129%) =05 A ekttt sk 12 SR A
1~4)o A 715521 AYASZIN (Potamocorbula amurensis) Z&
ool whe}t =& AETo] VeI AV HEEE ZoH, ¢
A NN = NFZMN(Mactra chinensis)2t 52574 A 53 7
(Echinocardium cordatum)’} =& 3+ 4714, 17, 19, 212141 200
gim?® o1 & AEFS Btk 7P & RS 715 A
= 2015 620l A4 149014 M. chinensis7} 3,900 g/m* Z&
gk Aot

Shannon I A48} Margalef S5 5F- S A1+ 57}
7P B 2015 490 7HE 2 3hs R, EdETE v
= 202 Yeldt}. whde] Pielou FH5EA9E 20154 620]
AL U] Al AR TE Bl ghe Bl v o vER
=, ol= 2015 6299] HEAGFTE e A7 K} £7] wiE
ot} AYe|A|L] A7 Hytatol= FAIN SR FolehA] ottt

=7 s eelA AR E dBAXSE S AT 49 2%l
AA B 315 9Follon, SR RE T 5%, U
FE 2%, AAFE 2F0|1 o2 AANATE] 53.7%E A}
S TH(Table 2). A WA -85 12| HENA| GOl (Heteromastus
filifromisy= A WA 13.9%S 2ABIR 1 B D=
A 4771% 131.0 ind/m?, £ 8715 144.9 ind/m23ict. =
APZIZE EeF AA 7] 90.4%01 E@EI on 2 oA 2
A7 AAEES QA JERTE. sk Q1 8 19 A
Qs A4 8, Mok T B4 128 AlLlshd ZF FAelx g
A7 AAE sk T2 ot HRHA] o= Aldel wAgle] A
= 8] A8kl 9l I oE UERITHFig. 4). o] T2 vk

2} 9 XA AgrollA f71E 2o MEAH Fo] = U
2 Fdoke A7IELY AXFoR gol R1uFo] Sltk(Jang and
Shin[2016]; Pearson and Rosenberg[1978]; Ryu et al[2011b]). =
UlelAE= 1980t SHERE] 2= bl Ax] $HF O A 2letaL
9150] ¥ Eo] 2O K(Shin ef al[1989]; Choi and Koh[1994]) 2016
Wof| epxjof iEehgl fHEAAgol 2 EEA =Tk Choi
and Yoon[2016)). H. filiformise 718 LEAANFOZ FH3 5
7AW EAX B o) (Capitella capitatayell BIS|A = Az oz d
2% Aol HEE o2 st A= (head-down deposit feeder)
2 &= B A& 2 2Fo] ™ (Clough and Lopez[1993]; Ryu ef al.
[2011b]), &2 5714S R3] C capitatas ¥I23}FaL A
AEE TR BT 3R 2UE = A oE dEA
CH(Thrush et al.[1992]). ©] <] E&2 1970-80 ] ATolME &
B E R 93O LK(Frey et al.[1987]; Koh and Shin[1988]; Lee et
al[1983]; Lee[1987]; Oh and Kim[1976]), 903t] Sojebr $-450
2 Wo] RuFHI Qe AL A7) Bolaly] WlEd = o

HT} SEA O Z = ok sftel| whE $74711 e.dEH ] 4]
° = Q) AMEAY F71E Tt T8 S kst B
5= Stk H. filiformis] AU} B AE f715E 9 1ol o
o] A E HolFs Ayl gon B Aol ® fol st &F
o] AFAIE RAFTHp<0.05). Z1eL), $-2lue} ¢igke] 94
TR H. filiformiss 1715 LGAAFTOE & Z1R17t thelix=
=] ofX|7) ek, B Aol H. filiformis7’t EE S 9471 A4

oA FHTT7E 305 o1l A7t 4271 Al el AETEY
/do] As] =& BAolA o] Fol MAEkL Qe %
ot webA, H filiformise 715 57F vlad 52 84
F3b AR AETIel TR JFgE = AETS
2 AHsh= Ao] g Alojth

T 1A 97352 A 7RIS 11.6%5 2FAISE Spiochaetopterus
costarum=. BAA L= AA FA71E 109.3 ind/m?, EF A
715 406.1 ind./m*e™ Z3A] 32 26.9%e14 ¥ 3t of
2] FHEERYo] gl o] 2 7 AX]Eo] T} (Family Chaetopteridae)
o &b RePALE of&ato] e ThEoiM AEshs tERE

T ol YAk ARk ST (anterior foliaceous notopodia)ell

Table 2. Density, frequency, and habitat’s environmental range of density-based dominant species of macrozoobenthos occurring in Geum

River estuary

Dominant species Density (ind./m?) Frequency (%) Habitat range
Total station-based ~ Occurring station-based Mud content (%) LOI (%)

Heteromastus filiformis 131.0 144.9 90.4 0.01 ~95.6 0.91 ~ 6.07
Spiochaetopterus costarum 109.3 406.1 26.9 0.04 ~20.3 0.98 ~2.94
Sinocorophium sinensis 107.3 531.4 20.2 4.0 ~74.8 1.11 ~5.36
Potamocorbula amurensis 38.2 305.4 12.5 0.87 ~74.8 0.92 ~5.36
Urothoe brevicornis 31.4 79.8 394 0.01 ~21.98 0.98 ~4.44
Mactra chinensis 25.2 138.2 18.3 0.02 ~41.91 1.07~3.25
Magelona sacculata 213 50.5 423 0.01 ~48.29 0.98 ~4.44
Sigambra tentaculata 20.7 36.4 56.7 0.04 ~ 95.62 0.98 ~5.36
Hedliste japonica 20.5 193.6 10.6 0.87 ~74.75 0.92 ~5.36
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N Heteromastus filiformis

Fig. 4. Spatial distribution of a dominant species of mean density in Geum river estuary.

A BHlehE AHAE o] g3le] T U] FREAES FAt & AXS AAHEA 10, 11, 15, 16, 19, 2600 T2 A 21811 27 (Fig. 4),
9] Hol3d 2 (food ball)g FHEC] o AAslEE F-Hw4  UATEF 0.04-20.3%, 17158 0.98-2.94% H9 ] AR E A4
A2 7 7 QATHBarnes[1964]). 573525 E 7H wukctel] 84S A gaolet. ey, o] £ AAdn Yy f71E &
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F} o] 3t AATAAE WOl LUTHTable 2).

AHA 852 A MAGY 11.4%5 2FA$E Sinocorophium
sinensisZ. A A771%= 107.3 ind./m?, &8 F7]= 5314 ind./
m*e] Fr A2 ER AR 7] 20.2%004 FAE SHn
QA (Family)oll &3sh= o] & of4] I3tgo] glow F
AE Fol| TS Tl AMAshdA] F2 7S A g =2
WEE WOl Zlo] 54|t Ryu ef al[2011a]). EHFT7F %
2 T8GR 1~6)01X APTAFS NP amurensis)2k

| =2 U2 H3I8ItHFig. 4). 2H3 P59 YRS
4.0-74.8%, F71EFHE 1.11-536%2 HI WA B2 B2 W9
of MAshz AR Holu, F7HHS7F 247} HE Ho] ghikst
S5 Aol Algt o g Faxsh= AS 1#E o 9o A4
S B B2 wdo] Ak Aol AAshs FoE & 4= Qi

Y] WA -850 HWASZIN (Potamocorbula amurensisy= %
A NAFE] 4.1%F AA8 AL, B d e AA AR5
382 ind/m’, F& 4715 305.4 ind./m™ 2 A 971 12.5%0
A Edato] F2 W99 alelr] w2 R AAElnh Fot
Alote] EZREO® 1986ide] v]5 AMZRIA| AR HYste] =
AHAR1 WA @A staL glew, 7)ol A s 7kA] Akt Y
AE| 2GS Tk Bl A28 488 4 9lom vheg]ot
olN Q7R FA7FA ikl BloldE o8k v HE A o
=2 zx}o] th(Parchaso and Thomson[2002]). 1988 ZA}olA =
el M-S T7A] = URE 4510 Eds 0
LH(Choi and Koh[1994]), 30:d0] At = Z2Atel|A = A4 H 97
ol FEE7HZ H4EAY FE P59 Ud
L 0.9-74.8%, F71E T 0.92-5.36%2] W91 Ko TR
Sk B2Vl M2ttt S. sinensiset A AA7F ARG H 2 F
FH91E Ko, B=2] Jaks whomA Eel4 wto] A3k sf
T8l A Alehs R ow dE)

A WA S-S A HAIFE] 3.3%E AASHE Urothoe
brevicornis® oA AN = AA JH71E 31.4 ind/m?, 8 7
715 79.8 ind./m= Ht}. o] L& S costarum¥ FABH F
2 AREASE] slafiel Easht A BR 5 39.4%14 =4
sto] BT} Bl A2PHSE Bl ofx] Himshgo] AaiA|A] ¢
Srom HHYHA LAY -AEZH (Family Urothoidae)oll &3k= Wzt
T ARE RS el Alske Bl AE A Ao th(Sanchez-Mata
et al.[1993]). ¥ ZAlelA Z3st FHE2] U-EE 0.01-22.0%,
T =SS 0.98-4.44%2] HE KT

oA WA $HFS AA AMAFE 2.7%E A sk HEFEA
(Mactra chinensis)= 142U = QA A7 25.2 ind./m?,
= AA71% 1382 ind/mPo]w A 7] 18.3%cIA Zdsto]
T AARISIE Balnh 53] sok wWEell 91x)g AR 14004
ZAMNZ] Ui 22 AAEECE 553.8 ind/m?)E Z-SIIT

At WA 5 WA AN 23%S ISR Magelona
sacculata@. B4 E s WA 4871F 21.3 ind/m?, £ 4

71 50.5 ind/m*33. 0 A §-2 42.3%elM 333 o]
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n7o1'°

—17)=]
U7O]—o

—1 O
FARE FFHEEE Holu FU Bl Wl Edssitt. ¢t
AREL UASKF 0.01-48.29%, 57| E3FF 0.98-4.44%2] MY
Holck

oGl WA TS A AT 22%F AASh= Sigambra
tentaculata@™ F7A A= A 48715 20.7 ind/m?, 24 7
715 364 ind/m*o1H QA G712 56.7%14 E&3sto] H
Siliformis Thx O % 7P Bl A 2137 W95 KHelt) o] & Y]
A8 0.04-95.6%, 71583 0.98-5.36%2] WLl Z3 3]

obF WA +H1EL AA MATE 22%E AHA S Hediste
Jjaponica® BAAAEEE QA FA7IE 20.5 ind/m?, EE FH
715 193.6 ind./m’]™, A 712l 10.6%I4 =3t 97l 5
AE Tl 7P F2 FIPHSE Bl o] F2 Aol
(Family Nereidae)ol] &3] ¢lito] & 7|5dor] 2 dE=w
AAER= Aoz 4R Uth(Kang et al[2014]; Lim[2007]; Sato
and Nakashima[2003]; Sato[2004]). & FAlellA = F78H5 <)
ol Y1AgE AR 1914 & AAEEE Beler 20159 40
£ A3 E3sH] Lot 28 P YH T2 0.9-74.8%,
71 ETHE 0.92-5.36%2 P amurensisSF L O} F7HHE
= P amurensisRT 557 YEFSTE o) Go] W 715 el A
2sh= B4l &gt Bloln] 57 s o m e @t B et
Al W=7 el Al7E EEHET s o R o AR
w7 s v AR S5l 1A E o] Qle e, 4
2P sl e] i A TS HES sl B 2ol Helth o
57} s ollM = TR Sternaspis chinensis, Goniada maculata,
. filiformis7} 7319 tHSeo er al.[2016]). 57 ] ¢
o] T olf= XA APt Wi, HEid sk Q1 el
Hek ARLE A golH, Qs Uddhgo] ot 74 skl
o|gt B &4 FAEE Hol7] wlitolth. Lim and Seo[20111 %
& BT AL R o7 |REEH I (Theora fragilis), TFHE
Q!

Tharyx sp.8} VAR - O] (Lumbrineris longifoliays

d

=~
o]

=

jako}

i
L AT G o] S Aol R E-Esle
), 53] A% LAAXNER] T fragilise wAE T2 7 70
A REAo® FdsIgion, & ATk o] F-& World Register
of Marine Species®] AL We} Theora lata=. 85313 T.
w7 318 267 AR elA 43] AR @A E=2] JHA
T AEE ol&sto] JAFEAE AXS A ol YHTem A
TEtHFig. 5). T E T 3Tl HEYo® A
5 Qo] £k o vl EE oS Bl QY 3
(38T A EE8 (AT B) R TFEESIT 28] HEe|
AT PR A 367l FHoR I USR] 5.445.0%,
F71ETE0] 1.520.4%% 7FE 22 318 HATH(Table 3). 8%

T 7P B 156801, Bat MAEE 1,071 ind/m? ©]3ith
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Fig. 5. Map showing the station groups classified by the cluster analysis based on density data, and a dendrogram of macrozoobenthic com-
munities in Geum River estuary.

PR 2 TIPS AAEk 9lou S2dETTT) 148811 2 APl A 2hE 4= Qi) AT AL F2 AP E A S
AAT BY AER7 52 AT E HAFEY o= e AM2Sk= S costarum, U. brevicornis, M. chinensisSAtF.
A= AFA oA Shannon TREEA]=2} Pielou s =41+ 4 2l HZof X3 AT B G0 Aol Hls] YA skl

Lol 93t S WA, Margalef T3 T EATE 28 Trete thh S AREERSORE 7R FE vk 3 TH(Table 3). &
AU L7} e Ao =2 ke Ho|7| wliolth. b F5 AT 148501901, Bt AN H e N AT Foll 7P ke
7h e AT B U g5dt AEASEE Bl olf= AT A 799 ind/m*E UERSTE ARG 7P 28 FrekS A2
o] =7 AR Bell vlEl o] =3 AR B AAUE R A5 7 EEo] AL AREIAVSS Sk H. filiformis,
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Table 3. Characteristics of benthic environment and macrobenthic community of each station group classified by cluster analysis in Geum

river estuary

Station group (cluster) A B C D
No. of sampling sites 36 26 15 17
Benthic Environment
Bottom Salinity (psu)* 31.4+£0.9 30.5+0.3 29.2+1.7 24.34£3.5
Mud content (%) 5.4£5.0 29.9+19.3 47.3425.5 22.1424.3
Mean grain size (Q) 2.6+0.3 3.9+1.3 5.2+41.6 3.1+1.9
Sorting (0) 0.9+0.5 2.740.8 2.9+0.8 1.9£1.2
Loss of ignition (%) 1.5+0.4 2.440.8 3.4+1.1 22412
Benthic Community
Total species number 156 148 89 48
Mean density (ind./m?) 1,071 799 917 1,088
Mean biomass (g/m?) 193.7 52 24 418
Mean species number per station
(No.ofap/02my 33 34 19 10
Ecoligical indices
Diversity (Shannon) 2.45+0.56 2.93+0.24 1.76+0.45 1.33+£0.41
Richness (Margalef) 6.15£1.30 6.63+0.93 3.51+0.87 1.90+0.74
Evenness (Pielou) 0.70+0.15 0.84+0.07 0.60+0.15 0.67+0.22
Dominance (McNaughton) 0.49+0.18 0.31+0.10 0.65+0.14 0.73+£0.14
Spiochaetopterus costarum Heteromastus filiformis — Heteromastus filiformis ~ Sinocorophium sinensis
(29.4%) (16.4%) (35.8%) (46.5%)
Dominant species (%) Urothoe brevicornis Aricidea sp. Sinocorophium sinensis Potamocorbula amurensis
(7.8%) (5.8%) (18.3%) (21.5%)
Mactra chinensis Sigambra tentaculata Theora lata Hediste japonica
(6.7%) (5.6%) (5.9%) (11.4%)

*Data source: National Marine Environmental Monitoring System of Korea (K-MEMS)

Aricidea sp., S. tentaculata'=°] ZFA|SFAT}.

AT c sk Yet Qe F3kell S5k YA
473425.5%, F-71 53 34+1.1%% 7P AR BAAS Hih
AT F71ESEe] =1 YRGS AEske H. filiformis,

Theora lata, S. sinensisITr.

w2 il 1A% g% ok
B 2.2+41.2%2 7 —‘:ﬂ% HAFE B, %ﬂl@ FLEJOl ﬂé}i
71 el 2 o] ARSIt 28T TP w2 48
Fo|R o}t AMAU == 71 22 1,088 ind/m*E LFERTE S5
S. sinensis, P amurensis, H. japonica®]™, 0] F5-2 Aa0] SWOTHA
f71% o] A 2214 mato] Ad AelN Edahe £
Solth, i 2P Igte] S99 FAAZAT AR F 7 A
o] dEAlelE delst Ay AT A, B, CO] Bt B 29-
3lpsul] WG o}, AHT DE 243435 psud] WS GES 1B
k. Wb AR D w2 AEs AdSshs Fol fAlskL, 4
A A-C= HA 71§ 2kl 7k vkl e Atz e
3 2 5 glack.

4.4 E
B AT 24, w5 Al dEks vk QlE 27 8t
Folof] AAleHE A EETH S Al TS o]F AYsh=

P ale doprr] fa aAH It w7 el = =el A
e, A, Bl el SRl TRt 4709 Aol =
ARl A b o RSl F, SR oR BeEgle
el =-etar Gl s s dEAlY e B
AT Ut AMTE LA R FF8 i Ve AEA 2] W9
T WA RN I Il EelA asto] A%

el MAsh= Fol ¢AlskaL
A= Hdsl] flsiMs A
7F 8Tk

vl el e 15 e S8R H o) (Heteromastus
Siliformisy= w74 sk} L]l A2k AxAlE Thkdel 7]
ofsk= A o® LRt 718 29 ArIRtal Br)e] a7t ol
on, st MAUEE Bol= 79 gl f7leE 528 A
©F A= % (potential indicator species for organic enrichment)©.

2 W= o] Bigsitt. o] Foll et w57, A2, A, AT S

ATt whEbA], b9 #1 B
2 s, ARl o & 48t

oot A1) ATE Bl Seitel Aok A e | e
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