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Abstract : This study examined the relationship between macrobenthic distribution patterns and
environmental factors in salt marsh vegetation in Donggeomdo, Ganghwa on the west coast of Korea. Nine
stations were fixed on a transect across the salt marsh vegetation, and field sampling was carried out
monthly from July 1997 to June 1998. A total of 38 species of macrobenthos were recorded: each of faunal
groups, 13 (34.2%) Arthropoda, 12 (31.6%) Polychaeta, 8 (21.1%) Mollusca, and 5 (13.2%) others. The
mean density was 2,659 individuals/m?, with a mean biomass of 178.6 gWWt/m?. Mollusca dominated in
terms of abundance and biomass, with a mean density of 2,172 individuals/m? (81.7%) and a mean biomass
of 131.9 gWWt/m? (73.9%). The number of species decreased in winter (January—February), while mean
density increased in the spring (May—June). The biomass was relatively in Summer and Fall (July—
November), than any other season. The number of species was high in pure stands of Suaeda japonica in
the lower salt marsh vegetation, and the mean density and biomass were high in mixed halophyte
communities in the middle salt marsh vegetation. Two Mollusca, the bivalve Glauconome chinensis and
gastropod Assiminea lutea, were dominant. The densities of these two species were high in mixed halophyte
communities in the middle salt marsh vegetation. Non-metric multi-dimensional scaling (nMDS) showed
that the study area could be divided into four groups corresponding to the vertical distribution of tidal levels
and halophytes. Spearman’s rank correlation revealed that the distribution patterns and community structure
of macrobenthos were related to environment variables such as salinity of the substrates, exposure time, and
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grain size compositions of the sediment in the salt marsh vegetation. Particularly, the distribution and
density of some dominant species showed differences along the vertical distributions of halophytes.
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Fig. 1. Location of the study area and a transect of the
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Donggeomdo, Ganghwa on the west coast of
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o7l RN L 2AE S EATHEFg. 1). HEAAMF
23} 9 ANBARS 245 QANES BN A
sfon, 7 2AMHLE ] 5 (2006)°] ATEHA T
&tod o 7)ol 2pA 8] AR etdith Y AAM F=2 A
A Ay NZEPo=RY 13,5, 7,9, 15, 20, 34, 166 m
Azle] 97 HHES tI’F O = can corer(12 x 21 x 30 cm)

= TRTER sl 57 SHsen, o
=
o

ALk ol F, & FE B

W B, AR, A, EEeE AN 5L B9
At Fo] ZFMEe} HFES TE T Le (1988)2] 4
% A%4(D')et Shannon and Wiener (1963)] & Thd/d
AFMH) 55 gt on, $Ashe T 93852 28

o

7}l 55 A8kl A7|-RI%(size frequency) XS
Atk AXEE NAT AEE ol&sto] tirigh
Bray-Curtis similarity index metricsE ©]-&3}e] 7|7}
o] B]-fAMd (dissimilarity)S S 3IaL g7 el A
& 3% 3l= nMDS(non-metric multidimensional scaling)
ordinations 58 3131 2™ (Clarke 1993), 7 =37+l
F &S WA= 719 (contribution species) 412 213
SIMPER(similarity percentages procedure) testS 4 A] 3}
Aok AMFELYN FFE PlAe Fo A #

232 98l Draftsman plot testz H57F A4 95% o]

o e

d AEE AAG SHAES} BEAEE o] &35
BIOENV(biota-environment best variable combination)
testS 3} 21 (Clarke and Ainsworth 1993), & A& E
nMDS plot ¢]ol] i ste] FAsAT g AR
(Spearman rank correlation)S &3l £ 813} 2R
2 =8 AT 59 AEAES} FEHAE B
), o]5 ¥2o PRIMER-E$®} SigmaStatS ©]-&3}3ith.

3.2 I

2 X3 8917 QAAES] EE

XA 8R1F AAAE AB= 7€ ©] 5 (2006)]
=EolA qlgste] 2 =we] Al o] &ttt st &
T AR AR G2 29 721-834 cm H Yol HE
Row Hit =E7 A5 2H7F 613-702 hrt
28—117 hro 2 =FA7F ALl F7tslal o5&
28e 73S B ATtH(Table 1). Q13 A¢ke] 4o
ZAZIZEQL 19971998l <+ 12.5°CE 1991-1996
BQt] 13.4°CHT} Tha W9k om AAX| AL i 15.5—
17.4°Ce] HE HAth HAE 525w B 18.9-
20.6°C M2 =2 Wstel Ak 9 JeS Hile
o, F3F A FEe Hi 11.9-28.2 psus Ho|iL
TS HF 19.4-404%F 2 A Fo g 4=
7Vehe FAEEE UEHT HAE dExde 4
siltyet HE(clay)’t Hat 73%, @ (sand) 25%, A2
(gravel)o] 2%= 24 SHF-E o4& YZghgo] Frtst
Rom, FAHUYEE 3.0-8.0 0, BFEE H 2.6-3.79
HEZ )¢ EFSH(very poorly sorted) AJEIATE EAE
o] FR7IEAZHTOC)S 0.71-1.34%, ZHAZFHN)S
0.07-0.16%°] W= 28 FHA NN FiH o2 =
ko™, Sy 0.07-0.22%2] ML= Y& afo] w2
SHEO A =4 UERSTE A =2 F Al YA
Z(Carex scabrifolia), V2 (Suaeda maritima), 718473
(Limonium  tetragonum), 52| 9olA Xl (Triglochin
maritimum), R EZ(Juncus haenkei) 5°) S}, A
oA x| Ax Ztl(Phragmites communis)7} 335}
Rom, M FAR AR FHaHt 292 A Z(Suaeda
Japonica)ite] Edste] 9o wel A g giEE
(zonation)E X t}(Fig. 8).

e

[t ol

N

WA EES] 2 E AT EE

43 FHE AFA AR Exse HEAATES
% 38%, HaMAEEE 2,659 ind/m?, BaYA F
178.6 gWWum*o|1 0w ZH7HF 13%(34.2%), THEF
12%(31.6%), 9A&=E 8F(21.1%), 7IE} /< 5%
(132%)2.2 FAEAUHFig. 2). MAEEE AdAFE



118 Lee, H.-G. et al.

Table 1. Environmental variables in the study area in Donggeomdo salt marsh during the sampling period. Cited in
Lee et al. (2006)

Variables / Station 1 2 3 4 5 6 7 8 9
Tide level (cm) 834 824 806 799 793 779 771 766 721
Exposure time (hr) 702 £21 696 £20 685121 68021 67621 664 £20 65722 653+22 613122
Water temp. (°C) 174+10.8 16.1+£10.0 174+10.3 16.9+10.1 17.4+10.0 17.3+£9.7 16.8+£10.0 16.8+104 15.5+9.2
Sediment temp. (°C) 20.5+10.8 18.8+11.3 19.5+11.6 192+114 20.5+£11.0 20.6+£10.5  20.6+10.1 20.0+11.0 18.9+10.7
Salinity (psu) 11.9£7.1 153184 15.7+£6.6 17.6+5.1 18.0+4.8 19.8+£3.6 19.8+3.8 259142 282+4.0
Water content (%) 19.4+4.7 28.6+7.1 334166 39.6+£4.0 38.7+6.8 41.6£3.5 444+£48 407116 404£2.7
Gravel (%) 9.1+£8.7 1.1£0.3 1.7£13 0.7+£04 0.6£0.6 1.3£1.0 04+£0.1 0.2+0.1 0.0
Sand (%) 61.4+102 65.5+45 30.5+84 162+7.6 114 £92 22.6+5.1 11.8+2.8 53118 1.0£05
Silt (%) 204+134 225425 40.0+£74 433+3.8 434144 36.1+£3.3 40.7£3.0 523+3.5 62.7%£3.9
Clay (%) 9.1+£4.6 109+24 27.8+£8.0 40.0t6.1 44.616.6 40.0£4.9 471115  423+£3.7 364%3.7
Mz (9) 3.0+1.6 3.5+04 6.1+£0.8 74+0.6 7.8+£0.7 7.1£0.6 8.010.1 8.0+03 77102
St. De. 32104 33102 35403 33403 32104 37103 32402 2.8+£0.1 2.6x0.1
Organic carbon (%) 0.7+£0.5 0.7£0.2 1.0+£0.2 1.3+0.1 13102 1.1£0.2 1.3+£0.2 1.0£0.1 09%0.2
Nitrogen (%) 0.07£0.05 0.08+0.02 0.12+0.03 0.15+£0.02 0.16+0.03 0.13£0.04  0.14+0.03 0.12£0.01 0.11£0.03
Sulfur (%) 0.07+0.04 0.07+0.02 0.11£0.04 0.14+0.03 0.18£0.02  021£0.03 022+0.06 021+0.1 0.15+£0.01
Coverage of 60 80 70 73 71 55 58 15 5
halophytes (%)

Stem (gDWt/m?) 646.6+443.4  3543%£279.5  1734+£2024 2314+183.0 210.6£174.1 398.0+247.1 4834+£276.0 20£2.7 20%25
Roots (2DWt/m?)  1,039.6+496.4 2,435.6+1,245.5 1,904.8+806.0 2,131.0£700.4 2,224.7+587.5 975.9+421.2 1,150.5+650.3 12+14 12+1.3
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Table 2. Dominant species ranking based on density and biomass using the Le BH index (1988)

Rank Taxon Species name Tot.al abundaznce Mean 2density % of tptal Freq. of Iie Bris
(ind./5.4 m®) (ind./m“ = STD) density occurrence index
1 MBi Glauconome chinensis 7,330 1,357+773 51.0 79 354,576.1
2 MGs Assiminea lutea 4,256 788+617 29.6 48 171,720.5
3 Cls  Gnorimosphaeroma naktongense 1,518 281+ 146 10.6 36 124,263.4
Rank Taxon Species name Total biomass2 Mean bigmass %‘of total Freq. of Iie Bris
(EWWt/54m") (gWWt/m“=STD) biomass occurrence index
1 MBi  Glauconome chinensis 558.8 103.5+76.0 57.9 79 339,567.6
2 MGs Assiminea lutea 133.5 247+£18.5 13.8 48 167,105.9
3 APol  Perinereis aibuhitensis 114.1 21.1£179 11.8 56 137,205.6

*APol: Annelida Polychaeta; Cls: Athropoda Crustacea Isopoda; MGs: Mollusca Gastropoda; MBi: Mollusca Bivalvia
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Macrobenthos in salt marsh vegetation (a)

Transform: Square root Environmental variables in salt marsh vegetation (b)
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Fig. 7. (a) Non-metric multidimensional scaling (nMDS) ordination of Bray-Curtis similarities from square-root
transformed species abundance data with (b) overlapping circles of increasing size with increasing
environmental variables at a nine-station transect in salt marsh vegetation. Environmental variables cited in
Lee et al. (2006)

Table 3. The contribution of species to the average Bray-Curtis similarity percentages within each group (SIMPER

test)
R . Total
Group Species name Average {&v?rage Contribution Cumulative average
abundance similarity % % similarity

Group A Less than 2 samples in group

Group B Glauconome chinensis (MBI) 37.6 30.6 41.3 41.3 74.1
Assiminea lutea (MGs) 29.9 21.8 29.5 70.8
Gnorimosphaeroma naktongense (Cls) 14.2 11.2 15.1 85.9

Group C  Glauconome chinensis 26.5 28.8 37.4 37.4 77.1
Perinereis aibuhitensis (APol) 9.8 12.2 15.8 53.2
Gnorimosphaeroma naktongense 10.6 10.1 13.1 66.3

Group D Potamocorbula laevis (MBi) 4.3 7.4 13.3 13.3 553
Cleistostoma dilatatum (CDB) 43 6.9 12.5 25.8
Mediomastus sp. (APol) 3.9 6.7 12.0 37.8
Macrophthalmus japonicus (CDB) 4.9 6.7 12.0 49.8

*APol: Annelida polychaeta; Cls: Athropoda crustacea isopoda; CDB: Athropoda crustacea decopoda brachyura; MBi: Mollusca bivalvia; MGs:
Mollusca gastropoda
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Table 4. Environmental variables impacting to the macro-
benthic community in salt marsh vegetation
(Bio-Env test). Environmental variables cited in

Lee et al. (2006)

Number Spearman
of Best variables combination rank
variables correlation (p)
4 exposure time, salinity, stem, coverage 0.960
3 exposure time, salinity, coverage 0.956
5 exposure time, salinity, Sulfur, stem, 0.954
coverage
exposure time, salinity, stem, roots 0.952
salinity, coverage 0.951
exposure time, salinity, stem, roots, 0.949
coverage
4 salinity, Sulfur, stem, coverage 0.949
salinity 0.948
5 exposure time, water content, salinity, 0.947
roots, coverage
2 exposure time, salinity 0.947
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Fig. 8. Vertical distributions of characteristic (a) halophyte and (b) macrobenthos species in salt marsh vegetation in

Donggeomdo. Halophytes cited in Lee et al. (2006)
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Table 5. The results of Spearman’s rank correlation analyses between environmental variables and

including halophytes. Environmental variables and halophytes cited in Lee et al. (2006)

biotic indices,

Environmental variables &

O S N Bio. J' H' Glc. Asl. Gnn. Pa. Stem Roots Cover.
biotic indices
Exposure time (hr) -0.802 0.817 0.900 0.527 0.644 0.767
k% kk skokok kokok kokok kk
Water content (%) -0.667 0.828
* kk
Salinity (psu) 0.805 -0.828 -0.929 -0.538 -0.664 -0.778
kk sk skskosk skskosk kksk ks
Water temp. (°C) -0.695 -0.736
* *
Gravel (%) -0.861 0.667 0.750
sksksk * *
Sand (%) -0.903 0.700 0.867
sksksk * skskosk
Silt (%) 0.878 -0.833 -0.795
sksksk k% k%
Clay (%) 0.778
sk
Sediment temp. (°C) 0.711
*
Organic carbon (%) 0.933
skokok
Sulfur (%) -0.667 0.879
% ok
No. of species (S) -0.700 -0.869
* skskosk
Density (N) 0.933 0.883 0.795 0.800
kokok skskok sk skskk
Biomass (Bio.) 0.717
*
Evenness (J') 0.983 -0.800
sksksk sk
Diversity (H'") -0.817
ks
Glauconome chinensis (Gl.c.) 0.767 0.678 0.683
* * *
Assiminea lutea (A4s.1.) 0.750 0.762 0.833
* * ksk
Gnorimosphaeroma naktongense 0.661 0.667
(Gn.n.) * *
Perinereis aibuhitensis (P.a.)
Stem (gDWt) 0.261 0.293
kksk skskosk
Roots (gDWt) 0.962
skskk
'p<0.05, “p<0.01, *p<0.001
3 o] 3] AAMFTEL S5 HHU (G naktongense)’t 5 (4. lutea)?} o1 FN Q] AANNLZN(G chinensis)’t %=

202 2331 HFig ).
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