
Introduction

Recently, huge reclamation projects have resulted in
large impacts on the natural environment around the coasts
in Japan and Korea (Fig. 1A). In Japan, more than 800 km2

of tidal flats existed once, but more than 40% of them have
been lost during the past 50 years (Tsutsumi et al. 2000).
Thus, many bivalves such as hard clam, Meretrix lusoria
(Röding 1798) and short neck clam, Tapes (Ruditapes)
philippinarum Adams & Reeve (1850), which were for-
merly abundant in the tidal flats of western Japan, are now
decreasing rapidly (Wada et al. 1996, Tsutsumi 2006). Es-
pecially, tidal mud flats, which usually adjoined the big

cities, disappeared rapidly from the Japanese coasts, and
then almost all benthic animals inhabiting tidal mud flats
are now threatened with extinction (e.g. Wada et al. 1996,
Yamashita et al. 1997, Sato & Takita 2000).

In Ariake Bay, western Kyushu, the tidal range is more
than 6 m at maximum spring tide, and there are huge tidal
flats which account for ca. 40% of the total area of the
Japanese tidal flats (Sugano 1981, Sato & Takita 2000).
Large area of tidal mud flats also existed in Isahaya Bay,
where is the western part of Ariake Bay, and many species
threatened with extinction in Japan used to live there (Ya-
mashita & Tominaga 1995, 1996, Fukuda 2000, Sato
2000b). However, the inner part of Isahaya Bay was iso-
lated from the rest of Ariake Bay by the construction of a
dike in April 1997, and most areas (ca. 29 km2) of tidal
mud flats have been lost (Fig. 1D). After this isolation, all
of the benthic animals inhabiting tidal mud flats died by dry
and starvation in the inner parts of dike (Sato 1997, 2000a,
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Abstract: In this study, I compared faunal change of bivalves and gastropods after the construction of the reclama-
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haya Bay was isolated from the rest of Ariake Bay by a reclamation dike. In the inner part of this bay, 15 species of ma-
rine bivalves and gastropods were collected in large numbers before the dike was completed. These species were still
alive in May 1997, but most of them had died by August 1997. However, a brackish bivalve species, Potamocorbula sp.
that was not found prior to isolation of this bay, replaced the pre-isolation bivalve community from August 1997. In the
outer part of Isahaya Bay, hypoxic water masses appeared around the mouth of the bay in June 1997, and most of the bi-
valve species distributed near the hypoxic regions decreased rapidly from 1997 to 1999. Thereafter, only a few bivalve
species such as Modiolus (M.) comptus increased rapidly in abundance from June 2002. These faunal changes were
strongly influenced by environmental changes, such as occurrence of hypoxic water and decrease of grain size of bot-
tom sediments, and those are caused by isolation of Isahaya Bay. In Saemangeum area, Potamocorbula sp. and a few
other species of bivalves and gastropods also increased temporarily after the dike construction. These results suggest
that drastic changes of bivalves and gastropods after isolation are very similar in the Yellow Sea and Ariake Bay.
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2000b, 2001). Moreover, in the outer part of Isahaya Bay,
environmental conditions suddenly changed, and fauna of
bivalves was replaced on a drastic scale (Sato & Kanazawa
2004, Kanazawa et al. 2005).

In Korea, large-scale tidal flats exist around the western
coasts facing the Yellow Sea. The tidal range in western
Korea is the greatest in Asia (more than 9 m in maximum),
and the total area of the tidal flats in South Korea is
3,905 km2 in 1964 (Hong 2000, Sato & Koh 2004). How-
ever, many reclamation projects are also being carried out
in South Korea (Fig. 1). One of the hugest projects is the
Saemangeum Reclamation Project (Fig. 1C). The construc-
tion of the reclamation dike in Saemangeum area was
started in 1991 and is scheduled to be completed in 2011. If
this project is completed, 401 km2 of tidal flats and shallow
sea will be lost.

In these reclamation projects, we can see the drastic
changes of benthos fauna, that is, the dominant species
rapidly disappear after the construction of the dike, and
then a few species increase temporarily and then decrease
rapidly. The Yellow Sea and Ariake Bay have a common

geological history (Shimoyama 2000), so we can see the
common response of benthos animals to large-scale envi-
ronmental changes such as isolation. In the present paper, I
review the faunal changes of bivalves and gastropods after
the construction of the reclamation dike in Japan and South
Korea and discuss the common responses between them.

“Holocaust” occurred on the tidal mud flat of Isahaya
Bay after the dike's completion

On April 14, 1997, the inner part of Isahaya Bay was iso-
lated from the rest of Ariake Bay by a reclamation dike
(Fig. 2). The reclamation area is 35.5 km2, and the length
of the dike is 7,050 m. After the dike’s completion, seawater
in the inner area was occasionally drained into the outer
part of this bay through two gates in the dike, and the water
level of the reclamation area has been kept at �1 m of aver-
age sea level (Fig. 2C).

The intertidal zone of the inner bay dried up completely
by a few months later, and then numerous dead shells were
exposed on the dried mud flat (Fig. 3). In July 1997, I col-
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Fig. 1. A: Location of the huge reclamation projects in Korea and Japan (modified from Sato 2002). B–D: Location of the
reclamation area in (B) Sihwa, (C) Saemangeum and (D) Isahaya Bay. Black bars represent the dike completed in each area.
Maps from B to D are same scale.



lected all the specimens of bivalves and gastropods from a
quadrat area (1 m�1 m) at the 22 stations (black circles
A1–E3 in Fig. 2C). The major study area was located on
the former tidal mud flats ca. 3 km in length along the coast

and ca. 2 km in width from the former mean high water of
spring tide (MHWS) to the present shoreline (Fig. 2C).
This survey made it clear that Tegillarca granosa (Linnaeus
1758) (bivalve) was very dense (30–70 indiv. m�2) at the
lower part of the dried mud flat of ca. 1 to 2 km distance
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Fig. 2. Locality map showing Ariake Bay, western Kyushu,
southern Japan (modified from Kanazawa et al. 2005). A: 92 fixed
stations for sediment sampling conducted in June 1997 and June
2002. B: 20 fixed stations in and around the mouth of Isahaya Bay
for sediment sampling conducted from June 1997 to November
2003. C: Locality of each fixed stations for quadrat sampling on
the dried mud flat (black circle: A1–E3) and sediment sampling in
the adjustment pond (black square: 1–24 without 15 and 20). A
black triangle (B-1) in the adjustment pond means the station for
water quality measuring set up by the Japanese Ministry of Agri-
culture, Forestry and Fisheries. A black bar is the reclamation dike
in Isahaya Bay shut off from Ariake Bay.

Fig. 3. Numerous dead shells of Tegillarca granosa exposed on
the dried mud flat in Isahaya Bay on August 23, 1997.

Fig. 4. Distribution patterns (indiv. m�2) in (A) Tegillarca gra-
nosa, (B) Cerithideopsilla djadjariensis, (C) Tellina (Moerella)
iridescens, (D) Estellacar olivacea and (E) Glauconome chinensis
on the dried mud flat in Isahaya Bay (from Sato 2001).



from the former MHWS (Fig. 4A). 50 years ago, this
species was distributed widely in tidal mud flats around the
western Japanese coasts, but now it is designated as an en-
dangered species (Wada et al. 1996, Sato 2000b). Neverthe-
less, in Isahaya Bay, a total of 100 million individuals of Te-
gillarca granosa at least were destroyed by the reclamation
project (Sato 1997, 2001).

In addition to Tegillarca granosa, many threatened
species such as Cerithideopsilla djadjariensis (K. Martin
1899) (gastropod), Tellina (Moerella) iridescens (Benson
1842) and Estellacar olivacea (Reeve 1844) (bivalves) were
also distributed in abundance at the middle part of the dried
mud flat of ca. 0.5 to 1 km from the former MHWS (Fig.
4B–D). By contrast, Glauconome chinensis Gray (1828)
(bivalve) was especially crowded at the uppermost part of
the dried mud flat near the former MHWS and ranged to
the former mean high water of neap tide (Fig. 4E). These
facts suggest that there were three separate zones of mol-
lusks arranged parallel to the water level on the tidal mud
flat of Isahaya Bay. Usually spatial distribution analysis of
benthos inhabiting tidal mud flats is very difficult, because
it required hard work and much water to wash the samples.
It is ironic that the reclamation project made it possible for
us to find such clear zonations of benthos on the tidal mud
flat of Isahaya Bay.

Most individuals of the gastropod Cerithideopsilla djad-
jariensis had lived at the middle part of the dried mud flat
for a long time after isolation (Sato 1997, 2001). The sur-
vival ratio of this species was 95.5% in July 1997, but it de-
creased to 12.6% in March 1998 and 0% in July 1998 (Sato
2001). Moreover, many individuals of gastropods distrib-
uted in reedy marshes such as Cerithidea rhizophorarum A.
Adams (1855) and Pseudomphala miyazakii (Habe 1943)
had lived until October 1999, that is 2.5 years after isolation
(Sato 2001). In bivalves, a few living individuals of Glau-
conome chinensis and Estellacar olivacea were also found
on the upper part of the dried mud flat in July 1997 (Sato
1997, 2001). However, in Tegillarca granosa, all individu-
als had died by July 1997, although they were distributed
on the lower part of this mud flat, which was much wetter
than the upper part during the same time period (Sato
2001). These facts suggest that in both gastropods and bi-
valves, the species distributed on the upper part of the tidal
mud flat were more tolerant to dry and starvation than those
on the lower part.

Faunal change of bivalves and gastropods in the adjust-
ment pond of the Isahaya Reclamation Project

In the subtidal zone of the inner bay (an adjustment pond
at present), salinity of the bottom water layer decreased
suddenly to �5 psu within 4 months after isolation, and
then the bivalve and gastropod fauna was drastically altered
(Sato S et al. 2001, Sato & Azuma 2002). According to the
data that was measured at the station B-1 of Fig. 2C by the
Ministry of Agriculture, Forestry, and Fisheries, the salinity

of the surface water layer of the adjustment pond also de-
creased from �30 psu to 9.0 psu between May 6 and May
19, 1997. Although salinity of the surface water temporar-
ily increased to �10 psu in October 1997, it did not exceed
2 psu during 1998 and 2002.

We periodically collected sediment samples from the
fixed stations (black squares 1–24 in Fig. 2C), 15 times be-
tween March 1997 and August 2005. Each sampling station
was located by GPS (Sony IPS-760, accuracy ��30 m),
and 2 to 11 repeated samples were taken at each station
using an Ekman-Birge grab (sampling area: 0.02 m2). The
samples were passed through a sieve of 1 mm mesh size.
The remnants were preserved in 10% formalin, and living
benthic animals were removed from the debris and identi-
fied in the laboratory.

Our results suggest that, in March 1997, before isolation
of Isahaya Bay, 15 species of gastropods such as Iravadia
(Fluviocingula) elegantula (A. Adams 1863), Odostomia
sp. and Salinator takii Kuroda (1928), and bivalves such as
Modiolus (Modiolus) metcalfei (Hanley 1843), Musculista
senhousia (Benson 1842), Scapharca kagoshimensis (Toku-
naga 1906) and Theora fragilis (A. Adams 1855) were col-
lected in large numbers (Fig. 5). These species were still
alive in May 1997 in similar numbers as before isolation,
but most of them had died off by August 1997 (Sato S et al.
2001). Many studies have suggested that the distribution
patterns of marine benthos are usually limited by salinity or
dissolved oxygen (DO), and individual densities of marine
benthic animals decrease rapidly when the salinity is �5
psu or DO is �2–3 mg L�1 (Reish 1971, Rosenberg 1977,
Imabayashi 1989, Furota 1991, Nakamura 1998). In the ad-
justment pond of Isahaya Bay, salinity of the bottom water
layer decreased from 5–20 psu (May 1997) to �5 psu (Au-
gust 1997) in most stations, but DO was still high
(�8 mg L�1) in most stations where Theora fragilis and the
other species lived (Sato & Kanazawa 2004). Thus, it seems
that marine bivalves and gastropods in the adjustment pond
of Isahaya Bay died off because of low salinity.

However, only a brackish species of a corbulid bivalve,
Potamocorbula sp., increased rapidly after isolation in the
adjustment pond of Isahaya Bay. In Potamocorbula sp., al-
though no individuals were found before isolation, small
numbers of juveniles appeared near the estuary in May, and
finally enormous subadults (ca. 1 cm in shell length) were
distributed at most stations of the adjustment pond in Au-
gust 1997 (Fig. 6, Sato & Azuma 2002). In April 1998, an
enormous number of small specimens appeared again, and
grew and survived until October 1999. The maximum den-
sity of this species was 832 indiv. 0.1 m�2 at St. 5 in April
1998 (Sato & Azuma 2002). However, this species de-
creased suddenly from all the stations from July 2000, and
it disappeared in March 2002 (Fig. 6).

Living individuals of Potamocorbula sp. were not found
in Japan before the 1990’s. This species first appeared in
September 1992 at the Okinohata Port in Yanagawa City
and rapidly increased and spread to many localities in 1993
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(Horikoshi & Okamoto 1994, Sato & Tomari 1994). In
1996 and 1997, this species became the most dominant
species among all the gastropods and bivalves in the inner
part of Ariake Bay (Kikuchi in Furota et al. 1999). In Isa-
haya Bay, a large number of small specimens were found in
both May 1997 and April 1998, so Sato & Azuma (2002)
hypothesized that most larvae of this species settle before
early spring. However, small individuals have not been
found since July 1999 (Sato & Azuma 2002). In August
1998 and July 1999, most adults of this species were sexu-

ally mature, and anoxic water was not distributed in this
area after August 1997 (Sato & Azuma 2002). Therefore, it
is assumed that although adults of this species can survive
and perhaps can release their germ cells, larvae of this
species could not settle in this area after 1998 because of
low salinity. Salinity of the bottom water layer at most sta-
tions was �1 psu in April 1998, and it decreased to �1 psu
in July 1999 (Sato & Azuma 2002). The lower limit of
salinity tolerance for larvae of this species is, therefore, at
least �1 psu.
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Fig. 5. Temporal change of distribution patterns (indiv. m�2) in (A) Iravadia (Fluviocingula) elegantula, (B) Modiolus (Modio-
lus) metcalfei, (C) Musculista senhousia, (D) Scapharca kagoshimensis and (E) Theora fragilis in the adjustment pond of Isahaya
Bay (from Sato S et al. 2001).



Temporal changes of bivalves and environmental condi-
tions in the outer part of Isahaya Bay

In the outer part of Isahaya Bay, several changes in envi-
ronmental conditions, such as a drastic increase in red tides
and hypoxic water, have been observed since 1997 (Tsu-
tsumi 2006). In June 1997, hypoxic water (DO �2.8 mg
L�1; Diaz & Rosenberg 1995) occurred at the outside of the
reclamation dike (Fig. 7). In and around the mouth of Isa-
haya Bay, large amounts of the bottom sediments were dug

in order to construct the reclamation dike, and it seemed
that hypoxic water occurred from these depressions
(Azuma 2000, Sato M et al. 2001). Hypoxic water was also
found in June 1999 and June 2001 (Fig. 7). Especially, in
June 2001, hypoxia was observed in a wide area (Fig. 7),
and low values of DO (�4 mg L�1) were also found in early
August of this year (Tsutsumi et al. 2003). However, DO
values were �4 mg L�1 in June 2000 and June 2002 (Fig.
7), and they were always �6 mg L�1 in November during
1998 and 2003 (Kanazawa et al. 2005).
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Fig. 6. Temporal change of distribution patterns in Potamocorbula sp. in the adjustment pond of Isahaya Bay from March 1997
to March 2002 (modified from Sato 2002).



Kanazawa et al. (2005) periodically monitored the num-
ber of species and mean densities of bivalves in the 20 fixed
stations using the Smith-McIntyre grab (sampling area:
0.05 m2) around the mouth of Isahaya Bay from June 1997
to November 2003 (Fig. 2B). Also, in June 1997 and June
2002, sediment samples were collected from the 92 and 88
fixed stations from the whole Ariake Bay, respectively (Fig.
2A). The bivalve fauna drastically changed after the dike’s
completion in the outer part of Isahaya Bay. In and around
the mouth of Isahaya Bay, many bivalve species such as
Musculista japonica (Dunker 1856), Musculista senhousia,
Modiolus (Modiolusia) elongata Swainson (1821), Raetella
pulchella (Adams & Reeve 1850) and Theora fragilis dis-
tributed in the muddy and fine sand sediments in June
1997, but these species decreased rapidly until June 1999
(Figs. 7, 8, Kanazawa et al. 2005). However, a bivalve
species, Modiolus (Modiolus) comptus Sowerby III (1915),
distributed in the medium sand sediments, was abundant
from June 1997 to June 1999 (Fig. 9, Kanazawa et al.
2005). Also, in June 1997, hypoxic water occurred near the
region where the former 5 species lived rather than the re-
gion where M. (M.) comptus lived (Figs. 7, 8, 9).

Hypoxic water can usually be moved around a wide area
by the tide and wind. For example, observation of DO at a

fixed station in Mikawa Bay, central Japan, revealed that
during the 49 days of the observation period, hypoxic water
(DO �20%) was occasionally observed more than 10
times, but each hypoxia was always disappeared within 24
hours (Suzuki et al. 1998). By contrast, some examinations
on tolerance of bivalves to hypoxic water revealed that The-
ora fragilis died off within 2 days in anoxic water (DO
�0.05 mg L�1) at 25°C, and Musculista senhousia also died
for 3 days in anoxic water (Tamai 1993, Nakamura 1998).

Therefore, although not all bivalves necessarily die in hy-
poxic water within 24 hours, hypoxic water strongly influ-
enced the benthos fauna over a wide area (Imabayashi
1989, Furota 1991, Wu 2002). These facts suggest that hy-
poxic water occurring near the mouth of Isahaya Bay in
June 1997 caused a decrease in Theora fragilis, Musculista
senhousia and the other bivalve species. From June 2001 to
August 2001, hypoxic water also occurred in a wide area
around the mouth of Isahaya Bay, and it caused a decrease
in Musculista japonica and Raetella pulchella in November
2001 (Figs. 7, 8, Kanazawa et al. 2005).

In contrast, because the distribution area of Modiolus
(M.) comptus was far from the hypoxic water occurring in
June 1997, this species has not been influenced by the hy-
poxic water and is still distributed around the mouth of Isa-
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Fig. 7. Temporal changes in dissolved oxygen (DO: mg L�1) of bottom water layer and in the density of Musculista japonica
(indiv. 0.05 m�2) collected from 20 fixed stations in and around the mouth of Isahaya Bay and 92 fixed stations in Ariake Bay
from June 1997 to November 2003 (from Kanazawa et al. 2005). In June 1997 and June 2002, bold-faced numbers pertain to the
20 fixed stations in and around the mouth of Isahaya Bay. Also, underlined numbers in November 1998 and June 2002 mean the
fixed stations where M. japonica decreased after hypoxia occurred in June 1997 and June 2001, respectively.



haya Bay till June 1999. However, Modiolus (M.) comptus
suddenly disappeared from this area in June 2000 and then
rapidly increased in June 2002 (Fig. 9). In June 1997,
Modiolus (M.) comptus was generally distributed at the area
of sediment with medium particle diameter (Md) of 1.5–
2.0f (Fig. 9, Kanazawa et al. 2005). From June 1999 to
June 2000, the distribution area of sediment with Mdf
1.5–2.0 reduced in and around the mouth of Isahaya Bay,

and Modiolus (M.) comptus temporarily disappeared from
this area (Fig. 9). In June 2002, the distribution area of
sediment with Mdf 1.5–2.0 spread rapidly toward the east
side of this area, and Modiolus (M.) comptus proliferated
again around the mouth of Isahaya Bay (Fig. 9).

These facts suggest that the distribution pattern of Modi-
olus (M.) comptus is influenced by the temporal change of
sediment distribution. It has been pointed out that the de-
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Fig. 8. Temporal changes in the density (indiv. 0.05 m�2) of (A) Modiolus (Modiolusia) elongata, (B) Theora fragilis and (C)
Raetella pulchella in and around the mouth of Isahaya Bay from June 1997 to June 2002 (A–B: unpublished data, C: from Sato &
Kanazawa 2004).



crease in the tidal current speed after isolation of Isahaya
Bay caused a decrease in grain size of bottom sediments in
June 2002 (Azuma 2005). In conclusion, temporal changes
of bivalve fauna were strongly influenced by the environ-
mental changes, such as occurrence of hypoxic water and
change of grain size of bottom sediments, and those are
caused by isolation of Isahaya Bay.

Faunal change of bivalves and gastropods in the Sae-
mangeum area

The Saemangeum area is located in the middle of the
western coast of South Korea (Fig. 1). The length of the
dike is 33 km (the largest in the world), and the reclamation
area is 401 km2 (Fig. 10). The construction of the dike was
started in November 1991, and the project is scheduled to
be completed in 2011. The northern part of this dike has
been isolated since June 2003. The southern part of the dike
was also completed on April 21, 2006, but the water gates
have not yet been closed.

The Japan/Korea Tidal-flats Joint Survey Group began
studies on waterfowls, benthos and “tidal-flat culture” in
the Saemangeum area in May 2000 (Japan/Korea Tidal-flats
Joint Survey Group 2001, 2003, 2006). In this survey, we
examined macrobenthos fauna at 18 fixed stations on the

tidal flat of the northern and middle sites in the Sae-
mangeum area 10 times from May 2000 to March 2006
(Fig. 10A, B). At each fixed station, one or two quadrat
samples (25 cm�25 cm) were dug with a shovel to a depth
of 20 cm and were passed through a sieve or sack of ca.
2 mm mesh size. The remnants were preserved in ethanol,
and living benthic animals were removed from the debris
and identified in the laboratory. The samples collected from
the Saemangeum area will be stored at the National Biolog-
ical Resources Center in South Korea.

In May 2000, a brachiopod Lingula anatina Lamarck
(1801), gastropods such as Umbonium (U.) thomasi (Crosse
1863), Reticunassa festiva (Powys 1833) and Bullacta
exarata (Philippi 1849), and bivalves such as Mactra vener-
iformis Reeve (1854), Solen (Solen) strictus Gould (1861),
Tellina (Moerella) rutila Dunker (1860), Nuttallia japonica
(Reeve 1857), Meretrix petechialis (Lamarck 1818), Glau-
conome chinensis and Laternula (Exolaternula) marilina
(Reeve 1860) were collected from the tidal flats (Table 1).
Moreover, a possibly undescribed bivalve species, Monta-
cutidae gen. et sp. attached to the shell of Lingula anatina
were found from the quadrat samples (identified as Gale-
ommatidae gen. et sp. in Sato 2002, Sato & Yamashita
2006, Yamashita et al. 2006). The existence of bivalve
species attached to the shell of Lingula anatina is also re-
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Fig. 9. Temporal changes in the density of Modiolus (M.) comptus (indiv. 0.05 m�2) from June 1997 to November 2003, and in
distribution area of sediment with a median particle diameter (Md) of 1.5–2.0f from June 1997 to June 2002 in and around the
mouth of Isahaya Bay and in Ariake Bay (from Kanazawa et al. 2005). In June 1997 and June 2002, bold-faced numbers pertain
to the 20 fixed stations in and around the mouth of Isahaya Bay.



ported from the Philippines (as Mysella sp. in Savazzi
2001). Besides, a similar bivalve species attached to the
shell of Lingula adamsi Dall (1873) has been already found
on the southwestern coast of South Korea (as Galeommati-
dae gen. et sp. in Sato et al. 2004). Therefore, taxonomic
examinations of these bivalve species and analysis of the
symbiotic relationship between these bivalves and Lingula
are urgently needed.

However, since the completion of the northern part of the
reclamation dike in June 2003, rapid changes of bivalves
and gastropods have been found in the tidal flat of the Sae-
mangeum area. In the northern site of this area, Umbonium
(U.) thomasi, Bullacta exarata and Tellina (Moerella) rutila
have decreased rapidly since 2003 (Fig. 11A, C, Table 1).
In their place, Felaniella sowerbyi Kuroda & Habe (1951)
and Laternula (Exolaternula) marilina increased and subse-
quently decreased in the northern site of Saemangeum area
(Fig. 11D, E). In the fixed stations where Umbonium (U.)
thomasi was found in abundance in May 2000, Batillaria
cumingii (Crosse 1862) has been crowded since 2003 (Fig.
11A, B). On the other hand, in the middle site of Sae-
mangeum area, many gastropods and bivalves including
Montacutidae gen. et sp. have decreased rapidly since 2003,
and Potamocorbula sp. and Laternula (Exolaternula) mar-
ilina increased and subsequently decreased (Fig. 12, Table

1). Especially, Potamocorbula sp. that increased after isola-
tion of Isahaya Bay has also been found in high density
since 2002 (Fig. 12). When the data before the construc-
tion of the dike in 1988 are compared with the results after
the dike construction in 2000 (Choi & Koh 1994, Je 2000,
Sato 2002), the distribution range and individual density of
this species increased in the subtidal zone of the inner part
of the reclamation dike (Je 2000, Sato 2002, 2005). In the
intertidal zone, only few individuals of Potamocorbula sp.
were found from the 65 stations in the Saemangeum area in
1988 (An & Koh 1992), so it is clear that this species sud-
denly increased during 2000 and 2001 (Table 1). These
drastic changes of bivalves and gastropods in the Sae-
mangeum area are very similar to those occurring in Isa-
haya Bay after isolation. This result shows that the ecosys-
tem of the Saemangeum area has already shifted to an un-
stable state like Isahaya Bay.

Conclusion

In the inner part of Isahaya Bay, most of the marine bi-
valves and gastropods had died off by 4 months after the
dike’s completion. Thereafter, only Potamocorbula sp. in-
creased temporarily in the adjustment pond from August
1997, and then disappeared. In the outer part of Isahaya
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Fig. 10. Locality map showing the Saemangeum area. (A) 8 stations of the northern sites and (B) 10 stations of the middle sites
in this area (modified from Sato & Yamashita 2006).



Change of mollusks after the huge reclamation 133
T

ab
le

1.
M

ea
n 

in
di

vi
du

al
 n

um
be

r 
(i

nd
iv

.m
�

2 ) 
fo

r 
ea

ch
 s

pe
ci

es
 o

f 
a 

br
ac

hi
op

od
, 

ga
st

ro
po

ds
, 

an
d 

bi
va

lv
es

 c
ol

le
ct

ed
 f

ro
m

 t
he

 n
or

th
er

n 
an

d 
m

id
dl

e 
si

te
s 

of
 S

ae
m

an
ge

um
 a

re
a 

(m
od

ifi
ed

fr
om

 S
at

o 
&

 Y
am

as
hi

ta
 2

00
6)

.

L
oc

al
it

y
no

rt
he

rn
 s

it
e 

(S
ur

a,
 O

kb
on

g-
ri

, O
ks

eo
-m

ye
on

, G
un

sa
n 

C
it

y)
m

id
dl

e 
si

te
 (

G
eo

je
on

, S
im

po
-r

i, 
Ji

nb
on

g-
m

ye
on

, G
im

je
 C

it
y)

D
at

e
M

ay
 3

A
ug

. 3
1

A
ug

. 1
5

M
ay

 4
Ju

ly
 1

9
S

ep
. 2

6
O

ct
. 1

M
ay

 7
M

ay
 4

S
ep

. 1
A

ug
. 1

6
M

ay
 5

Ju
ly

 2
0

S
ep

. 2
5

O
ct

. 2
M

ay
 8

Y
ea

r
20

00
20

01
20

02
20

03
20

03
20

03
20

04
20

05
20

00
20

01
20

02
20

03
20

03
20

03
20

04
20

05

nu
m

be
r 

of
 s

am
pl

in
g 

st
at

io
ns

12
2

8
8

8
8

8
8

12
4

8
10

9
10

10
10

B
R

A
C

H
IO

P
O

D
A

IN
A

R
T

IC
U

L
A

TA
L

in
gu

la
 a

na
ti

na
17

16
32

50
26

38
18

14
44

32
36

46
64

10
7

29
16

M
O

L
L

U
S

C
A

 
G

A
S

T
R

O
P

O
D

A
U

m
bo

ni
um

(U
.)

 th
om

as
i

45
7

8
77

6
40

52
92

2
0

10
9

8
26

0
19

4
37

69
40

B
at

il
la

ri
a 

cu
m

in
gi

i
0

32
0

15
4

43
8

49
6

18
0

92
15

8
0

0
0

0
0

0
0

0
A

ss
im

in
ei

da
e 

ge
n.

 e
t s

p.
 

1
0

0
0

0
0

0
0

0
4

0
0

0
0

0
0

P
se

ud
om

ph
al

a 
la

te
ri

ce
a

0
0

0
0

2
0

0
0

0
0

0
0

0
0

0
0

G
lo

ss
au

la
x 

di
dy

m
a

1
0

2
0

0
0

0
0

0
0

0
0

0
0

0
0

L
un

at
ia

 fo
rt

un
ei

0
0

4
0

0
0

0
2

0
0

0
0

0
0

0
3

R
et

ic
un

as
sa

 fe
st

iv
a

16
0

12
0

0
14

0
0

6
9

0
12

0
0

6
10

3
Te

re
br

a
sp

p.
12

0
8

0
0

2
0

2
0

0
0

0
0

0
0

2
O

do
st

om
ia

sp
p.

20
16

0
0

0
0

0
0

0
0

0
0

0
0

0
0

B
ul

la
ct

a 
ex

ar
at

a
1

80
12

0
0

2
6

0
4

36
3

10
9

10
2

3
B

IV
A

LV
IA

M
ac

tr
a 

ve
ne

ri
fo

rm
is

8
0

34
6

4
2

0
0

3
12

95
5

0
2

5
14

So
le

n
(S

.)
 s

tr
ic

tu
s

5
0

0
2

4
0

0
0

0
0

4
0

0
0

0
2

Te
ll

in
a

(S
em

el
an

gu
lu

s)
 to

ku
be

ii
0

0
0

0
0

0
0

0
0

0
0

0
2

0
0

0
Te

ll
in

a
(M

oe
re

ll
a)

 ir
id

en
sc

en
s

0
0

0
0

0
0

0
0

0
0

0
0

2
0

0
0

Te
ll

in
a

(M
oe

re
ll

a)
 r

ut
il

a
19

2
36

0
17

0
14

4
17

6
21

0
12

18
7

16
22

5
5

2
22

42
N

ut
ta

ll
ia

 ja
po

ni
ca

4
0

2
0

0
0

0
0

4
8

0
2

0
0

2
0

Fe
la

ni
el

la
 s

ow
er

by
i

0
0

0
78

52
11

8
4

6
0

0
0

0
0

0
0

0
M

on
ta

cu
ti

da
e 

ge
n.

 e
t s

p.
 

0
0

0
0

0
0

0
0

1
12

2
3

4
6

0
0

D
os

in
ia

(P
ha

co
so

m
a)

 ja
po

ni
cu

m
1

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
M

er
et

ri
x 

pe
te

ch
ia

li
s

3
8

2
4

0
0

0
0

3
0

4
0

0
2

5
6

Ta
pe

s
(R

ud
it

ap
es

) 
ph

il
ip

pi
na

ru
m

1
0

0
2

0
0

0
0

0
0

0
0

0
0

0
0

C
yc

li
na

 s
in

en
si

s 
0

0
6

4
8

2
4

0
0

0
0

0
0

2
0

0
G

la
uc

on
om

e 
ch

in
en

si
s

4
0

0
0

0
22

2
0

0
0

0
0

0
0

0
0

Po
ta

m
oc

or
bu

la
sp

.
0

0
2

0
0

0
0

0
0

21
6

49
4

2
32

9
82

9
20

5
94

L
at

er
nu

la
(E

xo
la

te
rn

ul
a)

 m
ar

il
in

a
3

0
7

10
6

24
0

31
4

6
9

14
8

26
6

25
6

14
1

3
14



134 S. SATO

Bay, most of the bivalve species decreased rapidly from
1997 to 1999. However, only a few bivalve species such as
Modiolus (M.) comptus increased rapidly in abundance
from June 2002. In the Saemangeum area, many bivalves
and gastropods also decreased rapidly from 2003, when the
northern part of the reclamation dike was completed. In ad-
dition, a few species of bivalves and gastropods increased
temporarily and subsequently decreased. Especially, Pota-
mocorbula sp., that increased after isolation of Isahaya Bay,
was also found in high density after the dike construction.
These results suggest that faunal response of bivalves and
gastropods to large environmental disturbances such as iso-
lation is very similar in the Saemangeum area and Isahaya
Bay. If there is no improvement in environmental condi-
tions in these areas, it is supposed that a few species of bi-
valve and gastropod will increase and subsequently de-
crease while most species will disappear completely from
the Yellow Sea and Ariake Bay.
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from May 2000 to May 2005 (from Sato & Yamashita 2006).



References

An SM, Koh CH (1992) Environments and distribution of benthic
animals on the Mangyung-Dongjin tidal flat, west coast of
Korea. J Oceanol Soc Korea 27: 78–90.

Azuma M (2000) Chapter 13 Effect of the Isahaya Bay Reclama-
tion Project (Isahayawan kantaku no eikyou). In: Life in Ariake
Sea: Biodiversity in Tidal Flats and Estuaries (Ariakekai no iki-
monotachi: higata to kakouiki no seibutsutayousei) (ed Sato M).
Kaiyu-sha Press, pp. 320–337. (in Japanese)

Azuma M (2005) Chapter 3.5 Change of bottom sediments
(Teishitsuno henka). In: Aiming at the Revival of the Ariake
Bay Ecosystem (Ariakekai no seitaikei saisei wo mezashite) (ed
Oceanogr soc Jap). Kouseisha-Kouseikaku, pp. 94–104. (in
Japanese)

Choi JW, Koh CH (1994) Macrobenthos community in Keum-
Mankyung-Dongjin Estuaries and its adjacent coastal region,

Korea. Korean Soc Oceanogr 29: 304–318.
Diaz RJ, Rosenberg R (1995) Marine benthic hypoxia: a review of

its ecological effects and the behavioural responses of benthic
macrofauna. Oceanogr Mar Biol Ann Rev 33: 245–303.

Fukuda H (2000) Chapter 5 Gastropods 1—General remarks
(makigairui 1—soron). In: Life in Ariake Sea: Biodiversity in
Tidal Flats and Estuaries (Ariakekai no ikimonotachi: higata to
kakouiki no seibutsutayousei) (ed Sato M). Kaiyu-sha Press, pp.
150–183. (in Japanese)

Furota T (1991) Survival and population maintenance of mac-
robenthic animals in inner Tokyo Bay. Bull Coast Oceanogr 28:
160–169. (in Japanese with English abstract)

Furota T, Sekiguchi H, Kikuchi T, Takita T, Azuma M, Sato M
(1999) Problems of environmental assessments for develop-
ments on tidal flats in Kyushu, Japan. Report of a symposium in
the 1997 autumn meeting of the Oceanographic Society of
Japan. Oceanogr Jpn 8: 47–68. (in Japanese)

Change of mollusks after the huge reclamation 135

Fig. 12. Temporal change of distribution patterns in (A) Umbonium (U.) thomasi, (B) Bullacta exarata, (C) Potamocorbula sp.
and (D) Laternula (Exolaternula) marilina in the middle site of the Saemangeum area from May 2000 to May 2005 (from Sato &
Yamashita 2006).



Hong JS (2000) Chapter 11 Benthos of the tidal flats in Korea
(Kankoku no higata no teiseiseibutsu). In: Life in Ariake Sea:
Biodiversity in Tidal Flats and Estuaries (Ariakekai no iki-
monotachi: higata to kakouiki no seibutsutayousei) (ed Sato M).
Kaiyu-sha Press, pp. 285–301. (in Japanese)

Horikoshi M, Okamoto M (1994) An immigrant bivalve Pota-
mocorbula cf. laevis (Hinds) recently propagated at the head of
Ariake Bay, Kyushu, Japan. Chiribotan—Newsletter Malacol
Soc Jpn 24: 77–83. (in Japanese)

Imabayashi H (1989) Interaction between benthic communities
and oxygen-deficient water mass in eutrophic waters. Bull
Coast Oceanogr 26: 119–128. (in Japanese with English ab-
stract)

Japan/Korea Tidal-flats Joint Survey Group (2001) Reports of
Japan/Korea Tidal-flats Joint Survey Group in 2000 (Nikkan
kyodo higata chosadan 2000nendo houkokusyo). Kyushu-
Ryukyu Wetlands Action Network, Fukuoka, 204 pp. (in Japan-
ese)

Japan/Korea Tidal-flats Joint Survey Group (2003) Reports of
Japan/Korea Tidal-flats Joint Survey Group in 2001 (Nikkan
kyodo higata chosadan 2001nendo houkokusyo). Japan/Korea
Tidal-flats Joint Survey Group, Fukuoka, 225 pp. (in Japanese)

Japan/Korea Tidal-flats Joint Survey Group (2006) Reports of
Japan/Korea Tidal-flats Joint Survey Group in 2006 (Nikkan
kyodo higata chosa houkokusyo 2006), Japan/Korea Tidal-flats
Joint Survey Group, Kumamoto, 211 pp. (in Japanese)

Je JG (2000) Marine benthic animals (Haeyang Jeoseo Dongmul).
In: Reports of the Joint Survey Group for the Environment
Changes caused by the Saemangeum Reclamation Project (Sae-
mangeum saeop hwangyeong yeonghyang gongdong josadan
gyeolgwa bogoseo), Joint Survey Group for the Environment
Changes caused by the Saemangeum Reclamation Project,
92pp. (in Korean)

Kanazawa T, Sato S, Azuma M, Kondo H, Nishinokubi H and
Matsuo M (2005) Faunal change of bivalves in Ariake Bay after
the construction of a dike for the reclamation of Isahaya Bay,
western Kyushu, Japan. Jpn J Benthol 60: 30–42. (in Japanese
with English abstract)

Nakamura M (1998) Physio-ecological study on interrelationships
between Corbicula japonica Prime and environment in Lake
Shinji, Japan. Report of Shimane Pref Fish Exp Stn 9: 1–192.
(in Japanese with English abstract)

Reish DJ (1971) Effect of pollution abatement in Los Angeles har-
bor. Mar Poll Bull 2: 71–74.

Rosenberg R (1977) Benthic macrofaunal dynamics production,
and dispersion in an oxygen-deficient estuary of west Sweden.
Journal Exp Mar Biol Ecol 26: 107–133.

Sato K, Tomari H (1994) On Potamocorbula sp. from Fukuoka
Prefecture. Chiribotan—Newsletter Malacol Soc Jpn 24: 85–88.
(in Japanese)

Sato M, Azuma M, Sato S, Kato N, Ichikawa T (2001) What’s
happening/what happened around Isahaya Bay in Ariake Bay?
(Isahayawan Ariakekai de naniga okotteirunoka?). Kagaku 71:
882–894. (in Japanese)

Sato M, Koh CH (2004) Chapter 9 Biological richness of the
Asian tidal flats and its crisis by human impact. In: Ecological
Issues in a Changing World-Status, Response and Strategy (ed
Hong SK, Lee JA, Ihm BS, Farina A, Son Y, Kim ES, Choe

JC). Kluwer Academic Publishers, pp. 135–155.
Sato M, Takita T (2000) Chapter 1 Fauna and environment in the

Ariake Bay (Ariakekai no seibutsuso to kankyo). In: Life in
Ariake Sea: Biodiversity in Tidal Flats and Estuaries (Ariakekai
no ikimonotachi: higata to kakouiki no seibutsutayousei) (ed
Sato M). Kaiyu-sha Press, pp. 10–35. (in Japanese)

Sato S (1997) The Isahaya Bay Reclamation Project: ecology of
mollusks (Isahayawan kantaku: kairui no seitai). SCIaS (Asahi
Kagaku) 24: 74–75. (in Japanese)

Sato S (2000a) Actual paleoecology in the tidal flat of Isahaya Bay
after reclamation. Jour Geol Soc Jap 106: V–VI. (in Japanese)

Sato S (2000b) Chapter 7 Bivalves (Nimaigairui). In: Life in Ari-
ake Sea: Biodiversity in Tidal Flats and Estuaries (Ariakekai no
ikimonotachi: higata to kakouiki no seibutsutayousei) (ed Sato
M). Kaiyu-sha Press, pp. 150–183. (in Japanese)

Sato S (2001) Spatial distributions of bivalves and gastropods on
the tidal mud flat created by the construction of a dike for recla-
mation of Isahaya Bay, western Kyushu, Japan. Quat Res (Daiy-
onki-Kenkyu) 40: 43–51. (in Japanese with English abstract)

Sato S (2002) Faunal response of bivalves and gastropods to large
environmental disturbances caused by the construction of dyke
for reclamation. Jpn J Benthol 57:106–118. (in Japanese with
English abstract)

Sato S (2005) Faunal response of bivalves to large environmental
disturbances caused by huge reclamation projects in Japan and
Korea—a comparison with the fossil bivalve assemblages.
Aquabiol 27: 359–361. (in Japanese with English abstract)

Sato S, Azuma M (2002) Ecological and paleoecological implica-
tions of the rapid increase and decrease of an introduced bivalve
Potamocorbula sp. after the construction of a dike for reclama-
tion in the Isahaya Bay, Western Kyushu, Japan. Palaeogeogr,
Palaeoclim, Palaeoecol 185: 369–378.

Sato S, Azuma M, Kondo H, Nishinokubi H (2001) Temporal
change of bivalves and gastropods in Isahaya Bay shut off from
Ariake Sea, western Kyushu, Japan. Quat Res (Daiyonki-
Kenkyu) 40: 85–95. (in Japanese with English abstract)

Sato S, Endo K, Yamashita H (2004) Morphological and genetic
comparisons of Lingula adamsi Dall, 1873 from South Korea
and Japan. Jpn J Benthol 59: 14–19. (in Japanese with English
abstract)

Sato S, Kanazawa T (2004) Faunal change of bivalves in Ariake
Sea after the construction of the dike for reclamation in Isahaya
Bay, western Kyushu, Japan. Fossils (Palaeontological Society
of Japan) 76: 90–99. (in Japanese with English abstract)

Sato S, Yamashita H (2006) Faunal change of mollusks after the
construction of the reclamation dike in Saemangeum area dur-
ing 2000 and 2003—comparisons with the results in Isahaya
Bay. (2000–2003 nen no aidani mirareta Kankoku Semangumu
chiiki no kantaku bochotei kensetsu ni tomonau higata kairui
gunshu no henka—Isahayawan kantaku ni okeru chosakekka to
hikakushite). In: Reports of Japan/Korea Tidal-flats Joint Sur-
vey Group in 2006 (Nikkan kyodo higata chosa houkokusyo
2006) (ed Japan/Korea Tidal-flats Joint Survey Group). pp.
54–70. (in Japanese)

Savazzi E (2001) A review of symbiosis in the Bivalvia, with spe-
cial attention to macrosymbiosis. Paleontol Res 5: 55–73.

Shimoyama S (2000) Chapter 2 Geological history of Ariake Bay
and establishment of indigenous species (Ariakekai no chishi to

136 S. SATO



tokusansyu no seiritsu). In: Life in Ariake Sea: Biodiversity in
Tidal Flats and Estuaries (Ariakekai no ikimonotachi: higata to
kakouiki no seibutsutayousei) (ed Sato M). Kaiyu-sha Press, pp.
37–48. (in Japanese)

Sugano T (1981) Ariake Bay—An Observation Guide of Nature
and Organisms (Ariakekai—shizen · seibutsu · kansatsu gaido).
Tokai University Press, Tokyo, 194 pp. (in Japanese)

Suzuki T, Aoyama H, Kai M, Imao K (1998) Effect of dissolved
oxygen deficiency on a shallow benthic community in an em-
bayment. Oceanogr Jap 7: 223–236. (in Japanese with English
abstract)

Tamai K (1993) Tolerance of Theora fragilis (Bivalvia: Semeli-
dae) to low concentrations of dissolved oxygen. Bull Jap Soc
Sci Fish 59: 615–620. (in Japanese with English abstract)

Tsutsumi H (2006) Critical events in the Ariake Bay ecosystem:
clam population collapse, red tides, and hypoxic bottom water.
Plankton Benthos Res 1: 3–25.

Tsutsumi H, Okamura E, Ogawa M, Takahashi T, Yamaguchi H,
Montani S, Kohashi N, Adachi T, Komatsu T (2003) Studies of
the cross section of water in the innermost areas of Ariake Bay
with the recent occurrence of hypoxic water and red tide.
Oceanogr Jap 12: 291–305. (in Japanese with English abstract)

Tsutsumi H, Takeguchi T, Maruyama A, Nakahara Y (2000) Sea-
sonal fluctuations in the benthic community after the collapse
of a clam, Ruditapes philippinarum population on the Midori
River tidal flats in Kumamoto. Jpn J Benthol 55: 1–8. (in Japan-
ese with English abstract)

Wada K, Nishihira M, Furota T, Nojima S, Yamanishi R,
Nishikawa T, Goshima S, Suzuki T, Kato M, Shimamura K,
Fukuda H (1996) Present status of estuarine locales and benthic
invertebrates occurring in estuarine environment in Japan.
WWF Japan Science Report 3: 1–182. (in Japanese)

Wu RSS (2002) Hypoxia: from molecular responses to ecosystem
responses. Mar Poll Bull 45: 35–45.

Yamashita H, Okamoto M, Harato M, Fukuda H (1997) The pre-
sent status and conservation values of endangered mollusks in
tidal flats and estuaries of Japan-1. Tellina (Serratina) capsoides
(Bivalvia: Vereroida: Tellinidae). The Yuriyagai: Journal of
Malacozoological Association of Yamaguchi 5: 101–115.

Yamashita H, Sato S, Mizuma Y, Nawa J (2006) A catalogue of
marine mollusks in Saemangeum area (Semangumu kaiikisan
nantaidoubutsu mokuroku). In: Reports of Japan/Korea Tidal-
flats Joint Survey Group in 2006 (Nikkan kyodo higata chosa
houkokusyo 2006) (ed Japan/Korea Tidal-flats Joint Survey
Group). pp. 97–119. (in Japanese)

Yamashita H, Tominaga K (1995) Studies on the fauna and its
habitat of the tidal flats of Isahaya Bay in the Ariake Sound (1).
(Ariakekai Isahayawan higata no seibutsu oyobi seisoku-
kankyou no kenkyu dai 1 pou). 53 pp. (in Japanese)

Yamashita H, Tominaga K (1996) Studies on the fauna and its
habitat of the tidal flats of Isahaya Bay in the Ariake Sound (2).
(Ariakekai Isahayawan higata no seibutsu oyobi seisoku-
kankyou no kenkyu dai 2 hou). 35 pp. (in Japanese)

Change of mollusks after the huge reclamation 137


