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Benthic Environment and Community Structure of Macrobenthos at the
Tidal Flats in Chung-nam, Korea

Jong-Chun Kim, Chae-Woo Ma* and Yun-Hwan Jung!

Department of Life Science and Biotechnology, Soon Chun Hyang University, Asan 336-745, Korea
!Pacific Ocean Research Center, Korea Institute of Ocean Science and Technology, Ansan 426-744, Korea

This study was conducted during April-June in 2008 and 2010, following the Taean Oil Spill. We measured year-to-
year changes in benthos species abundances and composition in 16 intertidal zone regions of Chungcheongnam-do.
In total, 154 species were found 2008 and 134 in 2010; the mean abundance per area was 403 ind./m? and 242 ind./
m?, respectively. In 2008, the 10 dominant species included four species of arthropods, three species of annelids, and
three species of mollusks. In 2010, dominant species included five species of annelids, three species of mollusks, one
species of arthropods, and one other species. We used bray-curtis similarity to group species and found two groups in
2008 and five in 2010, complementing our NMDS analysis. Finally, we tested correlations between abiotic and biotic
factors, and implemented a BIO-ENV analysis, which showed that sediment type, MZ (Phi), and organic content are
important environmental factors affecting benthos in the Chung-nam tidal flats.
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Fig. 1. Map of sampling stations in the study area.
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Table 1. Dates and stations of annual survey

Year Date Station

2008 05.05 Cb, Dc, Mcp, Jgb, Jh
05.19 Msp, Gj, Brar, Dyd, Gwd
06.04 AsB, Dh, Hkp, Mip, Pdr, Yp

2010 04.28 Cb, Dc, Mcp, Jgb, Jh
05.14 Msp, Gj, Brar, Dyd, Gwd
05.28 Hkp, Mip, Pdr, Yp
06.12 AsB, Dh
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TE=0.001 g7HA] S 5k3ATh

AR 9] sl oFet Fol Al s = A4 w2z vt
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Fig. 2. Variations in the grain material composition of surface sediment (2008).
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Fig. 3. Variations in the grain material composition of surface sediment (2010).
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Fig. 4. Sediment organic content at each station in the study area.
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GG} olaS R U K, ofmjujFel Hix|=t
(Ruditapes philippinarum)©] 87l A&l 757§A|/m? && 3}
R, A5 a2 14% 2 ek Lo w2 Rel g e
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Table 2. Dominance of the top species in density by LeBris method (2008)

Rank Sp. Taxa Abundance (inds./m?) LeBris index Dominance (%)
1 Ruditapes philippinarum Mo 75 14
2 Haustorioides koreanus Ar 76 12
3 Felaniella sowerbyi Mo 49 1
4 Nephtys caeca An 7 8
5 Maldanidae sp. An 39 6
6 Macrophthalmus japonicus Ar 3 5
7 Upogebia major Ar 5 4
8 Umbonium thomasi Mo 15 4
9 Corophium affinis Ar 1 3

10 Haploscoloplos elongatus An 5 3
Total 285 70

(Mo, Mollusca; An, Annelida; Ar, Arthropoda)

Table 3. Dominance of the top species in density by LeBris method (2010)

Rank Sp. Taxa Abundance (inds./m?) LeBris index Dominance (%)
1 Armandia lanceolata An 20 17
2 Nemertia Ot 16 16
3 Ruditapes philippinarum Mo 5 13
4 Felaniella sowerbyi Mo 27 9
5 Haustorioides koreanus Ar 10 6
6 Moerella jedoensis Mo 6 4
7 Nerinides yamaguchii An 34 3
8 Nephtys caeca An 4 3
9 Lunbrineris nipponica An 2 2
10 Maldanidae sp. An 4 2
Total 128 75
(Mo, Mollusca; An, Annelida; Ar, Arthropoda; Ot, Other)
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test 415 55to] ZF A= Aol & YEhl= 152 2008
3719l 1 (Fig. 8), 20104 2709] T1Fo2 247 LEE o F
31(Fig. 9), ©]+= ANOSIN test A¥}of| A = 2]t Z}o] 7} Q=
7102 Uerdth(P0.05). E8, 7 15 TEAE A9 3%
S< FRISIMPER £4] A, 2Rk Aol 8 SUEE
of R4 Zfolofl oJsh 79111, 20081°l= Macrophthal-
mus japonicus, Felaniella sowerbyi, Ruditapes philippinarum,
2010 of|+= Felaniella sowerbyi, Armandia lanceolata 5-©] Z+
7} 37| 7)oJ5kaL 9= A 0 & Ve TH(Table 4, 5).
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Group average

Transform : Square root
Resemblance : S17 Bray Curtis Similarity

0
20-_ ................... 7|
= 0 @#= & ! 1 1B & A d e
s
£
o g0+ & FE | || smsles
80T
00 & & § b ook b b & & ok de =
Pdr  Dh Yo Msp Gj Brar Hkp Mlp Dc JgB Jh  AsB Cb Dyd Gwd Mcp
| | |
C B A
Transform : Square root
Resemblance : S17 Bray Curtis Similarity
2D Stress : 0.15
Group C
Msp
Group B
Brar
Gj
Pdr

Fig. 8. Dendogram based on cluster analysis and nMDS at each station in the study area (2010). Broken lines indicate the same group by

SIMPROF analysis.
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Fig. 9. Dendogram based on cluster analysis and nMDS at each station in the study area (2010). Broken lines indicate the same group by

SIMPROF analysis.
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ok thAEF 87 2919] 23 U= B (pw=0.383)'2] =
FoR MY w2 AEAES B o2 e Silt JE
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Bt 71 A pw=0.565)"9] 202 7P 2 dde
BT, Thgo R ‘Clay-UEH-§71% 3 (pw=0.542)
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Table 4. The list of higher contributing species between group by SIMPER analysis (2008)

Group A Group B Group C
Macrophthalmus japonicus Felaniella sowerbyi Ruditapes philippinarum
Group A Glycera sp. Maldanidae sp. Maldanidae sp.
Nephtys caeca Umbonium thomasi Spio borealis
Felaniella sowerbyi Ruditapes philippinarum
Group B Umbonium thomasi Meretrix Lusoria juvenile
Armandia lanceolata Spio borealis
Ruditapes philippinarum
Group C Nephtys caeca
Glycera sp.
Table 5. The list of higher contributing species between group by 2008¢ 2 2010W 9] QB4 Ayl 7 A Qe zAJQ) H
SIMPER analysis (2010) 27} B0 A =2 o] o 2 LRt on, RS A oA B
Group A Group B eggo] 70% o] el A Al Ak 21t o] E4E H it
Armandia lanceolata  Felaniella sowerbyi H ZA} s of Z3FE] o] A x| oA A= Korea Ocean Re-
GroupA  Nemertia sp. Nerinides yamaguchii search & Development Institute (2009) ZA}o) 4] 2009 = 7
Nephtys polybranchia  Armandia lanceolata A ZARA] ghE] 2= 0.75-2.0029] ¥ 915 UEHo] 2 A}
Felaniella sowerbyi o uke| iz Auke}t fARRE A 02 Uyt on, 1z e} FAkL
Group B Nemertia sp. A= 247+ 2.1-2.49 91 2.5-3.022] Y& Hol= A Yo et
Haustorioides koreanus ol 2 2AFe] 2ot GARE Aupr} agte|o] HAV & B =
ot Ao et
o] Atom el 20081} vl wlo] 201049 §71% FFS RO E
A F7keE Ao ' Uehsith, 2AMA & okt 2] 99 9=
o & A= H ) Wokghe Lhehiom, o]t obikeadoh Atm
Table 6. Spearman rank correlation coefficients between the environmental variables, biotic indices and dominant species (2008)
Silt Clay Mz(Phi) OC S A B H' J' d RP Hk FS NC Ma
Sand -1.000**-0.909**-0.902** -0.462 0.227 -0.022 -0.643** 0.148 0.086 0.281 -0.261 0.653** 0.528* -0.335 -0.507*
Silt 0.909** 0.902** 0.462 -0.227 0.022 0.643** -0.148 -0.086 -0.281 0.261 -0.653**-0.528* 0.335 0.507*
Clay 0.903** 0.517* -0.265 -0.174 0.594* -0.023 0.151 -0.268 0.287 -0.525* -0.553* 0.304 0.405
Mz(Phi) 0.387 -0.193 -0.022 0.561* -0.156 -0.009 -0.313 0.248 -0.425 -0.408 0.157 0.503*
ocC -0.301 -0.545* 0.235 0.166 0.434 -0.074 0.029 -0.425-0.691** 0.059 0.317
S 0.423 0.346 0.637** -0.053 0.893** 0.463 0.376 -0.068 0.147 -0.206
A 0.353 -0.324 -0.894** 0.112 0.055 -0.024 0.29 0.269 0.011
B 0.153 -0.171 0.221 0.626* -0.456 -0.476 0.408 0.408
H' 0.629** 0.841** 0.459 0.195 -0.479 0.210 -0.150
J' 0.238 0.207 0.152 -0.415 -0.142 -0.084
d 0.415 0.331 -0.268 0.080 -0.263
RP -0.367 -0.338 0.290 -0.208
DL 0.469 -0.475 -0.233
FS -0.410 -0.435
NC 0.135

Mz, Mean grain size; OC, Organic content; S, No.species; A, Abundance; B, Biomass; H', Diversity; J', Evenness; d, Richness; RP, Rudi-
tapes philippinarum; HK, Haustorioides koreanus; FS, Felaniella sowerbyi, NC, Nephtys caeca; Ma, Maldanidae sp.
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Table 7. Spearman rank correlation coefficients between the environmental variables, biotic indices and dominant species (2010)
Sand Sit  Clay Mz(Phi) OC S A B H' J' d AL Ne RP FS HK
Gravel -0.360 0.078 0.136 0.045 -0.006 -0.215 -0.334 0.376 0.097 0.308 -0.075 -0.274 0.040 0.269 -0.134 -0.251
Sand -0.879**-0.897**-0.839**-0.756** 0.209 0.253 -0.659** -0.029 -0.106 -0.044 0.389 0.270 -0.179 0.759** 0.754**
Silt 0.965** 0.955** 0.876* 0.001 -0.15 0.582* 0.156 0.106 0.259 -0.395 -0.167 0.247 -0.738**-0.661**
Clay 0.943** 0.878** 0.019 -0.144 0.613* 0.168 0.109 0.256 -0.321 -0.159 0.265 -0.770** -0.622*
Mz(Phi) 0.792** 0.125 -0.062 0.681** 0.221 0.091 0.331 -0.423 -0.106 0.248 -0.701**-0.676™"
oC -0.104 -0.100 0.503* -0.088 -0.129 0.100 -0.37 -0.130 0.382 -0.669** -0.502*
S 0.467 0.040 0.782** 0.160 0.927** 0.025 0.399 0 0.252 0.101
A 0.091 -0.026 -0.574* 0.224 0.108 0.212 -0.279 0.520* 0.223
B 0.126 0.094 0.121 -0482 0.027 0.274 -0.238 -0.647**
H' 0.709** 0.894** -0.098 0.262 0.149 0.034 -0.186
J 0.368 -0.023 -0.081 0.194 -0.161 -0.311
d -0.105 0.369 0.141 0.014 -0.105
AL -0.066 -0.423 0.143 0.439
Ne 0426 0.339 0.224
RP -0.233 -0.440
FS 0.520*

Mz, Mean grain size; OC, Organic content; S, No.species; A, Abundance; B, Biomass; H', Diversity; J', Evenness; d, Richness; AL, Arman-
dia lanceolata, Ne, Nemertia; RP, Ruditapes philippinarum; FS, Felaniella sowerbyi; HK, Haustorioides koreanus

Table 8. Combinations of environmental variables giving the best
matching weighted rank correlations (pw) between biotic and en-
vironmental matrices from BIO-ENV analysis

Sampling Highest

season (W) Variables
2008 0.383 Mz (Phi)
0.351 Silt, Mz (Phi)
0.345 Sand, Mz (Phi)
0.337 Sand, Silt, Mz (Phi), Organic content
2010 0.565 Mz (Phi), Organic content
0.542 Clay, Mz (Phi), Organic content
0.500 Organic content
0.500 Sand, Mz (Phi), Organic content
TR EA A AR HeE HRSHL Sle dFe R wdd
CHEKR, 2010). whebA], oheFe] g2k 3] fr7]= 0] Qloll
AABHAL Rz oM = -} o] A7 MEFo] ull-p- A3}
], olof| whg A7} A f71E o Skl G v A
OS2 A,
HEAA = 2AFA7] 9 Ao whet 2 S, N

A7t A7) s ulsgt S
e 2AF O TS ol H {53
2 27 wlojAt}(Jeong, 2006). & 7 2 H <l
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Hilbish, 1998). 9-852] 4% A9 1099] HFFFA 2008
ol AX]F-E0] 454 2010H0f= 1502 7FAs15H 01,
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3} 7= metsty] fIgh 47149l HUEPo] BT Ao

= oA



114 7%

S

Bray-Curtis®] 3-AF=(Similarity)2} SIMPROF test 5-4] o]
Of3F R4 At 2008\ o= 370 L4, 2010 ofl= 2719
IO Z¥7F R E| LAl o]i= ANOSIN test ZXbof| A =
9J5t z}o]7) Q= Ao R et SIMPROF test= &A%
A= 24710] IF-S B A=l o3k Fakt @ AP
Brar®} DydE 7|=0= ZAMTE )R]0 o) “1Fo] F4d
E e A Bl B3 24 S ok e E S Yok
7] $13F SIMPER 4] A3}, 7t A= 249] S-8F AR okt
QI+ Ruditapes philippinarum®} Felaniella sowerbyi®] &+ %
< 2 B oA EAsHA, SAEE THA4=2 Zpole]|
olaf) 7t & ok 9GS sHl

A B4 2008 9] e a8l F AAsEe] &
of P vz 800 R FHEUEE f7E T 9
RIS Uetd o] 715 ool 7S Sdd=b 4

sHoich 2010 9] 27 8 21 & A A T=9] w22 Y& 1
[Qlo 7= AA|RFo| 9lojAl= Silt, Clay®] H]-&3} B
4 f7]= ol ARAIE B o]5o] SV

AAFE A 7o AR UEyto, Sand2] 745

H|&o] Z718 st o2 UEyth BIO-ENV
A AN AT 200898 =7 (pw=0.383)] 23, 2010
PeFot-F71E T pw=0.565)2] =FOo=2 7 =2
UERNATE. Snelgrove and Butman (1994)2] 1+
Sk, EjAE0 f7]Eede A8 Aol 295
, 71 AAleh= e AMEE 1o T2 BEE
o] Jr=xAgof oJste] dAA o ® AAE= Ao w U 9l
TH(Levinton, 1995) E3t, U¥H4 0 2 E|& & & {7|& Tgol
U Sa55Y see HAEY dret 2 4uAE Bt
(Fostner and Wittmann, 1981). 0]A4+0] A5 AWk o 2 Al
HH 200872010 25 Fe W o] o A A F=ol 2l
A EAA, dedt 9 frlE el Sadt e aclo R A
#8171 9= Ao 2 phobec),

AEA R S AU AN FETH
Q191 Q1 e Histo] ofste] FaFE
o, o] 7kA] 11 5 2007 12e]
R ALY FEFe A 4 gl e
wepA], A1 27 O] =9l oA A7 A%l Y
HE HsS AAlste] s Ristol nhe 39 Al AAsEe
Sk dE goldt I a o] - 5o A= o AXIT

ox H

Horre

L

O:

=2
lo o

o 2w Aol oo > b
Eo%rlo_l

re
S

=

r2

PO
18 [0 rek

]_

A

oL

AT
[}

sl
ek

HEAY

d

R rlo

52

19

==
o2 o

>

fll

[oZ

Z

!
-
o

rr

\

Al AL

B 15 S AALIRAL ol o] AALSIAREA 704}
SPUr) Egh, B 8o 20145hdE wAFshL 14 ol
Aol eJste] AE S welm, Sl gtel] ZARET
Y},

References

o - e

Bagheri EA and McLusky DS. 1982. Population dynamics of
oligochaetes and small polychaetes in the polluted forth es-
tuary ecosystem. Neth J Sea Res 16, 55-66.

Borja A. Muxika I and Franco J. 2003. The application of a ma-
rine biotic index to different impact sources affecting soft-
bottom benthic communities along European coasts. Mar
Poll Bull 46, 835-845.

Chungnam Development Institute. 2005. Chungnam Regional
Studies, 366-374.

Chungnam Development Institute. 2007. Chungcheongnam-
wide ecological network research for building a natural en-
vironment, 809.

Clarke KR. 1993. Non-parametric multivariate analyses of
changes in community structure. Aust J Ecol 18, 117-143.

Dobbs FC and Scholly TA. 1986. Sediment processing and se-
lective feeding by Pectinaria koreni (Polychaeta: Pectinari-
idae). Mar Ecol Prog Ser 29, 165-176.

EKR. 2010. http://www.ekr.or.kr/Kkrpub/index.krc on Dec 15.
Folk RL and Word WC. 1957. Brazos river bar: Astudy in the
significance of grain-size parameters. J Sed Pet 27, 3-27.
Forstner U and Wittmann GTW. 1981. Metal pollution in the
Aquatic Environment, Springer-Verlag, New York, USA,

486.

Fried CLJ. Harwood KG. Hall SJ and Hall JA. 2000. Long-term
changes in the benthic communities on North Sea fishing
grounds. ICES J Mar Sci 57, 1303-13009.

Gomez Gesteira JL and Dauvin JC. 2005. Impact of the Aegean
Sea oil spill on the subtidal fine sand macrocommunity of
the Ares-Betanzos Ria (Northwast spain). Marine Environ-
mental Res 60, 289-316.

Hong JS and Seo IS. 2001. The Community Ecology of Benthic
Macrofauna on the Cheokjeon Tidal Flat, Incheon, Korea 1.
Community Structure. J Kor Wetl Soc 6, 190-200.

Jeong YH. 2006. Ecological studies and spatial patterns of mac-
robenthos on tidal flat around Anmyon-do. Ph. D. Soon
chun hyang Univ, Asan, Korea.

KHOA. 2008. http://www.khoa.go.kr on Mar 20.

KHOA. 2010. http://www.khoa.go.kr on Mar 20.

Koo BJ, Shin SH and Woo HJ. 2005. Distribution of Benthic
Macrofauna in subtidal area and on sand flat of Sindu-ri
coast, Korea. ] Kor Wetl Soc 7, 69-88.

Korea National Park. 2006. Taean shore korea national park re-
sources monitoring, 326.

Korea Ocean Research & Development Institute. 2009. Oil Pol-
lution Environmental Impact Assessment and Environmen-
tal Restoration Study, 935.

KOSTAT e-Index. 2010. http://www.index.go.kr on Dec 15.

LeBris H. 1988. Fonctionnement des ecosystems benthiques
cotiers au contact d'estuaires: la rade de lorient et la baie
de Vilaine. These doc. Univ. Bretagne Occidental, Brest,
France, 311.

Levinton JS. 1995. Marine Biology-Function, Biodiversity,



A ARG YA T=o] 23 vk

Ecology. Oxford University Press Inc. New York, USA,
420.

Park HS. Lim HS and Hong JS. 2000. Spatio- and temporal pat-
terns of benthic environment and macrobenthos community
on subtidal soft-bottom in Chonsu Bay, Korea. Bull Kor
Fish Soc 33, 262-271.

Pearson T and Rosenberg R. 1978. Macrobenthic succession in
relation to organic enrichment and pollution of the marine
environment. Oceanogr Mar Biol Ann Rev 16, 229-311.

Sanders HL, Grassle JF, Hampson GR, Mores LS, Price-Garner
S and Jones CC. 1980. Anatomy of an oil spill: Long-term
effects from the grounding of the barge Florida off West Fal-
mouth. Massachusetts. ] Marine Res 38, 265-280.

Seo IS. 2003. Community Structure and Trophic Relationships
of Macro- and Megabenthic assemblages on Incheon Mac-
rotidal flat of the Yellow Sea. Ph.D. Inha Univ, Incheon,
Korea.

Shannon CE and Weaver W. 1963. The mathematical theory of
communication. Univ. of Illinois Press, Urbana Illinois, 177.

Shin SH. Koo BJ and Je JK. 2004. Spatial Distribution of Ben-
thic Macrofauna on the Tidal Flat of Garolim Bay, West
Coast of Korea. J Kor Wetl Soc 6, 57-73.

Snelgrove EH and Butman CA. 1994. Animal-sediment rela-
tionships revisited: cause va effect. Oceanogr Mar Biol Ann.
Rev 32, 111-127.

Taghon GL. 1992. Effect of animal diversity and supply of de-
posited and suspended food particles on feeding, growth and
small-scale distributions of two spionid polychaetes. J Exp
Mar Biol Ecol 162, 77-95.

Willhelm R and Hilbish TJ. 1998. Assessment of natural selec-
tion in a hybrid population of mussel: evaluation of exog-
enous vs endogenous selection models. Mar Biol 131, 505-
514.

115





