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Abstract

This study was carried out to investigate the spatial distributions of the macrobenthic communities and
ecological quality in the central Asan Bay from March to November 2014. In total, 78 species was found
the mean abundance was 439 inds./m’, Biomass was 17.28 gWWt/m'. Based on the Le Bris (1988) index,
there were 10 dominant species accounting for approximately 63% of total individuals. The major
dominant species were Heteromastus filiformis, Theora fragilis, Sternaspis scutata, Paralacydonia paradoxa
and Chaetozone setosa. Cluster and nMDS ordination analysis based on Bray-Curtis similarity identified 3
major station groups. BPI and AMBI analysis, it was found that the overall good status. These results
showed that changes in sedimentary characteristics were the main factors behind spatial and temporal
changes in the macrobenthic communities of the central area in Asan Bay

Key words : Macrobenthic, Community, BPI, AMBI, Asan bay
I.ME & WAL, FA%
]
==

=
*“]._‘:;
L

st A &

S F3STh(Yang et al, 1999). A<t

ol
r (
of

(o do 12 ofu

ORURE bl SPHORFH FEHE BT o o] E3)(light penetration)’} EI 7oA
o} QB HH FE= AT EFEHE AL o] Ex g oordnz olg] thoksly E
FOl A, gmsol  gAs: dloo]m(Nybakken  and

T Bertness, 2004), EAAZRE] 9Fo] Ho] we
S fYAESe Adeln AAEe Xow a9y
2 1E 2 galeld ws- Fed ow AwlA YrkAble
R opdet el 2o} 9l ofe] A =4 et al., 1999; Jones et al., 2002; Dolbeth et al.,

t Corresponding author : 041-530-1283, cwooma@sch.ac.kr

- 903 -


https://crossmark.crossref.org/dialog/?doi=10.13000/JFMSE.2021.8.33.4.903&domain=http://english.ksfme.or.kr/&uri_scheme=http:&cm_version=v1.5

2008; Franco et al., 2008).

89 A AR AgYe FYUA, &
AN E O B8 AR SAFOR Qs
AElee] 14, ol wVlE T A9EQ
20] 7IEEH L = Ago|thWoo et al., 1999,
2003). oFAFRES] A, AkE whet of ] e of
@ WA 24 ﬂ?i o] ArGAIEEA Y
Aelithi o AEE Jf& gjetile] wiglel 2
o] N&EAHow Ay
A H(Lee and Lee, 1997). H3t

S7el 24 9 Qg Aved Fz
st g7el

)

H O ¥
94 TOT=E
= x9s

;é_]
e LR
J

Sl th(Hwang and Kim, 2013).
2 A AAFLE A s
i AAL AT el A2 wEel A
A 54, Y5, 7= gl ut 553
T3S ¥/d 3 (Hutchings, 1998; Fauchald, 1974;
Conway, 1979). ThE sjoke] A7 He] A2
ke AAFESY X TS T FHAAS
M2 Ae] wet zfols Holu diAlE EAHE9
Ix 2A 4l EAJ(Sanders, 1958, 1960; Rhoads
and Young, 1970), <J(Lampitt et al., 1986; Choi
and Koh, 1990), &&Aka=K(Hong, 1987), F71&
(Grebmeier et al., 1988) &2} 22 =24 40
Qlo] 9J&gS F+= oz dHA Q. Hhd o]
gk oA F1He] A (Rhoads and Young,

-3
<l
:Oé
il
olft N
kﬂ

1970; Woodin, 1976), 32)(Peterson, 1979) 2]
(])4%?517@ A]—i;d—_g_ :z:;l_ f%‘j T'}f‘:‘{, :’L_;;: %—Oﬂ

N

e
AL v
H

2 [A k.
dubzow ol A eHEE HHE o
F-AS e 29w =
o Wgh gl ool g o

o ¥ AxE Wkt 2eu el
H eded AAEG sligel MAse A
o]-&3 F7F HFYAE Brtsk=dl A

WM 1 o o
0%

A - opafe
Ql Z=2o] HtkDauer, 1993). = Z 3
NEELE ol E4aEd s A}
B4 ool A EE PR
wol7] wiite] &Rste] sEAo® thAsHA
Fotal, Ao s 2AF A7) st Pako] A
7] W] Aok #73% Brsed wWg fgat
CHWarwick and Clarke 1993; Burd et al., 2008).
gmel A olel 749 @AAFE o] g3t
TS O AAEHA BA ek, wdel v 9F
& B3 AF7E go ez on, Ay
gAY 39S B a0 A5E ol
g3 A7 wol Fkkm dE FAoln
(Borja et al., 2000).

YRR B AR opilel FRaele] 4

sk @AM E= AXEE Qs 43

Ao 2
o T ot
tlo o L

4 3
RFOZH AARES @@d%»@%ga%—ﬂ
o 19]

=
ofs

-

o

N,

N

)

al
ﬁ

>'

il H-HN'
off
e

-

N

JO

TS A% FEAG FHIE oM,
A Apele] AR Yor), FAYFOR

Zo] 40 km, UH] HA 22 km 7752 who]t) of

[e]
o %oﬁ-w@

2, 89 T
oF 55% o]o] HeHrh B 6.1 m(H
9.6 m= AdlIete] & 3 534S HQITH(Jeong
et al.,, 2016).
oS &5 slijlel W] sHE ot

A ofalT (1973 EHE AlFoE Tt E
(197438 &), Az (19799 &), A=35(1995
d g3 £o7 FE557 24 H AT Jeong et

. 2016). oPAHRRS FRIE
?3‘4%17} A4



ohilg EE ol MASH tHEMMERS 2

N
"
B
2
1o

st W EAs 53
S F3. 3\ th(Lee and Lee, 1997).

wba] opAbRRS] AFASAF L Ao Qe Y
7+ A

el AR QI 2 A
Z3 stell Fo] Tth(Jeong et

2

fl8tod
2014 3EHE 119704 AFER opiiRt F-
afele] 107 ARelA dFEANE AT
(Fig. 1]). &AM 5= A5 van Veen grab
sampler (0.1 m)E o|&3ate] 7 & F 239 H
A=s AT @A AHE HAES
AdelA 1 me sieves olg3ste] dPAMT=

ita}
—LI
FA

ol
Rl
s
]
0
H1
okl
N

Aol AFEAY 9 1 mol F2, G, pH
193 DOE ThEE APEA5 7| (YS16920)

O %= 3}8FA Ak 8 7-ZHCOD, Chemical Oxygen
Demand), 7JE7HIL, Ignition Loss), AFIWAI81E
(AVS, Acid Volatile Sulfide)] &%=9F £45t2] 54

Oz

oY J
okl

88l Be-d FeHe didow s
A E7]FHMLTM, 2010)°] F=8ko] #2418 a4k

3 2EEA
A s=e] Al T ks $s)
% TRFSA|4%(Shannon and weaver 1963), 34

S(Margalef 1958)% At
AT =S ZARE APYSATHLe Bris, 1988).

Belgon], $AES 9

Asan Bay

116'49],2' E

[Fig. 11 A map of sampling stations in central of Asan Bay.

- 905 -



2z - Y27

A4 (Cluster analysis)® nMDS (Non-metric
multidimensional scaling)> WAAAMsE T
z9 fFAHE Fets 918 T AT E logxtl)
2 W3l & X Z 7 (Primer v 7.0.12, Primer-E
Lid)& AHEsto] AbEaRqlch wdh, fARE 24
Al SIMPROF (Similarity Profile) testZ '#38s}o] 7}
TEe 7RSO, 7 150 #9442 ANOSIM
(Analysis of similarities) 215 3l f53t3ick 2t
A el 71ogk 4] V1oES wetekar
A} SIMPER (Similarity percentage procedure) tests
Alderalom, SRl SAFTF, Al B ¢
AE 7o wde detsty] flstel At A
S A4 (Spearman rank correlation analysis)= 21
AlSFATHSPSS Statistics v 22.0).

4, AZ= EHI|

[ )

ATl AMEE AAE FH7FE flste] of
PYAFE2] AARE 7]ZZ BPI (Benthic Pollution
Index)?} AMBI (Azti’s Marine Biotic Index)& Al
s}3it}. BPIO o] &%= /HAES] e AR
Choi and Seo (2007), KORDI (2010)< ©]-g-38}5.0.m,
AMBI<= software program (http://www.azti.es)S A
sltt. A== HOPE 4%, noma)®t G(¥Z,
slightly polluted)> o st AJEE, METL
meanly polluted):= FAHIEN(FEsh 3o =73t
274 2] dolt)E, P(E, heavily polluted)2} B(7F
=%, extremely polluted)= =3t SN EIE vt
= o2 11231 EHECIRC, 2008, <Tabel 1>).

ro

o o

<Table 1> The classification criteria of each

benthic biotic index

Condition / Index BPI AMBI Ecological status

normal >60 0.0-1.2 H (high)
slightly polluted 41-60 1.3-3.3 G (good)
meanly polluted 31-40 3.4-50 M (moderate)
heavily polluted 21-30 5.1-6.0 P (poor)
extremely polluted <20 6.1-7.0 B (bad)
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<Table 2> Benthic environmental parameters in the stations around central area of Asan Bay

Sediment content(%)

Station/ Water Salinity DO Mean COD IL AVS
parameter temperature(C)  (psu)  (mg/L) pH Gravel Sand Silt Clay phi(P) (mg Oy/g-dry) (%) (mg S/g-dry)
1 16066  29.4+0.4 7.9£0.6 8.0+0.1 1.682.4 309£0.6 17.6£1.6 49.9+1.4  3.8+02 730£1.09  2.7:03  0.030£0.005
2 162466 31003 7.9£12 7.9¢02 - 332423 205408 46320  4.120.1 6712071  2.5:04  0.029:0.005
3 163464  31.0:04 7.8£1.2 7.9+0.1 - 32.0£1.5 293410 38.6+0.6  4.120.1 6.68£1.00 2405  0.028+0.003
4 161465 30.9£0.4 7.9+12 79+0.1 - 26242 348439 39.040.6  2.9+0.4 678113 24403  0.026+0.009
5 163+65 312407 7.9¢1.1 79+0.1 - 32,5823 324422 35118 3302 6.05:0.96 21204  0.025:0.006
6 164+63  30.8£0.4 7.740.8 7.9+0.1 - 23024 37.8447 392427 3202 6.89£1.51 2302  0.027:0.008
7 162463 307202 7.8£1.2 7.9+0.1 - 30.6£1.0 41.6£58 278465 35402 6.19:0.81  25+0.6  0.023+0.009
8 157462 293+0.5 7811 7.9+02 0204 550472 288481 16114  4.0+02 5.88£1.09  1.8:0.4  0.019:0.003
9 158460  29.1+0.5 8.0+1.2 7.9+02 0.1+£02 43221 325423 242413  4.0+02 624165  2.0£0.6 0.020+0.004
10 15.6£6.1  28.0+09 8.1+1.1 80+0.1 - 234424 313410 454434 4320.1 6.79£1.64 2511 0.027:0.004
Spring 156£0.3  32.0:0.1 8.1x0.1 8.1x0.1 0.1£04 334110 30.5:88 36.0£10.9 3.6:0.5 671117 24£04  0.023:0.004
Summer  24.1£0.3  30.040.3 65+0.5 7.6£0.1 - 33.0483 30.846.7 363+113  3.8+04 824089  29+05 0.032:0.005
Autumn 158403 323205 8.0+0.1 7.9+0.1 - 329473 297453 374498  3.9+04 6.18+0.83  2.5:0.4  0.027+0.004
Winter 8.6+02  32.6£0.6 9.0:02 8.1x0.1 0.6£1.6 32.8£12.7 31.7+10.5 35.0£114  3.7:0.6 239:041 2306  0.020+0.004
=8 JNAFME FEs=0] 275 inds/m'E =d MAge A9HEEs A4 244 inds/m’
Uebd 62.7%2] & AES Ba, el R (83 2)°lM Hd 901 inds/m'(FF 3)e] WA=
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m (7.0%), S3FE 29 inds./m' (6.7%), 71EtsE A2 JHAFE Kol iAo WSkt
5 inds./m' (1.1%) 0% ZHsIth AL A7 A FAM 843 gWW/m' 7Hd Skekar,
HEE 376 inds/m(FANCNA 577 inds/m(3HAl)  SHAlOl 3434 gWWHYmME 7HE FoH, o= &
o oz AR Hglck & AAlFel B s 1o th(Fig. 3]).
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fragilis, Sternaspis scutata, Paralacydonia paradoxa,
Chaetozone setosa, Lumbrineris longifolia, Ampharete
arctica, Amphiodia craterodmeta, Nephtys polybranchia,
A9 105 AA AR

63%%5 *HA| 3t TH<Table 3>).
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[Fig. 2] Seasonal variations of number of species,
abundance (inds./r) and biomass (gWWt/
m) by taxon in central area of Asan Bay.

<Table 3> Dominant species ranking based on the
density data by Le Bris index (1988)

Mean density Proportion Le Bris

Rank Taxa — Species name ¢ 4o /iqd) (%)  index
1 Apol Heteromastus filiformis — 101+124 23.0 212,760
2 Mbi Theora fragilis 33433 7.5 71,439
3 Apol Sternaspis scutata 23423 5.1 67,417
4 Apol Paralacydonia paradoxa — 24424 54 56,281
5 Apol Chaetozone setosa 18+18 42 52,829
6  Apol Lumbrineris longifolia 18+18 4.1 37,908
7 Apol  Ampharete arctica 17£17 4.0 31,235
8  Eop Amphiodia craterodmeta  18+17 4.1 29,597
9 Apol Nephtys polybranchia 11£11 2.6 29,345
10 Cam Corophium sp. 12+12 2.8 22,202

Apol, polychaete; Mbi, bivalvia; Eop, ophiuroids; Cam, amphipoda
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[Fig. 3] Spatial distributions of number of species,
abundance  (inds./m) and  biomass
(gWWt/m) at each station in central
area of Asan Bay.
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- : i : A: Autumn, W: Wint
o7 AANFALE GAME 24 AT A4 3719 S: Spring, Su: Summer, utumn. inter
FTARTLS 283kl 19 A HTGEHISE = [Fig. 5] Dendrograms  of  hierarchical — cluster
Aol AA 3) a8z NE AAEA AA 49} analysis and nMDS by Bray-Curtis

similarities calculated in central area of

9)0 2 FEEATHANOSIM test, R=0.602). ©]
Asan Bay.

T TR 1& F 1719 ARow 43l

3, FA9 AH 1, 3, 7, 8, 10, AL A4 109 AR FEAHCR AE ko] W
AA 1,2, 04, 54 AA 1, 3,6, 7, 100] £ gtom 2AATY AL A craterodmeta 7 =
Holoh FAAT 2= FA19) A 4,5, 6, 344 Hog s B 1F Bl e MAG W A
oF A A 5,6, 7,8 9% F 13 AW AFS Bk w3 74 159 A9 35S e
o7 FAFEY. FAAET 32 FHET 19 2, SIMPER #4] Ay, A9 zpol= Fo $HE
2T a9 e RS AL F 78 5o A o8 FREL, BE FET
Aoz T4 th(Fig. 5)) A H. filiformis7} 3§ o2 7]ojatglom, F4

FAET 19 EAE B9 clay?] ko] =of AT 12 S scutata, TH8T 25 A arctica, T
Addez f71E FFo] mokow, MAFE AHT 3 T fragilis, 2T L longifolia®)
A W F R =%t AT 29 30 797} E=9tK(<Table 4>).
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paradoxa= AVSS} F&] FIdAl, C setosa
CODS} =9 JABAE BTk T8 T fiagilis

pE

silt W HAEYE, S scutata’™ clay®t o] 4
HAAIE B TH<Table 5>).

<Table 4> Summary of environmental factors and macrobenthic community between station group in

central area of Asan Bay

Major groups

Minor groups and stations

Parameters / Group

Group 1 Group 2 Group 3 Group4 St. 4(W) St. 9(W)
Environmental factors
Gravel (%) 0.4+1.3 - 0.1+0.3 - - 0.4
Sand (%) 30.9+8.6 33.849.6 37.4+13.0 32.6+1.5 20.2 40.5
Silt (%) 28.4+10.0 34.6+3.2 26.7+6.2 29.140.8 40.2 35.8
Clay (%) 40.3+10.8 31.6£9.0 35.8+11.7 38.3+0.7 39.6 232
Mz (9) 3.8+0.4 3.540.5 4.0+0.4 4.1+0.1 2.5 42
IL (%) 2.6+0.5 2.240.4 2.3+0.6 2.8+0.5 2.5 3.6
AVS (mg/g) 0.026+0.007 0.026+0.006 0.025+0.002 0.030+0.003 0.020 0.016
Ecological parameters
No. of species 5342 5345 36+1 18+2 8 9
Abundance (inds./m’) 293+94 504+284 4094358 1,510+1,662 275 135
Biomass (gWWt/m’) 6.19+£5.95 16.65+19.89 19.85+21.14 124.50+171.40 6.65 2.55

Sternaspis scutata

Heteromastus filiformis Theora fragilis

Heteromastus filiformis - -

Contribute species  Heteromastus filiformis Ampharete arctica

Sternaspis scutata

Lumbrineris longifolia - -

Lumbrineris longifolia Chaetozone setosa

Heteromastus filiformis

Glycera chirori - -

<Table 5> Spearman rank correlation coefficient within

ecological indices

the environmental, biological parameters and

(*p<0.05,**p<0.01) Gravel Sand Silt Clay Mz Sv IL  COD AVS TenpaatreSalinity pH
Species No. - - - - - - - -0.752* - - - -
Abundance - - - - - - - - . - - -
Biomass - -0.783** 0.650* - -0.697* - - - - - - -
Diversity' (H') 0.677%  0.760% -0.673* - - - - -0.695% - - - -
Richness (d) - - - - - - - -0.685% - - - R
Heteromastus filiformis - - - - - - 0.827** 0.315* - - - -
Theora fragilis - - 0.312* - 0.412% - 0.603** 0.661%* - - - -
Sternaspis scutata - - - 0.425%* 0.657* 0.657* 0.672** - - - -
Paralacydonia paradoxa - - - 0.374* - - - - 0.368* - - -
Chaetozone setosa - 0.420%* - - 0.472%*% - - -0.646* - - - -
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status) S WO} Hol wol EE AEzA
FRE s ZA 103 W YSe] gxg X
HAEAS 434 4, 5914 BPIS} AMBIE= 354
o7 A%t 2/ (highly polluted)E Hol= Z
o7 2RI SITK(Fig. 6]).

V. o &
opAbRkE 2L QAjk S 2, 9, DO 1
23l pH & TAAES] A2l A A
of 9FE = 2 9lo]™(Buchanan and

o
More, 1986), "$2AS F3 F°] H902 At
D09 EE WA AN TE] T/l
H3ls  fdsAl ®ckBoesch et al,
Pearson and Rosenberg, 1978). ©|¢} o] o}ilgh

=3
9 a0 Qe shlel wel UZow ol
255 gasgon, A 35 wel vl
A% e A0 veht $402RE e B
ol ohitt 3 Y dre s AR

HEANERY Rxel 1R 2 JBE T
QRl0RE HANYS B 5 9o, Ak 8
oA WEA, AL o A4F A A

al., 2006; Dauvin et al., 2010). o}AFgk
THAE JEEH 49, 952 B
< Ao yepgon, A met HE 4
E7F AAshs Hlgol vEA uEbsta,
T 294309 WHE oi-Eo] ZAHAK(very
fine sand) ¥ FTHAE(medium silt) AFo]Z AT
Aol Y opits, Aus, S 5 wRAY '
0516

o] =& FoF UdedA QItH(Cho and Park, 1998;
Hyun et al, 2003). 134 & A+ 22 F
AL delA 718 & AolE yehliglon,
F71ES] B A ATFAY HYE FAd=
o] Wizlel Aol AL Ao= gty o
H copgt AVSE HAE U 7= 29 9 H
AL AAEE Frlshs 7Ieo® 9 ol 8
o9low, # AT o JeHEt w2 g
o7 Yeht Hlud 45 dHS Hol: RO
2 F1 ¥ 2l th(Yokoyama, 2000).

AT Hd] U NFANFEE F 78F0]

Ed3lGlth o] T P FTEO] 54F(69.2%) 0%
7 ok, AAEEY dAlsse] 44 9%

(11.5%) o2 Yelyth olgdt T4+ A7
A ZA3 AT FAE TFE B
o} 71E9] opilutelA E¥T P A s =]
TTHETE v AES HATKShin et al, 1989,
1992). WhAHe] 3 A Ao AMALE=
439 inds/m'Z A7|%F Aol AFEHAH Arpr
o} =8 oFAbS WA, ofANEe] AN(Yu et al.,
2011) R} W2 S wolth 88552 H
MAMEE 275 inds/m' (62.7.%)% ARFAH O 7
Az AdltE AAMFE Lol #PFE] A
Ask= HlEH ARSI THShin et al,, 1992).
Aol
filiformis, T. fragilis, S. scutata, P. paradoxa, C.
setosa, L. longifolia 501 °oH, EE Aol
L olET 22 A AF o

FE2 Facle] gk @ 9o]

[e) = = Zz = O
- Fo FE2 H

EEORE LA QO w(Grizzle, 1984;
Weston, 1990), 8= At M %= F7]& 2%9]
dojp= S| ANA Capitella capitata, L. longifolia,
H. filiformis &< 3 ¥ ZA3o] HuHTh
(Shin and Koh, 1990; Park et al., 1992). 7}& $-
Ask H filiformis= A 77N G a8l ool A
FAFeR Y silen, ArIvkelA A

=
QA AEFoR FU)E 9o MEAH A A
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oparet Faheioll AjAlet

5} omng ;qﬁ:;ﬂ o] 71—/\]7]. r)l 9
Sithal Bl ksl r/}(Lee and Choi, 1998). Y& F
& Pl 99 Akl 12 &

(

E

el =dl(Jung, 1998), oy YA 5114%01
& Wk 7135]F0] AAshsdl ARl 7
Helth olglslt 7|3 Fo] A&Fo7 ZHF
A= Bl frEol °J%§l AT 3H°ﬂ94 A3

9% aﬂ—w<¢

gaANEEe] TR
%7 Minterspecific)] Y= g5 Tk
AFzEe] AolE HERdtKWhitlatch,
1977; Peterson, 1991; Byers, 2000). A 5=

Qe wd w5 shie) HARe] S o

—“14] (intraspecific) 2}

T
Y =

o ME v e 9 AATE YER= Zlo]
oJRkAo|thJung et al., 2014) EoAeA =2 A
EgS Hol:= AL Qz%‘j EAjo] ;(]-Z_:} 2

aeEa F Fol 3¢ EV* oM Az vdelut
MAEEZ)E o AT Al & l‘f‘ﬂo}oﬂWSGO
2003). B=3h H filiformis, T. fragilis, S. scutata= |-

715 FEig Al Holn] % A FEshs
Aoz yeht # afole] AEA A7t wike- W
FTo RIS, webs I e frlE od
o] 7Fs/dE Rigshs ARFOR olgo] Tks &

oy
30
=

< (Jung et al, 2014). A&
7HA] AT AEe] AAEE T BPIgke] 30
olate] W ke Holu, f7]E Yol HlwF
AL 9o 60017 e B TKChoi
and Seo, 2007; Lim et al, 2007). =3t 7}epqke]
73% 3HAl hypoxia zone®] FAH T URFS oA
BPIgLO] 15~49%2 FIHYE~mllg- s L ANEHE
Kol Y3 om(Seo et al, 2012), FHol e
ds oIAA ThsAel A fle ST

= HEXMMESES 28T & MM HEE ot

55~61%2 Fost S vERfIL USATHSeo et
al., 2014). © 2% FANAN Vg EF
AFEl(bad status) @} 57t “JEll(moderate status)E K.
o= Ao Yeltout AAHO R 53157 %
St A} Ell(good status)ES LFERI AT

AMBI= 24 ¢o] gete vua & A8y=
AeA S vIEsE & F7lelA o] &5
313l (Borja et al., 2003), 200051 ©]3F- o}AJo} =7}
oAl FdFol Uigt YrIt N&HH o R FIbE L
ATHCai et al, 2012). ¥ A3 A-dHE H
I AMBIE 1.65~3.06% WAooz 5 g
(good status)E Rt} T3 FFwEY] 3.39+1.04
(Lim et al, 2007), 7}2F9ke] 2.3~5.4 (Seo et al.,
2012), ARk 2.68~3.05 (Wi et al, 2014) KT}
vhora, AAE He Ak 1.84-248 KT} Ut}
A2 F=3Th e AAES o83 AAEE
Hrkslr] SaiAE AarE uiRk 9 ke BPI
7F AEE= Flo] Afel, ob&y 7|etol
ksl AMBIE Y 3lsl= Ao] vlgtdsicly B
HATHChoi and Seo, 2007). & <AollA] ARE3H
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