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This study was carried out to investigate the extent to which benthic environment of Ulsan Bay was disturbed
by organic materials and trace metals from the megacity and industrial complex. Field survey for benthic envi-
ronment and macroinvertebrate community was seasonally conducted from February to November 2006 at nine
stations covering the inside and outside of the bay. TOC was on average 1.7% while four (As, Cu, Pb, Zn) out
of seven trace metals measured exceeded the Effects Range Low (ERL) in most of the stations. Total number
of species sampled was 199 and mean density was 4,578 ind./m?, both of which were greatly dominated by the
polychaetes. Dominant species were Aphelochaeta monilaris (22.6%), Ruditapes philippinarum (17.1%),
Magelona japonica (12.2%), Lumbrineris longifolia (9.9%) and their distribution was ruled by the difference
in the benthic environmental condition of each station. From the multivariate analyses, four stational groups
were identified: northern part of the bay, middle and lower part of the bay, the intersection of Taewha River
and Gosa stream and outside of the bay. As a result, the community heterogeneity of inner bay was much more
greater than that of outer bay. SIMPER analysis showed that four groups were represented by R. philippinarum-
Capitella capitata, A. monilaris-Balanoglossus carnosus, Sinocorophium sinensis-Cyathura higoensis and M.
Japonica-Ampharete arctica, respectively. Spatio-temporal changes of macroinvertebrate communities in Ulsan
Bay were closely related to those of depth, mean grain size and organic content, and Zn was also a meaningful
factor in that context.
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NSRS & tds dshe tlaEdel 194 qRlozs
A eNA Y= AJY Foll est &3S, ARs|A A%
4o o3| A= Ak vt N, EAI9 ARIAE E el
A HESEE tekst FR2 o985 7Y, =7F 2 BA i 2
oA A= 2] /441, 18l HE AAE 93 2Q1e
24 9y QAHT Q= A2l 55 & 4 tH(Snelgrove,
1998). o] 7l-dl 53] tifE AN 733 dfefke] Folx]
qorA e FoE7t w2 AMAAMES A o EM,
T3 AEE EAIL) AR AEESS Ao E vk f
S viEgo sz FATxe] WY 598 x| o
ol At AMAEAY] FA A fUshs T QQlow A
FEo] ghth(e.g. Simboura et al., 1995; Lu et al., 2002; Smith
and Shackley, 2006; Lu and Wu, 2007).
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O] Fa Ut} ZEivt EAI9} AR ZRE AQke R FHEo7t
T 2uE v S sRe] s 62%20019 T 71E)
off 1 7ol FIA F 7P wow A= Fl 70.5%E T U
= o] th(see F &, 2005). H FH F(2005) A} 24k
W Ahe] EHE 9] Fecal sterols #4180 24 Hsh7ta} 11
AR B olUel A T s R) w]E el ok o A
271 #EEE RysiQl. 715 24 Slol% ulEasel st
2 7FsAS olu] 1970 FHHRE A= o @ 5,
1976), Lee et al.(1998)>- Ao B4 & U] v|ga4 2do] =7
w A<t 5 7P =2 FEolthe AME BRasPlE SISl

FellAl A7 @]lell &3l el AEAT} 7HEd -
AFETH O] Boli= URbEQ -2 T At 938 %e 5
7otk (Pearson and Rosenberg, 1978; Warwick, 1986; Gray et al.,
1990). °o]= Fulth AEHA Q19 ozt ud A7) 27 o
wolu Updo] st Fo] AEH A A8} StellA o R ZHA|
HE A 910 A9E B 4 Uk 2y AA @ Eledel
A e AMETETHY AF-AR] HeS AEHAS TR
A=, A9 Eo-sea 54 gl A4 AR 24 Sl w
2 okl e b 53] 24k o] B3Rl 9 Q919]
A= A9 A qheell tigh sz Sl B oj#wo]
wE=the.g. McLusky et al, 1986; Ferraro et al, 1991; Smith and
Shackley, 2006). WEHA] 7290 ool HEE Fpolelr] ¢
S He FEHe Bo] We sk, R A A
o] g7l st X7t 2 & Qe BT sk ale) tist AL
¢} 1ot 71291 34 WstE HiYdshs Ao 4zl AXTE
Aol gigt AR sAlel st 1 AdE Hlw-EA sk
Zo] 714 de] AREE AL Sl WO th(Warwick, 1993; Elias et
al., 2005).
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Fig. 1. Location of the 9 stations placed in a line from the lower part
of Taehwa River to the outside of Ulsan Bay.
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Table 1. Physico-chemical parameters showing the conditions of the benthic environment of the sampling stations in Ulsan Bay. Measurements are

expressed by mean+1SD.

Station Depth Temperature Salinity DO Me.an grain TOC AVS
(m) ) (mg/L) size (¢) (%) (mg/g dry wt)
1 2.8 144 £ 26 32.8+0.7 8.1£1.1 4.6+0.3 1.6£1.3 0.14+0.17
2 11.9 13.6£2.0 33.5+0.7 8.2+1.3 6.9+0.3 2.0+0.4 0.15+0.06
3 11.0 13.8+2.3 33.6+0.8 8.3+£0.8 6.8+0.3 1.5+£0.2 0.04+0.03
4 11.1 13.8+2.1 33.8+0.9 8.0£1.5 6.5+0.1 1.2+0.4 0.15+0.20
5 10.9 142424 33.6+1.2 9.3+£0.9 6.7+0.4 1.5+0.1 0.09+0.06
6 17.4 13.5+1.8 34.1+0.8 8.7+1.0 7.2+0.4 1.7£0.2 0.14+0.13
7 19.0 13.9+2.2 34.1+0.8 8.3+1.2 6.3+£0.0 1.7+£0.5 0.05+0.07
8 22.5 13.9+2.2 34.2+0.7 8.1£1.6 6.8+0.3 1.8+0.4 0.03+0.01
9 25.8 13.1x1.9 34.4+0.7 8.0£1.5 6.5+0.5 2.6+1.0 0.04+0.01
. As Cd Cr Cu Hg Pb /n
Station
(mg/kg dry wt)
1 21.3£10.7 0.30+0.06 53.1+£16.4 46.0+£32.4 0.05+0.02 54.5+18.3 170.3£23.6
2 28.247.5 0.39+0.07 58.7+2.4 412422 0.07+0.02 54.1+7.6 185.1£26.1
3 32.3421.2 0.27+0.01 66.4+20.5 61.0+39.9 0.05+0.01 58.7+27.4 201.7£57.9
4 33.1+11.7 0.82+0.73 73.843.6 57.0+36.4 0.09+0.06 74.9+1.2 268.0£53.5
5 22.145.7 0.22+0.06 58.0+8.8 42.5+13.4 0.06+0.01 47.5+13.1 165.2+9.2
6 17.1£6.7 0.29+0.04 80.6+4.0 39.3+¢7.5 0.06+0.00 50.9+17.6 169.4+22.9
7 22.4+1.4 0.30+0.07 78.7£5.4 41.3£7.7 0.05+0.01 50.2+15.1 160.8+14.5
8 14.5+3.8 0.28+0.03 82.6+3.3 30.4+5.1 0.04+0.02 48.3+4.5 158.240.1
9 13.3+1.3 0.20+0.03 73.5+15.9 25.0+2.5 0.05+0.00 38.9+2.7 131.5£18.3
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Fig. 2. Seasonal changes of the number of species in each sampling
station. The number of species of four major animal groups in each
case is also presented. Dashed line on the individual bar chart indi-
cates seasonal mean number of species in the corresponding station.
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Fig. 3. Seasonal changes of macrofaunal density (ind./m?) in each
sampling station. Density of four major animal groups in each case
is also presented. Dashed line on the individual bar chart indicates
seasonal mean of density in the corresponding station.
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Fig. 4. Spatial distribution of diversity and its seasonal changes. The
values of diversity are graded and expressed by 6 different size of
bubbles.
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Table 2. Dominant species of Ulsan Bay in each sampling occasion.
Species are listed from the 1st to the 10th based on their numerical
abundance.

Av. den- Propor-  Fre-
Rank Species sity tion  quency
(ind./m? (%) (%)
February 2006
1 Aphelochaeta monilaris 1,061 29.9 77.8
2 Magelona japonica 434 12.2 77.8
3 Lumbrineris longifolia 422 11.9 100.0
4 Pseudopolydora paucibranchiata 249 7.0 55.6
5 Euchone alicaudata 164 4.6 77.8
6 Theora fragilis 148 42 222
7 Prionospio saccifera 119 33 88.9
8 Sternaspis scutata 91 2.6 44.4
9  Sigambra tentaculata 68 1.9 100.0
10 Balanoglossus carnosus 62 1.8 333
May 2006
1 Aphelochaeta monilaris 1,644 34.7 55.6
2 Lumbrineris longifolia 862 18.2 77.8
3 Magelona japonica 663 14.0 66.7
4 Pseudopolydora paucibranchiata 159 34 44.4
5 Rhynchospio tuberculata 108 23 11.1
6  Theora fragilis 97 2.0 71.8
7 Sigambra tentaculata 93 2.0 77.8
8 Ampharete arctica 72 1.5 55.6
9 Euchone alicaudata 72 1.5 55.6
10 Prionospio saccifera 62 1.3 55.6
August 2006
1 Aphelochaeta monilaris 840 23.0 44.4
2 Magelona japonica 387 10.6 77.8
3 Pseudopolydora paucibranchiata 276 7.6 55.6
4 Sinocorophium sinensis 254 7.0 11.1
5 Polydora sp. 230 6.3 44.4
6 Lumbrineris longifolia 221 6.1 77.8
7 Theora fragilis 221 6.1 88.9
8 Capitella capitata 106 2.9 222
9 Sigambra tentaculata 87 2.4 88.9
10 Grandidierella japonica 62 1.7 222
November 2006
1 Ruditapes philippinarum 3,034 47.6 44.4
2 Magelona japonica 748 11.7 77.8
3 Aphelochaeta monilaris 598 9.4 55.6
4 Lumbrineris longifolia 299 4.7 88.9
5 Theora fragilis 227 3.6 88.9
6 Musculista senhousia 223 3.5 11.1
7 Ampharete arctica 90 1.4 44.4
8 Mediomastus californiensis 80 1.3 77.8
9 Sternaspis scutata 70 1.1 55.6
10 Glycera chirori 66 1.0 88.9

o] f-9]5 ARtell A F3xshr £ FAlo] Al wet &
A5 GEE 48 o] UNATHFig. 5). Type A°ll aliEste o
¥EE A monilariso]™] ©]g} fARE 54 HRl TEEE L
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Fig. 5. Five types of spatial distribution patterns of dominant spe-
cies. Five species corresponding to the cases of Type A to E are pre-
sented as a representative species.

longifolia®} P paucibranchiata 5°] )t Type Boll& M
Japonica®t TYE5F+ Ampharete arctica’} 253}, Type Coll= 43
oM ASHoF ZFHI S sinensise} JH 29} 34T S
He|o}AM|F Balanoglossus carnosus 12131 237 1614 AeHH]
o= Fdst F50] Ut o|m9F R philippinarum$}; Musculista
senhousia, YR+ R. tuberculata?} Capitella capitata 5] ©]°]|
s gt Type Delli= g4l 29} 7004 RESAQ 935 o)lF+=
Y+ Mediomastus californiensis®t 237 504 32 S
oli= YW+ Euchone alicaudata 5] ST}, Type ESli= T fragilis
£ B)E8t] TR S. tentaculata, Prionospio saccifera, Glycera
chirori 18]l Polydora sp. 5] Qs shd, ¥t 73
= AR e WS e T AAlY] sk Sl 3
Ao F AT el A2 olE T ool A 404 &
At A% IAE WRlth= Hold L. longifolia, T fragilis, S.
tentaculata, M. californiensis, P. saccifera ‘52 37} tEZQ]
Z3-Foltt.

=R AlSZHE X

ke giEA =l el AR AlEE 239 3671
Alo]A7t FH ] fAkE SHA od 25 2T Yobh
7] #38 A3 (cluster analysis)¥} T} 2] &= ¥ (non-metric
multidimensional scalingy= 283 ®oft). ¥4 Ay}, A
%<2 Bray-Curtis similarity 33.4% T=ollA & 471 8+
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M

and non-metric multidimensional scal-
ing (MDS) ordination plot for log-trans-
formed macrobenthos abundance data. The
suffixes F, M, A and N indicate sampling
months of February, May, August and
November, respectively.
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Table 3. Species contributing to similarity within each stational groups and dissimilarity between groups as revealed by the SIMPER procedure.
Numerics in parentheses are percentages of contribution to the (dis)similarity and letters indicate the stational group where species in question
are more abundant as a result of pairwise comparison.
A B C D
Sinocorophium sinensis (54.3)
A Cyathura higoensis (31.4)

Pseudopolydora paucibranchiata (7.2)

Lumbrineris longifolia (4.7, B) Lumbrineris longifolia (10.4)

Sinocorophium sinensis (4.2, A)  Pseudopolydora paucibranchiata (10.4)

B Ruditapes philippinarum (4.2, B)  Ruditapes philippinarum (10.2)
Capitella capitata (3.5, B) Theora fragilis (7.9)
Pseudopolydora paucibranchiata (3.1, B) Capitella capitata (6.6)

Aphelochaeta monilaris (6.8, C)  Ruditapes philippinarum (4.0, B)  Aphelochaeta monilaris (14.4)

Lumbrineris longifolia (5.4, C) Capitella capitata (2.8, B) Lumbrineris longifolia (11.5)
C Sinocorophium sinensis (4.7, A)  Magelona japonica (2.5, C) Sigambra tentaculata (8.7)
Sigambra tentaculata (4.2, C) Aphelochaeta monilaris (2.1, C) Glycera chirori (7.6)
Magelona japonica (3.7, C) Rhynchospio tuberculata (2.1, B)  Magelona japonica (6.3)
Magelona japonica (5.5, D) Magelona japonica (3.5, D) Aphelochaeta monilaris (5.0, C) Magelona japonica (13.0)
Sinocorophium sinensis (4.2, A)  Ruditapes philippinarum (3.3,B)  Ampharete arctica (2.4, D) Sigambra tentaculata (5.9)
D Lumbrineris longifolia (3.0, D) Pseudopolydora paucibranchiata (2.9, B) Pseudopolydora paucibranchiata (2.3, C) Lumbrineris longifolia (5.6)
Sigambra tentaculata (2.8, D) Capitella capitata (2.3, B) Magelona japonica (2.2, D) Sternaspis scutata (5.3)
Cyathura higoensis (2.8, A) Aphelochaeta monilaris (1.9, B) Balanoglossus carnosus (2.2, C) Ampharete arctica (4.7)

gt 7]o]E% Eof Group A%l HIEFOE & 4= Utk Group  HIFALES) tigk 71o{=r) gof} 54 AATE twshs $o=
B YEFoz= ART U2 Mh)fAREd FAlA] 71o9s R & & 4 QISITh

philippinarum® C. capitata 123 737" 1 vlFARES] ofjst

71157} =% R tuberculata -5°) 0T} Group Co] W%EF NMSEEI MAEE210| ARk

o= 4. monilarisSt 74737 TF Hl-ARE) digh 7|27t =3kd AMFETHY AlFHE T3 wslke}l S 2 AAEH
B. carnosus’} EZE S Group DO 4%, F-T U9l ®]) 291 LolR7] 3] BIO-ENV procedures 2-8-3}ith. oH
FARES FAl 71998t M. japonicaS$t A. arctica’} TIEFCIYL  ATelA] AXTE QR0 ZA SR T 1470 I 5 7719 w1
th gk, o] kS| tisEA] 51Fell 3= L longifolia, P Brasy @2 299 89 F AHWE S4ES17] wiitell BIO-ENV
paucibranchiata, S. tentaculata, T. fragilis ‘o= HA 27 ©1°42]  procedure™ 4 AEAIT 2} 2 AEAF tial] HE2 223131t}
BN Sl vlseet R FAE] wiitel g 1F (Table 4). A 2t S4E Tl SRS T AMEETHY

‘IF

Table 4. Combinations of environmental parameters giving the best matches between biological and environmental (dis) similarity matrices. k
means the size of the subsets of the environmental parameters for each combination. The best combination is shown in bold letters. Spearman
rank correlation coefficients are presented in parentheses.

Best combination

Without trace metals

1 Dep (0.44) Gra (0.33) TOC (0.32) Sal (0.14)....
2 Dep-Gra (0.50) Dep-TOC (0.48) Gra-TOC(0.44) Dep-AVS (0.40)....
3 Dep-Gra-TOC (0.52) Dep-Gra-TOC (0.49) Dep-Gra-AVS (0.46) Dep-Gra-DO (0.46) Gra-TOC-AVS (0.44)....
4 Dep-Gra-TOC-AVS (0.52) Dep-Gra-AVS-DO (0.49) Dep-TOC-AVS-DO (0.48) Dep-Gra-TOC-DO (0.48)....
5 Dep-Gra-TOC-AVS-DO (0.52) Dep-Gra-TOC-AVS-Sal (0.47) Dep-Gra-TOC-DO-Sal (0.47)....
6 Dep-Gra-TOC-AVS-DO-Sal (0.49) Dep-Gra-TOC-AVS-DO-Tem (0.47)....
With trace metals
1 TOC (0.48) Dep (0.44) Sal (0.37) Zn (0.35) DO (0.29) Gra (0.27)....
2 TOC-Dep (0.65) Dep-Zn (0.62) Sal-Zn (0.61) Gra-Zn (0.59) Dep-DO (0.56)....
3 TOC-Dep-Zn (0.71) Dep-Sal-Zn (0.70) Zn-DO-Gra (0.67) Sal-Zn-Gra (0.66) TOC-Dep-DO (0.66)....
4 TOC-Dep-Sal-Zn (0.72) Dep-Zn-DO-Gra (0.72) Dep-Sal-Zn-Do (0.72) TOC-Dep-Zn-Gra (0.71)....
5 TOC-Dep-Zn-Do-Gra (0.73) Dep-Sal-Zn-DO-Gra (0.73) TOC-Dep-Sal-Zn-DO (0.72)....
6 TOC:Dep-Sal-Zn-DO-Gra (0.74) TOC-Dep-Zn-DO-Gra-Cr (0.71)....

7 TOC-Dep-Sal-Zn-DO-Gra-As (0.71)....

Dep: depth, Gra: mean grain size, Sal: salinity, Tem: temperature
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Table 5. Relations between biotic and abiotic factors based on the Spearman rank correlation coefticient (p).

Factors Depth  Temp. Salinity DO Mean grain  TOC As Cd Cr Cu Hg Pb Zn
(m) (0 (mg/L) size (®) (%) (mg/kg dry wt)

No.of species (/0.1 m?)

Density (ind./m?) -0.43%% -0.36* -0.73%%

Diversity (H')

Aphelochaeta monilaris -0.48%** 0.45%%* 0.61%* 0.63** 0.57*

Rudiitapes philippinarum -0.48%* -0.49%** -0.45%*

Magelona japonica 0.83%* 0.37* 0.43%* -0.47* -0.54* -0.55*% -0.70%**

Lumbrineris longifolia -0.56%* -0.38* -0.48*

Pseudopolydora paucibranchiata-0.65%* 0.51* -0.63%**

Theora fragilis -0.36* 0.47** -0.52*

Euchone alicaudata 0.38* 0.49*

Sigambra tentaculata 0.43%*  (0.38*

Sinocorophium sinensis 0.54* 0.55*

Prionospio saccifera 0.38%*

Polydorasp.

Sternaspis scutata 0.66%*

Musculista senhousia -0.37* -0.38*

Balanoglossus carnosus 0.46** 0.48*

Mediomastus californiensis

Ampharete arctica 0.68** -0.49%

*Correlation is significant at the 0.05 level (2-tailed), **Correlation is significant at the 0.01 level (2-tailed)

XA 2 Wskel AFHdol TP A VRt 3Rl 2
A T, HAE B, 28a SRIRARS] 23(p=0.52)
STH(Table 4). ] Al Mol b 87 Q1S F7IE W 4
TS FYT T B 1 olakE At ST RAE
T (p=0.44)0] 71 =2 ddS Belom HAEe] B Y
(p=0.33)2} FH7184(p=0.32)7} L HE oIt} 3kA, 147)] &
o) M aRlo] BF a2 AERRe AXEETH
o] WskE 7P & Whdsh 23 TR, A, o, ofd,
Sk T2E]ar YIRS eIl om vl A 8 A (p=0.74)
= LRSI TARTR A= FH7 84 (p=0.48)2} 4 (p=0.44)
o] 7P w2 S Belom nRas Sl okl (p=0.35)2
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theksl Fo| k= Ao Ruw AL HA5vHPark ef al.,
2000b), ZI39HLim and Hong, 1997; Paik and Yun, 2000), 7371
Tk 9 d1%d(Lim ef al., 1995; Koh et al., 1997), ¥77H(Lim et
al., 1999) TO= 24 230F ool E28E Zor HuHgith
whe | Wk (Hong and Lee, 1983; Choi ef al., 2005), S37H(Ma
et al., 1995), 33T (Choi et al., 2003), 7FEFH(Koo et al., 2004)
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Table 6. Comparison of sampling area (m?), total number of species, density (ind./m?) and the number of polychaete species between present
and other Korean studies on macrobenthic communities. Whittaker(1975)'s d is also presented for the comparison of relative species richness

between studies with different sampling areas.

Study Sampling Total Density Polychaete Whittaker’s

Reference site area (m?) species (ind./m?) species d

Lim et al. (1995) Kyeonggi Bay 20.4 266 498 111 203
Koh et al. (1997) Kyeonggi Bay 19.2 231 455 89 180
Park et al. (2000b) Chonsu Bay 252 311 769 143 222
Lim and Choi (2001b) Hampyung Bay 12.3 168 1,168 58 154
Park et al. (2000a) around Mokpo 15 238 663 88 202
Ma et al. (1995) Deukryang Bay 6 118 1,432 52 152
Lim ez al. (1991) Yoja Bay 6.6 142 295-481 46-62 173
Koo et al. (2004) Gamak Bay 12 182 766 78 169
Choi et al. (2003) Gwangyang Bay 11.4 154 1,420 69 146
Lim et al. (1999) Aenggang Bay 21.6 233 1,358 90 175
Lim and Hong (1997) Jinhae Bay 129 287 1,045 88 136
Paik and Yun (2000) Jinhae Bay 9.6 237 1,939 78 241
Hong and Lee (1983) Masan Bay 4 65 152 34 108
Choi et al. (2005) Masan Bay 16.8 104-107 448-485 53 87
Yun and Paik (2001) around Kadugdo 12 260 1,729 89 99
Yi et al. (1982) Ulsan Bay 4 127 978 67 211
Shin et al. (2001) Ulsan Bay 12.6 117 535 63 106
Present study Ulsan Bay 3.6 199 4,578 99 358

A7 Wk A9 52 AR WS - QYA 58] =99
2189129 m?, Lim and Hong, 1997)2 Al ¢jsltlels - H &
9.6 m*R&|TE, Paik and Yun, 2000)°14 25.3 m*(A5=1E, Park et
al., 2000b)= AFHA oA F Z}o]7} QISITH(Table 6). TE0]
AT A wry FAFTE AW NG E] AR WA T3 HAi
4 m* @, Hong and Lee, 1983)l4 16.8 m*(@H:Fit, Choi et
al., 2005)% AFFE7 AE o2 A HS vdihd 24kt
o] FAFTTVL B W ohd Zog yheher) o]zt AR
st shte] Aoz Ao o A 7] F5 HluE
$18ll Whittaker(1975)7F AIQFSIIE d(=the total number of species/
log(sampling area))#ts AlAFSIe] Bl (Table 6), & A7 A=
FE AR g2 7P kst o] Edsieid Aol A7)
ok )3 ARk Sell vjal] €53] H=5s &  UTh(Table 6).

SAEA AHHE O] F TS = v Sl digt
7157} 71 Y FEES UEFE F 99%0] 3t A
=¥ A7 A4 vlws|Rd ATk Park er al., 2000b)} 7
719 3 S2(Lim et al., 1995)049F Atz o g we Fo] &
Aol 1 219 o=t Ao A= thA A AYKE]: A7
MR 5) B FHlo] A& el Bk, ofxleh, gk 5o
SATH(Table 6). T3, SAED} X2l og 7P| A8k e
S5 s ] &, 200501 LA 5, 1992)0l4 e
AR Al R SRF 27 68, I2E R 2 <
T Aol nlaf W o)t Ao Akl R
UEFr e 35 = Uity 91gke] 7R M T =2 A
off &3k Zloz ke

A QI AMEETH Y & o B4 TS AHAUs

7t w9 ok dolth, # AFA AN He A4 FEE 11
Hof| AAH 22 7R8Il vix= 9] AES TS
735 4,740 7N A/m? 0|10 o] AQ]EtlE A--olw 3,554 7
A/m2e] 1T BEZ Vel Table 60 AAE =) A
AHIES S 1A D7t 152 QA /mP ke, Hong and Lee,
1983) - 1,939 7HA/m* (A &fi%t, Paik and Yun, 2000)2] Ml A
< 7ckshd 2 AT A9 Uert wig ok AMIS & 4 9l
ol =] ZshlelA] e A Al 7kt 57 o] ofd
ZAF A AAL] ot AL EST 3,000 A /mMPE Eie A=
s =5 BE 548 343 27108 A91E T 7]3]F e
2 Zgshs 8% e Feshe A9t ol gt
she] Al AR o ® DAY 34 Fulv) ZES o=
AL ol st (A &, 2002)0] ool sjdsit}, o] %]
9 HE MAUEE 3,053 /HAl/m*] Zeg HuEon o=
RS- $F - (Minuspio japonica)®] A /NAIG2] 80%¢ll 3d-s}
T AFEE TAE SHskEA AAE] A HEE =2 A
ot} o] T2 it 20 AFS Ve S AEshe lo® 4
HA JAohE 5, 1997; I3} &, 2002). &= TR ARl s )
T o] AL ol dlelA fT1ES] AL B F
wol f71E L9& vlet #3%s A8s 738 om o83t
T F52 e st Aol Park er al.(20000)% 4§ 5
2002y 591} 7halgk QIef| 91X|8t 7Fe] ke AMEE
THE AV 42 3,543 7iAl/m?- 3,972 7RAl/m?, 3,781 7HA)
m*e] AL EE Basiglon oejst wdwrF HMAAAR]
71E LPAEFER] Capitella capitata®] =573 &I+ AUS 8t
gl v} St} Wk, SAE AXFEY THUE FEE TdFel o
5k =9-o] ohd AtfH o7 1E AFES WSl v Fof 9

gt Zlolehz HellA £19] 7 7] AR|gh= v 2pol7) Sl o
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philippinarum, Magelona japonica, Lumbrineris longifolia “s-©]1™
U]t 715 2GRN EFR! 4. monilaris$} L. longifolia
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U f71E 297 Axdo] A A o% LBXI R philippinarum
I} M. japonica?t T EFFE TR HollM= 212 873 7l
%A Agshar e & o SiTh
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paucibranchiata 5°] ©]ol XS AT). 710 Tharyx sp.& 57
HAYA A monilarist L. longifolia’s 27 =UlollA f71&E 2
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Ut B3 55 71U 4 monilarise 2 AMTETH
o] Al 1 -93FIe™ F MAFlA AFAsh= S 22.6%C]
Gt F FEAL A QT vlgst FRYGCE Fell 7
F UES BT Fe /WA RS 1,036 ZHAIMme, Ho U
= 4% 2004 52l BEE 7,580 AR o= A Bag
% 57 5 7HE %2 Aol Sahe Hs i sk (B 420 7N
A/m?, A 2,878 7|A/m?- 0] &, 200501 AE|%= FH A
E+t, 582 WA/, A 4,303 7WA/m>- Lim and Choi, 2001a)
off HIBIME =& oStk AAHA] o] Fo H3x= Fuje] A
o] RE oA HaEolgkom(#Hel 11, 1990; A 5, 1992;
Choi et al., 2003), 53] 53 5 3|9 (Park et al., 2000a), FAt
7¥ 3Fe3 (17 bl 1999), 7FEkakAl, 1995; Koo et al., 2004;
5, 2007), FATH(Choi et al., 2003), BITHLim et al., 1999),
k(S -5, 2007), 957 sH9 (] 5, 2005), =4FRH(Shin et
al., 2001) SolAE= A 1 = A 2 9HF o2 Fsla Qlo] =+
yl Adaielr Faalol ol2= w2 sjdelA Jixla SellA
dds] Sesh FUS & vk g0l o] Fof AAUE=T} 2%
7ol i8] S7kekal Qlvhs Abde Harsh #H2e] 0] 3o
v 77 thEZQ A7) BHChoi ef al., 2003)3 ATHA 5,
2007)0|t}. 2akeke] 9ol Yi ef al.(1982)2} Shin ef al.(2001)
o &l AR 1980 oA 1981 18]ar 1997 FA] &
TR e S Ut o & St Bt JHAE == 7
ZF 72 7WA/m?, 89 ZNAIMPE I ZAF Al nlal] 108 o vt
Utk AS aElE] = w 19979 o] 2] F5s T FAE F

)

T ohE Uk B8 (Type A) T2 L. longifoliad =) a2}

EAQl HFEC R HFuk(Park er al,, 2000b; B
=, 2006), $7HLim and Choi, 2001b), S&HA3} 70, 2002),
7L, 1995; & 5, 2007), H3lWH(Lim and Hong, 1997; Paik
and Yun, 2000; &1 5, 2007)%} FUSNHd B, 1997; Choi et al.,
2003) SollA Al 1 EE 2 $HFoE FHskaL Qo) 2 Al
Ae Al 4 TR Fdslon F JlAIGl gk g

AT - o)zt - oaEl - 347

O

9.9%CI . T+ AL AR} T FRH O 4. monilaris
o} fAfslgl o AdA ez E FUI A7l 7 =2 U
=2 Bl HF AAEEE 451 AA/m? o|gler] Hu Ur=
AR 1014 =l TEE 6,060 NA/m? o]t =] AL F 0]
Fo o MAUETL dFHe R = Ry 3 Jvtez
Paik and Yun(2000)°l 2|8t A} A] Hit 417 ZfA/m*E 2 =
Absh frAFeE Eolflem 11 9]e] S Yol A= it T 100
MAm? AE2 B 24 AR oks d43] W2 (e.g. Lim
and Hong, 1997; & 5, 1997; Lim and Choi, 2001a; ©] -, 2005;
vl 5, 2006)0]190ct. T MM 715" Hodze] Aol
7hahak2,148 RA/m?- & 5, 2007)2F FFk1,055 WA /m?>- 3
%, 1997; 1,380 7WA|/m2- Choi et al., 2003)°14] 1,000 7HA]/m?
ool Wiyl BE ul AR A sfedo Bohs &
A8] GEkTE, SAeA o] o] A Fd 7]15S BW Yier al.
(1982)9] ZAIAM = & 24k AR &A4F Rt 2 &
2o B /AL RS HuEE 717} 258 7)A|/m?, 3,640
AR 2 AT Ros BX0 5] oE Agtbel] visiME A
A o7 e Wiyl BT} 12U Shin e ol.(2001)2] ¢4
TolMz= SA UTtdellXE A EdehH] ¥ 24 Yol
AEFR o7 Zdak= 2oz JERY Yi ef al(1982)0]HF 2 A
o} zpo]7} SISiT.

Utk 238 FE duitle] FHEE RS ol ey
X3 (Type B) F0lli= M. japonica$} Ampharete arctica’t D3
Ao|St}. 53], M. japonica= &R JITHE HojubA 543
NALE7} 7kl (Fig. 5) $lall 22 Tl 37 Al
A 2EBRE BlE(12.2%)°] B9 =0T} o] T 24N A 3
LAz or Fd MALEE 558 WA/m? o|en Hdr=
A7 gol|A] 5ol FEE 2,460 /WA /m> 0Tt 0] FL] T #
= FAEE A el ERIE AN e.g. A1 11, 1993; Lim
et al., 1995; Shin et al., 2001) thF-2 3 ol Fove=
2 Ho ofYQIt). $HH, T8 SHF R FAF Yoz E &
2% 9 31 @@ 41 7RA/m? - Lim and Choi, 2001a), Zl&jt
(E+t 57 7§A/m> - Lim and Hong, 1997), 957 &1 (Bt 54
WAl/m? - o] &, 2005), SAHEEE 81 /WA /m? - Yi et al., 1982)
o] k. 531, F8l A AR 5, 2007)elX+= Bt 170 7K
Al/m?, AL 1,878 WA/m*2 EAcE v} glek. o] A7-EellA]
o] FAREAE o Bisle] BAEE T8 Yo Ul
TR TR Q] 2S5 o] 4 ol Al Al
9] AFo] AGSt Folgk= ol o= SARIA S V& AT
(Yi et al., 1982; Shin et al., 2001 & FALe] A3}ele =]
th o]y §t FIREE 5432 o] Fo] yRtelelx #EEE f7E
A= dE o E BRdo] A Aol FYshs AV
71% &Fth(e.g. Yi et al., 1982; Lim and Hong, 1997; & &,
2007). 22l o] F&] Aol BT E A E2AER= AML(Choi
et al, 2003) 4 270 FFHEE Folek 22 A UA
A2dol] Tk FR3E AT EE HATRE A 5, 2007) 52 7
Qkeld FIHEE Qlo U FF ol fA71E Fwol 4149
AA 2710] E 7FedS viAE = 9l FoE ddEr 2
AT oMz J3lF ] F71E &

% o] vntkedel] nla ] o
Wth= Aol olelst 7FsAdE s Et)
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Al WA 8 (Type C)2) £ 28 & A7)0l 54 FHel o
3 2 AT wE Rol=F=3A R philippinarum®} Sinocorophium
sinensis °| ©]°ll = ATE. W R, philippinarum)®] 73-5-
21919] 7] T 1188 st AMAIE B3 AE 5 70
A4 (28,180 7HANS] 99.8%(28,120 7HAF A4 164 3313
o}, i3l sholl A o g HEsh= A Shin er al.(2001)
of SJaiM® gRle uf gtk upA|Ele ) AJsf gl Wallell T2
XS 29 ] F FEY2 270 A Y (eg 2 AL, 1992;

o, 1993; Al 5, 2004)01A] 5t 4lo] w2 oA w23
7} gelw) 3t QItk(Shin ef al,, 2001; Lim and Choi, 2001b; ©] %,
2004). BRAER 23 A 2 disiAs vlwd b HE
S UAE Z= Ao ® defx] QIAIRK(Laing and Child, 1996; Kim
et al., 2001) E|2/dolu} 99814 gh7of| Qlojal= A& o=
Bt e =E Hol= 2107 710t 31 QItk(Lim and Choi, 2001b;
x5, 2001; 21 5, 2004). A& 01, & (2001 FATH] vt
g} FAel A AMAEC] AFA o Agste] IR wEE ©]
T AL W YT 40 - 5O, Bl T 50% olae] A
HeRlglom EAEe] E4S wWellshs aelulx] gdou
5 B85 YA 955 F7F 4 emE 28k 2 A2
Akt 7107 7)&d v Qi) & AR AF 10] e
thE e 7 2A o s P e ® 23t F
Aol om] HE Q% 4.6 @, BT T 58%2 FAL Ho %
5(2001)2] A Ak} ARSI wbA] SaketeA] wpx]Eto]
A3 10 FFAoR Exsks 21 HAY alel7h 9 aclo
Re AoE FGEH ofgy Uk 4 T 7)o QRlo|s A
o= bkt sbA, vixEke) §7) A 100 g o] sk
T OE FoEe 71E 29 Addlx Edshs A3 41 the
21 Capitella capitataSt Spionid A1G 2] Rhynchospio tuberculata
ol glem 53] C. capitata®] EA= 0] Fol AT f7lE
2A7 0 wE FAEE V]S o R o] g Folehe &
Hollx] A7 19] 34 548 1A & kT8It (Pearson and
Rosenberg, 1978; Wildish et al., 2001; Edgar et al., 2005). e}k
A oz AR 10A] vixEe] oo R ZA|skal 5k A
o7 AL o7l sh AT AAEC] WEE L QltHE AMIE o]
o] 715 24 T2 84 o3t uisl I 5 o] ulg
< 7L 9l Aolikz #eks 7FsA gt

Type COl 3lldsh= T TR 511 S sinensist EISPFOZ A
A¥ R} Ao Thii= 271 FA 404 A F& A
(2,710 78D 96.0%(2,600 7RA7F AHE o Es] 8o
=& UEE Btk o] £ Al £xE ASlEE 5, 1997), W
A3 oA se(Ye &, 2002), FeFH(Choi et al., 2003) 71
a1 FalekE o], 2002) SOl ERlEom ofFF A
o] Wxst sl alz} o], 2002; Choi er al., 2003)°]H} Fte] Q1
A A&, 1997) SOl $HFOE FHTOEM 290
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T A Ad T XSS UiSelA] 2AsE 854k Ay |
B G o] TE 37 WEE 18405 o gohs FUL U
£ 0 ol Aol S@ske Tk 39 SHEE Ahed
S. sinensis®] 3L el 53] TSR ol TR Ul A
Hle 44 Edshe 52 B0l UtyddA 58 U

Rol& 4. monilarist} L. longifolia®t 32 SE7HA % S, sinensis
7} SRR A 4ollME A AU = 1y Sl

H&] @A) st UnE BRlchs AR wifolt) 3%l &
Aol EPgEY vlugls wl, 38 45 f71E &, A, 4=
Sole o7t AR Abs ey el Ey) vjPgEge] s
daid oz =3ttt 53] vjHEEe] A G Cus A9l A
FEo] dA3] w2 54S BT} S sinensis7t BHEEA ) o
3l WS 2har Qlths AR ofu] bk} o](2002)0) 2J&l 7]<H
vl ARE, AA7EA] vl digh wheAd 2 e A2 §h
Sck. 2eu AlEF EAl7E 14 E7] o)l 1980 = W

FE] Q7 uE Aol Tk 1] AR elA 4,500 N
A oPde] aE FHS HAW 7S (KORDI, 1981y o]t
7Fe/dS SRkt ok YA F 718 T 5o Al
zFo)7}F QIS E A, monilaris, L. longifolia, Theora ﬁagilz’sQ]r
2 e 29 ARFES dert d438] dasleickes A%
AR 40 TER o] 718 24o] obd vEEE el
gt A} A S-S AAEt. kA S sinensisS] EE Q¥
&E vEES 29 djal] AuiFez Aet U 715594
E7do] AF-¥ Aog shder), Ak ojelet ¥ RV
BE A TET T TS X9 o9 7P wdsite ¢
2] A2 (Rand and Petrocelli, 1985; McLusky et al., 1986)2=
kel dalehs SHelA] A3 el ot 2A AP 2
& Ro7 AY7tE

Type DS} B 35422 T W95 Rl 44 Edshs &
S22 229 4 FHo] Adel whet gt Mak=rke] of F
of wt FEESGITE Aol WE FiE F419] o]Fo] A A
S Type D] thEE52 Mediomastus californiensis®1 2™ Type
EQ] ¥FL T fragilis?) . Mediomastus AB 2] &2 =] 73
719HA 5, 1989; Lim ef al., 1995), 912HHLim et al., 1991), 7}
AL, 19955 1 5, 2007), AFE Akl# 1, 1993) Sl
FHAFeR Fdsta 3o f71E 29 Tl 8 nkE 34
oM e 7181502 Q14 ¥ QtK(Lim ef al., 1991; A3}
, 1993; Lim et al., 1995). T fragilise= = thE-5-2] gt
ol T2 9HE9) sfueln] 53] M5 TH(Park ef al., 2000b),
A7} S @3 B 1999), 7FKKoo ef al., 2004), PR
(Choi ef al., 2005) sollA 3 Wl FLE7t Wi 52 FO7 7]
=53 itk 53] o] T2 Fulg "iadd A8 29 ARF
©F(Hong and Lee, 1983; Y3} 1}, 1999; Choi et al., 2005)
Arta BANNE st WIS 2te AoE IR QUTk(Tami,
1996). WA o] F Fo] SA4lNke] Y2]S EollA sk 1]
WA =2 U (M californiensis - 31t 48 /WAl/m?; T. fragilis -
Bt 173 WAmA)E Bolal ths AR 4715 23 st
i msto] SRk ool wAta QS-S HAIs

O A = (MDS) A4 (cluster analysis)el] 2]t thd
A A Ak gi¥3AAEE ol & 19 IE
(Group A to D)O.= 735 0] Sla& HolFglew 2k 152 Al
T4 Felle AdA QaKths 3] Q471 R SISl
o} v tERH S 2 o)xb iAol wilx] g ZF 159]

F

o ox =

of M kI

o2 92 THAE] A 93 1 AAE Begska A
Qgkon] ol 53] Q1914 B4 acle] 48w AN ¥ 4 9)
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At o]e} T2 Fido] T Al Tk = 312 Wik (Group
A to )2 = 2J3|1%(Group D)} B8] IA 37| 1702 74
b s

o] 5 AA 49 M A AEE Xk IF AE 289 1
T ofgt 22 yiRte] OFd % & o]dAE Hlth o] O
o VN 2F 7R 7R W okes) A EE Belor
S. sinensis X Cyathura higoensis®l ]3] == 1&°]3Th
Ay vk} o] AR 4 A SHeM MY w2 vdes
SEE Kol Zlo] SAolqlH. ngkasel o3t e5lo] AXE
e FFEe HEo] A=A A vhs AR o]
w] of2] 24 FHelx] B 1= 31 QITk(Chapman e al., 1987; Warwick,
2001; Mucha et al., 2005). ®=3+ Watzin and Roscigno(1997)&
Zng TEoR FF SN vgESel o3t e9do] f4
o] 7K1} 27] AEEel oGS vtk ARE ¥R bk Sl
tF AR olM AdiE o e w5 B MFEES As, Cd,
Hg, Pb, Zn ©|312¥ 53| As, Pb, Zn] 55 ERLS 4 %
T goldlh AXAEel A A 4 = F AU vEFEES
A s AESH-844 acld weh debd 4 A v
(McLusky et al., 1986; Chapman et al., 1987; Dauvin, 2008) 2
A AvE F Zns o2 59 250 pg/gs 293 Alof o]t
Fgo] YeRdthz AMIE 7153 A5 (Long and Morgan, 1990;
Long et al., 1995)°] §lom™ AR 40042 7Zn v5+= 1 @S =
Hatar giek. webs ol gt die] AbdE FR 4elA S
e 29 ARFES FEE U e AR 4ellA] v
w5l &gt e9do] AMsEwel S T Ue= A
St 9= AJZEET), Shin er al (2001) & FARS
FAReE A2 2] Qx| ell Q= skl ARl Ricka oA 7]
3¥ 07 FH= Grandidierella sp. 19 3l == 502
71z vk glo] 2 A Adkeks Zpolzt gl

Group A 9]el gk ThA] Group B9} CZ Hrol s ow
Group B= HIgH a2l A4 15 28]2 Group C= WA Yl
ey S FIh o] F OE BT duHeR He
NALEEZE EAoIt. 2t 18- tlEsHE 52> Group B 7-5-
R. philippinarum, C. capitata “12]3L R. tuberculata®] 3. °.™ Group
CE= A. monilarisS; Balanoglossus carnosus®| k. Tkl e] o
B2 9-FoING L. longifolia= T 1w Bl =2 7Y
S5 Hol] B OFS dlsshAE fsitt. 374 SHel4 Group
Bo} C= ®TEAES] et Yool 7P 2 zkel7k 2lglom
AR f71E Tk T QoM 2 xjol7) gt 3,
A A] =8 o) Al & ZARS] Group BS} Coll 3
o= Al B shke] O R TEE O Yi e al(1982)
< Cirratulus cirratulus®}t L. longifolias “12]3L Shin et al.(2001)
> C. cirratulus, R. philippinarum, Tharyx sp= JEFOZ 7|&
gkl Qlek. o] AT} 2 A9 Aloli= A A, o FARA]
i C. cirratulus’} 33 WA dorck= Holw & A, Shin et
al (2001)ell M= L. longifolia?} &AMREE] 3ol 79] A=A
RRA T B ZAYN M= Vi er al(1982)8) FAKSHA ekl o] $-
HAFoIqths Aolrk. 18y o] 7 Fo] BT SRl AEH A
7} EAIsh= a9 e] 5AFolehs SHollA olegh xjol7} $H4
Z Wske] AalA] opd ALl wix| el AYAI71E] Afo]

. 71}\']7‘4_ .

A= AARME Bl & S Qv

olaf9e] 37 s EF8h= Group D= AA 0% v /)
AU} 7P e ks Aol om F5ok /A ES] A
% WP ol 2F 7kl 7R Agink 53] o] 59 A 7
BAAOZ 50 F ogo] Fdate] F T SHelA] Akt
A 7P 28k 7oAt Group DE H3E3he 52 M. japonica
S} Ampharete arctica®1 2™ o] 52 Il A QS| Aol ==
XS FoE BuHy Q7] wiEl@& et 1, 1990; Lim and
Choi, 2001a; ¥ 5, 2007) $7d 233} AL Ajg oz 3
2 o7 dHA AT} Yi er al.(1982)2}F Shin er al.(2001)A =
T o] thEFO] M japonicaS 715 vl It} $HH | Shin
et al.(2001)% M. japonica®t 7 Syllis elongatas NEFOZE
7|58 0 & ZALIAE o] Fol AEA] Eekrt. Group D
o] AXE-2 EF el vlsl AoiF oz 3lo] 213 AREA]
FalEt FHE0 Tt BT Jrst 71 g Selis
gkl o} 2jo)7} s Zlo] Aol

BIO-ENV T4 oA] A Z A o= 23R
MeErA el Al-gzA Wl 7H e s
© 4, A5, 283 f71E ol etk vjEas
Z7go] o]Folxl 2 A Alm #4] AHeME Zns T2 23
I 79 shsict. oy st A= Ak AMsETHL 2t
244 FAEAGEY ) 1914 $AZANGIE T
n|EEE)] ezl o8l AAE L QS-S HolFE S0l

SAkbol A A T O Fod 347 542 WE A
PO al AnkH o WA AF2] nhelA] FEEE= Rk
o7} glalode] Eel-aletd 7 zjo|7} Aduid oz AA vepd
th= Holt}, A5 AnelA 74s Ash 72, A, 84t
A 283 Y5 Tl e olsle] 3ol FE3 Wit x}o]
© WEEA kot 53], f71Ee] FH-e v vigkelA &
5] WA= AEAR AT SFAkA A5 @ SAkolA
A kgkom YRty gjajole] §E=akh 2 AF
b 0| ATH(Table 1). RlAkA $23] 9] o] ArFEF]
3} 3 Folehs ARA o ds 2T 5 ks S
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Dauvin(2008)> Seine Estuary®] Z3}tjolq #25 =
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5 B2 T35S MAREESE §AE 7 U9 AL A8t )
9] 50| Wakk $79] S
S 7FsAl 7] Wl Ao
AR 2 32 km, WZo] 83
S " sHRE AlYshd FHAEAR dxEg, St E A
2A hFErt w2 gdoltt, gk B A& f
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