BSPE 00529-927-3

HzA A4 ol F AS5L 299
AAYPE T3 BE A+

Community Structures of Macrobenthos after the
Construction of Sea-Wall in Chonsu Bay, Korea.

199649 94



A

I
A

}

ap

o

ENEEES

€ RAAE dEA A4 o) F A AQY AH4F A
Wl A '] HIME AEPl.

19961 94

AFAYA o A &
CIEIC I N



Community Structures of Macrobenthos after the Construction of
Sea-Wall in Chonsu Bay, Korea

JAE-HAC LEE and HEUNG-SIK PARK

Biotogiend Grerreygropfy Disision, Koren Ooan Reserh anef Development Istifute
PRz B Aran, Lrl0 Sapd, Korer

Based on 33 quantitative samples collecled in April (23 stations) amd August (30
stations)  of 1993, spercies composition, distibution and  abundance of  benthic
invertebrates in Chonsu Bay were determined. The bottom sediments were composed of
mud. ¢oarse sand and pebbles along the channels, A Lotal of 273 species (177 in April
and 200 in August) were identified. Mean density was 480 ind/m’ in April and 1,126
ind./m’ in August. The number of species was different between Aprl and August, and
between regions as well.  The rmumber of individuals, however, increased greatly in
August due to larval recruitment throughout the study area. Theora frugilis(Bivalvial,
Lumbrineris longifolia, Neplys olignbranctua {Polychaete) were dominant species during
the sampling period, bul densilies changed greally in all regions. While in the summer,
the targe mumber of juveniles have been recruiled |, Irespective of sediment facies, in all
egrea including the defaunsted ares.  Puat, as time goes by, successiul selticment bas
been a rare event over years and locality. Benthic communities in Chonsu Bay have
been supporter! unslable conditins, because it underwemt signiflicant stress elfects
caused by several environmental faclorsirelated to canstruction of sea-wall, especially)
regionally.

INTRODUCTION

Coaslal zone, which is economically important region as a spawning and nursery
ground, has been exploited for living marine resources for a long time. Ilowever, it has
been detericrated abruptly due to rapid industialization and coastal development such as

reclamation and sea-wall construction, causing many environmental and ecological



problems, Topographic changes in comslal area, especially in the western coast of Korea,
influenced tidal current patterns tesulting in Lhe changes of sediment facies. Benthic
communities of dermersal fishes and benthic dialoms, and particulate organic matters in
the sediment are influencer] directly and indirectly by the grain size composition of
sediment{Sanders et @, 1962; Holland & Polgar, 1976; Flint & Holland, 1380). If the
sediment faries changes atwuptly, tolal marne ecosystems will be disturbed and
damaged through food webs,

Some studies revealed that marine ecosystems in Chonsu Bay have been sericusly
changed since sea-wall construction in 1984, for example, changes of phytoplankton
(Shim et af, 1988, Shim & Yeo, 1388 Shim and Shin, 15893), zooplanktondYoon, 1388
Shin, 1989), and [ish eggs and larvasilee & Seok, 1984, Shim et ql, 1988). Siudies on
macrobenthos are very limited in Chonsu Bay {KORDI, 1978: Je er ol 1991, Shim et af,
19853,

in coastal zone, continuous monitoring is imporiant 1o compare present ecosystem with
the past one. Especially, Chonsu Bay is suitable area for investigating Lhe effects of
coaslal development on the ceastal marine ecosystem. The presence or absence of
particular biota may be due o Muctuations in environmental factors such as lemperature,
salinity, and dissalved oxygen. variations in sediment texture or depth; biological factors
such as recruitmemt cycles, predation and competiion {Long & Chapman, 1983). Sq, if
we understand marine ecological processes in Lhe specific area, past data will be used
as basic data w medict the changes in the marine ecosystem after coastal zone
development.

The pupose of this study is o investigate species composition, distribulion and
abundance of benthic invertebrates and the effect of benthic communities influenced by
the change of environmental factors after the construction of sca—wall in Chonsu Bay.

STUDY AREA

Chonsu Bay is a semi-enclosed bay, opening 0 tbe Yeliow Sea (Fig.1). The bay is
cormposed of two channels with hoth sides from north to south direction, and north-west
part are composed of the sand dune exposed extensively during ebb tides.

The tide is predominantly semi-diumnal, which affects physical processes in the region.



The mean tidal range is about 47lm. Maximum cmrent velocity at the moulh of the
bay was 3.4 knols at flood tide and 3.1 knots at ebb tide(O.H.A. 1991-1992). Cwrrent
velocity decreased toward inner bay (151 m/sec on (Gojeong-ri, located in the mouth
and 026 m/sec on Kanwoldo, located near the sea-wall)(Shim et af., 1988, Lee, 1988},
but mean current velocity(10 - 1.75 wm/sec) before the sea-wall construction was faster
than that of present{XORDI, 1974).

The monthly mean water temperature varied frum the minimum of about 5.7 in
Febrary 1o the maximum of about 26T in August. The temperature varied between the
surface and botlom layer was almost about 10T,

There is ne industry complex around here, but some sewage irom local villages
discharges. Freshwatcr inflows from the lake to the bay intermittently for conurulling of
water level So, at this time, marine ecosystems near the sca-wall are affected.

Before Lhe construction of sea—wall, lavel culture had been prevaited. Bul, after that, it
disappearsd berguse of decreasing the tidal current velocity., A cockle, Fulvia muticy,
had been abundant untl a few years ago, but it is very rare now due w changing

spciment composilion.

MATERIALS AND METHODS

Macrobenthos and sediment samples were collected at 53 stations (23 stations in Aprit
and 30 stations in August, respectively) (Fig. 1), Three 0.1 m® van Veen grab samples
were collected at each station. The sediments were sieved through a 1.0mm mesh
screen to collect macrobenthos. Animals retained on the screen were fixed in buffered
10% formalin, sarted v major phylogenetic group, and preserved in 0% ethanol solution
later. Specimens were idemtified to the species level, if possible, and counted.

(irain size composition was determined by wet sieving and pipettc analysis (Folk and
Ward, 1957). Organic contents of sediment were measured by delermining the loss in
weight of dried sediment at 550T for 2 hours and cabon, nitrogen, and surfur content in
sediment were measured using CHN Analyser.

Salinity and temperatute ware measured with CTD(SBE-19). Dissolved oxygen was
measured only in August, 1993
Shanncn-Wiener diversity H'{Shannon & Wiener, 1963), Richness (Margalef, 1958) and



Domirance index were amalyzed to define community structure and spatial variability.
Dominance ranking of the leading species in each faunal assemblage was calculated
using the Le Brs lmlex (Le Bris, 1988). Hierarchicul classification(Pray & Curtis, 1957)
and Pearson's Correlation were performed with tansformed individusls numbers and
environmenlal dala to determine similarity Detween each staton, Abundance data were
log-transfarmed becaused of the large variation between individuals.

RESULTS

Sediment facies

Analysis of sediment showed heterngenous substrates. The middle region and adjacent
w the sea—wall located in the northern part were composed of mud{mean phi is more
than 7). Sand dune located in the northwestern region and adjacent tn the oullet were
composed by muddy send (less than 4#}Fig. 2). The channels were commosed of
bioclastic elements, shell dehris, cobble and pebbles. The mouth of the bay was
composed of coarse sediment, sand (more than 4 ¢) and rock bed locally.

Faunal composition

A total of 273 species (177 spp. in Aprl and 200 spp. in August) representing 10
phyla (Hydrozoa aml Bryozoa were not identified) were identified. Polychaetes, comprised
333% (01 species) of the fauna, crustaceans 28.6%(78 species), moliusks 27.22% (74
species), echinodermns 4.4%(12 species) and minor iaxa 56% (15 species) including
cnidarian, platyheiminthes, sipunculid, nemertinea, brachiopod amd chordates (Table, 1)
The number of species in regional groups during each sampling period ranged from
1(5tn B, 515} to 64(Stn $12} in Aprl and 7 (Stn T2 w 88{Stn TZ22) in August,
mespectively, Species oumbers were higher in the middle part of the bay, decreasing
gracually woward both  direction of the mouth and sea-wall in April. But, it was higher
in the mouth part than in the middle part in August (Fig. 3).

Faunal Density
A Wolal of 11,048 individuals were collected in April. Polychaetes{S5.0%), mollusks
{20.8%) and crustaceans (20.4%} were most dominant and the remainder comprised 2.2%.



In August, 33,779 individuals were collected. Polychaetes (43.1%), mollosks{39.5%) and
crustaceans (13.2%) were also most dominant{Table 1).

The density in each region ranged from 3 ind/m’ (Stn 515) 1 1521 ind/m’ {Stn ST
in Aprl, and Fom 43 ind/m’ (St T10) to 2782 ind./m’ (Sin T22) in August. Mesn
values were 480 = 387 ind/m’® and 1,126 * 690 ind/m’ respectively. The mean
densities of regional groups were higher in the middle part of the bay, and decreasing
greatly toward \he bank and the mouth of the bay in April. However, mean densities
were generally higher in August than in Aprl. Lspecially, it increased greatly in the
defaunaled area, adjacent o bank and the mouth of bay (Fig. 4%

Species Dominance

Dominance ranking of the dominant species showed that each assemblage was
dominated by a small number of species, polychaetes, Lumbrineris longifofia (9.0
ind/m’ mean density), Nephtys oligobranchia (66.7 ind/m%, mollusks, Theorn frugilis(
927 ind/m™) and amphipods (Acridae unicl, Eriopisellr sechelensis) in both scasons,
although the density are different greatly between seasons. These dominanmt species
were recruited thmughout the study area in August, and some species, Philine argentato
(274 ind./m® in Gestropod, Stermaspis scutatn {736 ind/m% in Polychaste and Moerelia
jedoensis (38.9 ind/m? in Bivaive, were also recruited in great quantities {Table 2).

Community structure

Mean diversities were 228090 and 2631049 in each season, respectively.
Southwestern part(Stn S12) and middle part(Sm C, 56) of inner bay showed higher
diversity in Aprl. But, in August, the area adjacent lo the moulh of (he bay{Stn 122),
southemn part(Stn ) and northermn partiStn A) tepresented highor values. The area
adjarent to the sea—wall represented the lowest value (less than 20) in summer,
although ils mean value was higher than any other stations in April (Fig. 5).

The Pearson’s correlation vahies indicated some sigmificant correlation{P=<0.05}
belween biological and envimmmental dala, The number of species and density seemed
to be related tw sediment, but not correlated with any other environmental variables in
April. On the other hand, in August, biological data were not comrelated with any other

environmenlal variables(Table 3).



In hierarchical classificaton on stations, four major clusiers and 4 isolaux] points{Stn
sl4, sli, 515 and B) were separated in Aprit{Fig. 6). Group 1 contained same stations
located in northerm part, except stations adjacent to the sea-wall, mainly defined by
. Low number of species(l4 to 23} and density(139 to 637 ind/m®) were found in
these groups. This group was not represented by any charecteristc spocies. Most of
species were composed of wide—spread species {Assemblage I, in Table 4). Group II
contained all stations, seven siations, located in the sonthern part of the bay, Most of
the species which were collecled in Chonsu Bay were found in this area, where
showex] the most diverse assemblages. Group I included the middle of the bay, except
for sand dune locatng in northwestern part, defined by heterogenous sediment locally,
where showed relatively high number of species{ld w 61} and density(135 to 1016
ind/m’ ). Group N included only two stations(Sm S8 and S13), which composed of
muddy-sand. This group contained isolated species such as Musculus senhousia and
Ruditapes philippinarien.

In r—modde erarchical classification, five major clusters (species lisls in Table 4) woere
separated{Fig. 6), divided generslly by the sedimentary gradient(Table 4). Assemblage [
containd ubiquilous species, T. frugilis, E. sechelensis, Givcinde sp. and so on, which
were mainly sampled at the stations composed of fine sediment. Assemblage [T
contained charactenistics species, Aoridae unid, Nitidatellina mimngn, S. sauifata and so
an, which were sampled at Lhe stations composed of muddy and mixed bottoms included
areas adjacent to the sea-wall. Assemhlage [0 contained isolated species which lived
densely on restricted area. Assemblage ¥ contained rare species {less than 6 in mean
density), Dorisma cf. nom, Tambalogomia fmivelli, Rapledopus ciliatus and Ampharete
arctioa, sammpled al the slatons which are located in the northern parls of the bay and
oonmposed of gravelly-mmud sediment Assemblage ¥V contained amphipods {(Gammaropsis
wttnomi, Photis fongicaudnta, Byblis japordcus, Melita sp) which lived in muddy -sand
and sandy-rmal types.

BPut in August, hierarchical classificaliom by g-mde (sampling unit) showed some
different results when it was compared with Aprl, which were separated by four major
clusters and 5 isolated points(Sm H, T3, T4, Ti0 and T21XFig. 7). Particularly, maost of
the isolated points contained several stations located on intertidel zope and channels.
Group I contained the stations located in the northern part of the bay, adjacent to the



channels connected to the culer sea, and composed of strange speciestMyiithus edulis
glloprovincialis, Corophium 5p.) which were collecled in group [ region. Group 11
contained two stations(Stn A, T7) lecated in the northern part and southeastern parl of
lhe bay defined by gravelly mud, respectively. The highest number of species(44 to 88)
and density(934 to 2,782 ind/m’ } were found in this region. Group II conlained slations
localed nesr the sea—wall(Sm B, D, T5 T8§, T8, T9, and TI12). Most of the stations
belong to group I showed relatively low mumber of species{ll o 31) and density( 315
o 1,795 ind/m® ). This group was composed of ubiquitous species, Group ¥ containd
slations located in the middle part defined by heterogenous sediment.

in r-mwxde hierarchical classification showed five major clustersispecies lists showed in
Table 5¥Iig. 7). Assemblage 1 contained dominance species, 7. fragilis and L
longifolia, that were sampled in most of Lhe stabdons with fine sediment facies.
Assemblage [0 contained Lhe Isolated species, M. edulis gulloprovincials, Ophiopius
megapomus and so on, that sampled in sand and gravelly mud sediment localed in the
northern parts of the bay. Assemblage I were composed of 10 speries, Terebellides
horikeshii, Gammaropsis utinomi, A agrctioz and so on, that were found in northern
part and the middle parts, defined by mixed sediment. Assemblage Y  contained
characteristic species, S. sadata, A. misakdensis, Chaetorone spinosa, that were found
in the middle parts. Assemblage ¥ contaimed ubiguitous species, P. argentam, R
ciliatus, Protankyra bidentata and so on, that preferred to mud sediment,

Relationship to sediment type

Significant vadation in the number of species and mean densities was dependent ¢n
sediment type(Fig. 8). While the heterogencus bottom that mixed with cobble, gravel,
mud, shell fragment amwl biogenic materfals showed the highest mumber of species, Lhe
lowest valves occured on coarse sediment and intermediate  values ocoured in
muddy-sand. The trend of number of species per sediment type represented higher in
August than in Arxil

Mean densities were alsp influenced by sediment facies. For inslance, samd and
graveily-mud types increased in August, but in coarse sediment, sandy-gravel and
gravelly muddy-sand types, did not changed in bolh seasons (Fig. 8).



Seasonal changes

The number of species at 8 stations(Stn A —I[I}) which werc sampled continugusly
during both seasons have increased maostly |, except to Stn C and G, in August (Fig. 9
Al Swadon B localed near the sea-wall always contained the lowest number of
speries. It increased greatly at station C located beiween sand bar and chanmel in
Aprili62 spp).

Abundance increased at ststions E and F in August especially(Fig. 9 B). Most of the
stations  showed similar densities except slation C in Apml, however, revealed great
fluctuation in lhe middle part and F, and the mouth part of bay in August. Amoug
them, sin E appearsd the greatest seasonal fluctilaboms,  Sto B oshowed defaunated
condition in Apnl, but recruited newly in August althrough it had small guantities as
compared with other statiom,

Densities of dominant species(T. frugilis, L longifolia, N. oligobrunchia and S. scutala)
changed greatly during the sampling period {Fig. 10). A dominant species, 7 fragilis,
was found in Lhe middle of the bay with high mud compositun. L. longifolia also
recruited to the inner bay in summer, but was little observed in the mouth of the bay.
N, ofigobronciua increased m o stn © and G during the summer. S scudato also increased
in density in stn F. These species, except 5. souwtata, decreased grestly in all stations in
spring.

DISCUSSION

Results of sediment analyvsis showed distinct regional differences in substrate patterns,
similar to results by Shim et af {1388). These differences were due to varation in wave
strength, curtent activity and topographical conditions, At the mouth of the bay
relatively greater tidal current scoured the subsirate. But in the northern areas, adjacent
to sea-wall reduced wave and current action allowed the settling of suspended
materiais. Dut coarse sediments were predominant near the outlers, caused by irregular
freshwater outfalls,

CGrain size is an important envinmmental factor in beathic community. In addition to
grain size, organic eonlent, mictobial content, food supply and trophic interactions are

also important. But no single factor has beoen able to explain patterns (Snelgrove &



Butman, 1994} In furt, all factory are infloenced by the near-bed flow regime, and they
could nfluence infaunal distibutions directly or indirectly via several compelling
mechanisms. Larval supply and particle MMux are also determined by the boundary-layer
flow, which may not be important determinant of species distributions and composition
of sediment facies. Increased apprecialiom for the role of boundary-layer flow and
sediment transport in benthic evology, an understanding of the ways in which infaunal
organisms  interact with sodimenis and the near-bed regime is undergoing a
ransformation{Miller et o, 1992: Spelgrove & Butiman, 1984 Taghon & Greene 1992)
For inslance Chonsu Bay has similar patterns refered to above, because of influence by
tidal current cycle. Shim et ol {1983} suggested that sediment facies were affected by
the tidal current in Chonsu Day.

Macrobenthos sampled in both seasons comprised of 313 species. Althrough differences
in area and methodology meke exact comparisons Letween surveys difficult (Coleman
et al, 1978}, the number of species was higher in this area than any other coastel areas
of Korea, for example, 87 species in Kyeompgi Bay (Shin et al, 1992}, 287 species in
Chinhae Bay (Lim, 1993), but abundance per species was very low. KORDI{1978)
carried out investigation in Gojeong-ri power plam located in adjacent to the mouth of
bay partly fidentified 21 sp.), and Shim et al. (1988} idenlified benthic animals on class
level excepl three dominant species, Pisidig sp. (Crustacea), Thecora img (Bivalvia),
Polydora sp. (Polychaeta),

Juveniles came into Chonsu Bay with various sediment facles fom outer sea by
periodical tidal current. Dobb and Vozarik(1983) suggested that water turbulance
suspended benthic infauny and dispersed both larvae and adults. Tidal current
determines the nature of bottomn substrate to a large degree and it influences on the
stability of the sediment and food supply for benthic organisms (Widish and
Kristrnanson, 1979). So, we snggest that tdal current in Chonsu Bay plays an important
role in dispersal of macrobenthos. Although species composition was spalially different,
macrobenthos orruited newly were collected at all stations in summer. But, stable
scttlement was localized, [n fact, the population range of each species is inflluenced
somewhat differently by the polyfactorial gradient changes in environmental comdibons
(Temore, 1972). Macrvbenthos in Chonsu Bay were also influenced by several

environmental factors, and physical and wpographical conditions. For exarmple, species



compisition in northern areas appeared Lo change seasonally. Substrale of this area has
been changed to mud since sea-wall construction, amd weakened currents and irregular
freshwaler discharge uUwough the outlet may influence importently on  benthic
community. Many abundant species were eliminated from shallow bottoms duve to abrupt
changes of salinity (Tenare, 1972, Boesch et al, 1975), and an excessive nutfalls of
particulale organic debris and dissolved organic matter from freshwater resulting in
hypoxia. The rmecovery of macrcbenthic assemblages from hypoxia should be largely
dependent on the relationship between timing of the return to normal conditions and
species life hislories. Faunal colonizalion in nmewly open space will depend on a
combination of water exchange, proximity of reproducing organisms with opportunistic
life-history characteristics, and larval availability(Llanse, 1991). Opportunistic species
often colonize benthic habitats rapidly after defaunation as a result of physical
disturbance or pollution abatement{Arbugoy, 1982 Ferraro et af, 1891, MceCall, 1977
Pearson & Rosenberg, 1978 Santos & Simon, 1980). Actually, although less quantity,
the opportunistic species, T. frugilis, L longifolla, were recruited adjacent to the
sea-wall especially.

The areas around the mmith of the bay also were under bad environmentsl conditions.
Sediments were disturbed and resuspended periodically due to ddal current. In fact,
community structure of marine soft-bottorn habitats can be shaped by natural physical
and biclogical disturbances which affert substratum stability (Gray, 19740 Ong and
Krishnan,- 1995). Thouzeau et «l{1991) suggested that sediment instability (in zand dune)
or inappropriate substrate (pebbles and cobbles) might account for the low bivalve
densities. This gradiemt can be defined as the changes in the sand level of the beach
profile as well as grain size and sorting coefficients {Rhoads; 1974 Thouzeau et af.,
1991). Sediment beterogeneity and porosity, as well as Lhe [unctivnal imporlance of
polychaete tubes and cobbles {in providing spatal refuges from redators and suitable
microhabitats for inverlehmates, especially the juveniles), may partly explain biogenic
bottom richness. 5o, in these areas, inhabited sessile filter feeder, for exainple Hydrozoa,
Brachiopoda, Bryozoa, and a small amount of polychaeles.

As compared with these areas, the middie ares may have swable benthic ecosystem
relatively. Sediment faries were mostly sandy-mud, and mixed sediments were found

along the channels. In these type, more diverse benthic animals inhabit.  Althrough Lhe
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exact biological signilicance of sorling is not understood, sorting should, al least in
theory, affect diversity. Poorly sorted sediments in channels have a wide range in
parlicle size and should therefore offer a wide range of niches, leading (6 a high species
diversity{Coleman et af., 1978).

The results of the community structure by clusler analysis in Chonsu Bay showed that
stations located in the middle arean had high similarity in both seasons, but northem
areas and the mouth of bay, which were conmecled with outer sea, had high similarty
only in summer. Recruitment influenced on the community structurc scasonally.
Especially, the occurrence of ubiquitous species(T. fragifis, L. longifolia ) affected faunal
similarity between stalions. We suggested from the results about community structure
in both seasons that mony benthic animals including ubiquitous species had reeruited
around the bay in summer, but most of animals recruited in both side of the bay did
not grow any longer and may be died, and animals which recruiled in the middle of bay
had grown continuously,

Carrelation provides an impartant preliminary to an understanding of the physical
comtrol community structure and function (Warwick & Uncles, 1980). Comrelations
between sediment type and faunal community have been considered for Lhe static
pattern of sediment granulomety, not for the dynamic physical environment in which
the anpimals live({Widish and Kristmanson, 1979} Many shxdies about infaunal
invertebrate distritions have correlated with sediment grain size, leading 10 1he
generalization of distinct associations between animals and sperific sediment types. But
there is, in fact, little evidence that sedimeniary grain size alone is the primary
determinant of infaunal species distributions{Snelgrove & Butman, 1994). It is difficult to
evaluate the significance of animal-sediment associations berause the mechanism
delermining distribution of organisms is poorly understood (Miller & Sternberg, 1983).
As results, one particular environmental factor might have oot influenced all benthic
community, but sediment type have to be an important parls in benthic macmfaunal
assembiages in Chonsu Bay.

A dominant species, T. frogilis showed that recruitment occured quanlitalively in
summer in most of study areas. But recruument was probably more successful in mmud
substrate nich In organic inatter. Most of dominant speries such as, £ fongifoli,
Noligolronchia, and 5. scuoio have been similar patterns in this area(Fig. 100

1



Many species showed that patterns of dominance changed with time and arca.
Allhough dominant species in Chonsu Bay got low proportion in wial density of the
cofmmunity, they played a major role in the communily. In fact, more diverse
communities contained species with high reproductive potentials. Thus it may be
possible 1o predict the species diversity of highly diverse communilies after calastrophe.
The dominant species in such a community are much more difficult o predict (Poare &
Kudenov, 1978). But most of dominant species in Lhis area were composed of
‘opportunistic  species’ and other species fluctuated according to time and area. In
conclusion, we suggest that benthic community has been mainteined under unstable
conditions since the construction of sea-wall. But these results are infered based on the
data only in two seasons. Field stwudies on environmental impacts are necessary at
aprropriate time and space intervals and for sufficient duration (Gray, 1981). Bat,
according to these results, benthic coinmunities in Chonsu Bay was  affected by
changed current system and sedimentary fecles due to the seca-wall construction,
imegular freshwater discharge, and input of a lot of organic matter from neighbouring

fish farms.
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Table 1. Total number of species, density [ind/ m®), number of species, percentage
composition and frequency occurmence( %) of all taxonomic groups during cach
sampling periad of macrobenthos in Chonsit Bay.(Sp: Number of species, (%)
percentage composition, Den. Density)

Total No. sp. &pril, 1993 August, 1993
Taxa. Sp. (%) Sp. (%} Den. (%) Freq Sp. (%) Den. (%) Freq.
Occurrence Occurrence
Cnidaria 5 1.8 3 1.7 17 0.1 21.7 5 2.5 40 01 267
Flatyhelminthes 1 0.4 0.0 2.0 0.0 1 0.5 73 0.2 387
Sipuncul ida 3 1.1 2 1.1 6 0.4 21.7 2 1.0 20 0.1 187
Semertina 4 1.5 4 2.3 79 0.7 56. 5 4 2.0 206 0.6 70.0
Brachiomda 1 0.4 1 0.6 102 0.9 13.0 a.0 a.0 9.0
‘ol lusks
Polyplacophora 1 0.4 1 0.8 23 0.2 8.7 1 0.5 17 9.0 10.0
Gastropoda 29 10.6 10 5.6 M 0.9 60.9 15 9.0 788 2.3 90.0
Bivalvia 43 15.8 30169 2,181 19.7 87.0 22 11.0 12,570 37,2 967
Cephalopoda 1 0.4 1 0.6 3 oo 1.3 9.0 0.0 8.0
Annelid
Polychasta 91 33.3 63 35.6 6,079 55.0 91.3 84 42.0 14,566 43.1 100.0
Arthropoda
Crustacea 78 28.8 48 27§ 2,281 20.4 87.0 54 27.0 4,457 1.2 96.7
Echinodermata
Crinoidea I 0.4 1 0.8 3 0.0 13 0.0 0.0 0.0
Asteroidea 2 07 2 1.t 17 0.1 17.4 2 L0 83 0.3 133
Ophiurcidea 7 2.6 5 2.8 707 34.8 4 2.0 436 1.3 53.3
Echinoldea 2 0.7 Z 1.1 10 0.1 13.0 2 1.0 69 0.2 308
Holothuroidea 3 1.1 3 L7 M 0.5 0.4 1 0.5 4% 1.3 533
Chordata 1 0.4 1 0.8 7 0.1 8.7 2.9 [ .o
Total 273 177 ) 11,048 204 33,779
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Table 2. Dominance ranking{Le Bris index) in density{ind/m) of macrobenthos
during each sampling period. (Po: Polychaeta, Bii Bivalvia, Ga: Gaslropoda,
Cr: Crustacea, Ho: Holothuridea)

Rank Species Taxa. Mean density  Total % of total Freq{x} of
{ind./ o**std) Demsity Density Occurence
April, 1993
1 lupbrineris longifolia FPo 69,04 =100, 39 897 812 56. 52
2 Sigambra tentaculata Po 18.28% 21.38 238 2,18 56. 52
3 Nephiys oligobranchia Po 65. 74X 85.21 855 7.74 56, 52
4 Theara fragilis Bi 92.66X114.056 1,112 10.07 52.17
5 Aoridae unid. Cr 56,53+ 64.35 452 4.09 34.78
6 Friopisella secheiensis Cr 15. 77 16.14 142 1.28 39.13
7 Amphareta arctica Pa 17.75+ 23.83 231 2.09 h6. 52
8 Priomospic krusademsis  Po 53.86% T71.41 746 6.75 G0, 87
9 Azpelisca sp. Cr 13.66f B.35 96 0.87 30, 43
i0 Giycinde sp. Po 28.61+ 21.35 429 3.88 8522
1 Iorisca of. nana Bi 13.20F 11.42 79 Q.72 26.09
12 “iycera chirori Po 14. 521+ 11.48 218 1.87 65,22
13 Heterpmastus sp, Po 29.30+ 40.59 2 2.12 H.78
14 Eteone longa Fo 9.24 £.04 46 0.42 21.74
15 Sternaspis scutata Po 22.37 16.30 Z0 1.82 39.13
August, 1993
1 Theora fragilis Bi 432.60+451.87 9,517 28.18 73.33
2 Lushrimeris longifolisa Po 206,32F+274.26 4,333 12.83 70, 00
3 Philine argentata Ga 27.65% 18,02 581 1.72 70, DO
4 ANephtys ol igobranchia Fo 10.46 7.79 251 0.7 B0, DO
5 Raphidopus ciliatus cr 23.10% 21.65 508 1.50 73.33
g Stermaspis scutats Po 73.43% 18.08 881 2.61 49, DO
7 fycinde sp. Po 27.09% 19.40 515 1.52 63.33
8 Heteromastus sp. Fa 16,07+ 17.09 241 0.71 50, DO
9 Moerella jedoensis Bi 38.81* 36.86 660 1.95 D6_67
10 COlycera chirori! Po 1281+ 10. 40 281 0.83 76. 67
11 Amphareta arctica Fo 61, 741126, 52 865 2.56 46, 67
12 Arcidea sp. Fo 21.15% 35.64 360 1.06 56. 67
13 Sigambra tentaculata Po 19.11+ 17.09 363 1.07 63.33
14 Tharyx sp. Po 21.65+ 23.95 M7 1.03 53.33
15 Protankyra bidentata Ho 28.05% 41.58 449 1.33 53.33
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Table 3. Pearson's correlation coefficients malnx{ 5% of significant level ) between
abiotic and biotic variables in Chonsu Bay. (Temp.: Bollom water temperatire,
Sal.’ Bottomn salinity, D.O.. Bottom dissoived oxygen, Sand: Sand proportion of

surface sediment,

Fhi: Mean phi of surface sediment, Q.C.: Organie conlent of

surface sediment, Sp. Number of species, Ind. Individuals, Div.: Diversily

index, Ric.: Richness index, N: Nitrogen content of surface sediment, S: Sulfur
content of surface sediment)

Temp. Sal. D.O. Sand {1;1’15 0.C. Sp. Imd. Div. Ric. N 3
| April, 1993 ,

Teup. 0.98 0,29 -0,60 -0.48 0.60 0.67 -0.64 -0.39 -0.29 0.00
Sal. 0,37 0.42 -0.62 -0.46 0.62 0.67 -0.59 -0.51 -0.26 0.03
Do, -0.30 -0.26
Sand 0,29 0,13 -0 -0.M -0.18 9,35 0.35 -0.18 -0.33 -0.13 -0.02
Phi{e@) 0.33 0.08 -0.17 ©.19 0.27 -0.42 -0.43 0.18 0.24 0.2} 0.03
o.c. -0.35 -0.43 0.7 -0.09 -0.14 -0.32 0.3 -0.04 12 0.94 (.68
Sp. 0,03 0.33 -0.42 0,17 -0.29 -0. 41 0.89 -0.39 -2.20 -0.27 -0.15
Ind. 0.26 0.6 -0.17 0.11 -0.29 -0.29 D0.46 -0.39 -0.28 -D0.27 -0.21
Div. 0.36 -0.54 0,39 0.12 0,09 0,18 -D.42 -0.37 0.16 -0.16 -0.30
Ric. -0.34 -0.43 0.45 -0.08 -0.13 -0.02 -0.15 -1.29 0.54 -0.10 -0.15
N -0.04 0.01 -0.22 0.04 0.86 -0.21 -0,12 -0.40 -0.12 0.0 0.86
s 0.62 0.41 -0.21 0,22 -0.01 -0.29 0.33 0.25 0.13 -0.26 -0.i0

August, 1983
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Table 4. Distribution by density intervals{mean value} of the main macrobemthos sampled in
April, 1953. ( Bi Bivalvia, Po- Polychaeta, Cri Crustacea, Be: Brachiopoda: Mean density
ind/m’ (9< 16 ind/m% (#) 17 1o 32 ind/m% (44} 33 to 75 ind/m% (#80) 76 o 218
ind/m® () >218 ind/m” )

Mean Sand Gravelly Gravelly Mﬂ— Sandy- Mud

No. Species Taxa. Density Sandymod  Mud mud
Assemblage 1
1 Theora fragilis Bi 92_66 #awny 52 Hawi REMRE  RAEA
2 Eriopisella sechelensis Cr 15.77 # L2 &4 L2
3 Glycinde sp. Po 28 8] ## Haun Ay o dans 5%
4 Sigamhra tentaculata Po 18.28 # *H e # # L2:2
& Moerella jedoensis Bi 14.85 # #H 23 #E# #H rHk
& Nephtys oligobranchia Po  65.74 a4 aeukg meRE Sese & #
7 Prionospio krusadensis Po 53,26 #ues  # Hikez ¢ Hhaen sHgy
8 Lumbrineris longifolia Po 69,04 & rARAY hany o8 EZETT I ]
9 drcidea sp. Fo 35.31 # Hue aRagy # wu #
10 Glycera chirori Fo 14,52 #ui #HaH Hati ErE ] #
Assemblage H
11 Aoridae unid. Cr 56,53 ase fragnn LETE 1 #
12 Nitidoteilina minuta Bi 14.15 »a# #H yan #4 # #
13 Paralacydonia paradoxa Fo 8.8 # # #2 E2E] #
14 Magelona japonjca Po 9.17 # Ed #y #
15 Sternaspis scutata Fo 22.37 w# #i # # Erd HiH
16 Abrina Iuneila Bi 10,33 4# s # #it # #
17 Racta pulche!lla Bi 6.60 #r # # # # #
Assemblage IIE
18 Lumbrineris japonica Po 37,72 &% # wu K
19 Muscuius senhausia Bi £9. 30 K
20 Ruditapes philippinarim Bi T9.20 LEET T 3
21 Corpphium sp Cr 13.86 »## # # # ES
22 Pisidia serratifrons Cr 52,80 # LX)
23 Cumacea unid. Cr 9,08 ## # &n Hit # #
24 Captothyris grayi Bc .09 # # f324
25 Yenaphthalmus pimnnotheroides Cr 23,10 ## FEE] #
26 Owenfa fusiformis Po 15,84 # # Han
hosemblage IV
27 Heteromastus sp. Pa 29. 30 # # # frre s
28 foriscs cf. nama Bi 13.20 #a ## iy # #
29 Tamhslagamia fauvelli Po 14.52 #a LR #
30 Raphidopus ciliatus Cr 22.54 " i F]
Assenblage ¥
31 Amphareta arctica Fo 17.75 fo s hid # saw #
32 Gammaropsis utinomi Cr 13.56 # max AR # #
A Photis lomgicadata Cr 27.82  www LEEE] LETS # #
M Bybiis japonicus Cr 17.82 =# #i # [253
35 Thelepus sp. Po 11,55 # # # #4
35 Melita sp. Cr 19.80 #4 FET] Fl
37 Limaria hakodatensis Bi 72.60 aax
M Agpelisca sp. Cr 13.56 e ## # # #
39 Anatides koresna Po 9.54 # # # ## #
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Tabie 5. Distribmion by density intervals(mean value} of the main macrobenthos sampled
in Apgust, 1993, { (7 Castrupoda, Bir Bivalvia, Por Polychaeta, Crl Crustacea, Op ¢
Ohhiurcidea, Ho Holothimoides | Mean density! ind/m% (<16 ind/m (8 17
to 32 ind/m% (4) 33 o 75 ind/mb (#8076 o 218 ind/m’, () >2I8 ind/m”)

Mean Samd  Gravelly Gravelly Muoddy-  Sandy-  Mud

Mo, Speries Taxa. Denshy Sandymod  Mud sand mud
As 1
1 Theora fragilis Bi  432.60 e # L1 papse  KRuRR
2 Lumbrineris longifolia Po 206,32 ## FEE TS HAREn  HHERY RRHEYE nany
Assemblage [}
3 Hvtilus edulis gall Bi  £74.20 #eaas #ia
4 Corophium sp. Cr 127.B8 #awey 4 ungy
5 Ophioplus meRapamus Co 42 40 #HK # vHEGy
& Clymenella sp. P 28.74 S aRenY # #
7 8Byllidae unid. Pr 21,45  suis dand wH Ry
Asgemblage [}
8 Terebellides horikoshii Po 55.21 LRt BEHER WA 2 23
9 Adorx!isca sp. Cr az.01 Eo 0 H#RE8E  #A # #
i0) Gamparopsis vtinomi Cr 82.96 #rand L2 #
11 Fraxillefia affinis Po 64, 68 it FETTEI 7 ¢ ] #
12 Amphicteis gunnerf Pao 47.03 #iny iz # S #
13 &iycera chirori Fo 12.74 #u# AR Han #ie #it e
14 Melita sp. Cr 21,45 gsuey  Hymy EX] EY #
15 Amphareta arctica Fo 66,50 ## LESS HEnis #an #
16 Amaoana sp, Fo 28.38 B HERER  HBE #ity #
17 Anatides koreana Fo 19. 80 ey -3 15 4 & 27
Assenhlage [V
18 Sternaspis scutata Fo 73.43 L #n H#inx L2124
19 Ampelisca misakiensis cr 70,39 iy sy
20 Chitinimandibufup sp. Cr 23.93 # # 225 ## 2
21 Eriopiseila secheliensis Cr 22.51 # # ann Er T
22 Moerella jedoensis Bi 38.81 # #4 LE7 HE f21 7
23 Chaetnrone spinosa Po 47.16 #H F25
24 Frionospio krusadensis Fo 30.00 # .12 EXET
25 Tharyx sp. Po 23.10 # wuen 4 #Hwy
26 Heteromastus Sp, Po 17.19 # #iat # HH #iH
Assemblage V
27 Philine argentata Ga 29 04 f.2 5 i # Hiny sy
28 Glycinde sp. Po 28.61 iR # # HitHg HiH
2% Raphidopus ciliatus Ccr 24.19  AuEn #3 Hin f1:2 i HRHR
30 Protankyra bidentata Ho 28.05 # # HIEHR Hith
31 Sigambra tentacyfata Po 19.11 #* # ary # Lt L
32 Arcidea sp. Po 21.15 # # L2 S #
33 Harmothoe sp. Po 25.51 wanrzx w4 axy it #
34 Nephtys oligohranchia Po 11.39 #¢ #H EE TS 1 it .23
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