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I MINTRODUCTION

This paper deseribes the envirenments and biology of the Kerean
wesl coasl. which s known 1o he one of the unique megatidal
regimes, The tidal height recorded al Inchenn Harbor located in the
central wesl is larger thun Him. Land wses of the Korcan coastal
arca have maiely been focused on ! don of the tidal flas
which arc produced during the chb i sk tidal ranges asso-
ciated \M[h the gemle sca-bottom a](J"IC creale broad tidat flats aleng
the Korean west coast, Attentions have also heen paid lo an use of
the tidal energy provided by the strong tida: cuerent 2t tbe mouth
arcas of the Garolim Bay, but the project on the tidal power plant
has not been exceuted unti? woday i1,

Coastal uses of the Korean west ceast zan be projecied in various
ways | fisherics, shipping and pori. reclamations, militarics and of
course the iidal power slant, However, ali those exploitations could
then be advanced, i the conscquences are nod deleterious o the
coastal environment, Unforiurately, the Korzan newspapers carcied
an increasing volume of arlicles addressing the issues of the coastal
polimion and the scientific reporis also indicated impacts of the

coastal deterioration on the coastal ccosystem. The degradaion of
an astificias saling ake « Sihwn» which was formed afler a seu-wall
construction in 1993 was one of the mair issue of ke Korean news-
papars ard broadeasts last summer,

The present paper was desigred Lo examine the feasibility of Lhe
tida: power plan: on the Korcan coast, but offorss have been girected
rather 1o & deseription of the environmenis and crganisms on the
Korean west coast, especially, the tidal at, T was thought that
undersianding ihe ecology is already am acl of the feasibility study
on the cossial ases whatever iU concests, Tidal Dal Tora, fauna and
bidlogicat productions arc described with emphases on the interrup-
tions of the coasle] ccosyslem observed afler the intensive uses in
terms of the lidat fla: seclamation.

Korea is a peninsata inhabitcd over 4.3 million people (south)
and on the reed ‘o oan ceonomic development since 1960's, Three
stdes of the country are bordered 1o 1he seas of the BEast Ses, South
Sca and West Sea. The East Sea contains the deep basin formed as a
buck-arc basio behind she Japanese Tslands. The West Sea s the
sustern part of the Yeltow Sea, a shaliow continentai shelf whose
depth reeches only to aboul 535 m in average {maximuwm less than
about [00 m).

_ Les enwronnements 4 fortes marees en Coree et les prruets de centrales maremotm:es -
La cote ‘ouest de fa Core__"connai‘t et regmze de fortes nigrées.. La chre est exp!o:tee pour Za peche, les acti-

._'vztev portuaue?, mrl:razre et la-force. ma:emotr:ce Mazs' la crmsrmatwn it bas rage a1’ ong:ne du Iac Sa.’e
B ;.Szhwa ' pa.s 81é sans cons#querwes ecofogrques sur Ia faune et la ﬂore Or la producrron de bzvalves esr i
) zmpormme pour a‘ econontie :careefme L msfaflarmn d’une usine mmemotnce pour}‘ait cor ripuer a e
o bmss‘e de !a pollut:on dans le lac par des echanges' d eau phas rmpnrtaﬂrv avec Ia mer E
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KOREAN MEGATIDAL ENVIRONMENTS AND TIDAL POWER PROJECTS

Coastal arcas of Korea have long been exposed 10 an industrial
use for the achievement of a rapid cconomic growth during the last
three decades, At the initial phase of the industrialization, industrial
complexes have largely been established around bays on the cousst of
the Fast Sea and South Sca, but bave expanded 1o the coast of the
West Sea since the mid [98(0Ys. The West Sea is a rogion afiected
largely by higher tides vp 1o FOm. The high tidal ranges and the
gentle botiom slope produce broad tidal Mats which rival those on
the North Sea coast. Aleng the coast of the West Sca, tidal fats are
developed 1o about 10 km wide in many places and occupying an
arca of approximately 2 850 ki”. The coast line has o length of
about 3 300 km due o the deep and dented geomorphology, The
coastal use on the West Sca was directed rather 3o o reclamation of
tidal lats by separating them from the sca by dikes. Land caming
was he prime inlerest and, therefore, tidal flats have frequently been
blocked and landfilled.

The Ministty of Agriculture estimated the acrial dimension af the
coastal zone possible to reclaim as ubouwt 4 000 km?, of which
620 km® (15 % of the 1al) is alrcady diked by 1994, At present, an
arca of 760 km? (20 %) is under the construction of baricrs, and
2700 km® (65 % of the total) is planned 1o create lands for an
incustrial and agricwdtnal purpose. I all the tidal s reclamation
projects run as planncd, the coast line of the Wost Sea would be
rounded with barricrs and dikes, and the tidad fluts o be remained
are cxtremedy sinall by the beginning of 21 century. It can casily be
expected that those deterjorations of tdal flats would portend fuiure
negative effects on the coastal ceosystem.

Little auention has been paid to the biolegy and ccology of
Korcan tidal [lals compared with those studies on Nortl Sca coasts
12, 3]. Eeological concerns of fidal flat organistus to Korean coastal
water's have hardly been undersiood due to the lacks of investiga-
tions on the tidal flat ecosystem. This study was aimed primarily to
presemt binlogical data 1o give an overview of fora and {auna ocowr-
ring on the Korean tidal fla Biological resources were also evalu-
ated based on duta of secondary producton cstimated for bivalves.
Statistics on lisheries catches are also included. By referring historic
reeords of the tdal at reclamation and waming signals on its eavi-
remmental impacts already observed, we have discussed the (uture
strategics of the human uses of the Korean coast. It was, namely, of
our question how political economy and collective action concerning
the milization of such unique megatidal coast should be structured
in the futuse.

II M GEOMORPHOLOGIC AND
DEPOSITIONAL SETTINGS

The Korean coast is one of the rias which are reported from other
parts of the world, e, the Iberian Peninsula, Brittany in Franec,
Deven and Cronwall in the Brivish {sles, China and Argenting (Cas-
taing and (Guileber, 1993). The rias of the Korcan coasl are malnly
logated on the south and west coast. The number of islands ofl the
coast is exceptionally large (approximaded to about 3 000}, espe-
cially in the south, and the southwest. but also to some exient in the
west, Most islands are outcrops of up 10 about 200 m height com-
posed of granites and sedimentary rocks. Mountains and hills of 300
1o 800 1 in the south and 130 to 200 m in the wesl are closed 1o the
shore ling, Fidal flats are developed then {rom the shore line ot 1o
-the sea. The channels of aboul 1o 30 m depth near the coast are
mostly in the NE-SW direction in ihe west.

‘Ihe modern tidal flats on the west coust of the Kerean peninsula
were formed during the recent Holocene tise of sea level. They are
less than 10000 years old. The development of Korean tidal flat is
supposed o be related with the Targe supply of sediment {rom
Ifwanghe River and Yangze River. Scdiments transporied southward
by cursents in ¢oastal waters off the Kovean coast were caleulated 1o
be 25-250 x 10° m3 yr! which was considered one or lwo orders of
magniude greater than discharges {from Korean rivers alone [4).
Therefore, sediments on the Korean tidal {Tats is supposed to be
derived from other parts of the Yelow Sea

The tidal range in sprinyg tides increases from 2.4 m in the south-
cast W 3.9 m in the south, 4 m in the southwest in the South Sea and
7m in the central west and 9.3 m al Incheon in the northein wost
{fig. /). The tidal range in the East Sea is insignificant (up to about
0.3 m}. The arcal dimension ol tidal fats become larger directing 10

the north. For example, the Kyeonggl bay located n the most north-
cri west conlains tdal [Jats oceupying an arca of 1,0176.6 kin?,
whereas Lhe province of Cheon-Nam in the central west includes
less arcas of 2§8.9 km?®, I appears to be related with Lhe tidal height
which increases approaching to ibe north. However, the provinee of
Cheon: Buk possesses an area of 946.7 kin® of tidal flats. The dented
and deepened coast line produces such farge arca of tdal flay,
although the tidal range is not high as shown in the nothern, The
tidal {law developed around the province of Chung-Nam is
500.9 km'.

Tidal NMats in the west are mmostly a wedge-shaped type when they
occur around islands located near the coast (g 7). They are elonga
ted Lo the southwest from the islands and fringe ofien to channels:
both to the east and west, Tidal currents which {low mostly in g NL.
SW direction with ebb: dominated in respect 1o sediment transpont
could be considered as a factor prograding o the southwest from the
barriers as islands scatiered along the coast,

Tidal {lats on the Korean cousls are generally divisible inta three
deposiiional settings based on the sediment type @ oud (lat, mixed
flat and sand flat {rom wpper o tower intertidal zone. A characieris-
tic feuture is that the usual high marshes bearing halophytes vegeta-
tion are rare or absent. Intensive reclamations carried o for the
high rice produclion during Japanese occupancy desiroyed the
higher inlertidal where the salt marshes flourished, ).arge reclama-
tions which were made 1o produce salt by Japanese. especially in the
Kyeongpl bay and in the Garolim hay, would be another 1eason for
the absence of ridal mursh xones i the west Mad flae Taces oceur,
therefore, ditectly from the shore line, Muad {lats prevail also in
regions sheliered from the sea. The mixed flats are commonly found
i the reglon outer the muod flat to the seaward. Sand flas are
observed on the open coasts and lower tidal Bals near the channel.
Parallel lamination and small scale ripple beddings are frequently
observed on the sand flat 3] Physical sediment somclure on sand
flat includes wave and current lamination, {laser and plane bed lam-
ination, Bioturbation in sediments was active ruther on muod flaes
than on sand flats,

Tidal Height (m)

Nov. 1996

1. Areal map of the Eorcan tidal flat (right) with descriptions
of maximum tidal height recorded aleng the west coast of
Kores, 1988 (leti).
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III BSTUDY AREA

The

aon

invesligutions have teen conducled at 8 localitics distributed
: the wesi coast during the periods of 1984 (o 1992, Study arcas
investigated were tidal Juls on the coast of Incheon-Songdo. Yeone-
Jjongdo, Panweol, Hwasung, Daesan, Gunsan, Kimje and Buan
ifig. 2). Followings desertbe the physieal and sedimentologicat envi-
ronments of 17050 4Fcus,

3.1 Inchieon-Songdo and Yeongjengdo tidal flat

To the south-west of the city of Inchon, broad tidal Hats tre devel-
oped along the coast. A main ddal chaescl which s connecled (o
the Han wiver over Kangwha Suro passes throughout this ares and
divides the tidal flal into two parts. Incheon-Songdo tidal lat is the
tidat flat located 1o the east of the main chaneel. Sediments throegh-
out ihis region consisled lergety of sill and sund, The Yeongjongdo

126°E 127°

126° 30'E

(1) Kyeonggi Bay
{2) Asan Bay

o

Chun-nam

2. Map shewing the lecations of tidal flats investigated (right) and detail maps describing the study area (left from top to bottom, A :
Incheon-Songdo tidal flat, B : Yeongjengdo tidal flaf, C: Papweol tidal flat, D ; Hwasung tidal flat, E : Dacsan tidal fat, F-Ii : Kun-
sun, Kimjc and Boan tidal flat with transect lines set up for the investigation).
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vdal fat located over the main channel differs from the Incheon-
Songdo tidal flat in sediment composition. ity to clay scdinents
predominate on the Yeongjongdo Lidal flat.

‘the arca belongs o a macro-tidal regime. Mean spring tides
range between 8 and 9 m and mean neap tides range between 3 and
3.5 m near Incheon harbor [6). During spring tides, corrent veloe-
ittes at flood tides range between 0.9 and 1.8 ms™! and those at ebb
tides range between 1.2 and 23 ms

3.2 Panweol iidal flat

The area could be categorized as a typical mud flat lucated in a
almost eoacloscd bay near Panweol, The entire intertidal sediment is
classifiable us mnud except the sediment in the main tidal channel
which consists of sand silt. The area has semidiunil macrotidal
cycles with tidal ranges similar o those of Tncheon. Tidal current
veloeities in the main lidal channel range between 1.1 ms? at
spring tides and 0.5 m 571 al neap tides 7).

3.3 Hwasung tidal flat

This tidal flat is also o typical mud flal {regquently found in an
erbayment on the Korean eoast. Sandy sills wee mainly disiributed
in a narrow range along the channed which passes thronghout he
study arca in a NE-SW dircetion. In the arca, a drainage netwark is
developed with a number of small tributary gullies. Current veloe-
iies were supposcd 10 be similar o those observed in Panweol arca.
The Mwasung tidal {1at is located in a decpened bay about 10 km far
from Panweol io the south.

2+ 3.4 Daesan tidal flat

The arca studicd 1s one of the splays resembling a bunch ol grapes
developed in the Garolim bay. A tributary channe) branching from
the main tidal channct in the Garolim bay is cxtended to the ooler
tidal flat of the study arca. Sediments around the channel consisted
fargely of sand, but silly sediments predominated on (e inner tidal
ilat.

% 3.5 Kunsan, Kimje and Buan tidal flat

These tidal flats are located side by side cach other from the city of
Kunsan to Buan in a N-8 dircetion. The whole region is commonly
called Sacmankeum Area duc (o a large reclamation project
launched jn 1993, All the tidal flats around this area is o be diked
Ul around the year of 2000, The tdal flais studicd are the broadest
ones o the west, The ineridal zone s 20 km hroad a1 the contra)
arca and has an area of approximately 170 ki when cstimated at
the lowest Jow water. The Kunsan tidal fTat receives the fiow of the
Mangyung river which joins with the main channel. The Dongjin
river flows to the Kimje tidal {lat, however, {reshwater discharge
wits sufliciently small so than year round salinitics approximated
those characteristes of the offshore region. The geomophology of
these estuaries is similay Lo that of Keom estuary 15 km far 1o nonh
which is known fo a ria-ype estuary dominated by tides [8, 9]. The
mmer Lidal flat of the study area was Incated within the mouth of the
lwo rivers where the fine grained scdiments predominated. Scdi-
ments on the owter flals were coarser, nialily sand.

The bathymetry is teflected in the flow patterns of tidal currents
which deminaied over the whole tidal Nat, Major {lood and ebb car-
rents were ina NE-SW direction offshore. Tides are mised scmi-
diumal, with a mean tidal range of 4.3 m, a maximum spring tidal
range of 6 m and a minimum neap tidal range of 3 . Current
velocities range between 0.8 and 1.8 m ¢! at flood tides and
between 1.2 and 2.4 m 5™ at chb tides | 10}

IV B MATERIALS AND METHODS

< 4.1 Sampling and Estimation of Annual Production

4 1.} Benthic diatoms

Objeer organisms for the study of lora were restricted rather to ben.

KOREAN MEGATIDAL ENVIRONMENTS ANIY TIDAL POWER FPROIGCTS

thie digtams than other micro-organisms as Cyanobacteria und
halophytes. Sediment samples were taken {rom four lidal flas of
Incheon-Songdo, Kunsan, Kinyje and Buan, The {lora on the
Incheon Songde tidal flar was investigated by samples collected
from threc sites during Junc of 1987, Samplings on the other three
tidal (Tats were carried oul during June 1988, Twelve sampling sites
on the Kunsan tida) flal were selected. The number of sampling sites
at Kimge was 20, Sixleen sites were chosen at Buan. All the sie for
the floyal imvestigation was set up on the transeet lines runping per
pendicular o the shore.

About 100 g of surlace sediments were collecled al cach sile by o
plastic core 30 mm in diameler, In arder w obsarve the frustle struc-
wre of diatows for identification purposes, the sediment samples
were teated with hydrochlacic acid. Diatom cells were eluted [rom
sediment samples by passive settling and repeated washing [11].
Subsamples of the clulunt were mounted in Hyrax and the perma-
net slides were used lor both identification and counting of dialom
taxa. Abundance (number of diatoms per o) was caleuduted by
mubtiplying the number of cells of a taxon by the dilution factor and
adjusting this vabue o the actual area of the sample core.

4.1.2 Tidal flar invertebrares

Ocomrence of the tdal Mat animal was investigmed a6 8 localilies
listed above, A box core of 0.1 x 0.2 = 0.3 e {sucface arca :
0.02 m?) was moslly used to eolleet the benlhic animal, On de
Incheon-Songdo tidal fla, five box core swuples were taken {rom
twa transcet lines starling {rom Songde and Dongmak in April
1991, The collertnd sediments were washed on o 1 oun mwesh sized
sicve, and the animals retained were fixed with 10 % formalin salu-
tion In seawater, The samples on the Yeongjongdo tdal flar located
1o the west ol the Incheon-Sonado tidal {lat was callecied from
20 stutions in 1989, Thirty stations on the Panweol tidal flar were
investigated in Seplember 1984, but the animal was collected
dircetly by hand, nol by a box corer, while the sedinent was dug
down 1o 50 em depth within two 1% 0.3 m guadrats at cach sation.
The fauna on the Hwasung tidal flat was studied a1 16 stations in
July 1992, Samplings on the Dacsan tidal Mat were carried nal al
26 stations during Juby 1993, The locality and investigation period
ol the faunal study on the Kunsan, Kimje and Buan udal {las were
the sume as those of the floral stady and the animal was collected
by hand digring the sediment down Lo 50 em deptic Two of
(L5 > 0.5 m quadrats were sampled al cach station, Afier idemifica-
tion and counting the individuals, al) the vatues on individual num-
bers were converted w the numbers per m.

4.1.3 Measureiment of the primary production of
benthly microalgae

Primary praduction of bepibic microalpac was wmeasured using the
" eihod at 9 occasions from Maich 1o December 1989 on the
Incheon-Songdo tidal flac In sile experiments were carmed out on
the: exposed tidab flat ae low tide. Top 5 mm of surlace sediments
was collecied and transferred to glass lubes for the incubation. The
lubes were Alled with 5 ml [lered seawater from the same localily,
o which ahout -2 pCi NaH"CO, was added. The tubes were then
incubated during midday for 102 h withoue stirring. Light grades
wene regulated 1o be 0010 100 % of {ull sun by mesh screens. Pholo-
svrthetic responses to light fmensities over scason could therefore
be obiained. The assimilated ™C after the incubation was measured
by liguid scintillating counter after solvenl treatments,

The photosynthesis-fevadiance (P-f) relationships over scason
were employed o estimate the annual primary production [12], We
calculated firstly the daily prodoction varying with light intensity.
The daily production was compuled by hourly rate of production
multiplicd by the mean biomass (Chl-a content of the sediment} and
the duration of exposure. The sunnnation of daily production esti-
nsated under different light intensity, Chi-a content in sediments pro-
dueed the annwal production.

Chlorophyll cantents af sediments were messared osing 90 S
acelone extracts with surface sediments cotlected from the same
locality, A total of 25 samples were taken at every survey to avoid
sarnpling bias due to any differences in chlorophyl} concentration of
the saimple sediments, The chlaropbyll contenl per unil area was
hen comparad wiih the prinary production in respect of P/R ralio.
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4.1 4 Estimation of secondary production of bivalvey

Secondary production of bivalves oceurring on the bdal {Tat was
estimated by Ricker's model (P = GxB). Objects orpanisms studied
were Mactra veneriformis which was commen o the sead {lal, and
Singrovacnla constricta, & typice] bivalve on the pud flal, and Kugli-
wapes phifippinarem requenty Tourd or silty w0 sandy sediments.

The production siedy of M. veneriformiy was conducted on the
incheon-Songdo tidal ftat on 17 occasions frem Marceh 1989 10 Scp-
tember 1990, The bivaive M. veneriformis was collecled [rom ten
0.5 x 0.5 qL.d(.E!dth rardomly taid on the fower interttdat, The shell
lengih of more than 100 individeals wis measured al every survey.
The flesh weight of about 30 individeats were meascred alter drying
11 an over at 60 °'C for sbout 3 days vmil the weight slayed con-
stant. The shelt length wes then converted w0 the dry weight o the
bases of repression lines between the length and the dry welghd (W
= a LY determined al every survey, A multiplication of the individ-
ual dry weight with individual nembers counted from the sample
quadrats produccd the biomass {8} which was spplied 1o an cstima-
tion of the sccondary production. The production, £ was then calcu-
lated by o muoiiplication of the refative erowth sote, G, with the
biomass 113} The production was estimated [or every z2ge class
oblained by couning the growth ring. The annual vield of M. vener-
iformis was the sum of the preduction calzutated for every age ¢lass.

The study on (he production of 5. constricre was carried ot on
the Hwasung mud lat for one year from September 1992, The sam-
plo geadrat of 2 % 1 m was larser than thae appiied for M. venerifor-
riis, because of the lower density of 8. constricta. Measurement of
the size of the object snimal cotlected at menthly intervids was per-
formed ir a similar way to M. veneriformis. The cstimation of the
annua: prodeciion was following ke Ricker's model,

The produclion biology of the Munila clam, R phr'a'e'i'pr'nm'um
was studied on the Dassan tidal flat on 13 occnsions from 1991 1o
1992, The clams were collecled fram nearly ten guadrats of 0.5 x
0.5 m by digging o 4 depth of 10 cm in every month, Afier the
measarement of the size, the blomasy and production were estimated
by following the procedure mentioned above.

- 4.2 Estimation of areal dimension of historic reclama-
tions

Historical records of the ddal Qal reelamation appeared ie the tilera-
e were surveyed for the peried from the Begineing of this century
to presert and those records were compaved with maps. Changes in
shore lines dering these decades could therefore be followed and
drawn on the maring charl, Statistics on the arcal dimension of the
reclartation surveyed [Tom Lhe HMersture are then given in rable 4

V B RESULTS

© 5.1 Type of sediment

Sediments are though: o be the najor factor which determine the
arcal distribution of idal flat animals. We have used the scdimen-
tary nomenelature suggested by Shepard 114] to describe the
amounes of sand, sit ard clay, a5 dewrmined by mechanical analy-
sis, although benthic ccologists are not fally agrccd with what sedi-
mentary parameter is most brportant in infivencing animal
distribttion and what constitutes sedintentary parameters, Fignre 3 is
a plot of 167 stations on triangular diagrams by the percestage of
sand, silt and clay. A significant featire of figure 3 was the predomn-
irance of sand and silty sand sediments of the Incheor-Songdo tidal
{lat, while the finer sils were wypical of the Yeonjongdo tidal flat.
The (wo tidai fats of Panweal and Hwasung were also distinguished
by sediment composition. The majority of the Hwasung tdal flat
was characierized by silts, whereas the seduments on Panweol tidat
{lais contained higher percentage of ciay. The broadest :dal fat
around Kunsan, Kimje znd Buar weee composed of sand to sill sed-
maeets, In brief, the tidat Aal of Yeongjongdo, Panweot and Hwa-
sung belonged to sitt-mud flat, while Incheon-Songdo, Kunsan,
Kimic ang Buan ddal Gals could be described as sandy-sill 1o sand

L HOUILLE BLANCHE/N® 3-1997

Tat, Among the lotal of 167 stations, silty sand (23.6 %), sandy sill
(24.2 6) und silt faces (23.6 %) were predominated and then the
sand lace {13.8) foilowed. Less mud faces were found (7.3 $b) Most
stalions were characierized by well sorved sediment as observed
form plals along the axis of silt o sand in tiacgular disgrams, bul
severn] stutions showing a mixture of mud with sund near Kunsan
£5.5 8y were found.

- 5.2 Occurrence of Dizaloms

Arsuments on the correctness of the dentificaton would be ansen
when we wreat such tiny organisms ay diatoms and, espacially, when
we tdentifly them under the light-microscope. Althoush we
employed the procedure of acid washing to cxelude the protoplasm
in the cell and attached debris on the surface of the frusiele, a large
rumber of tiny soecimens belonging o, fe., Novicwls and Nivzschin
comd rot e identiled w the species lovel, Though those difficuldes
o the idenufication, a tolet of around 120 laxa were dentified
ftaptl, 1), The number of taxa remained for & further identification
was counted o abowt 140, Those usidentified species belonged
mainly io the genera Amphora, Navicuwla, Nizschie and Coceconeis.
The tdertified species [rom the four dal Cals iaveslipated were rep-
resented by 42 geeera belorging to 1 familics. The families Navi-
culaceae, MNitzschiaccae, Dintomaceae in the Peanales accounted for
shout 70% of the identified 120 wxa. In the Centrales. the family
Thalassiosiracecas involved 9 species. Of the 42 gerera cncountered,
Navicwln, Paralic, Amphora and Nizsohfo weee the most dosminan:
genera in erms of frequency and abundance. The single most aban-
dant speeies was Paralia sileata, which is considered a5 a tyche-
pelagic species in the Korean waters. 1n the waler samples from off
Kunsur area, more thar 10% of the tofal cell counts way atiributed
10 £ suleaie {Shim et al., 1991). The species of Mavicula arenarie,
Cymaiosira belgica, Arrrpnma coffeasformis, A. holsatica, Ach-
ranthes houckiona, wnd Raphoneis amphiceros was then followed s
the dominant group. )

The Incheon-Sangdo tidal {lar was represented by the lowest
number of diziom laxa of 51 among the localities mvestigaied. The
wotel nurmber of speries counted on the other tda: fhats was noarly
vwo-folds higher than that found at Ischeon-Sengdo. Nineiy-one
texa were identified fram sediment sempics from Kunsar, 94 from
Kime and 97 from Buan,

The specics compasition differed according lo the sedimen:
faces. Seis of epecies were fouad from sili to sand faces. The domi-
nanl species on silt and sandy sill faces wore Paraliy swleara, Navi-
cula arenaria, Cyvmatosiva belgica, Rapnoneis amplicerar,
Thalassionema nitzichioldes, Cyelotella atormus, C strinta, Navicula
cancellare, Nigsohia lorenziana, Psammodiseus nitidus, Thalassin-
sirg gnguste-lineata, Plagiopramma vanneurchii and Rhaphoneis
nitida. Fullowings were charactenistic or silty send and sandy sedi-
ments @ Achnanthes havckiona, Dimeregramme mings Opephra
marivi, O maring, Coceoneis pelta, Amiphora angusta and A, libvea,

There weas a groep of speeies composed of these found at almost
cvery scdiment types. Amphora holsatica end A, coffeaeformis
boionged o this assemblesc, Oher specics suchl as Amphora trgida
and Navicula forcipata could be considercd as laxa withoul prefer-
gnee on the sive of sediment grains, however, the abundance was
law,

The aburdunce of mosl dominant species on fize grulned sedi-
menls, 1.0, Paralis suleata and Neavicwls arenaria was muu,h Ngher
thaa L!msc of Achinanthes hauckianea and Dimervegramma minar

attached on sard grains. The .ota] cell courd of Paralia sileata
reached 10 about 60 x 107 per om? on the mean grain size of 6.0 phi
sediment, whereas the abundance of Achnanthes hanckiang was
about & % 107 per cm? on the 3.0 phi sediment.

- 5.3 Ocecurrence of Tidal Fiat Invertebrates

A wotal of 94 taxa kave heen collected {rom 167 statons spreaded
over § tidal fHats on the west coast of Koerea. The pelychacte
invoived the lavgest number of Laxa (50 amoag 94 species) and then
the pelecypod (16 species), cvabs (12 species) and gastropod (7 spe-
ciesy, Twe of helothurian spocies were found @ one of which Protan-
foyra !Jr'duzmm was considered for typlea: of the ouier tdal fal U
wolld also be worth w nole Wt the living [ossil species belopgiag




1o the brachioped, Lingula anating, was [ound overalt on the coast,
by mostly near Kimje, especially in the middie intertidal in so far
as the sediment was a mixed type of silt with mud.

Over 25 % of the tota] stations investigated showed an oceur-
rence of 2-4 and 4 6 taxon per m?. The number of species per ¥
{12 species) would be biased from an actual ohservation because of
the areal coverage of the sampling carried out often by a box corer
of 0.02 m? whose dimension was far Jess than | m® The accuracy in
number of speeies would also be an argwment for the samples ol
lected by hand after digging the sediment with a spade, although the
acrial coverage of samplings was cxeceded over a square meier,
because the sediment collected in a guadral was not sleved 1o collect
animals larger than a certain mesh size. However, it was impossible
to execule a sieving of sediments from a large number of stations as
set up in the present study. The number of species collected in the
present study would, therefore, be thoughi for a least cstimate. In
spite of those shonages in eollections, an overview of the number of
taxon and also the number of individuals per m? coubd be obtained.

From 80 to 160 individuals per in® was mostly found : the num-
ber of stations fell into these caicgorics were 55 among the wtal of
167 stations. The density of 40 1o 80 and 160 10 320 were also fro-
quently observed, The mean density was 1,067 individuals per m?
with a standard deviation of 4.536. The highest mean density of
3783 was found on the Kunsan tidal Mat, however, 14 must be
noticed that the bivalve Laternude of. linticole occupied 98 % of the
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intal mean. The Daesan udid flal ranked the second in abundance
{mean densily of 2,648), but the density of the polychacte fletero-
masius sp. was remackably bigh (nearly Y0 % of the total mean).
The highly dominated specics was also found on the Buan tdal {1
where the mean density (1,018 individuals per m?) was recorded as
the third among the tidal flat jnvestigated. The arca was populated
by epibenthic gastropod mbamium thomasi was populated with
high occupancy.

Data on density {individua! numbers per m?) and frequency (%
ocourrence al sampling stations) of the mos! abundant 19 1axa on 8
iidal flals are prescnted in tahfe 2. The waxa listed in (ahle 2
belonged mostly o infauna. Ceenrrence of cpifauna would be
poorly deseribed by samplings with a box core covering an arca of
0.02 m* employed in this study. The most dominant species listed in
tuble 2 would, therefore, give a different pereeption from that
obtained when we ohserve the tidal flat at a glance. For cxample,
the gastropods such as Mullacta exaratq and Hinia festiva were fre-
guenily found with naked cye on the silly sediments, however, those
taxa ranked sceond dominant group in teble 20 In spite of those
shortages, we could deline characteristic species at differenl jocal-
ities and sediment faces. Followings describe the churacteristic spe-
cies of cach tidal fka from narth to south,

The first set of [l species in wable 2 could be considernd typical
of the stations on the Incheon-Songdo tdat flat. The maost dominant
species was the holathurian species Protankyra bidemiate which

@

Sand

« Incheon-Songdo 9 o Banrweol

o: Yeongjongdo o: Hwasun

(b)

Silty sand  {23.6%)
_Muddy sand (3, 5%)

_ Sandy silt | (24.2%)

Sit . (23.6%)
_Mud . (7.3%)

Protankyra bidentata
Laternula ¢f limicola
Lingula anatina
Ruditapes philippinarum
Umbonium thomasi
Lumbrineris nipponica
Lingula anatina

Macitra veneriformis

Lingula anatina

Bullacta exaraia
Hinia festiva
Sinonovaciila constricta

Nitidotellina minuta
Ilyoplax pingi
Perinereis aibuhitensis

3. Sediments compo-
sition of stations
surveyed plotted
on Folk’s {riangu-
lar diagram {top)
and representative
animals at diffe-
rent sediment types
arc presented (bat-
Lom).

Ilyoplax dentimerosa
Macrophthalmus japonica
Macrophthalmus dilatatus
Helice tridens sheni
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oceurred largety in sendy sediment of the ouler tidal flat. Examina-
tor of the list of species froam the Yeongjonpdo tida: flat revealed
that e taxa were more characteristic of the silty to muddy sedi-
ments. Mitidetelling minutg which ranked the second in abundance
iy a lypica] bivalve frequentdy found around Korean cousts wheore the
scdiment 15 composed of sil-sized grains. It is noteworthy that the
Yeongiongdo tidat [7at betonged 1o a typicas sitt-mad flat as Panweol
and Hwasung, but the fauna was very different from those as shown
in fabie 2.

Eleven specics are listed a8 characteristic of the Panweo! tidal
flat, among them the pelecypod, Poramocorbule amurensis, ranked
the first ¢omintnt. However, the Panweol tidat {lat &5 a shore located

in e inner-most area of & tidal inlet and the btrrows and the sedi-
mer: mounds of crabs coastitaied 1he conspiceous surface STUCIWETS
of the tidal al Crabs such as Helice wrideny sheni and Macrvoph-
thalmuy juponicus were typical of the mud flat zone. The smatl
crabs, fvoplax dentimernsa gnd L pingl, whose carapace length is
less than : om were dominant in tenms of abandance, but most crabs
wandering around and w be seer hecsuse of the active behavior
were the lerger-sized crabs us Mo tridens sheni and ML japonicus.
The bivalve P amwrens!s was mostly found in the chaniel sediment
and, therefere, not canspicuous W the observer It is also warth o
nole that the occurrence of the targe-sized polychuarie, Periserrula
lencophryna, couid be reported. The targest specimen deseribed by

Table 1. - Dccurrence of diatoms ohserved in surface sediments on the Incheon-Songdo tidal flat during June of 1988
and on the Kunsan, Kimje and Buan tidal flat during June of 1989, Abundance of diatoms are arhitrarily categorized
inte 6 grades from 1 to 5 according the frequency and cell eounts. The mark of + means a minor occurrence.

Species rame Incheon (Kunsan - Kimje | Buan

Species name Incheon|Kunsan Z Kimje | Buan

; Centrales

i Family Thalassiosiraceae
Cyelotella atomus

C. comta

C. meneghiniana

C. striata

Cyelotefia spp. =
Stephanodiscus sp. !
Thalassiosira eccanirica : 3
T leptopus : 1
Tribfioptychus caocconeiformis - 1 + &
Famity Melosiracean :
Hyafodiscus radiarus : + -~ -
H. scaticus : B -
felosira granuiata : -
Faralia ornata : -
F sulcata -
Family coscinadiscacean -
Coscinodiscus anguste-iineatus @ 4 2 -

. nitidus : 3 . +
C. marginatus :
C. obsorus : +
. plicatus : .
Cosginodiscus spp. : + - +
Family Hemidiscacease :
Actinocyecfus ehrenbergii : - +
Famly Helopeltaceae :
: Actinoeptychus senarius : - - +
- A splendens - - - +
Family Biddulphiaceae
Biddulphia aurita
Cymatosira belgica
Eucampia zodiacus = -
Pennales

Family Diatomaceae :
Dimeregramma minor o+ ot
0. mingr var. nana Tt -
Fragilaria brevistriata : P+ D -
F pinnata ! i
£ wirsscens vas. chlongelia Co+ +
Fragilaria sp. : 1
Licmophora sn.

Opephora maring

Q. martyl

O. schwartzi

Plagiogramma vanheurckii
Rhaphoneis amphiceras

fA. nitida

A. surirelia

Synedra tabulata

Synedra spp.

Thalassionema nitzschioides]
Family Eunatiaceae

Eunatia faba var. obtusa B
. Eunotia sp. :
- Family Achnanthaceae
Arhnsnthes delicatual

A, difopunctata

A hauckiana

A lanceolata var. rostrata
Achnanthes sp.
Cocconeis grata

C pefta :
C. scutefflum var. pava S+
Cocconels spp. :
Famity “aviculaceae

Amphipora alata

o+
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Amphora angusta -
. coffeaeformis
. groeffeana

. holsatica
laevis -
Hhyeca
montana
. pedicuius :
. proteus : -
. sabyii - +
. turgida : -
Amphora spp. -
Calonels brewis var. distoma
. affinis

Cymbelia ventricosa 4
Diplneis smithii
Diploneis weissfolgii
Donkinia recta

Frustulia interposita
Gomptionema parvaium
Gyrasigma halticum

G. pbtusatum

. scalproides

3. spenceril

Navicula arenaria

N. eancellats

M. cantanta

M. cryptocephala

N, forcipata
N. giffeniana
N. gregaria
N. insignita
M. jaernefaltii
M. protracta . -
N. salinarum -
N scapularum 2
N. subforcipata
MMawvicula spp.
Pinnuiaria ambigua
Pinnularia spp.
Pleurosigma angulatum
£ narmanii

Stauroneis duliitabilis
Trachyneis aspera +
Tropidoneis lepidoptera
Family Nitzschiaceae
Hantzschia virgata -
Nitzsehia amphibia
N, dissipata

M. fonticola .
N. granufata +
M. kuatzingiana
M. fittoralis +
N lorenziana

M. panduriformis
M. petiveia

M. punctata var. mingr 1
N. sigma : -
M. socialis : T
N, spatufats
N. triblionelia :
Nitzschia spp. : 2
Surirelta flumnensis :
5. gemma i +
5. minuta

5. ovata
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KORFEAN MEGATIDAL ENVIRONMENTS AND TIDAL POWER PROIECTS

Table 2. - Densities (D : individuals per m?) and frequencies in parenthesis {F: % occurrence among total stations
{n} investigated) of dominant invertebrates found on eight tidal flats of the Korean coast.
Songho Youngjongda : Barnwec! Hyrasurg - Daesan Kunsan l Kimje Buan
Taxon + -
D (F: %) O {F %) D (F: %) O IF: %) O IF ;o4 D IF: %] D IF: %) D(F: %)
(n=123) in = 16 in=22) {n=16} J o= 23} in =17 0= 31 (n=13)
i Heteromastus sp. - P + a [BE) 33 (631 [2 209 (100) 3 At l 2010 & {ar)
. Imianium tigsmas G 7 {13} : 335 113) 2124y 1 27 i8B) | 829 (B2)
¢ Lingula anatina - Br 4 (8} 45 {71 34 {81) | 20 (88}
i Protakyra Identata -k 115 470} 4 (18] 3{35)
: Mactra veneriformis P 13 {48 18] T4 (48] +
Lumiriner sinipponica P !
- Neptitys polyirancia - P . 113} a7t (39)
i Laternula of. Nimicola . B : 3 256 (28} 130 (8} 12
i Potamocoriufa amurensis - B D1 066 (189) (&) (3
i Sinonovacula constricta - B - : +1 58113
. Magelona japonica - P 245 t44} - B (13 +
: Myoplax dentimerosa D 2 (8 ; 66 (69) © 11 (B9} + +
I Nepitys californiensis P 30 188) | : :
I Niridotellinaiminuta ‘B 221 163 |
Faringraisiaiuituns - P 3 (5 B {68] ¢ 16 (B8) 202 2 (16} 17 18!
ftyoplaxiping - D 7 125) 22 045) 7 26 (B 6 (61) + 2124}
Mediomastus sp. 7 ; 9 (500 13 {56} 23 143)
Bullacta exarata G 27 is} 36 {B7) + 225 113} B {&t) - & {55) 4 (29}
Hinaisfestiva G 22 139) 7 (56) + + 1 B9 13 (65}
1

Paik (1977) was 36 cm tong and 1.3 e wide. The beli-shaped sedi-
ment nocnds on the middie imert bzlonged 1o this potychaete,

Fuuny on lhe Hwaseny Lidal {1 located aboul 10 km close 1o the
south of Panweal was characierized by (ke dominance of bivalve
Sinonovacula constricts which have long been used for humar faod
in Korca, The predemingnce of crabs was similar 1o the Penweol
tidal flat. The polychacie Perinerets aibulitensiy which ranked the
fifik in abundance 15 a worm used for bait by angler, Most caches
have beer exported to Japan.

The Duaesan tidal flat was represented by diverse fauna due to the
diverse sediment Lypzs. This tidal lse was an arcy of strongest cur-
rent fow characierized by o heterogencous nixiure of mostly poorly
sorted sediments. Large ripples, gullies snd channel are weil devel-
oped. Predominant current flow ix from Asan Ray nto Gerolim Bay,
which is reflected in the derivalion of nany of the tidal {lat organ-
tsms, The predominance of the polvehacte, Heferomastus sp. which
was mostly found in fing sediments around Koroar waters, wes
ueigee for the silty to sandy faces near the cheanel of the Ducsan
tdal flat. The gaswopod Umiboniwm themasi was Lypical of the outer
flal.

The Kunsar, Kimje and Buare tdad fat produced the lergest rum-
ber of species in unicee combination for this aabitet. The kighest
ozcurrence of the bivalve Larermula f, limicola on the Kunsan lidal
flat was due to the center af ahundance near the chanaet cannected
to the Mangyung River, This taxen ranked also the first in abun-
dance on the Kimie lida? flay, bu the disteibution was limited Lo sta-
tions located on the slope edge of the channe! leading into the
Dongjin River. The oecurrence of a lingubid brachioped Linpula
arating which has rarked the seconéd in shundunce or the Kunsan,
Kimje and Buan tidal flal was highly inweresting for this animal was
hardly found as a living speeies on the world cossts. The predomi-
rance of Umbonium thomast in sandy 1o silty bottom was observed
as showe on the Dacsan tidal Mat, The bivalve Macna veneriformis
which has ranked the fourihy on the Kimje tidal fat is a repiesenta-
tive spacies for culivation on the Korcan tidal {lat. Spats collected
near the channel bave been spreeded over the cultivation ground by
the fishermen in late spring. The crabs and polychaetes were
recorded as dorminant on Kunsar, Kimje and Buun tidal flat as dom-
inant, espectally in the tidal inict and on the upper intertidal if
[zced 1o the open sca.

Comparisons have been made belween faunsl comgosition and
sediment faces, Assigning the dominant taxa at 167 stations into
sediment faces from sand to silt and clay, we could define lypicat
taxa of every sediment type. Typica) animals are then listed on cvery
sediment Lype sehematically (fig, J).

The sand faces were characterized by Umboniwm thomasi aceom-
panicd with Protankyra bidentata. The brachiopod Lingwla anating
cxtended ils diszribution inte the silty sard and muddy sand fat, The
bivaive Mactra veneriformis was considercd as typical of muddy
sand Taces, however i ovcurred broadly alse oo silly sand Sl

Sandy silt sediment was populatet by the epitauna Bullacie exaraia,
bul the polychacle Nephtyy pulvbranchic was comparatively rich in
the sandy silt scdiment without any preference of the ocatity, The
razor clam Sinonoveculn constricta was smostly present on (e Hwa-
sung tidal flat. Niidotelling minnta counted as typical divabve of
silty sediment, bet this species was confined 1o the Yeongjongdo
Lide] fhat. Mud faces were [ound ot 7.3 % among HT stations, how-
ever, the fauns was rich aesd diverse © crabs as Helice and Muacroph-
thealmus were conspicoous over the whole Korean tida! a. The
smatl crab flvoplax dentimervs s listed as typical, beciuss of the
highest counis B core samples.

The zonation from the upper to lower fntertidal could be
described @ crabs Helice and Macropiuhalines, the gasiroped Bud-
lacta exaraia, \he brachiopod Lingufe anating, the clam Macrra
veneriformis and the gaswopod Dmboniwn thomasi occurred pro-
ceeding down 1o the sca.

. 5.4 Primary Production of Benthic Microalgae

Seasonal changes i 1he ney primary production (my C myg chl-a!
br-'y of benthic microulgae on the Incheon-Songde idal flat are
depicted in figure 4 In every scoson, the primary production @ dif-
fesent Heht intensilics could be obtained by shielding the incubaiion
tebes wilh avlon screens of various densities. From the experiment,
means of the primary production were oblzined with ten incubation
tubzs at every sunvey. The mean of the prinwry productior divided
by the mean of Chi-a coatent of 25 scdiment samples produced the
viluey plotted in fipiere 4.

Abthough not drawn in a figure, photosynthesis showed bagically
a hyperbolu-shaped response o Lghe intensity throughout the year
Phatoinhibition was not observed at {uil exposure 1o sun lght even
during swmmer. The highest photosynthetic maximum (P} wes
recorded in August, The next highest vasues were found in Septem-
ber.

The P, in Apri: is about the haif of that measurcd w Angusl,
when the

stimale is preseated on the Chl-a basis, bul the produc-

lion calculaled per umil aren was highest rather in April than

13

August. The values of primary production per unil zrea shown in
fgure 4 are the cstimales obtained at full sun light without shielding
the incubation chamber, Two peaks were found in Apeil and August.
The primary prodeetion per unit area was generally bigh during
spring {March 1o May) and summer (August). However, the sedi-
mert samples of August conlained less Chl-a, The higher contents
of Chl-a were found rather in spring. The primary production per
unit Chl-z content s plotted in terms of the P/B ratio in figwoe 4.
The highest peak of the /8 ratin recorded in Aupust corresponded
alsa with the highest P
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— 4. Annual changes in primary
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The relationship Detween the primary production and the content
of Cil-a over scason is demnonstrated in figure #d. Ten pairs of sedi-
ment sarmples were collecled and ene among the pair sample way
used for the incubation and the other one was vsed for the determi-
nation of the Chl-a content. It was suppesed that the content of Chl-
a ir the incubalion wbe was idemical with that reserved or the
analysis of the Chl-a content. Two plastic syringes of 12 mm disme-
ter were pul side by side into the sedimentl o avoid the sampiing
bias in terms of the pigrment corient. The primary preduction plolted
m figure 5 18 the valacs obtained wilkout shielding the incubation
iubes. Comparison of the primary preduction over season woud be
made for a given value of Chi-a, for example, 20 mg Cht-a per m2;
the primary production at 20 mg Chl-z m™? in August was
42 mg m™ hrt and that in June was 28 mg m® b, We observed
the highest production in September. The content of Chl-a whick
produced 42 mg Chl-a m™? hr! was iess in September, nameiy,
12 mg Chi-a wm™, than in August. It indicates Lhac the efficieney of
carbon incorporation by berthic diatorns was highest in September.

The exposure duration of the investigated sile w the sun tight
was obtained by combiring data on the howly record of the tdal
height at Incheon harbor {fig. 3) and the clevation of the sile where
the primary production was measwred. The study site was exposcd
around 4 hours during the day time, Solar insolation measured at the
Metcor-station Incheon was highest in sumumer and lowesl in winler,
however, the insolation rezched 1o the tidat fiat was nod ereally dif-
fered seasoraily. The two peaks in the primary production observed
over scason corresponded rather with the pholosynthetic activity of
benthie micrealgac shown tn figure 5 than the amoun: of sun light
arrived oo the lidal fai. The annual produaction cstimated by an
integration of daily production was 30 g C m™ yr—>,

w 5.5 Secondary production of bivalves: Mactra, Rudi-
tapes and Sinonovacula

Most observations on Mactra veneriformis derived Tom the ouler
interitdal of Incheon-Somgdo tidal flat. Montkly samplings from
March 1989 10 Septercber 1990 showed a uaimodal palern of he
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stz distribulion till August 1989, But newly-emerged Cuveniles at
10-20 mm shell iength (mean of 13 mm} Orst appeared in Scprember
and, therefore, the size frequency curve became ¢ bimodal patiern.
The juvenites recreited it September reached the mean tength of
30 mm ia next Sepiember. The growth in shed length and flesh dry
weight over seasen are plotted in figure 70, Charges in the flesh dry
weight over time skhowed @ peeX in the end of June in 1989 The
weight increased sharply from April to June and then deercased il
Juty, The weight foss during July was thought 1o be related wih the
spawning. Assuming the epe releasce in July, the shell lergth of each
year ¢lass can he defined by reading the leagth of July : the spa
reached ihe mean length of 235 mm after one year, 33 run afler two
years, 38 mm after three years and 42 min efter four years. The
mean lensgth of five year old shells was 45 mm in July.

Sinonovacwla constricta is & ragor clam whose shell lzngth is
nearly 10 cm when ciams are five years old. The breading cyete of
the razor clam Sinonevacule constricts was sintlar 10 that of M
venerifprmiy, The rapld incrzase in welght was observed from
Murch o fure 1993, The egg release took ptace Il September as
supposed by dala on the wetght, The curves on weight increass and
loss indicaled a longer spawning scason compared o M. venerifor-
mis. Spals were found fram Septemher i3 the field, bat omass oceur-
Fance was recorded i the nexi spring,

Table 3 summarizes the annual production of clams esiimated by
Ricker's mode! based on data collected from the field observalions
at different locahities. The prodection deseribed in tafble 3 35 the net
production in which the fisheries catches and loss by death are
excluded. The highest production was shown by the razor ciam
Sinenovacula constricta end the lowest by serl ciam Muctra veneri-
Sformis, but the latier showed the highest /B ratio. The mean bio-
mass of M. veneriformis was 629 ¢ TWW m? and this eslimate
comprised to the weight of about 200 individuals. The individual
weight of 3 g was then resulted. This size of individuals are loss
than twe years old. The highest biomass of 2,678 g TWW m? was
recorded by the razor clam 5. censtricia. The mean individust
weight of 20 g, which weighed scven tmes of M. venerifermis,
couid also bo estimated from the mezn density dala recorded as
130 ¢ TWW 7 on Lthe Hwaseng tidal Qut
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Table 3. - Estimates of the annual production {g DW m=2 yr~}, annual mean hiomass (g DW m™2), Mean density
{indiv. m~?) and P/B ratio of clams an the Korean tidal flat are listed {DW ; flesh dry weight). In the parenthesis are
' the total wet weight (g TWW m-2} including shells.

| Benthic microalgas B0 g Cm? oyt |

j t
Species name Annaal Production ] Biomass Wean density F/B ratio Locatity :
Mactra venerfformis : 68 {1,358/} ] 31.3 {629} 208 2.15 Inghean-Songdo E
Ruditapes phifippinarum - B3 {1,6358; : B2.0 (1,221} 282 1.34 Taesan :
Sinonavacula constricta 150 {2,998 134.0 (2,678 130 1.12 ' Mwasung :
- Inchean-Songdo |

1

- 5.6 Commercial Catches of Bivalve

The high prodectivity of bivalves on the Korcan tidal flet can 2lso
be demonsirated by cxamining the statistics on the fisherics catches
farded al the coltection centers of fsberies ports, The commereialty
important fisherics catches eround the Korean coast are drawn from
four groups : shell fishes, crestaceans, cchinoderms and macroalgae.
Of these groaps, the various shell ishes constitule by far 1he great-
cst lonnage. The aysiers, short necked clams (Maniin clam), mussels
ard cockic shells uccount for the largest tonrages of calches, Of the
mellusks, hea cockles, pen shells, susd clams, razor clams and Venus
clars have catched mostty on the west coast. All those are bivalves
catched from the tidat flat, bestde the pen shell inhabiting the sand
botiom of the sublidal ares in the west, The sccond lmigesl group
landed on the wesl coast are macrodigac cultivated e shallow walers
near the tdal fat

In recent years, there have been abundant examples of the decline
of {isheries catches of ali types arouad Korean coasl, Some of these

declines are exemplificd by landings of bivalves on the wesl coast
{fig. 0. Uniil 1986, the annual catck of the surf clam M. vengrifor-
mry wos about 70 thousands metric tong, bowever, it deckined 1o
about 36 thousand meitc tons after 1986, The vield which we had
reached before 10 vears has not recovered 10l woday, Ruditapes phi-
lippinarm was the clam of which the anncal caich was lwo-folds
kigher ihan that of M. veneriformis, however, the caich al present is
onty nbour 60 thousands metric tons per vear The lolat catch of the
Venus clam Cyoling sinensis in muech lower thar the shove two
bivaives specics, but the decline in the catch is cleany shown. The
Lard clam Merenrix lnsorig was known 1o be the best tasted bivalve
in Korea and large portion of the landings had besn cxported to
Fepan. The annual vield in 1995 iy only apout 10 melric wons, Mere-
trix fwsoria was a typical clam for sand botom on the Incheon-
Sorgdo and Kimje tdal flat in the west. The only calch which no:
decliced is the ravor clam Stnonovacuwla constricna, byt e occure-
rence Iy restricied rather 1o the mud lag, and therefore the annual
caich is only in small amount,
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6. Annual changes in fisheries catches of commercizal bivalves around the Korean coast.

Although wot depicted in a figure, commercial calches in the
Kyeonggi Bay which possesses the broedest ddat #Tal 1o the west
showed 2 shurp deeline in the caich of M. veneriformis from 1988,
Monthly catch of abeut 600 metric wny recorded in the Kyeonggat
Bay comprised to about 80 % of the tomal catch [rom the Koresn
coast. The tonnage of R philippirarmn from the Kycongei Bay in
1987 was dowe [rom 1988 when landings were aboul 800 motic
tons per month, The decline in the cawch of Cyeling sinensiy is also
clear, hewever, the yicld was dowr from 1990, The recent landings
of M. jusorie is extremely small compared with those recorded in
the beginning of 1980,

- 8.7 Reclamations of the Tidal Flat

Korea {south) possesscs song sifeiches of coastal fine due Lo the den-
ted coastel geomorphology, The length of coas: line is about en
times longer Lhan the lne which connects siraightway the cities
around Lhe coasl (rable 4). South coast ts a typicat rias snd a frge
number of bays arc developed. The coast line in the soulh is longer

LA HOUILLE BLANCHEN® 31997 -

than it of the west, but the coasta] zone in the wesl has tong been
exposed o the human alteration, becavse of the broad tidat fla:
{2,336 km°} and the high encrgy of the tide existed an the ceast.

The shor: historic review of the reclamation ar the Korcan tidal
Out wiven in rable 4 indicales that 2 significant porton of the Lidzt
flat is reclaimed sinee 1960, But buman alieration has begia 1 the
V920°s during ke period of Japancse accupation. Rice production
was the mair purposs of the deterioration. The character of the
nalive vegetation near the coast, the selt marshes, had beer corsider-
sbly modified already at the ime of (he Japanese occupancy. At
present typical salt march {lora could be found in a sirize just ncar
the biak. Stalistics reporled dhe areal extent of the tidal flar as aboul
2,800 km?®, bul it had excluded the srep of 405 km? tidal Qal rans-
formed into apricultural land in 19207

The first phase of the intersive alteration by the Korcan central
government is the years of 1960°s, Korean sconomies began a
peried of unprecedented growth in that decade. Leaders bogan 1o
look o the plain land on the coast to feed their ceitizens by altering
the tang off the coast to the agricutturs]l, Newly 400 ke of tidal fal
in the wosl was separated {rom the sea during the period of 19607




KOREAN MEGATIDAL ENVIRONMENTS AND TIDAL POWER PROJECTS

Tahle 4, — Areal dimenstion of the coastal zone, tidal flats and reclamations carried out in the recent history,
Korea [south).

twest coast 3,341, south eoasl 37,610, sast coast 691}

2} Areal dimension of the coastal rone (km?2}

1} Length of the coast line (km} 11,5472

Exclusive Economic 7one 447, 000

Within 3 sea-miles 13,000 fless than 20 m depth 12, Q00)

Tidal flats 2,815 {west coast 2,336, south coast 479}

3 Areal dimension (km2} of the tidal flat on the coast of provinces af @

Kyeanggi 810.3 {(?8.8 %) Incheon 266.3 (9.5 %) Chung-Mam 502.9 (17.9 %}
Jeon-Buk 218.9 {7.8 %} Jeon-Nam 845.6 (33.0 %) Kyeong Mam 47.0 (1.7 %)
4} Asreal dimension (km®) of the tidal flat reclamation in the recent histary

1917-38 15946 60 6.3 1961.69 112.2
1970.79 183.7 1580-89 931 1990-94 98.5
1985 . continuing 1640 telal area including the continuing 1733.2

1o 10705, The recont years of 1990°s could be vonsideicd as the
sccond period in which the intensive coastal alteration had been
taken place. During the first half of 1990%, an area of about
B00 km” tidal {lat was already ultercd o the land. Severe deteriora-
tions arc anticipated because of the on-going projects lavnched
recently, The toral arca of the reclamation proceeding today covers
764 k2.

The largest Yanel carning will be taken place [rom the Kimje tidal
flal. The company Nong Jin-Geong, of which the budget is parti-
tioned by the central government, has launched the so called « Sac.
Man Keu » project in 1991 with an expectation of accomplishing
the project m 2004, A4 present the 33 km long dike is 1o construc-
tien. The land eamed from this project will be amounted 1o about
A00kin’. The luke which will be produced afier culling the sea cov.
ers an arca of 120 kin®. The land which is 1o be exposed (o the
human use is thes 280 kin®. Two thirds of the land are being used
for agriculture and the rest is planned for industrial use and housing
o cxpand {he city near around.

The recent abteration of the coastal morphology in the Kyconggi
Bay is also remarkable. An ares of 30 kin® tidul flal developed Lo
the 8W dircction from the Yeongjongdo is hairiered 1o build an air
port. The 17.3 kun dike surrounding the arca s construcied in 1992,
The 10 m high dike was designed 1o protect the airport Jand which
is in the level below high water or even below mwan sea level, The
Panweol 1ida!l fln Tocated about 20 km far from the Yeongjongdo
tida! flal lo 8E is also a typical area reclaimed recently. A 12.6 km
long barrier was completed in the beginmipg of 1994 and the fand
carncd from this project wis amounied (o about 170 km®, One third
of the land is being used for an industrial purpose and the rest 15 120
for agricolture. The pollution problent in the lake Sihwa, which was
previcusly a tidal channel area, was shortly mentioned in the Intro-
duction section, At present the mumber of reclamation project is
amounted woa total of 23 on the Korean west and south coast [26].

VI B DISCUSSION

The mass reelamation on the Korean coasl In recentl years was
remarkabie compared with those Janders on the North Sea coast.
However, e values of Korean tidal Nats should be assesscd by an
ccological and environnwnial view point. Primnary and secondary
productions recorded in the stedy arcas rivid those of Wadden Sea
arca [16. 17, 18). The reclamation projeets have {reguently been
supporied by Lhe Ministry of Agricultore, Koerga, wilh emphasis on a
development of rice field on the tidal flat The present study indi-
cates, bowever, that production of bivalves which can be yiclded by
fishernien comprised o those of rice production. The annual inconse
of fishermen camed by caiching ihe bivalves, Meactre veneriformis,
umounted 10 about 0.8 millien USS per k. In the case of the razor
clam, Stnenovacnta consiricta, the anpual icome has been reached
w about 2 million 1SS per km® beeause of the higher market price
of the razor clam. Although 1he ceonomic importance of fisherics
has generally been declined on the Korean coast, the tidal flat sus

tains the capacity of fisheries catches and (herelore possibifilics in
eeonomic uses e stifl remained.

I is well known Lhat the tidal basing act as trups for pollutants
and places for mincralization ol those materials [19]. The levels of
pillutants in the Korcan coastal waters have rapidly been ncrcased
1n recent years and o reason for thal was supposed o he relaied with
those embankments ol tdal flat area [20,27]. A concrele example
can be shown from the saling lake Sihwa which was isolated from
the sea by a dike construction in 1994, A sharp increase in concen-
trations o heavy metals and organic materials in fake sedimenls are
reparted [22]. The botiom fauna was characterized by a high domi-
nance of the polycharte, Polvdeora figni, which was known to be Lol-
erant 1o orgagic pollution in sediments with high sulfide (23] Even
an azoic rone of several km? was found.

We are collecting data deseribing the actoal situation n needs for
industrial land uscs and the corresponding plans {or developments of
coastal arca around the Korean coust. Actnl stalus of the Korean
tidal flat which can be deseribed in lerms of ecological values is not
well koown, 1t was clear, hawever, that the Korean tidal flat has
heen deterjorated through the land reclamation withoul #ny assess-
ment of following effects of those deformatians on the coastd eco-
svstem. Comparing the coastaf uses in Korea with athers of
developed countries, e Netherlands and German along the North
Sea coast, B can be indicated that the Korcan central government
policy on the conservation and uses of tdal flat is sull in primitive
stage.

The coastal lander of Wadden Sea have established the concept
of wise use and sustainable development enforcing a better conser-
vation siralegy to manage the Wadden Sca ccosysiem [24]. Three
countries including Denmark have decided 1o develop a commaon
approach which can be characterized by a complex strategy com-
posed of several steps. A deseription of the actoal situation of the
coastal enviromment and an establishment of the goaf by defining a
refercnce situation were clements for accomplishing the purposc
agmecd between the Wadden Sea countries. Monitoring and research
programs were proposed 1o reich the goal w the conservation and
wise use of ldal flats. Al the European level, an assessment of the
qualily of tidal flat ccosystem have already been progressed (2, 3]

The siluation in Korea should betier be improved as far as it con-
cerns the conservation strategies of fidal flats, Bven an assessmicnl
of tidal [at ccosystem have littie been atlemnpred. Many works ure
needed 1o develop a program Jor conservation and wise use. A mare
imporlant aspect is, however, thal the ecological assessment should
be included in planning of land uses anct inevitable setting of indus-
trial complexcs. S4ll yet, policy makers lend to establish projeets of
tidal flat reclamation rather in developmental aspects. not in ecolog:
ical. A tidal power plunt projected o Sihwa area would be an exam.
plu 1o compromise the development policy with enviranment [25]. 1f
the level of pollution in the lake Sihwa ¢could not be lowered with-
out a continuous {lushing, then the flushing by an operation of 4
tidal pawer plam on the dike wauld contribute to improve the situa-
ton in the lake.
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