The Journal of the Korean Society of Occanography
Vol. 29, No. 3, pp.304-318. September 1994

Macrobenthos Community in Keum-Mankyung-Dongjin
Estuaries and its Adjacent Coastal Region, Korea

JINWO0O CHOM AND CHUL-HwanN KoH
Department of Oceanography. Seoul Naiional Universiry, Seoul 151-742, Korea

= Al o] 271

Macrobenthic fauna in three Keum-Mankyung-Dongjin Estuaries and their nieghbouring coastal
region in the west coast of Korea were sampled at 39 stations with van Veen grab to describe
the distribution patterns of macrobenthos. Total 61 taxa from 10 faunal taxonomic groups and 5636
individuals were collected. Abundance. species number, and faunal composition varied among three
estuaries and coastal region. Dominant species from estuarics were similar 10 each other, but different
from those of coastal region. Dominant species in estuarine regions were Prionospio cirrifera, Potumoco-
rbula amurensis, Nephtys californiensis, Glveera chirori. and Glycinde sp. Those from coastal arca were
Mactra chinensis, Magelona japonica, Owenia fusifonnis. Anaitides koreana, and Nephrys polvbranchia.
Two most dominant species in estuaries. Potamocorbula amurensis and Prionospio cirrifera, were not
found elsewhere in Korean waters. The patchy distnbution of dominant specics and low species
richness were reflected in the low species diversity. Filter feeders were a major component in estuaries.
High proportion of camivores and low percentage of subsurface deposit feeders seemed to be a
typical trophic composition in the study area. The distribution pattern of macrobenthos was related
with the salinity and sediment types.
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INTRODUCTION

The invertebrate community of soft-bottom in
estuaries is ofien recommended as a subject for
baseline studies and impact assessments for seve-
ral reasons. The community is diverse. different
feeding types are represented, most species are re-
latively immobile (and hencc unable to evade im-
pact). and some are longlived ‘and persistent
(Boesch er al. 1976). The macrobenthic faunal co-
mmunities in estuaries are organized and changed
by various environmental factors, e.g. salinity (Sa-
nders er al.. 1965: Ristich er al., 1977; Jones er al.,
1986; Bae and Yoon. 1989), sedimentation rate
{Schaffner e al., 1987: Sun and Dong. 1985). grain-
size gradient (Gambi and Giangrande. 1986). and
disturbances from dredging. chemical pollution
and organic enrichment (Gaston and Nasci. 1988:
Probert. 1984).

Some ecological studies on the macrobenthos
were carricd out in the coastal areas of Korea,
but few studies were attempted 1o investigate es-
tuarine macrobenthic communities (Bae and
Yoon, 1989. An and Koh. 1992). The Keum Estuary
and its adjacent two estuaries. the Mankyung and
Dongjin Estuary. and their outer coastal region.
are shallow. polyhaline. and have a very complex
bathymetry. However this estuarine system will be
a unique one in Korea in terms of well developed
sand flat in contrast to the mud flats common
found in the west coast of Korea. There have been
some geological, geochemical and biological stu-
dies on plankton. but informations on the benthos
in sand flat and subtidal region of the Keum-Man-
kyung-Dongjin Estuaries were few (An and Koh,
1988). Thus a preliminary servey on the intertidal
and subtidal macrobenthos was conducted in su-
mmer of 1988. The aims of this study are (1) to
describe community patlerns in space. and (2) to
relate these patterns with salinity and sedimentary
variables.

STUDY AREA

Keum, Mankyung and Dongjin Estuaries loca-
ted on the western coast of Korea are shallow and

macrotidal estuaries (Fig. 1). The tide at the mouth
of Keum River is semi-diurnal type with a mean
range of 43 m. and the maximum tdal current
velocity reaches 2 m-sec ' The average spring-
and neap-tidal range are estimated as 5.7 m and
2.8 m, respectively. This great tidal fluctuation in
the estuary controls the residence time of fresh
water as well as the dynamics of fine sediments.
Periodic resuspensions and depositions of bottom
sediments occurrs along with the spring- and
neap-tidal cycle.

The annual fresh water discharge is estimated
as about 6> 10° m*-yr "', most of which is concen-
trated in the summer rainy season. The discharge
of the suspended materials through Keum River
amounts about 1.3X10° ton-yr ' (Schubel er al.
1984). Among them. 65 percent of terrestrial sedi-
ments transported into Keum Estuary deposits in
the river mouth in summer. and the strong north-
western wind in winter causes the bottom sedime-
nts (o resuspend and transport them into seaward
and southward (Choi, 1993 Park e al. 1986).

Daily salinity variation during tidal cycle in
Keum Estuary is in the range from 7.6% to 25.3%.
and seasonal salnity variation is from 5% in rainy
season to 21.3%. in dry season. In the river mouth
of Mankyung and Dongjin River, salinity showed
great seasonal fluctuation; it was 0.7% in July, 16.6
% in October, 260% in April. and increased to
288% in December, which causes the seasonal
variation in salinity to reach up to 281% (Shim
et al.. 1991; Cho and Shim. 1992). The annual sea-
water temperature changed from 5.8°C in winter
to 276%C in summer (Shim er al.. 1991).

MATERIALS AND METHODS

The study area included three estuaries. the
Keum Estuary, the Mankyung Estuary, and the
Dongjin Estuary and their outer coastal region
(Fig. 1). Macrobenthic fauna were collected at 39
stations during 3 day cruise from June 29 to July
1. 1988. At each station duplicate samples were
taken by using a van Veen grab sampler covering
0.1 m% and were screened through a sieve with
1.0 mm mesh size. The remained fauna on the
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Fig. 1. A map showing the sampling sites and bathymetry of the Keum-Mankyung-Dongin Estuarine system, west

coast of Korea.

sieve were fixed with 10% formalin solution neut-
ralized by seawater.

In the laboratory the fauna were sorted into
major taxonomic groups and polychaetes and mo-
llusks were identified into as species level as possi-
ble. and counted. Species diversity was calculated
using Shannon-Wiener's index (H') and evenness
by Piclou’s index (J), and dominance by McNau-
ghton's index. The trophic composition of macro-
benthic community was calculated using fauna

data identified to species or genus level. Crusta-
ceans and some mollusks were excluded in the
analysis. To display the faunal affinity along the
estuaries, a cluster analysis by the Jaccard’s simila-
rity index and weighted group average linkage was
performed. In order to recognize site groups and
species groups, from log-transformed abundance
data of 18 dominant species. a cluster analysis
using the group average sorting strategy with the
Bray-Curtis dissimilarity coefficient was performed.
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Table 1. The sedimentary faciecs of surface sediments
observed in the estuaries and coastal region off
Kunsan, Korea

St. Sediment Type St. Sediment Type
K1  SILT Sl SANDY SILT
K2 MEDIUM SAND S2  SILTY SAND
K3 SILT S3  SANDY SILT
K4 MEDIUM SAND S4  SILTY SAND
K5 SANDY SILT S5  SILTY SAND
K6 SILTY SAND S6  SILTY SAND
K7 COARSE SAND S7  FINE SAND

M1 SILT S8  FINE SAND

M2 SILTY SAND S9  FINE SAND

M3 SANDY SILT S10 SILTY SAND
M4 FINE SAND S11 FINE SAND

M5  SILTY SAND S12 FINE SAND

M6 FINE SAND S13  SILTY SAND
D1 SILT Si14  SANDY SILT
D2 FINE SAND S15  SANDY SILT
D3 SILTY SAND S16  FINE SAND

D4 FINE SAND S17  FINE SAND

D5 SILTY SAND Sig  SILT

D6  SILTY SAND S19  SILTY SAND

520 SILTY SAND

RESULTS
Estuarine environments

The sedimentary facies of surface sediments in
the study area were dominated by sand and silty
sand (Table 1). The inner part of three estuaries.
silt and sandy silt facies were largely found, while
near the river mouthes sand predominated. In
Keum Estuary, the bottom of central channel re-
gion was composed of sandy sediments, but along
the shallow river side. the bottom was covered
mainly with silty sediments. Keum River has some
patches of silty sediment with more than 50% of
silt in the middle area, ie. at st. K3 and K6, but
Mankyung River and Dongjin River showed gra-
dual decrease in silt portion toward the river
mouth.

The bottom water temperature of Keum Estuary
was in the range from 23°C to 25°C. and those
of Mankyung River and Dongjin River was from
22°C in the river mouth to 27°C in the inner part.
Salinity of bottom water of Keum Estuary changed
from 23% in the inner part to 31% in the outer
coastal region. but those of Mankyung and Dong-
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Fig. 2. Bottom salinity and temperature changes along
three estuaries measured by a T-S bridge at high
tide in July.1988.

jin Estuaries increased from 26% in the inner part
of estuary to 31% in the coastal region. Most es-
tuarial stations remained below 28% during high
tides (Fig. 2). The slight difference in the tempera-
ture and salinity between Keum and Mankyung-
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Table 2. Macrobenthic fauna occurred in Keum kEstary

Species/Station Kl K2 K3 K4 K3
Anthozoa ! 1
Nemertea 12 3 15
Bivalvia 0
Culterensis sp. 2 2
Musculus senhausia 158 1 159
Potamocorbula amurensis 169 55 22K 452
Gastropoda 4 4
Isopoda : 4 4
Amphipoda 2 28 2 16 4 12 o4
Decapoda 1 24 3 | 3 32
Polychaeta 0
Anaitides koreana 6 1 24 3 34
Ammandia lanceolata 1 |
Brada villosa l 1
Capitella capitaia 18 12 9 39
Diopatra sukogai | 1
Ereone longa 1 | 2
Glyeera chirori s N
Glyeinde sp. 18 4 s 27
Haploscoloplos elongatus 15 13
Herteromastus sp. 14 20 34
Lagis bocki 6 4 10
Mediomastus sp. 3 2 s
Neanthes japonica | 2 3
Nectoneanthes oxypoda 1 10 3 14
Nephiys californiensis 1 1
Nephtys polybranchia 2 4 6
Nephtys schmiri 2 2
Polvnoella sp. 1 I
Prionospio cirrifera 167 160 10 120 4 I8 479
Paraprionospio pinnata 4 4 R
Pseudopoldora kempi 3 152 220 378
Sigambra sp. 4 | s
Tharyx sp. 2 2
Hesionidae indet 4 4
Number of Species 5 4 19 6 13 19 4 35
Total indiv. No. 173 164 641 128 351 328 2 1807

Dongin Estuaries would be due to the difference
in the river scale such as water depth, the amount
of freshwater runoff between them. Based on the
observed salinity range. the estuaries of present
study were classified as a polyhaline estuarine sys-
tem (18~30%). but it may be mesohaline (18~
5%) or oligohaline (lower than 5%) estuary in
rainy summer.

Macrobenthic fauna
the whole

Macrobenthic fauna collected in

study area comprised a total of 61 taxa from 10
taxonomic groups and were counted as 5636 indi-
viduals. The faunal density at each station was
ranged from 30 ind'm ° to 4425 ind-m~". and
the average density was 723 ind-m . The benthic
fauna occurred in estuaries and coastal area are
described individually in the following:

Keum Estuary

Macrobenthic infauna occurred in the Keum
Estuary comprised 35 taxa included in 8 faunal
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Table 3. Macrobenthic fauna occurred in Mankyung Estuary
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(unit: indiv.0.2 m°)

Species-—Station Ml M2 M3 M4 M5 M6 Sum
Nemertea 5 1 6
Bivalvia
Potamocorbula amurensis 4 752 158 12 S 11 942
Gastropoda 1 1
Amphipoda 6 1 22 S 3 37
Cumacea 2 ] 3
Decapoda 4 i 1 3 1 3 13
Polychaeta ’
Anaitides koreana 8 8
Armandia lanceolata | 1
Capiella capitata 1 1
Ereone longa 4 4
Glvcera chirori 1 1
Glycinde sp. 4 4 20 18 5 5 56
Haploscoloplos elongatus 1 2 2 S
Heteromastus sp. 7 7
Mediomastus sp. 3 3
Neanthes japonica I 1 2
Necioneanthes oxypoda 14 1 15
Nephrys californiensis 31 102 3 10 6 11 163
Nephivs oligobranchia 2 i 3
Owenia fusiformis 1 1
Prionospio cirmfera 38 8 10 56
Paraprionospio pinnata 6
Pseudopoldora  kempi 1 1
Nereidae indet. 2 2
Polynoidae indet. 1 1
Number of Species 13 8 12 8 7 10 24
Total indiv. No. 110 885 205 68 26 44 1332

groups and a total of 1.807 individuls were collec-
ted (Table 2). Among them. 24 taxa were from
polychaetes which were main contributors in spe-
cies richness and abundance of each station. No
fauna in echinoderms or chordates was found in
Keum Estuary. Station K3. K5, and K6 contained
more than 10 species and were a rather richer
fauna composition than the rest ones.

Most dominant species was a spionid. Prionos-
pio cimrifera. occupied 26.5% of total individuals.
and followed by Potamocorbula amurensis (25.0%).
Pseudopolydora kempi (20.8%). and Musculus se-
nhousia (8.8%) (Table 6).

The maximum density was up to 3205 ind-m~"
at Station K3, and the lowest one was shown at
station K7. The mean density was 1,290 ind-m .
A bivalve species, Potamocorbula amurensis, sho-
wed its maximum population density of 1,140

ind-m™? at station K6.
Mankyung Estuary

A total of 1332 specimen from 24 taxa in 7
faunal groups was collected in Mankyung Estuary
(Table 3). 18 taxa were from polychaete worms.
No echinoderms was found in this estuary. A bi-
valve, Potamocorbula amurensis, was the most abu-
ndant species which occupied 70.7% of total indi-
viduals. It showed very high density of 3.760 ind-
m~? at station M2 .where the highest denisty in
the study area reaching 4.425 ind-qg2 was found.
Other dominant species in this estué;y were Neph-
tys californiensis (12.2%), Glycinde sp.(42%). and
Prionospio cirifera (42%) (Table 6). The macroben-
thic community in Mankyung Estuary had a ra-
ther poorer faunal comosition than that of Keum
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Table 4. Macrobenthic fauna occurred in Dongjin Estuary
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(unit: indiv./0.2 m)

Species/Station Dl D2 D3 D4 Ds D6 Sum
Anthozoa I 3 4
Bivalvia
Potamocorbula amurensis 155 16 1 172
Unidentified spp. 4 3 8 15
Isopoda 1 1
Amphipoda 5 1 8 1 15
Cumacea 1 1
Decapoda
Orithyia sinica 2 2
Unidentified spp. 2 2
Polychaeta
Eteone longa 16 1 1 1 19
Ghcera chirori 30 34 37 4 3 21 129
Heteromastus sp. 8 3 1
Lagis b ki | 1
Nephuys californiensis 53 55 14 2 15 12 151
Nephtys oligobranchia 5 5
Prionospio cimifera 28 29 149 l6 1 17 240
Pseudopoldora  kempi 4 1 1 6
Number of Species 9 8 8 5 7 8 16
Total indiv. No. 300 143 209 26 30 66 774

Estuary. The overall fauna density was 1,110 ind*

m -
Dongjin Estuary

A twotal of 774 individuals from 16 taxa in 7
faunal groups were collected (Table 4). This was
the poorest faunal composition among three es-
tuaries. Among faunal groups, polychaetes were
the most dominant, and comprised a half of total
species number.

Dominant species were Prionospio cirrifera (31.0
%). Poramocorbula amurensis (22.2%), Nephtys califor-
niensis (19.5%). Glycera chirori 2167%) (Table 6).
These four species accounted for 8% of total
fauna abundance. The highest density of 1,500
ind*m™" was found at station DI, and the inner
part of the rver (st. DI to st D3) sustained a
rather higher density of benthic fauna. The mean
density was 645 ind-m™°. which was a rather lower
than those of other two estuaries.

Coastal area

The outer region of three estuaries, where 20

sampling stations were allocated, had more diverse
faunal composition than estuaries. A total of 1.710
individuals from 53 taxa in 10 faunal groups was
counted (Table 3). From the station basis, the spe-
cies number of coastal region was in the range
from 18 taxa to 4 taxa, which was similar or sligh-
tly higher than that of estuaries.

Polychaete worms comprised 41 taxa from total
53 taxa. and were the most dominant faunal group
in both species richness and abundance. Domi-
nant species in the coastal area were different from
those in estuaries (Table 6); they were Mactra chi-
nensis (10.0%). Magelona japonica (8.8%). Owenia fu-
siformis (8.0%). Anaitides koreana (6.5%), Nepthys pol-
ybranchia (5.8%), and Prionospio japonicus (5.5%).
Macrofaunal density in this coastal area was cha-
nged from 30 ind-m"? at st. S17 to 1,710 ind-m *
at st. S12. and the mean fauna density was 430
ind-m™".

Trophic composition

In Keum Estuary, the proportion of surface de-
posit feeders (SDF) was very high along overall
estuarine area, and at station K3 and K6 filter
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Table 5. Macrobenthic fauna occurred in the coastal region off Keum Estuan (Unit: indiv./0.2 m?)
Species—St. SI S§2 S3 S4 S5 S6 S7 S8 S9 S10 SI SI12 S13 Si4 S15 S16 S17 SI8 S19 S20 Sum
Anthozoa 1 1 2
Nemertea 1 2 4 8 2 2 19
Bivalvia

FPotamocorbula amurensis [ i
Macrra chinensis 8 18 124 3 2 4 12 17
Unidentified spp. I 3 1] 2 4 5 16
Gastropoda

Neverita dudima . t 1
Unidentified spp. i1 7 9
Amphipoda 10 2 6 4 4 1 8 1 52 17 1 23 4 10 143
Isopoda 8 11 10
Cumacea 2 2
Decapoda 2 11 1 1 4 202 6 4 2 2 28
Holothuroidea 2 1 201 2 1 9
Polychaeta

Aglaophamus  sinensis 2 1 3
Anaitides koreana 2 3 1 5 7 2 1 8 1 2 2 111
Armandia lanceolata 12 4 16
Aricidea jeffreysit 38 6 27 9 2 2
Aricidea sp. 2 I 3
Aviothella rubrocincta 2 2
Chaetozone spinosa 4 4
Chaetozone sp. 1 1
Diopatra sukogai 1 i 2
Eteone longa 1 4 S
Ghycera chrori 2 1 I 1 l 4 0
Ghycinde sp. 286 2 13 7 3 | 17 3 81
Haploscoloplos elongarus 2 2 1 1 6
Heteromastus sp. 10 1 28 3 26 3 15 86
Lagis bocki 1 1
Lumbrineris cruzensis 2 2
Lumbnineris heteropoda 1 i
Lumbrineris longifolia 8 8
Magelona japonica 8 S 14 96 2 015 2 1 4 1 12 151
Marphysa sanguinea 2 2
Mediomastus sp. 22 4 4 28 4 62
Nectoneanthes oxypoda 26 26
Nephtys californiensis 2 2 2 6 12 13 6 4 2 11 9 8 3 4 2 86
Nephrys polybranchia 6 16 4 17 8 32 4 1 6 2 4 100
Notomastus sp. i 1
Owenia fusiformis 23 5 3 3 1 11 3 I 2 138
Paralacydonia paradoxa 1 1
Faraprionospio pinnat 24 8 14 | 47
Polydora ligni 25 25
Prionospio  cimifera 6 2 6 16 12 4 2 4 1 4 9 2 88
P. japonicus 10 24 229 2 8 95
Sigambra sp. i 8 1 3 5 18
Scolelepsis foliosa i i 2
Spiophanes bombyx 1 1
Stemaspis scutata 4 1 6 2 2 2 7 2 26
Tharvx sp. 3 2 5
Travisia sp. 1

Hesionidae indet 2 2
Nereidae indet. 2 1 3
Polynoidae indet. 2 p
Sabellidae indet. 2 2

" Number of Species 16 1t 12 14 16 10 7 18 8 7 8 14 i1l 4 16 5 4 18 18 9 53
Total indiv. No. 138 65 29 90 78 64 69 219 148 69 37 342 77 20 91 18 6 73 sS4 32 1719
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Tabic 6. Dominant species of three estuaries and coastal
region of the study arca in Julv 1988

Region Feeding

Species Yo
ype
Keum Prionospio cirrifera 205 SDF
Estuary  Potamocorbula amurensis 250 FF
Pseudopolvdora kempi 208 SDF
Musculus senhausia 88 FF
Mankyung Poramocorbula amurensis - 707 FF
Estuary  Nephns californiensis 122 C
Prionospio cirrifera 42  SDF
Ghcinde sp. 42 C
Dongjin  Prionospio cirrifera 310 SDF
Estuary  Poramocorbula amurensis 22 FF
Nephiys californiensis 195 C
Glycera chirori 167 C
Coastal Mactra chinensis 100 FF
region Magelona japonica 8%  SDF
Owenia fusiformis 80 FF
Anaitides koreana 6y C
Nephns polvbranchia 58 C
Prionospio japonicus 55 SDF
Prionospio cirrifera s1 SDF
Nephns californiensis 0 C
Heteromastus  sp. 50 SSDF
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Fig. 3. The trophic composition of macrobenthic fauna
in three estuaries and their coastal region. (CAR:
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feeders (FF) predominated (Fig. 3). Subsurface de-
posit feeders (SSDF) and camivores (CAR) sho-
wed relatively high proportion only in the river
mouth with maximum value of 20% and 40%, res-
pectively.

In Mankyung Estuary, SDF was confined to the
inner arca. and the proportion of filter feeders and
camtvores was higher than that in Keum Estuary
and they gradually replaced SDF toward the river
mouth (Fig. 3). In Dongjin Estuary. filter feeders
were confined to the inner part and CAR and
SDF were major trophic component of this estua-
rine community. especially at station D3 and D4
(Fig. 3).
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Fig. 4. The community index values along three estuaries and in the coastal region. (H': Shannon-Wiener's diversity
index., D: McNaughton’s dominance index. J: Pielou’s evenness index).

In the coastal region. four feeding types showed
a mosaic distributional pattern according to the
sediment types (Fig. 3). CAR occurred at all sta-
tions, but showed their high proportion at 13 sta-
tions mainly composed of mixed sediment types.
SSDF which was mainly ristricted to the inner
part of estuaries of fine sediment. showed their
dominance at six stations: al one station with both
sand and silt, 4 stations of silty sand. SDF predo-
minated at seven stations. 5 stations of sand and
at both silty sand and sandy silt. FF occurred
abundantly at 4 stations. 2 at sand and 2 at silty
sand.

The mixed sediment types such as silty sand
or sandy silt sustained more diverse feeding types
and evener trophic composition than sand or silt.
This trend was also seen in three estuaries even
though less uniform distribution among feeding
types was found.

Ecological indices

The overall species composition i3 well indicated
in the species diversity index (H) and evenness
index (J) or dominance index (D). In three estua-
ries. the overall diversity index value (H") was very
low and high dominance index value was shown
(Fig. 4). At station KI, K2 and K4, the species
diversity index was less than 0.4 and most abun-
dant two species occupied more than 90% of all
individuals. At stations M2 and D3. the H' value
was less than 1.0. The maximum value of H' was
20 at station K3 where 19 taxa were collected.
These low specics diversity values may be due 10
the few species number and high dominance of
a few species within the communities. In the coas-
tal region, diversity values were higher than those
of estuaries. and H' value was over 2.5 and only
at station S9. it was less than 1.0 (Fig. 4). This



314 Jin-Woo Choi and Chul-Hwan Koh

SIMILARITY ST
Kl
— K2
L
—
K6
L
[ 4
S5
K7
072 .140 207 275 .34z 410
SIMILARITY ST.
Ml
{ M3
M2
M4
— M
—"
sn
s9
s10
200 .295 .390 484 579 674
SIMILARITY ST,

el
L
: e

U gy

178 . 268 361 454 .548 643

Fig. 5. A dendrogram showing the faunal affinities be-
tween stations along each estuary. The estuarine
stations (K1-K7. M1-M6. D1-D6) were agglome-
rated and separated from coastal stations (54-S
18).

may be mainly due to the high evenness value
over 0.7 and lower dominance compared to those
of estuaries.

Faunal affinity

In order to relate the spatial distribution of ben-
thic fauna to the salinity gradient of estuaries. the
cluster analysis using Jaccard's index and by wei-
ghied pair group average linkage was performed
at each estuary along a transect line from the in-
ner part of estuary to the outer coastal area.

The dendrograms resulted from cluster analyses
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Fig. 6. A dendrogram from the cluster analysis on the
whole study area using the abundance data of
dominant species by the Bray-Curtis index and
weighted group average linkage. Four station
groups (I to 1V) were emerged.

showed that the inner part stations were separated
from those in the coastal region (Fig. 5). The spe-
cies composition of estuaries was different from
that of their outer coastal region. Along cach cs-
tuarine system. the faunal composition was cha-
nged gradually from the inner part through the
river mouth toward the outer coastal region. The
low similanty values between stations of river
mouth and coastal region also reflected that a
sharp gradient of faunal change existed in the n-
ver mouth of cach estuary.

Based on the faunal affinity in the whole study
area, 4 station groups were largely clustered as
seen in the dendrogram (Fig. 6). and also 4 faunal
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Fig. 7. Spatial distribution of station groups (I-IV) classified by cluster analysis.

groups were emerged although not shown in a
figure. For the station groups. this preliminary clu-
stering was adjusted and some stations were real-
located on the regional basis (Fig. 7). Station
group 1 located in the inner part of Keum Estuary
was composed of 3 stations. and station group Il
composed of 19 stations occupied nearly three es-
tuaries. Station group 111 and IV cover the coastal
region off the estuaries. and the former consisted
of inner 7 stations and the latter. outer 10 stations.

To see the characteristic species at each station
group. the mean abundance of 18 dominant spe-
cies in four species groups was counted (Table
7). Station group 1 was solcly dominated by a
spionid  polychaete. Prionospio  cirrifera.  Station

group Il was occupied by species group A. espe-
cially Potamocorbula arnurensis, and Prionospio cirri-
fera and Nephtys californiensis in species group D.
Station group Il was represented by species group
D. especially Magelona japonica. and station group
IV by species group B, mainly a bivalve Macrra
chinensis. Species group A is completely restricted
in their distibution in estuarine systems while
species group B occurred mainly in the open coa-
stal region. Species group C and D showed their
high abundance near the river mouths except two
species. P. cirrifera and N. californiensis. These two
species appeared more in estuaries and their abu-
ndance gradually decreased toward open coastal
region.
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Table 7. The mean abundance of dominant species in
each species group within station groups
(unit; indiv./0.2 m-)

Specics groups/
station groups

Group A

i 11 1 v

Musculus senhausia * 8 0 0
Potamocorbula amurensis [ 1] 0
Pseudopolvdora  kempi 1 3 0 0
Nectoneanthes oxypoda * 20 0 0
Group B

Mactra chinensis 0 0 2 21
Mediomastus sp. 0 * 3 5
Prionospio japonicus 0 0 3 9
Group C

Anaitides koreana * 7 1 2
Owenia fusiformis 0 6 2 1
Paraprionospio pinnata 0 81 3 0
Group D

Aricidea jeffreysii 0 0 8 0
Magelona japonica 0 * 14 ]
Glveera chiron 0 7 1 *
Nephns californiensis * 18 2 5
Prionospio cirrifera 149 19 5 1
Gheinde sp. 0 4 3 4
Nephns polvbranchia 0 1 10 0
Heteromastus  sp. 0 I 10 V]

*: present but less than 1.0 indiv./02 m'.

DISCUSSION
Species composition

The dominant species in the estuaries were dif-
ferent from those of the open coastal region. Prio-
nospio cirrifera is a small spionid and its distribu-
tion is not yet reported in Korean waters. Potamo-
corbula amurensis, a small bivalve species occurred
only in the brackish waters. This bivalve species
was first found in this study area in Korea and
its distribution seems to be confined to this study
area. Dominant species in Keum Estuary such as
Pseudopolydora kempi and Musculus senhausia were
considered as opportunistic species which occur
at highly organically enriched sediments in the
river mouth (Shin er al., 1992a; Hong et al. 1982).
The occurrence of these opportunistic species sug-
gest that the Keum Estuary is under the enrich-
ment of organic matters discharged from Kunsan

city and upstrcam of Keum River. The dominant
polychaete species in the coastal area, such as Ma-
gelona japonica, Owenia fusiformis. Anaitides koreana.
and Nephitvs polybranchia. are all identical to those
occurred in the offshore region of the present
study arca (Lee and Chin. 1989; Choi and Koh.
1992).

The species richness at each sampling station
was very low; the maximum value was 19 taxa
at station K3 and K6 in Keum Estuary and only
4 taxa were found at station K2. K7 and S17. This
low value in species richness is comparable to that
of polychaete community at sand and mud sedi-
ments oft Kunsan, Korea (Choi and Koh, 1992).
but very low compared with 124 polychaete species
in southern Kyonggi Bay where sandy sediment
prevails (Shin er al. 1992b). This low species nich-
ness may be partly due to the homogeneous sedi-
ment of fine sand in estuaries and also partly due
to the salinity gradient dropped down from 31%
10 22% even at high tide. Shim er al. (1991) reper-
ted that the salinity at the river mouth of Manky-
ung Estuary decresed to less than 18% and 28%
in May and December. respectively. Thus the low
species diversity in estuaries suggests that salinity
gradient should prevent the invasion of marine
benthic fauna into cstuarine environment and
cause the poor faunal composition.

The overall density of macrobenthic fauna in
this study area was estimated as 720 ind-m . This
value is a rather higher than that of offshore ben-
thic community off Kunsan. which was collected
in Feb. 1985. estimated as 290 ind-m™* (Choi and
Koh. 1992). and also higher than those reported
as 368 ind-m~ in southern Kyonggi Bay (Shin
e al.. 1992b). The numerical dominance of polyv-
chaete worms in the macrobenthic community was
55% in the range of 6.8~100%. This dominance
value of polychaetes is similar to that of poly-
chaete community off Kunsan (52%) and southern
Kyonggi Bay (57%). but low compared 1o those
in muddy dominant areas where about 9% of
total abundance was from polychaetes.

Trophic composition

The proportion of feeding types of macrobenthic



Muacrobenthos Community in Keum-Mankyung-Dongjin Estuaries 317

fauna reflects the habitat conditions. Thus in the
muddy habitat. subsurface deposit feeders might
be major component and in the sandy habitat.
sessile filter feeders predominate (Choi and Koh.
1992). Woodin (1976) classified three functional
groups of infauna: (1) non-tubicolous motile, de-
posit feeders, (2) filter feeding bivalves, and (3)
tube-builders of various trophic types. The domi-
nance of filter feeders in estuaries was due to the
high abundance of a filter feeding bivalve, Pora-
mocorbula amurensis, which is assigned to the se-
cond category of Woodin's functional groups. The
high proportion of carivores in the trophic com-
position 1s a distinctive feature in the shallow sand
prevailing coastal regions (Maurer and Leathem.
1981). The carnivores in the study area were all
small sized worms which could efficiently handle
their small preys. Dominant spionid worms in es-
tuarics. Prionospio cimifera and other species were
assigned to the surface deposit feeders (SDF). but
this species can aslo be classified into the filter
feeder because they switch their feeding mode
from SDF to filter feeders when high particulate
flux exists or current velocity increases {Taghon
er al.. 1980; Dauer er al.. 1981). Two most dominant
species in estuaries. Potamocorbula amurensis and
Prionospio cirmifera, showed an alternative patchy
distnbution, especially in Keum Estuary. and this
distributional pattern can be partly explained by
the competition on the food and habitat between
infauna within the same functional group.
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