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Assessment of | mpacts of Sea L evel Riseon the
Songkhla Lakein South Thailand

Y ukihiro Hirai*

Abstract : In this paper the author first presents an original procedure to assess the impact of
sea level rise. Following this procedure the natural and socioeconomic characteristics of the
Songkhla Lake are described. Then the lacustrine lowland of Thale Sap Songkhla is divided
into three distinctive geographical zones, and major factors that control the development of
each littoral zone are identified. Based on those development factors, some serious impacts of
sea level rise on the lake were assessed as follows ;

(1) In the beach ridge plain, coastal erosion will become more severely, especially where
large—scale shrimp farming developed will affected critically by the retreat of the shoreline

along the present coast.

(2) The area of Songkhla City should be protected by higher or stronger seawall if the
coastal erosion would become more severe.

(3) The channel linked the lake and the Gulf of Thailand will become twice or three times as
wide as present one, because of the erosion of the north end of the spit. Then the groundwater
in the littoral lowlands will be affected by the increase in salinity of the lake water.

(4) In the deltaic lowland of Thale Sap Songkhla, wide littoral area will be inundated with
lake water about 1 to 3 km in width from the present lake shoreline. Lacustrine lowlands newly
covered with urban facilities, should be protected from severe floods or long—term inundation.
Key words: assessment of impacts, beach ridge plain, deltaic lowland, sea level rise,

Songkhla Lake
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Step-1
Collecting of basic data on the case study area

(Remote Sensing Imagessuch as LANDSAT, SPOT, JERS, Geomorphological Map,
Navigation Chart, Land Use Map, General Statistics)

¥

Step-2 |

Coilecting of detailed dara on the case study area

{Aerial Photograph, Ground Level Map, SubgroundMap, Detailed Statistics )

Step-3

Natural Systems Socioeconomic Systems
a.Geomorphological Conditions  { Landla, Land Use Patterns

‘ “—Analysis of the data, Field Survey

Classification of lacustrine lowland) b, Water Use Conditions

b.Hy drological Conditions (Rainfall,
Groundwater, Lake Water)
i ! < Integration
Step-4
Classification of Lacustrine Lowland Based on both Natural Sy stems and Socioeconormic|
Systems
§ <—Consideration
Step-5
Identification of Development Factors of Each Unit  and Assessment of impact of
LevelRise
1 “—Synthesis
Step-6

Assessment of Impact _of SeaLevelRise on Whole Lagoon I

‘ “~Formulation
Step-7

Adaptation of the A

1o other coastai lagoon area
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FIIE (Hirai et al.,1999

Fig.1 Original procedure of assessment of the impacts
of sea—level rise on coastal lagoofisirai et al., 1999
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The Holocene environmental change of the estuary
of Nagdong River, southern Korea

Sora Kang', Yeon Gyu Le€, Boo—Young Baé, Jung Woo Leé and Sun Yoort

Abstract : A total of 79 species of benthic foraminifera belonging to 49 genera and 60 species
of diatoms belonging to 35 genera are identified from the core samples of the deltaic sediments
in Nagdong Estuary. On the basis of benthic foraminiferal fauna and diatom flora, the deltaic
sediments of the cores can be divided into three environmental intervals : the upper Interval |
bay environment ; the middle Interval Il offshore bay environment ; the lower Interval Ill is
bay environment. The sea-water had advanced into Nagdong Estuary already earlier than 7133
yr.B.P. This marine transgression may be correlated with the Jomon Transgression in the
Japanese Islands. Sea-level fluctuation occurred after around 7000 yr.B.P., which might be due
to the vertical movement of the land of Nagdong Estuary.

Key words : Nagdong Estuary, Holocene environment, micropaleontology, marine

transgression

Introduction ranging from 4250 yr.B.P. through 2950 yr.B.P. are
embayment deposits which were influenced by fresh
Nagdong River is the longest river in southern Korea, water.

and its estuary (Nagdong Estuary) is underlain with The present article deals with the environmental
broad and thick deltaic sediments. In the marginal area ofchange near the bay—mouth of the Nagdong Estuary,
the estuary, many kitchen middens are distributed, which analyzing the foraminiferal fauna and diatom flora,
contain Neolithic and Proto—historic times. Yoon and which were detected in the drilling cores. The drillings
Yee (1985) and Lee and Yoon (1992) reported the resultwere carried out to investigate the foundation of an
of the investigation of Sugari Kitchen midden, which is industrial complex.
located in the west—central margin of the estuary. Yoon
and Yee (1985) studied Site 3 of Neolithic Time and Site Micropaleontological analysis
5 of Proto—historic Time, and discussed the sea-level
changes of the estuary. They concluded that comparingl. Materials and Methods
with the present sea-level, the sea-level was about 5 m Cores Sp-23 and Sp-39 located near the bay—mouth
higher around 4500 yr.B., rose to 7.5 m higher @und of the Nagdong Estuary (Fig. 1) are consist of silt or silty
3400 yr.BP., fell to 5 m higher aund 1900 yr.B.P. and clay and clay. A total of 29 samples were collected for
rose again to 6.5 m higher around 1700 yr.B.P. Lee andthe examination of foraminifera and diatoms, which
Yoon (1992) reported the molluscan assemblages of Sitecomprise 11 samples from the 13 to 31 m-long silt or
3 of Neolithic Time, and stated that the lowermost clay core of Sp—23 and 18 samples from the 13 to 54 m-
stratigraphic units ranging from 4450 yr.B.P. through long silty clay or clay core of Sp—39 (Fig. 2).
4250 yr.B.P. are terrestrial deposits and the upper units For picking foraminifera, the samples were washed,
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e-mail ; sora@hyowon.cc.pusan.ac.kr
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4 Dong-A Geological Engineering Co. Ltd., Pusan 609-310, Korea

15



16 Sora Kang, Yeon Gyu Lee, Boo-Young Bae, Jung Woo Lee and Sun Yoon

foraminifera are identified. The fossil foraminifera are
generally well preserved and abundant. As a whole, the
most dominant species of this core afdphidium
o advenum andPseudorotalia gaimardii . However, a little
Kimhae  :- _..o."./n[-" change of the benthic foraminiferal fauna is identified
Y/ SE N DO through the core. In the lowermost part of the core (29-
31 m), P. gaimardii is not yielded, and the dominant
species areBuccella frigida and Elphidium clavatum.
Ammonia beccarii, E. advenum are common, and
El phidium somaense is associatedEl phidium subincertum
andE. reticulosum are occurred characteristically, that is
dissimilar to the other samples in this core. In the middle
part of the core (19-27 m), the dominant specieskre
advenum andP. gaimardii. A. beccarii, A. ketienziensis
angulata, B. frigida, E. clavatum, E. somaense,
Pseudononion japonicum and Pseudoparrella tamana
are associated®olivina robusta, Quinqueloculina  spp .,
Rosalina spp. and Spiroloculina sp. are the minor
species. In the upper part of the core (15-17 m), the
Korea Strait dominant species are. gaimardii and E. advenum. B.

0 5 m frigida, E. clavatum, E. somaense, E. subincertum and
Quinqueloculina seminulum are commonA. ketienziensis
angulata, P. japonicum, P. tamana and Spiroloculina sp.

Fig. 1 Location of drilling cores in the study area and are associated. The agglutinated foraminifera such as
Sugari Kitchen midden. Ammobaculites sp ., Haplophragmoides columbiensis
andTrochammina spp. are occurred characteristically as
minor species.
using 74« m (200 mesh) sieve with tap water, and dried  Core Sp—39 : Seventy—nine species belonging to 47
in an oven for 24 hours, and then, fossils were picked genera of benthic foraminifera are identified from 13 of
under the binocular microscope. For the examination of 18 samples of the section 13 to 54 m. Five samples of the
the fossil diatoms, samples were placed in an oven at 60section 41 to 54 m do not contain any of foraminifera.
C for 24 hr and 3 g of dried—up materials were boiled in Preservation and abundance of the fossils is generally
a 100 ml beaker with about 10 ml of hydrogen peroxide good and abundant except for the samples from the
solution (15%) for several seconds and then left to standsection 39 to 54 m. The sample 39 m yields well -
for 24 hr after diluting with distilled water. After pouring preserved benthic foraminifera but, poor in abundance.
off the suspension, the residue were diluted with 50 ml of As in the core Sp—23, the most dominant specieskare
distilled water and homogenized for about 3 seconds in advenum andP. gaimardii, throughout the core, and the
an ultrasonic washer. Using a micropipette, 0.25ml of change of the benthic foraminiferal fauna is identified,
this solution was placed on a cover glass, dried on a hotalso. As mentioned above, the lower part of the core (41—
plate at 50C, and then mounted on a glass slide using 54 m) is barren zone. In the lower—middle part (37-39

KOREA

Sugari k- [
Kitchen midden_.: .

Canada balsam. m), the sample 39 m has only two speciésnmonia
beccarii and Buccella frigida. The dominant species

2. Results from the sample 37 m afe. somaense andE. clavatum.

2-1. Benthic Foraminiferal Fauna Pseudoparella naraensis, Globocassidulina depressa

A total of 27 samples were collected from the cores Sp andRosalina globularis are common, ané. advenum is
—-23 and Sp-39. Of these 27 samples, 5 samples from theassociated. In the upper—middle part (21-35 m) of this
section 41 to 54 m of the core Sp—-39 do not contain core, E. advenum and P. gaimardii are dominant A.
benthic foraminifera, and the other 22 samples contain ketienzZiensis angulata, B. robusta, B. frigida, P.
generally abundant and well — preserved fossil japonicum, E. clavatum andA. beccarii are commonE.
foraminifera. From 22 samples, a total of 79 species of somaense, Nonionella stella, Spiroloculina sp. and
benthic foraminifera belonging to 49 genera are picked Quinqueloculina seminulum are associated Cibicides
(Tab. 1). lobatulus, Fissurina spp.,Gaudryina sp., P. naraensis

Core Sp—-23: From 9 samples of the section 15 to 31 andRosalina spp. are occurred as minor species. In the
m, 60 species belonging to 38 genera of benthic upper part (13-19 m), the dominant species Bre
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Table 2 Occurrence chart of diatoms from the core Sp-23 and Sp-39

Species Sample No.

19.0
21.0
23.0
25.0
29.0
31.0
34.0
13.0
15

17.0
18.0
21.0
23.0
25.0
37.0
41.0
46.0

Actinocyclus curvatulus -]
A. ehrenbergii 2] -
Actinoptychus senarius -1 -
A. splendens -] -
Arachnoidiscus  sp. [ IS R O 1 I A B R U B
Biddulphia aunita [ R T e
Caloneis crassa =t =10 ~|-ft21-1-12]-113
Cocconeis scuteffum -7 - -2l - - -127
Cocconeis sp. O I - O I R e
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Diploneis bombus

D. smithii

D. chersonensis
Diploneis sp.
Gramatophora marina
Gramatophora sp.A
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Hanzschia amphioxys.
Hyalodiscus sp.
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advenum andE. subincertum. A. beccarii, B. frigida, E. 2-2. Diatom Flora

clavatum, P. gaimardii are common, and\. stella, Q. Sixty species of diatoms belonging to 35 genera are

lamarkiana, Q. seminulum and P. japonicum are identified from 29 samples of the core Sp-23 and Sp-39

associated . The agglutinated foraminifera such as(Tab. 2). Preservation is bad and the abundance is poor in

Ammobaculites sp ., Haplophragmoides columbiensis upper parts of two cores. Therefore, it is difficult to

andTrochammina spp. are occurred as minor species. identify the species of some diatoms. The dominant
species of two cores are brackish— to marine —water
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Fig. 2 Abundance of microfossils and paleoenvironment inferred from the core Sp—23 and Sp—39

diatoms, Coscinodiscus jounesianus, Cyclotella striata,
Diploneis smithii, Gramatophora marina, Paralia
sulcata, and Thalassionema nitzschioides. Fresh—water  lower part (41 ~54 m) of the core Sp—39, respectively.
diatoms, Achnanthes brevipes, A. hauckina, Amphora
sp., Cymbella spp., Epithemia sp., Eunotia diodon v.
diodon, E. exigua v. exigua, E. rostellata v. rostellata,
Gomphonema parvulum v. parvulum, G. truncatum v.

truncatum ,

Meridion circulare and Rhopalodia

gibberula v. gibberula are occurred from the upper part
(13 ~17 m) of the core Sp-23, upper part (13 ~19 m) and

Age Dating

Radiocarbon dating method using the benzene liquid
scintillation was performed on the oyster shell collected

19
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from the horizon 26.5 m of the core Sp-25 in Nagdong
Estuary. The carbon in sample was synthesized to the
benzene through the sample preparation, SrC3pG,
C.H. and GHs synthesizing process. Age dating was
calculated by Wallac 1415 Liquid Scintillation Counter.
The operation of the age dating was conducted at the
Yosu University in Korea.

The result of radiocarbon dating is estimated to be
7133+179 yr.B.P. (Fig. 3)

Core Sp-23
Depth 0
(m)

Core Sp-25

10 -

Discussion 15 o
-1 INTERVAL |

1. Paleoenvironments

Elphidium advenum, the most dominant foraminifera
from all samples, is widely distributed species in a
shallow environmentB. frigida, E. clavatum, N. stella,
P. tamana, Bolivina spp., Fissurina spp. andLagena
spp. are indicators of muddy offshore in the inner area in
Tokyo Bay (Kosugi et.al.,1991)A. beccarii and P.
japonicum are inner shelf species affected by coastal
waters of the off Southern Akita of Japan (Matoba et.al.,
1992).P. gaimardii is subtropical species (Hasegawa,
1993) and widespread species of the bay mouth through
central bay of the Tanabe bay (Chiji et.al.,1968) and
Hiroshima Bay withQuinqueloculina spp. andRosalina
spp. (Kosugi et.al., 1991F. subincertum is widespread
species on the sandy and muddy substratum and 36~30
in salinity in the inner bay area of the Tokyo Bay
(Kosugi et.al., 1991)A. ketienziensis angulata which is
known as open shallow-sea species is occurred in the
outer bay and bay mouth of the Matsushima Bay
(Matoba, 1970)B. robusta, which is associated species
with offshore surface water, distributes shallower part Intervall: The upper parts of the core Sp—23 and Sp
and the bay mouth of the Tsuruga Bay (Inoue, 198). -39 (13~17 m and 13~19 m, respectively) belong to this
somaense is occurred from the outer bay and bay mouth interval. E. advenum, P. gaimardii and E. subincertum
of the Matsushima Bay (Matoba, 1970), and the central are abundant. The foraminiferal fauna in this interval
part of the Hiroshima Bay (Kosugi et.al.,1991). shows the shallow or bay environments. With the
However, this species was regarded as the indicator ofbrackish— to marine—water diatoms, the fresh-water
innermost bay area within Tokyo Bay (Kosugi et.al., diatoms such a€ymbella spp.,E. exigua v. exigua and

<— 7133 £+ 179 yr.B.P.

LEGEND

Silt
Slity clay or Clay

«4— Age dating horizon

40 -

Fig. 3 Stratigraphic correlation between the core Sp-
23 and Sp-25.

1991). Gomphonema parvulum v. parvulum are abundant also.
Diatoms , Coscinodiscus jounesianus, Cyclotella Therefore, this interval was formed under the bay
dtriata, Diploneis smithii, Gramatophora marina, environment affected by the fresh waters.

Paralia sulcata, and Thalassionema nitzschioides are
brackish — to marine —water species (Laws, 1988).
Achnanthes brevipes, A. hauckina, Amphora sp.,
Cymbella spp.,Epithemia sp.,Eunctia diodon v. diodon,

E. exigua v. exigua, E. rostellata v. rostelata,
Gomphonema parvulum v. parvulum, G. truncatum v.
truncatum , Meridion circulare and Rhopalodia
gibberula v. gibberula are fresh—water species (Patrick
etal., 1966, 1975 ; Round et al., 1990).

Interval Il :  This interval is the lower part (19~34 m)
of the core Sp—-23 and middle part (21~39 m) of the core
Sp-39. In all samples from two cores, the dominant
species are brackish- to marine-water diatoms such as P.
sulcata,C. striata and T. nitzschioides. On the other
hand, the fresh—water diatoms are not yielded. The
relatively higher frequency of outer bay and bay mouth
or central bay species such d&. gaimardii, A.
ketienziensis angulata, B. robusta and P. tamana, etc.

On the basis of benthic foraminiferal fauna and diatom
flora, core Sp—23 and Sp-39 are divided 3 intervals, I, Il,
[1l, in descending order in the core.

and the occurrence d. stella, Fissurina spp.,Lagena
spp.,Quinqueloculina spp. andRosalina spp. as a minor
species indicate the offshore environments. In the lower
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part of this interval, that is, the lowermost part of the core
Sp-23 and the lower—middle part of the core Sp-39, the

21

earth sciences, new ed., Heibonsha, Tokyo, Japan,
1443 pp. (in Japanese).

foraminiferal fauna is dissimilar from other part of this Chiji, M. and Lopez, S.M., 1968, Regional foraminiferal

interval. It is supposed that this part is the transition zone
from the environment of the interval | to that of interval

assemblages in Tanaba Bay, Kii Peninsula, central
JapanPub. Seto Mar. Biol. Lab., 16(2) : 85-125.

Il. Hasegawa, S., 1993, Distribution of recent benthic

Therefore, the deposition of this interval was under the
offshore bay environment. During this period, the effects
of the fresh waters were decreased than that of interval |,
and probably it is considered that there was the
fluctuation of the sea level in this period.

Interval Il :  The lower part (41~54 m) of the core
Sp-39 belongs to this interval. In the core Sp-23, this
interval is not identified because of the short length of

foraminifers as an indicator of thermal conditions of
the seas around the Japanese Islands —An approach to
reconstruction to Cenozoic oceanic condition — .
Fossils, 55 : 17-33 (in Japanese with English ab-
stract).

Inoue, Y., 1986, Foraminiferal fauna in the sediments of

the Tsuruga BayMarine Sciences Monthly, 18 : 564-
569 (in Japanese ; title translated).

the core. This interval does not yield any foraminifera. Kosugi, M., Kataoka, H. and Hasegawa, S., 1991,

However, judging from the presence of brackish- to
marine—water diatoms, it is probable that foraminifera
lived, but are not preserved. Brackish—to marine—water
diatoms, Actinoptychus senarius, Diploneis smithii, P.
sulcata and T. nitzschioides are occurred in association
with the fresh—water diatomsAchnanthes brevipes,
Cymbella spp ., Eunctia diodon v. diodon, and
Gomphonema parvulumv. parvulum, etc. Therefore, the
sediments of this interval were deposited under the bay
environment strongly affected by fresh waters during the
lower sea level.

Classification of foraminifer communities as indicators
of environments in an inner bay and its application to
reconstruction of paeloenvironmenEossil, 50 : 37-

55 (in Japanese with English abstract).

Laws, R.A., 1988, Diatoms (Bacillariophyceae) from

surface sediments in the San Francisco bay estuary.
Proc. California Aca. ci. : 133-254.

Lee, Y.G. and Yoon, S., 1992, Study on the molluscan

fossil fauna of Sugari Shell Mound, Kimhadour.
Geol. Soc. Korea, 28(4) : 335-341 (in Korean with
English abstract).

Matoba, Y., 1970, Distribution of recent shallow water

2. Sea-level fluctuation in Nagdong Estuary
The radiocarbon dating with the oyster shell collected
from the horizon 26.5 m of the core Sp-25 (Fig. 3)

foraminifera of Matsushima Bay, Miyagi Prefecture,
northeast Japarifohoku Univ., Sci. Rep., 2 nd ser.
(Geol.), 42 (1) : 1-85.

indicates that sea-—water already had advanced intoMatoba, Y. and Fukasawa, K., 1992, Depth distribution

Nagdong Estuary earlier than 7133 yr.B.P. This marine
transgression may be correlated with the Jomon
Transgression in the Japanese Islands (Assoc. Geol.
Collabor. Japan, 1996, p. 597).

Yoon and Yee (1985) reported that comparing to the

of recent benthic foraminifera on the continental shelf
and uppermost slope off southern Akita Prefecture,
Northeast Japan. In : Ishizaki, K. and Saito, T. (eds.) :
Centenary of Japanese Micropaleontology, p. 207 -
226, Terra Sci. Pub. Co., Tokyo.

present sea—level, the sea—level of Nagdong Estuary wadRatrick, R. and Reimer, C.W., 1966, The diatoms of the

5 m higher around 4500 yr.®., 7.5 m higher aund
3400 yr.BP., 5 m higher aaund 1900 yr.B.P. and 6.5 m
around 1700 yr.B.P. This fact suggests sea-level

United States ; Exclusive of Alaska and Hawaii. Vol.
1, Monographs of Academy of Natural Science of
Philadelphia No. 13, p. 1-688.

fluctuation occurred in Nagdong Estuary. Since around Patrick, R. and Reimer, C.W., 1975, The diatoms of the

7000 yr.BP., the sea-level comtiously rose to 7.5 m
higher than present sea-level, the highest sea-level in
Nagdong Estuary, around 3400 yr.B.P. The sea-level

United States ; Exclusive of Alaska and Hawaii. Vol.
2, Monographs of Academy of Natural Science of
Philadelphia No. 13, p. 1-213.

fluctuation in Nagdong Estuary after around 7000 yr.B.P. Round, F.E., Crawford, R.M. and Mann, D.G., 1990, The

might not be originated by the rise and fall of the se—
level itself but probably due to vertical movement of the
land of Nagdong Estuary.

Reference

Assoc. Geol. Collabor. Japan (ed.), 1996, Cyclopedia of

Yoon, S.

diatoms ; biology and morphology of the genera.
Cambridge Univ., p. 1-747.

and Yee, E.J., 1985, The molluscan
assemblages of the Sugari Shell-Mound and the sea-
level changeslour. Paleont. Soc. Korea, 1: 141-152

(in Korean with English abstract).
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Holocene paleoenvironmental changein Yodoe plain, Tottori Prefecture,
Southwest Japan, based on the analyses of
planktic microfossils, Dictyochaeae and Pediastrum.

Y oshitake Arakawa', Takao Tokuoka' and Masami Watanabe?

Abstract : Relative abundances of marine plankton Dictypochaeae and freshwater plankton
Pediastrum were systematically determined from a drill core through Holocene sediments in
Yodoe Plain, to decipher environmental changes in the Paleo—Yodoe Lake. Compared with the
difficult and time—-consuming diatom assemblage analysis normally used, the above method
offers a simple but valuable method for the study of environmental changes in brackish lakes,
as the two species concerned are easy to identify under the microscope due to their
characteristic features. Chemical analyses of TOC, TN, C/N, TS and C/S were also made from
the same core. It is well-known that total sulféFS) and carbon-nitrogen ratioC/N) are
sensitive indicators of freshwater—brackish—marine conditions. Environmental indicators from
the chemistry are compatible with those derived from the plankton abundances.

Key words :
analysis, Yodoe plain.
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Fig.1 Map of Yodoe plain and drilling site.
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Fig.2 Microfossile Assemblage Zones and Chemical analyses Zones from YB 941 &8ection A through D are
Microfossile Assemblage Zones. StagiehroughIV are Chemical analysgs

F1 OHRER K
Table1 Data of Dictyochaeae—analysis, Pediastrum—analysis and Chemical analyses

Sample.NoJ Depth.(m)] TOGC(%) TN(%) G/N TS(%) C/S  Dicty.(/g)l| Pedias(%) [ Depth.(m)|Sample.NoJ Section | Stage
0 0.06 102
0 04 110 v
0 0.74 118
121 0.87 9.538 0.543 17.565 1.916 4.978 0
0 1.04 205
212 1.25 5.461 0.416 13.127 2472 2.209 0
0 1.4 217 m
225 1.64 4.696 0.333 14.102 2.676 1.755 0 0 1.64 225
303 1.88 5.49 0.408 13.456 2.301 2.386 0
310 2.09 7.441 0.627 11.868 1.331 5.501 0 0 2.03 308]
321 241 4481 0.378 11.854 1.422 3.151 0 0 2.38 320 I
326 2.56 6.549 0.54 12.128 1.372 4.773 0 —_—
Lo A0l 281 | 8593 0302 1897 1769 2031 of o.o3sasl 275 40 E
407 2.89 2.225 0.172 12.936 1.919 1.159 6858.7
414 3.1 2.596 0.21 12.362 2.16 1.202 17146.76 0.012 3.04 412 D
.| _su| e oiie _taros  2ioa _ 12 sorysdl oososss| _gss| szl
502 3.65 2.265 0.153 14.804 1.607 1.409 22981.97[ 0.084577 3.68 503 .
515 4.05 1.919 0.113 16.982 1.785 1.075 5945.31| 0.086777 4.05 515 C I
_526| _ 430| 2615 0176 _ 14858 _ 1.778 __ 147 637754 0.075099| __439| __526] _
o S A AR DU L AL B AT i
GG 5[ "T24337 "T0368 12482~ 2562 095 ol 0.074278 512 620 — B ]
. 0.003571 5..(23 629
T3 T 5sA[ T2 88T T 0135 16.207 213 1027 3086417 O N7 LT 7
0 6.06 720
0 6.36 730
804 6.49 1.972 0.114 17.298 1.893 1.042 8000 A
810 6.64 1.239 0.096 12.906 1.298 0.955 0 0 6.64 810

A E A (1997) DA TId T &2 5 L3
#EC TN, CIN ORI % Z20D T W 525, AR5
HrCIZHBRIC N 2 Do 72,

25—V 1 : TOCAS 4.5~7.4%, TN 77 0.38~0.62
%, CISH?3.2~5.6 L THIICHA~RFELIEH LA,
—JiC, CINIZ 12, TSIZ1.3~1.4% &KL A5,

A7 =1 : TOCH 4.7~5.5%, TN %% 0.33~0.42
%, CIS731.8~2.4¢L THIZHA_MKL %5, — /T,

TS1£23~27% £ELLEHL<ZD, CINIX13~14
ERREL 5.

A5 —Y N : TOC? 9.5%, TN 750.54%, CIS
735.0, CIN2Y18 L MIPICHERF LS EL BB, —
HTC, TSIE1.9% L FH LKL % 5.

(2) MILRICEDSKXS

Ak o 27— 1T Ok 2 5 (X Dictyochaeae,

Pediastrum 28k S b, 2o o B IRMEN % £
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27— 1%%r7 v ary A~EICHMIGT 52 &0
BECThHb. £y ar A~EDEFNETNOERIZLL
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+ 2 > 3 » A: Dictyochaeae)’ 0~30000/g& I
4 5. Pediastrum (3 & e,

7 ¥ 3 » B: Dictyochaeadd I3 L 7 v 2%,
Pediastrum 75 0.014% T/NE — 27 Z/R7.

7 ¥ 3 » C: Dictyochaeae)® 6000~ 23000/g &
W4 4. F7-, Pediastrum (X 0.087% TE— 7 %
AN

+ 7 3 ~ D: Dictyochaeadd fij[X 53-7%* & 31000/
gITHWINLY -7 2/RT2%, %1121 6900/gF
TP A, —Ji T, Pediastrum i3 0.081~0.012%
LTS,

+ 7+ a3 ~E: Dictyochaeak ' 3 ¥ 3", Pediastrum
3 0.00386 LIKETH 5.

with cLE A EDR R

Dictyochaea& #Tfif, Pediastrum 7341l &, b~
SATEOMHBIM 2 /E L (13), MR EER L
72 (F2). 12721, GL-281m& ) BT
DictyochaeaePediastrum & H (213 L A ERRO LN
W2 EDL, WRPLEW.

(1) Dictyochaeae

Kl No.616 (X 3 D @) 1 Pediastrum O EI4 A3
WEIANC B 1), K L K8 T OIRSTIREN R % B[
KBRS 2REMEsE 2z 6N 5. 72, [
B DFFFEZFFAELD CISAHT0.95 L RV T &5
byHEsns, ZhonZ ers, #F No.616 (X
30®) HHEROE L5 B 7z,

FK2THO 2R LI, TS L OBV D
b7z, 72, TOC L DFFWAHEE S R H L7,

(2) Pediastrum

Pediastrum3 i O3 IHH & oArf@ e e % 2
Lrh, SATEHED 0~0.12 mOE 2 A % HET
HAIUIE LR E B LB R L7z, 72, 3
- No.709 (X 3 D% ) TldfE EICAER L TW 7Y
DSR2 PRV K LAER L 7245 5%, TOC, C/N
P72 06N5. ZORECINDT 16 &5
W2 BH S T Pediastrum 2VMERTH o 72 £ & 2
EN5L. 2DZ Lo, HBRBOE D 5Bz,

F2THLDR X912, CINEDRWHHED LD
LNz, F72, CISE HHBENFRD L7z,

Pl X 9 12 Dictyochaeae: Mk DIgIZ L S b
TS, Pediastrum & %7Kk (FEIRFEEY) OfRIE L S

2 MMRE—E
Table 2 Correlation coefficient between the data of
Dictyochaeae, Pediastrum and the data of Chemical
analyse§TOC, TN, C/N, TS, C/$

TOC() __TNG®____C/N___ 15ty G/5 |
Dicty.(/z)| 05547556_0.392003_0.128575 _ 0.64805_0.166943]
Pedia (%) | 0331593 0.003997 _ 0.78494 —0.11956

0.63069]

%5 CINDMIZHWMHEPREDOONLZ &b,
Dictyochaea&#71, Pediastrum 4347 A%V 7K I8 T D HE
ELRIEEE I CAENTH AL EDPHLENTH L. 2D
Z & » 5, Dictyochaeadr#T, Pediastrum 73 #7 2EE
BEHTIZAE D BRI COMREBREHEE DRI & 7
LT EDTRIRENG.

mAREREETE

Bk X 9 12 Dictyochaeag - #t, Pediastrum 4547
DEEBR AT ICE D L BIRHEDIRIFE L 0 5 2 L®
oIk o7. TDIZ & M6, Dictyochaeae,
Pediastrum 3% S iH C & 72257 =V T 12DWV T,
DictyochaeaePediastrum 73418 & DML 22T 123D
CHBRBEOHEZEE1TH .

72, A7 —VI &) ETIEA RO TS -
7> DictyochaeaePediastrum b fiih E L2072, A
7=V I &Y EfiddF 132 (1997) @ Stage 3034
DFER) ITHB T 528, T 1A (1997) % A%
BRI Fonsehro/z. —FHT, YBOMLK—) ¥
7 a7 EARE LA ok RO R EE T T
L2, AEFAT— V1 &0 Lo b S
EEATDT, ROERIHELIZ L LET L.

+ 27 2 3 ~ A: Dictyochaeaeh™H i a] % 7 9.
Y+ 7 ary AR TERT 6,885+130y.B.R 2351,
B FEBIC K=Ah KINKE DR SN TnDH T L LA
i, MICEEICPE, BNOIESREN A LT
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HLWMITELEREETH o LEESNS.

B X 912, TC B L U CIN DBENINE Z8 7 i
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LizZkickre&zons,
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A death shell assemblage occurred in Recent Tsuyazaki tidal flat

Hidenori Tanaka"

Abstract : Recent shell remains buried in various depths were investigated in the Recent
Tsuyazaki tidal flat in Kyushu, west Japan. Sedimentary features and component of shell
remains were examined by 5 sediment sampfcmX 50 cmXx 50 cm depth, which were

collected during May, 1994.

It becomes evidence thakmbonium moniliferum (gastropod remains occurred dominantly
(approximately 3000 ind. / fon averaggin each death shell assemblage on the tidal surface. It
is considered that U. moniliferum remains were produced in large quantities at their habitat and
produced remains were transported easily to other bottom by the tidal currents or hermit crab
etc.This situation was observed in other depth. Especibllymoniliferum remains condense
highly, over 10000 ind. / &y at Locs 3 &sand flat or 4 b (sandy mud flatin 40-50 cm depth.
A distribution pattern of this high—condensed shell part is similar to that of organism causing
bioturbation. It is assumed that this high shell condensed part is accumulated by bioturbation.

Furthermore, this part included maMacoma incongrua (bivalve :

living mud flat remains.

Owing to this bivalve not transporting a long distance after death, it is assumed that these shells
were reflected environment change in the past.
Key words: death assemblage, taphonomy, tidal flat, Tsuyazaki
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Tsuyazaki tidal flat

B muatiat

Eﬁ muddy sand fiat

ravel and rock block
@® sample point

é] Tsuyazaki 1

5"& % yushu

Genkainada 0 —_

1 HEETE QKB &SRR E A
Fig.1 Sample points and bottom sediment map.

HEW CBRELE

AEH

A 1 VAR ] B RGBT R I T O A D VLIS A A 5
ALK 2kmOMEWTFETBI -7 (K1), Z
DTEE, TR T 250 & TH L&\
D2OIKRELRKSTHIENTES. TIL(1979
&, MR ORIEIZ X > TE S22 DT % HfiE
DIEEIZX L, W2 - ki - SRR 2 &1
OB % SRR E L 72 APz T, T 1L (1979
BILUOEROBRICED R, HRIFOTEHORES
RDB5DIZKG L7,

1) BEFE (mudflat) @ AYILOEE (Locs.1b, 2 a,
2b7% & ML) WAL, kRIS T 5. v
I 4 47 = (Macrophthalmus japonicus) 3 & N2 ®
BRPTHOKRETBEINS., .37 < E
(Zosteranana) 2375y FARICHEA L TWD. ZDJK
BOFREIZIZA RT3 = (Batillaria zonalis) 734
BLTBY, COBHOEWHOBLET LI LT
x5,
2) JEMEFIE (muddy sand flat) @ A Y {LO b JeER

DL IR S BER L A D ILOBFEOER O —ER (Loc.4
bk K1) 1Z4ML, TEREICTIT S, BE
MR EFRIBECS, Y~ M= B L OZFOE D HE
Y ORMMTHEINS., AV ILOBLRIZE
W LocAbTIEA RFEFTOAEEDIEL CERALT
W5, —F, AVILO L UNETIE, 1R Y7 3I=F
DEAPAERBLTVWTBY, 25I2a7IEIIY
FARICHEEL TS,

3) MEYE (sand flat) : AV ILOHIEH,S AD
LOBIIE (Loc.3a% & 1 [} 1) (24046 L, Ty
TFH T A5, =&k RAF 77 (Calianassa
japonica) & 7 v K7 ¥ (Aipheus brevicristatus) 3
FOZFORRDPBESNL, $7/2, Loc.dbfiET
&, V3% T A (Chaetopterus variopedatus) @ 5
RS SN L, TRHERIE, ZROM KR35 T
WERELLTWwWS, ¥/, 7% (Ruditapes
philippinarum) OAH b ZHAER L TE Y, Kk
CIZE TR ICL o TIRESR TV A,

4) BB YK (gravel and rock block) @ A Y iL.od { OF
WO Sm L, Filds (K1), K1 X
DENFHELTBY, T7LF¥~<vFVE
(Cranulilittorina exigua) 5 O G HEE D HEHAY, GO
FKEIZAEBLTWA, REIZIZAF H = (Ocypoda
ceratophthalma) & Z DR RDSLEBE SN 5.

5) BX#I7KE& (channel) @ A 0 VLRI LA & BLE IS
MPFTFH L2 WHIEW 1 ARDKE & LTl Tw
T, BOKBOTHRETO FH LAWY (K1), AD
LOBETIEIBEAROLRICHHPND, Z2IE T~
E (Zosteramarina) 2SHEAE L T 5,

BEHE

199445 H 9~11H, 24~27 HDOK#I O Tk
2, B & BGkEE 2 0 5 o T CIEHRE
B o7. BEHREDFEX, #NEFN05m
X0.5mX0.1 mOHEFREY % 50 cmDE S T TE =R
EL BELCHEBYEZEHLET2mMmMA Yy 20
SBHWVIZRIT, Ay ailiEozbDEMIEEICZDH
Lz oz, MIRETIRL B2z o723 bz Ak
HEREM X L, HikowxTH CBH) L BEH (T
H) 2> Twa DT 2y PTHWHL,
AR E A >~ b L7z, ZAUEE CEE % 0 E
WL Wz TH5.

FREEMFROBBEERDO S

EHTAEEEEOFTY 2 2 N+ H A (Pillucina
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F 1 OGEH L HEEPEO) X b
Table 1 List of shell remains occurred in Tsuyazaki tidal flat

ib 2a° 2b 3a 4b
Bivalvia 0-10cm 20-30cm  40-50cm |6-10cm  20-30cm  40-S0cm {0-10cm 20-30cm  40-50cm {0-10cm  20-30cm  40-S0em [0-10cm  20-30cm 40-S0em | total
Ao malo diSCUs Squamosus ] i} 3 9 0 3 hii i 7 il s 21 [1} 0 3 42
Calltsta chinensss 0 il 1 8 il i} 0 i} 0 10 13 0 2 1 14] 51
Cyclina onenialis 0 4 32 16 26 34 S 15 48 13 64 146 il 2 22 427|
[Dosdisa japonica i3 0 0 0 g 0 0 1 ] 3 o 20 0 2 2 28
Fatuding msita 236 0 2 4 2 25 0 1] 0 28 48 ) 0 33 24 402
Fraguum bannos 8 o 22 28 19 72 0 i] 8 5 44 100 3 5 13 311
Glyemens.p 0 b ] 1 0 ] g 0 0 1 11 20 1 4 4 52
Gomphia neastarosdes i} i} 0 g 0 0 bij ] 1] 0 ¢ ] il i} 1 1
Laevicardium widatopsctun: 0 0 g 0 0 i 1] i} 0 i} 14 ] 0 0 1} | 14
Latona cuneata 0 il il 0 ] 1) 0 il 0 0 6 19 il 0 ] 25
Limatda nppons 1] 0 bl 1] 0 S 0 il i 114 253 819 7 18 41] 1257]
| Maooma incongria 0 7 24 139 58 92 (] 3 13 6 11 106 ] 1 8] 463}
Macta omata 0 0 3 1 3 9 1] 0 0 85 i) 3 20 S5 179
Macira venenfoms 0 b} g 6 6 16 G g 0 0 53 i} 2 0 41 132
Macta.sg ] 8 0 0 0 3 i} 3 25 84 11 il 0 g 13 147
Mergox usonia ¢ 10 1 19 5 10 1] 0 2 42 42 0 il $ 65 211
Moemds vendis b} 7 71 3% 30 62 19 65 393 120 249 707 7 63 1851 2614
Muscidus senho usia g ] 9 0 6 0 ] il 1 14 1 9 38 6 12 81
Mya anenaria 0 1 ] o ) 0 o 0 3 0 3 0 0| 6
Pacten. st 1s 0 4 0 il 0 8 i 0 0 0 hij 0 0 15
Frtar sulfureus 0 0 1] ] i} 0 i3 0 0 0 i g 0 0 of 1
Ruditapes philipinarfum 0 9 22 14 20 25 1] 12 60 151 220 578 6 S1 1891 1357,
 Sacoostes kegaki il 0 0 1] ¢ 0 0 0 0 3 9 0 1 1 14
Scapharea subcrenata il 0 0 0 0 il 0 [l [if 0 i B 0 0 1 1
Temtsdonax kiusfensis ] i} 1] 3 1 1 4 0 0 24 37 171 8 28 57 330}
Trapezium japonscun 0 0 0 0 i 8 i} i ] 6 0 0 1] 4 il 6
Vereemo lipa mscra 0 0 2 1 il 1 0 ] 0 18 21 63 3 7 13l 129
Vallucia striata it 0 0 0 0 0 0 0 0 [y 0 0 0 2 J 2|
gastropod
Batilalia sonalis 283 683 471 747 386 435 77 298 446 213 563 1654 17 153 S13] 6939
Canthiden cisgilata 38 40 107 67 34 58 5 47 62 4 16 30 0 1 6 515
Centhides diadjaransis 19 38 141 79 43 97 10 18 3 18 47 63 1 20 30f 655
Hinia fotiva 1 20 23 1 12 44 4 g 13 13 21 72 0 5 25 283
Littorina trevicula 6 0 0 3 2 1 0 0 i 1 2 6 il i} 18|
Limalia cojonata coreensis g 0 2 7 4 3 0 1] g 1 4 18 1 ] 7 50
Monadonts Iatwo 0 ] il 0 0 ) 0 g 1) 0 1 0 g ] 1] | 1
| Neverta didyna 1 0 0 i} 1] jij 0 bl 0 0 i} 0 bl 0 10 i1
QOlivalla faponics il 0 1 0 2 5 0 il 0 (] 4 28 3 9 5t 109
Patallosda Ianpansicha 7 14 17 50 30 58 12 51 85 45 103 233 i 30 65 802]
 Proclava pleffery ] i} 1] 0 il ] 0 o 0 0 0 0 0 0 1 1
 Pretdo fio tia puichelia 4 2 8 59 30 45 1 13 12 1 4 13 0 2 UI 194
[ Ramociavie kocki 4 S 4 8 g 3 0 0 i hij 1 10 0 g b 23
{mbonsum monsidenom 496 964 883 436 290 949 58 172 432 1037 2341 4859 1552 839 33041 18722,
total 1110 1311 1858 1787 1003 2058 187 706 1639 1991 4299 9774 1655 1368 4779) 36026
pisidium), 7V ¥ % 4~ (Cycladicama tsuchii) i, X 1110ERTH 2 (R 1), HEEHO LA 5T

EOME - RELS I EWICELR T S 720K D
S5EBVWTH 5.
Loc.1b

B L A DILORBEIOPREFEICAE L, Tl
A (1), AHIZIZEALBEIN W, TEEKE
12, YAl e FORRDLH
ﬁméné EH12, REDOENA KT I=FDHE
BS, TEEEICHEL TWA, T 7230 HRE T
®ﬁ<: I, EEIKEESTHANL TV 5

BEOSH -

(1) 0-10cm: HEEOMEIT 10H T, BB

4ﬁ%ﬁjM&w,4$W::+me,72ﬂ
27 5 4 (Nitidotellina minuta) (21%), ~F+ % U #
1 (Cerithideopsilla cingulata) (3% ), » 7 7 A1 4
(Cerithideopsilla djadiariensis) (2%) TH» 4. ZD5
TECHENT 2 HEEHD 97% 2D 5.

(2) 20-30 cm: HE@EHOMEIL 14 T, BEE
Bix 1811k TH 5 (1), HEEFO LA 57
&, £ RFH¥T(53%), 1KY I=7 (38%), ~
FEVTA 2%), BTTAHA 2%), TIL¥
O 4 1 (Reticunassa festiva) (1%) TH» 5. Z D5
ﬁfﬁﬁ?ééﬁ@ﬁ@%%%ﬁbé.ﬁﬁui
HLTwAWwEF Y3 (Cyclina sinensis) i %
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WEENLLHIITRY, THIY <) (Meretrix
lusoria) 7z &, WEEIEICERT A HEOEE L &
INHLHII% 5.

(3) 40-50 cm: HEEHOMEIL 22T, KiEH
B3 1858k TH 5 (1), HEEE O 1AL 5 HE
X, A RFH T (47%), 1 R7 I =9 (25%), 7
TTATA (8%), ~NFFIFA (6%), 27 F
#4 (Moerdlarutila) (4%) TH5AH. ZDO5FETE
HEEE D 90% % i 5. 20-30 cm& ARk, +F
VU, T, NI R EODHBPEIND.

Loc.2 a

BT ADILOBROPREPIEICAE L, THd 5 (1
1). ARy I=ZFOEGMT, ZOEHOERDT
BERIICEHELSASNS. Loc.lbEFEBEIZY~ b
FH A ENHEFORRDVPEHEEIND.
F72, AT EDFIFEEBMIZ Sy FIRIZHA L Tw
5.

BEODH

(1) 0-10 cm: HE#EFOMEENL 20 C, Bk
X 1787k CTH A (1), HEEE O AL 5 FEIL,
AR I=F (42%), A RFH T (28%), & A
Z b1 H A (Macomaincongrua) (8%) -« 717 7 A 4
1 (4%), ~F& )74 (4%) THAH. ZOSHT
FEHT 52 KD 86% v hH. TNHDHRK
WA TTH) - <7 % EWEERICAERT S
H¥®, A4 A (Lundla coronata coreensis) + ¥ <
F VY 4 (Littorina brevicula) 7 &5 o HHE b
HET&EINns.

(2) 20-30 cm: HEEHOMEIL 20T, KiEH
L 1003k CTH 5. HEEFO LA 5HEIE, A
A 3I=F (39%), A RFHT(29%), b XL T
N)HA (8%) - ATTAHA (4%), ~FFIH
1 (3%) ThAh. COSHETEHT L EEFEKD 81
%% EHDBH.0-10cmEAFRIZTH Y - N Tl
WEEIRICART 2 HECAN A - §<FEHA %
CEMEEOHBEL A TEENS.

(3) 40-50 cm: HEEH OMEIL 25 T, HiEH
Bd 2059k TH B (1), HEEFO LA 5
&, ARFH T (47%), 1 FR7I=9 (21%), 7
TT7AHA (5%), AL T M) HAL (4%), v
#' 4 (Fragumcrinatum) (3% ) TH 5. ZD5FT
FEHT 52 EEHRD 80% x Hv b, T/, KEL
FAECT ) - = 7)) e ERPESERICAERT A H
HRANA - FUEHA L EaMEEOBEL T
&Insg.

Loc.2b

B D ADILOBROPREFEIME L, Loc.2ak
KR 2 ATl WE > TB Y, THT 5 (X
1). EHIZER SN\, Loc.lbEFAEICY~ k
V= Eh e ZORRDPEKBIEESNS.
HEE D5 .

(1) 0-10cm: HEEBOMEEIL 8T, AT
X 187MERTH B (R 1). HEEHO LA 5L,
AR I=F (41%), A R¥H T (31%), L7
T HA (10%), VAR 3IHFA (Patelloidalampanicloa)
6%), #ITAHA(B%)THAH., TOSHT,
W 2 4B 88D 94% 250 5. DA ¥
VIUIRANT ) ERETIRICAR T B HED
bb.

(2) 20-30 cm: HIEE#EOMKIL 13/ T, HBiEE
BE 706 A TH 5 (£ 1). HEERFO LA 5T,
AR I=F (42%), A R¥H T (24%), L7
FHA (9%), VERITA (1%), ~F+% Y (71%)
Thb. COSMT, LT LR8O 0% %
HOLH, INPANS, FFTTVIRTTLIONA
e CREFECERTAHBESEAONS L) Th
. EWETFIRICERT AT b ETEINS.
(3) 40-50 cm: HEEFEOMEIL 17T, HiEH
¥ix 1639fEATH A (1), HEEFO LA 57
&, AR 3I=F (27%), 1 R¥H T (26%), L
A (24%), VRIAA (5%), ~NFF V(4
%) TH5AH. TOSHT, EHTLEBERD 87%
rHEDL, PSS, AFTVI, TIAYOS
1, XTI MN)TA R EREFEICERT A HHE
NELRONA, T2, WEPEICARTL 7YY
b EENL.

Loc.3a

TR D A DILO RO R ICALE L, THT
5 (1), ARFHIVREENS LemDES ITH
ZHERLTBY, 22O ZOHOHLVERTS
% (Shimoyama, 1985 HH' - T, 1995 . =7 »
AFETYRT v RT IR EEVEREZEET 5
e ZDRREBE BT LI LENTES.
BEOLH .

(1) 0-10cm: HEEFOMEIL 27T, HEGK
& 1991ffATH 5 (£ 1). HEEPO A 5HIL,
ARFHT (51%), A R7 =7 (11%), TV
(8%), =7+ WA (6%), IF LN HTA
(Limatula nippona) (6%) TH 5. Z DO 5T, FEH
TAHLEEGEED82% #5004, IS, F %
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VU3 - B3I HA (Phacosomajaponicum) - N\
Z) - HhITATA B EOREFIEICART S HE
R, FIFY ANA H EEEAO BEIETE T
na.

(2) 20-30 cm: H¥EEREOMEIT 33T, HiES
Bid 42991k TH 5 (R 1). EYO LA 5L, 1
REH T (54%), 4K 3I=F (13%), TF 23
T4 (6%), 7 FHA (6%), 741 (5%)
Thab. ZOSMET, ENTLEEEED 84% %
HOL, TP AF T VI o AFFY) - hTT
AHA R EOREFEICAERLT S HER, ¥ ¥ -
AHTA T RO DS E T EENS.

(3) 40-50 cm: HEMEEL OMEIL 25T, i
¥k or74fEkTH B (1), HEEFO L7 5
&, A RFHT(B50%), 1Y I=F (17%), 2
FINAHTA (8%), 27 FHA (7%), THY
(6%) TH5H. ZOSHTEHTSHLEEEHRD 88%
REHL, CORBHEIZIIINTITORELR LD,
LAYT MY HARFTF VY IHNA % ERIEICEL
HoTERTLZ HADEBIZGEEN.

Loc.4b

B ¢ AR E A O T T o & QAT (LT
WZEPWIREFEICMEL, TiHT5 (K1), 1
REHTOARBMT, BEDEAFTFREOERET
BT & L. HEOREOEIZIE, WTHYITEHA
B b b0, REHNS 1I5cmiBEDORERS F
TIEALBHICIRYEEZ ENTWAS. Loc.3alien
BETIE WD, Sk AFEZSY)RT v KLY
e EOWEE L LB Y N TH A DRERDELE
ENA. TR M PFAHNA (Musculista senhousia)
A8y FIRICHA LTV A,

BEOSH -

(1) 0-10cm: HEEFOMEIT 17T, HREEK
(X 16551k TH 5 (1), HEEE O AL 6 fiL,
ARFYT(95%), S NFATA (2%), 1K
27 1%), F2 v 2y F 3 341 (Tentidonax
kiusiuensis) (1% #ii), L+ H A4 (1% FKif),
IFINATA (1% ki) THBH. A RKF¥HTD
EHES 9L EEEOTEY, SRoHfETh - &
bREDPo7., TOGHT, EYEHD 98% = 5
DhH, T <) EWEERICERT A H
HOEFIZITEAEAL R W,

(2) 20-30 cm: HEEHFOMEIL 25T, BHE%
B3 1368k TH 5 (1), HEEE O AL 5 FE
X, A RFHT(65%), 1A7I=7 (11%), =~

TYFHA (5%), THY) (4%), VERITA (2%)
Thhb. COSMMTEMNT L EHEEKD 87% % &
D5,

(3) 40-50 cm: HAHER OB 32F T, #HiEE
B ar79fEikTH 5 (1), HEEFO LA 61
&, A RFHT(69%), 1KY I=7F (11%), 7
P (4%), 27 FTA (4%), VEIF A1 (1%),
N7 (1%) THAH., 2O 6MTHENTL4LmE
BD% #5Hb. hITAHTA - FFT V3%
CREFEICAEBLTWL HEOBEEBOEH S LS
, ATARYTFEHA I LEMEED HE O
bETEENS.

ZEIBFTHRE TR S h 3 BEEHMHOEH

1) A RFHTOEFDOSEHM
ARFHTOEEMTH AEFIED Loc.3aT
(& 4148fEK P, e B E D Loc.4 b Tl 6208
ik, m, AVILOBWRTA RFHFTOALL TV
HWIRETEIZBWTYH, Loc.l b T 19841E 1k~
m?, Loc.2 aT i 198418 4£&,m? Loc.2 b Tl 2321
K/ M DBETA RFF IO HMALTW5S
(#1). ¥7-Locs.1b,3a, 4bCIEEL T 2 HIEE
BHEORmTE 1% 5, Locs.2a, 2B WVTDH
B2 EHTWS, 20X IHERETEOERE
(0-10cm TiE, EHEICBRZ < A RKF ¥ TOH
HEEBEHEOPICBWTHEBL TV,
HERIBTFREOMEFENHRE (Loc.3a 121F, A
AR THT 1200148,/ m DL EDEETHER L Tw
% (Shimoyama, 1985 H H* - ¥, 1995 . Shimoyama
(1989 1%, 3FEIIH25 A4 RNFH TOMEKEEEHED
BN D, WAERIHEMA» TN, FHIMAZ
L7ZZHHIEOMIZEBICKEL, ZOEOLIZIE
WHY A XN ET LI ERRTWE, ZLC, ¥
BIMALZZH®D 90% LA EAS1EUHIZIBET 5 &
LCTWwa, F7/hE (198D &, R TEICBIT
AHARIFVPTORKRO—DE LT, 7¥YH=HHIC
IBEEHTTBY, 75T 1EkH 720 4
RF¥H TOLH T 304K H, HHT 104 H
EFIHETLI L RRTWE, —J, Hp - I
(1999 ¥, R TEOEKEBIZEZINL A K*FH
TR B ORARIRAE IO T 4B BEIC XA L,
O ELHBEE LI TR, 222 ThTE
ODHRFTHAL TSI ERRL. COFRKE L
T, ARFHVITOELREEVPREBETTH L7720,
Kit7e & OB A ST COBER S NPTV L %
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ZIFTWwA. S HICTI(1979 X Shimoyama1985)
X, A RFHTORLTFRFTETIIV R UL
CHBHLTBY, Ny L—FRTEdE T
BIEND E BTN 5,

INHLDZENDL, FRIFTETIE, HRIERH
B UL o TA RX Y TOEEIEREZB LTS
BEEISN TV ZEPNTFHEINE, 2L T, &k
ENFEBIIKT  EOYEN R ERRY K1) 7
COEWYFHLERICE 5T, ERML S TEOK
JEEANKEICHR E NG, ZOME, KE R EICH
27 L, TEOEDHIHIIBWTL A RFH TOH
EPEBT LI hbEEZOND.

2512, 4RI TOMESEBRT ZHEAIE, T
BHEBUAOFESICETNL HEEBE BV TD
Ronsd., FICHETED Loc.3 aR R E FE D
Loc.4 bDFE & 40-50 cmiZix, 1 HEMALL L/ m &
BETARXIYTOEENEGEIN, 1 R3S Tz
L& LIHBREESI RSN TS (K1), 20
BHEIMIIGEINE A RFH TOHEFEICIE, HBIRD
FoTWab L) B DONELEENTnE, ZOHE
& MC AR %2 v CEANE L 7245 28, [ Recent
(19504ELLEE) | & v ) DS B L7z, iVEFE IS,
AFEZ)RT v R IE R EREWICHE R T 3L
o TEMHPRE CERLTBY, Z00MsA R
FYTOEBOBELOSAA T LI —FT 5.
Meldhal (1987) X, T#IJIEK S5 Hit%ERE O
FHHRD 1oL LT, N baryxy—hERA0EYiE
FRICX 2EBERT TS, EBIHETEICBVWTA
RES TOFEEL EESTERBICE TN ER
i, 20NV ka7 = FROEYIEIC L - T,
A RFYVTOEEPEEIHZE L2200 Lk
W,

—J7, BROPHEFE (Locs.1b,2a,2bDEE
DAL OREREY TIE, WETPEEEDEEILZVLD
D, ¥ LT 2000184/ m? LLE DB TA R F
TOEESHREYHICEETN TS (D). 2212
GENEARF Y TOEEIL, WHEFEDOLDLE
W, FBRONIRPENTHSIZEL o TW5 L DIEHh
DT, WEPEETRON XD iz Eo
72w, INLDARFYTOEEIL, BENPER
DA 7zoTWnb EEZ 5NL. EBYC AR
W THERBE Z L725H, Loc.2ad 40-50 cm
WZEENEA RV TOEEOERZMEL TAD
& 1040£50Y.B.P. L WO R L Nz, Lizh-
T, WHEFETIE, EEOEEEEN PR EWTT
MDD A, LAL, 50cmé v ) E S IEkiE) S5

SEACIREESI N (TAZ 2T 72) JEE TR
W, Bl SN WEFE R AL PDOERET
A SN TRAELWTREIBETE 2., Ihb
DM ZfFRT 5121F, FIKETOHHEEF OB
HEEZET S EPLEARTTRTHY, S5HOH
HTH5.

2) ERBREMIIET NI EEICEET 52 BEE

Bk X 9 ICHYE 5% (Loc.3a@ DS 40-50 cm
WA RF T2 L7 HREESRTEO 5
BAS, ZOPIZIEL ATT M) HAD LD RIRET
FIELFEHE > TERBLTWAE ZHEOEE D %Y
EEINTVE, COTKHHAOEBITZIIEHIEL
TRV LDRERERD S D% &, FOIREED X
WHDOHPLELELNA, HP - T (1995 X, b
AT M)A OBEIHRELZZSDTHIEERZD
FEAEBH L2V T, HEEOHEEOBICHER
TAHREEILVWERRTNWE, O L5, BE
HIZEINTVWDIL AT T M)A ORI, BT
NEEBEg s TtwinwekEzoN s, T2, T0
HBERIZize x o7 b UAMCD, FF
VITARARTI=F R EREFEICERTSH
HOEENEEINTBY, Loc.3aTldZ o 3 M
THERTLHEED 14% 250 b, BZ 5 #EZ,
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Effect of tidal-flow induction on macrobenthic animal community in an enclosed
channel of Lake Nakaumi, Southwest Japan

Keiko Yamaguchi', Masako Fujimoto?, Katsumi Takayasu’ and Takeshi Sonoda

Abstract : Macrobenthic animals were observed from 1997 to 1999 in relation to induction of
tidal flow brought from a construction of water-way pipes connecting with North Channel and
Honjo Area in Lake Nakaumi, Shimane Prefecture, Southwest Japan. Before the construction,
abundance and diversity of the benthic animals were very poor on channel bottoms, except for
on a shallow site. The benthic animals, however, recovered after the construction, especially at
the bottom near to pipe openings. After the pipes were removed, abundance and diversity of the
benthic animals became very poor again. These results indicate that increase of tidal flow
contributes improvement of benthic environment, probably due to increase of seawater
intrusion. They suggest that further increase of seawater intrusion leads improvement of bottom
environment of Lake Nakaumi, but detail studies on benthic ecology are required to evaluate
the effect of the seawater intrusion on the benthic community.

Key words : macrobenthic animal, Lake Nakaumi, tidal flow, induction
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Fig. 1 Index map of Lake Nakaumi and study sites
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Table 1 Occurrence(number of individuals /0.1 f and diversity index H{Shannon-Wienerof macrobenthos, water
depth, mud content and hydrogen sulfide of the sediment in North Channel Area of Lake Nakaumi during 1997-1999.

Bl LA #HBELP BT
1997 1998 1999 | 1999

11.11 8.4 1.21 9.7

HE $2, p3 [ P2l pPr[pPofpP3]prP2]pP1]pro] pP2]p2
MOLLUSCA Ao oFvR Falsicingula elegans 14 0 0 0 9 0 [ 0 0 0
7SAOHA Hinia festiva 0 0 0 0 0 3 0 0 6 [
ASYFAH4 Mytilus galloprovincialis 0 1 0 0 0 0 0 0 0 0
aAYAI AT ENYHA Limnoperna fortunei kikuchii 0 0 0 o} 0 3 0 0 0 0
R REXAA Musculista senhousia 12 1 0 0 78 259 0 0 34 0
T7HY Ruditapes philippinarum 3 o 0 0 11 163 0 0 6 0
EASS RUHA Macoma incongrua 8 0 0 0 0 0 0 1 1 0
EXn/aA7HY Veremolpa micra 0 0 0 39 0 ] 0 0 0 0
ANNELIDA b Neanthes japonica 0 0 0 0 1 3 0 0 0 0
AF¥FTha o—iE Sigambra sp. 5 0 0 5 0 5 0 0 15 0
TFIzonHRrIhA Nephtys polybranchia 0 1 0 0 12 60 [¢] 18 21 1
Y hbREAL Prionospio (Minuspio) japonica 6 0 0 0 6 4 0 0 o} 0
AISREF Prionospio (Minuspio) puichra 0 0 0 0 0 1 o} 1 14 0
FAAZ=ZEA Pseudopolydora kempi 0 56 0 0 5 0 1 0 16 0
DEAHTLY Lagis _bocki 0 0 0 0 9 26 0 0 0 0
ARTHROPODA =7 > KOV IdIl Grandidierella japonica 0 o} 0 0 5 84 0 0] 119 ¢}
FUFTROSS LY Corophium acherusicum 0 0 0 0 0 0 0 0 30 0
J—%8 CUMACEA sp. 0 0 0 0 1 0 0 0 0 0
KEIE 10 0 0 1 0 0 0 26 18 0
b4 Species richness [S] 7 4 0 3 10 11 1 4 11 1
REE Total no. ind. [N] 58 59 0 45 137 611 1 46] 280 1
ZHRE Diversity index [H'] 1.84 0.26 - 0.45| 1.62 151 0.00 0.86{ 1.75| 0.00
KR Depth (m) 2.9 4.6 53 6 2.8 4.8 5.4 5.4 4.3 4.8

EHOSIEE Mud content (%) 200 204 8.6 93| 219 6.6 33.0 18.3 0.3
EROR{LkRER H2S (G&lLv++ BY+ E|EL-) + ++ + - - - - -/+ ++
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The effect of construction of tidal flow pipeson the benthic faunain the Honjo
Area of Lake Nakaumi

Nobuko Hori*, Atsushi Namikoshi

! Michihiro Akiba® and Morihiro Aizaki*

Abstract : The Honjo area was surrounded by dikes for reclamation work and separated from
Lake Nakaumi in 1981. However, the work was frozen and the area still remains as a closed
water area. Tidal flow pipes were constructed for the evaluation of fishery promotion between
Honjo area and Hokubushosuiro channel in March 1998.

The benthic fauna of Honjo area was surveyed during April 1997 to march 1999 at 6 sites in

the area and 1 site in Seibushosuiro.

In order to evaluate the effect of tidal flow pipes, the benthic fauna data before and after was
compared. No change was observed except near the pipes. But, conspicuous change observed
near the pipes. Musculus senhousia increased at St.1, 2 near the pipes after constructed . And
number of spices increased, too in nearest station. Similarity Index between St.6 and St.1, 2

near the pipes was higher after constructed.

Key words: Lake Nakaumi, Honjo area, tidal flow pipes, benthic fauna
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Fig.1 Sampling station in Honjo area of Lake Nakaumi
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Fig.2 Monthly changes in salinity concentration in the
overlying water of the Honjo area between April 1997
and March 1999
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Fig.3 Monthly changes in DO concentration in the
overlying water of the Honjo area between April 1997
and March 1999
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Table1 Physical and chemical composition of sediment in Honjo area of

Lake Nakaumi

1997

St—No. Silt+Clay(%) Ig.loss(%) S-COD(mg/g) T-SC)
1 31.7( 4.7~59.5) 51(1.3~ 75) 15.9( 2.7~26.0) 0.40 (0.02~0.94)
2 58.5(39.1~80.1) 6.5(3.7~ 85) 20.7(15.7~27.0) 0.53(0.28~0.90)
3 29.4(6.8~582) 75(3.0~149) 27.4( 7.1~64.7) 0.45(0.01~1.21)
4 53.2(28.9~68.1) 8.8(3.1~138) 36.2(11.8~46.6) 0.56(0.06~1.25)
5 78.5(61.5~89.7) 12.2(9.6~138) 41.1(29.5~55.5) 0.70(0.33~1.04)
6 1.8( 02~ 42) 2111~ 34 2.6(1.3~ 438) 0.04(0.02~0.09)

1998’

St-No. Silt+Clay(%) Igloss(%) S-COD(mg/g) T-SCh)
1 18.8( 6.3~37.6) 40(2.1~ 1.6) 8.6(2.3~18.1) 0.25 (0.08~0.63)
2 49.8(28.0~64.0) 52(2.1~ 6.2) 17.5(14.1~26.0) 0.60(0.36~0.93)
3 32.5(7.3~572) 6.3(2.2~119) 22.4(4.0~526) 0.66(0.17~1.50)
4 62.2(50.3~74.2) 9.9(7.0~12.0) 38.6(21.8~51.3) 099(0.71~1.71)
5 78.8(43.0~87.4) 13.0(7.9~15.1) 45.1(20.7~51.6) 1.07(0.70~1.59)
6 10003~ 21) 1.8(1.2~ 3.1) 28( 1.7~ 6.3) 0.04(0.00~0.11)

T-SEE L MO EICIERTEL K2 - 7.
19984E DAE - fitiIE, 19974F & MMk M 25K &5
N72hs, Stl, 2CTIHEL A HMAA SN, Zh
FHEADY T VORI YT v SO X
LAS19974R ISR TA R hotclcdThH B L&
ZoN5.

3. EEEY

B ORI 2 £ 2 1R, EAERWIZIHET
THELEHSME, HiEHY 7 OF 19 AR T
&7, RETRNTIEKENESmU LD L Z A8
%<, BECTIEIMHEDAR N FEAH A (Musculus
senhousia) & X 7 M) #4 (Mocomaincongrua)
A, LEETIEY IAYTL Y (Lagissp 373
a4 TH A (Nephtys polybranchia), A ¥4 Fh
O—7Ff (Prionospio sp. ) % EASA L LIz, HiEEIW
DIF L A ERTEEAKIED St.6THS Lz, 40
TR C & 72 MR EAR (1999 124 » THE Sz
KETXHNTOMEE 34FEIZHLRS EHF5Th -
720 LD LD OEARS DL R OEEE s LT
WARTHIZTRTEHEATEBY, AW 21T
) ATHRSIEEEOSH 57— IPNETE20 D
LEZAD.

AW AR O LT % X 4 12T, AR
19974EDFEN HEIZAT T, St.1Tlt 60~ 1,5001
&,/ mé, St.2 Tlx 330~1,200f 1k ' m?, St.3 Tl
530~ 13,000f# 14,/ m?, St.4Tlid 70~1,100fE &, m?
B, St1I~3 TIZHHEOBELEENEN-7-.8
HEEDS 11 B2 TIEEY & 7 o 723 s
%irotz. AFIIILEHO AL LML
72728, EREIIEIE L7228, REIEA LN D)o

F 2 A ORI
Table 2 Species name of Macrobenthos collected in
Honjo area of Lake Nakaumi from April 1997 to March
1999

Phylum Class Order Species

Mollusca Bivalvia Tapes philippinarum THY
Musculus senhousia RebFRH A
Mocoma incongrua EALSH)AA
Laternula limicola VIbFUHA
Thais clavigera ARz
Hinia festiva F3Lv0

Annelida Polychaeta Lagis sp. LI/ HTLY
Nephtys polybranchia I aAARThA
Prionospio sp. AEFD—iE
Neanthes succinea FLFATh4
Neanthes japonica ITha

Artheropoda Ampithoe lacertosa iRy EAIaTE

AJFADTERO—E
avRyarEn—i&

Merita sp.
Grandidierfla sp
Orangon affinis IET 0
Gnorimosphasroma spp. A3V T LA EIE
Synidotea leavidorsalis miers I TIUNTLY
Philyra_heterograna _ortmann _~NYR)AILH=

7219984 D HTF T HELHE I L 7225, St.3 Tk
ZOEEIE»r o7z, EFICIE S22 BREARET
XA EEAYIRREE 72 o 72, St2 TIZE I LB
B9, 1997FICIFBEDBEAON o7 HED 11
HETabhs, K5 IKEEMORERDOELE
AR, BEEIX 1997EIIEENSEIZNITTHS
{, St.1THE 5509/ m°, St.27C 3909/ m’, St.3
T1,730 g/, St4T120g ' m* Th 7. L&
WBEBESAON o727 OBERII/NE - 7.
19984E(21% St.1, St.2TR b N F AN A BN L 72
728, St1THE 45209/ m?, St2T710g/ m &
KIEIZEEML 72, BEEOEfLTHRIUE, HEIZ
St.1, St.2THNL, St3THA L2 &Ehbnb.
PEKED St5TIHIZE A EEWITASLNT, 1998
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Diatom florain sinking particles and coastal marine sediments, examined by
sediment trap method in Omura Bay, western Japan

Megumi Kato', Yoshihiro Tanimura’, Kazumi Matsuoka® and Hitoshi Fukusawa'

Abstract : Time-series samples were collected by sediment trap at Nagayo—ura in Omura
Bay, western Japan from June 1998 to June 1999. Diatom flora in these trap samples and
surface sediments taken beneath the sediment trap were analyzed and compared each other for
investigating taphonomic changes of diatom frustules. The diatom flora in the trap samples was
mostly composed of marine planktonic taxa, so they were presumed to be autochthonous
remains. On the other hand, benthic diatoms with no pigments in their frustules from the
sediment samples were considered to be allochthonous remains transported by bottom water
currents. Then annual fluxes of marine planktonic diatoms were derived from both of the trap
and the sediment. The resulting fluxes in the sediment samples were much smaller than the
annual sinking flux calculated from the trap samples. This investigation suggests major
decrease of the frustules possibly occurred at boundary zone of seawater and surface sediments.
The preservation rateannual flux from the surface sediment sample/ annual flux from the trap
sample was estimated 2% for total marine planktonic diatoms, and varied among each taxon
from less than 0.% to 16.5. So the abundance and composition of the fossilized flora in the
sediments are much different from the original one which lived in surface water. Therefore, we
should consider taphonomic loss of diatom frustules to quantify past diatom productivity and
interpret paleoecological information from diatom records in sediments.

Key words: coastal environments, marine planktonic diatoms, preservation rate, sediment
trap, taphonomic process
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Table1l Samples for analyizing diatom assemblages
taken by sediment trap at Nagayo—ura St. 2 in Omura
Bay

sampling date  deploying days

17/Jun/98 14
1/Jul/98 14
18/Jul/98 17
1/Aug/98 14
17/Aug/98 16
31/Aug/98 16
14/Sep/98 14
28/Sep/98 14
13/Oct/98 15
27/0ct/98 14
13/Nov/98 14
24/Nov/98 14
8/Dec/98 14
22/Dec/98 14
18/Jan/99 27
4/Feb/99 17
18/Feb/99 14
5/Mar/99 15
19/Mar/99 14
2/Apr/99 14
16/Apr/99 14
30/Apr/99 14
15/May/99 15
28/May/99 13
10/Jun/99 13
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Table2 Dominant and common diatom taxa in sediment trap samples from Omura Bay during June 1998 to June 1999

taxon annual flux relative abundance accumulated relative abundance d: dominant,
(X 10°alves*cm™yr’)  (%/marine planktonic diatoms) (%/marine planktonic diatoms) ¢ comrmon

Zg;lslsesxionema nitzshioides (Grunow) Hustedt 7.41 16.15 16.15 d
Neodelphineis pelagica Takano 5.34 11.63 27.78 d
Sietoremacosatan (arul)Cleve :
Proboscia afata (Brightwell) Sundstrom 4.34 9.46 48.08 d
Thalassionema frauenfeldii (Grunow) Hallegraeff 4.10 8.93 57.02 d
Chaetfoceros affinis Lauder 3.15 6.86 63.88 d
g{}rflpalfate/(/; U/!tt:i;aé/)selr_s:g; & Syvertsen + Cyclotella 114 248 66.36 ¢
Thalassiosira decipiens (Grunow) Jorgensen 0.98 214 68.50 c
Chaetoceros forenzianus Grunow 0.81 1.77 70.27 c
Thalassiosira eccentrica (Ehrenberg) Cleve 0.63 1.37 71.65
Chaetoceros Janciniosus Schiitt 0.59 1.30 72.94 c
Chaetoceros didymus Ehrenberg 053 1.16 74.10 c
Bacteriastrum deficatulum Cleve ? 0.52 1.14 75.24 c
Cymatotheca weissflogii (Grunow) Hendey 0.43 0.94 76.18 c
ngrliacskzgs:;ar&is"trg‘u:gas(gstenfeld) Hasie var. 0.35 0.77 76.95 c
Thalassionema bacillare (Heiden) Kolbe 0.35 0.76 77.71 c
Rhizosolenia imbricata Brightwell + Rhizosolenia
fallax Sundstrom + Rhizosolenia decipiens 0.33 0.73 78.43 c
Sundstrom
Rhizosolenia setigera Brightwell 0.33 0.72 79.15 c
Thalassiosira tenera Proschkina-Lavrenko type-1 0.32 0.70 79.85 c
Actinocyclus sagittulus Villareal 0.32 0.70 80.54 c
Chaetoceros danicus Cleve 0.29 0.64 81.18 c
Thalassiosira lundiana Fryxell 025 0.54 81.73 c




BRI BT A
—IKMBIZBIT ATt AL N - NT oy SEERRER—

sediment

depth (cm)

E-N w n
taphonomic
& active zone

~N o

shell fragments ()

O
O
© O
O

© o

R LA

57

allochthonous

autochthonous

benthic
diatoms

sediment-water
interface ®

fossil assemblage
(fossil diatoms

O000 0O

4 EEEEEEL, Chaetoceros J& DIKIRMT-5iB L CEEEMIEE SO Y 7+ / I —BRICB T 5 21L
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Table 3 Preservation rate of dominant or common
marine planktonic diatoms, resting spores of
Chaetoceros spp. and silicoflagellates in Nagayo—
ura, Omura Bay

taxon preservation
rate (%)

total valves of marine planktonic diatoms 2.8
total cells of resting spores 3.1
total skeletons of silicoflagellates 35
Rhizosolenia setigera Brightwell 16.5
Cyclotella litoralis Lange & Syvertsen + 70
Cyclotella striata (Klitzing) Grunow '
Proboscia afata (Brightwell) Sundstrom 54
Thalassiosira oestrupii (Ostenfeld) Hasle var.

: 5.1
venrickae Fryxell & Hasle
Thalassionema frauenfeldii (Grunow)

3.8

Hallegraeff
Thalassionema nitzshioides (Grunow) Hustedt 25
complex :
Chaetoceros lorenzianus Grunow 1.1
Neodelphineis pelagica Takano 0.9
Chaetoceros affinis Lauder 0.6
Skeletonema costatum (Greville) Cleve + 0.4

Skeletonema tropicum Cleve
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Cyanobacterial water—bloom in Lake Shinji and its geochemical features

Koji Seto’, Daisuke Nakayama, Hidenori Tanaka® and Keiko Yamagucht

Abstract : In Lake Shinji, it is known that cyanobacterial water—bloom grows under the
fleshwater condition in the pluvial. In the middle of November 1999, however, the water—
bloom grew under the restrained condition of the saline wdtérpsu and the low temperature
(lower than 15C). The purpose of this study is to clarify geochemical features such as carbon
isotope ratio of the water—bloom in November 1999, and to discuss the factors controlling the
occurrence of water—bloom based on geochemical features and environmental information.

The carbon isotope ratios sf 63,.:m suspended particulate organic matteOM) from the
Shinji Lake Surface WatetSSW) are —22.45+0.17%0, showing a intermediaté °C value
between typical oceanic and freshwater phytoplankton. It is considered that Hghvalues of
POM are caused byC concentration increased in dissolved inorganic carid€) as a result
of high production of phytoplankton for the prior absorption’6f. Thed **C value of POM in
the pycnocline is —25.0%, which is lower than that of POM in SSW. This loiv*C value
may have shown the carbon fixation by the photosynthesis using’Gheenriched DIC
accumulated in pycnocline and Shinji Lake Bottom W&8BW) .

Theo *C values of water—bloom are —23.82.03%., and are 1.1 to 1%4lower than that of
POM in SSW. This lows “*C value may be caused by the water—bloom produced on/in the
water surface where inorganic carbon exchange with the atmosphere. The negative correlation
is recognized betweeh*’C values of the water—bloom and salinity. This correlation shows that
high salinity water mass below pycnocline including tf@-enriched DIC is added to the
SSW.

Judging from geochemical characteristics and the water—bloom condition, the cyanobacterial
water—bloom in November, 1999, may be caused by the lower layer including the nutriment
such as NHE-N is thrust up by the inflow of the saline water, and partially diffused in SSW.

Key words : Lake Shinji, cyanobacterial water—bloom, carbon isotope ratio, POM, water mass
structure
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Fig.2 Vertical distribution of water quality and water mass structure at St.2 in Lake Shinji
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Fig.3 Profiles of water temperature, salinity and water
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upper part of Ohashi River.
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Table 1 Data of C/N ratio and carbon isotope ratio of
water bloom and suspended particulate organic matter
in Lake Shinji.

Station Matrial Depth C/Nratio  3'3C vs. PDB
St.2 POM surface 6.54 -22.450
St.2 POM 1m 6.33 -
St.2 POM 2m 5.56 -22.222
St.2 POM 3m 6.43 -22.509
St.2 POM 4m 538 -22.627
St.2 POM Sm 4.88 -25.048
St.2 walter-bloom surface 8.67 -23.774
A2 waler-bloom surface 9.41 -23.839
A3 watcr-bloom surface 9.03 -23.833

OH3 water-bloom surface 6.01 -23.853
St.2 Bulk (>63um)  surface - -23.652
A3 Bulk (>63um)  surface 7.66 -23.747
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Fig.6 Scatter diagram between C/N ratio and carbon
isotope ratio of water—bloom and suspended particulate
organic matter in Lake Shinji.

B2z i Tws (Me6). ik, 74+ 2Dk
B 7+ allgENs Chl-amid vy, A&
LTI oRE T T > 7 N LD N R RER
LTWwW5

FIEH (St.2#h i) ~ KA Fiit (OH 3#bri) @
AMEIZBWTERBO T + 3 KB O i FE R
DS 57208, BANEIZNEVD DD T
AR LT AR 515 (1K5). —75, SSW
DIFANL, SR~ KAE N LI o BB hn 3 % m)
WZHbH, W77+ a3o s ClHEETOEANT
BHbH., EBITEMAEINEVCSDOD, THIDSC
fifl & 3555 D A B4R %2 0.7 DL L OB DO AT O

57z, mﬂ@ i B T%%@K@@ﬁﬁﬁfh
%ﬁ?.%@tb,kﬁk@mmﬁ mfaémﬂ

?D DIC D s CHI, e IEOMEEZRTIZT T
HAhH. LrrL, THadD s CHIL, HoEEDH
MEZRLTws (7). AHZbBRR7-L 912, Kl
WIC%E L CTHAE L T A HEHRE 2 SBW @ DIC
(&, HEREM OAREI DR S NI b O EFEINT
WL TOPCIZEATWS., $RE IO POM® § *C
ﬁ&ﬁ%@%%%ﬁtk’é,:ﬂkbfwétw
WCHBZERTAI LI TELWD, T4HID 62C
i LIFFDOBEOHE & B WHEE 2R LT 5
(7). L2d>T, 742D 63CHD T
NOJAET & SSWO T I DY H L, 55
B O % iR DR O S AR oA IR L <

IZBIT AT F a5 L ZF ORI 67

POM (Pycnocline)
4.6

o]

y=-1514x29.455 437

~

=)}

y=-1.993x-42.881 : R%=0.767

Salinity (psu)

W

Cyanobacterial
water-bloom
POM (SSW)

26 25 .24 23 22
8" C vs.PDB

7 REMICBU L BEEARY B LT 4 2l
183 DY & B R O B AR

BHIET F aDHBSy, AL POMZ/RY. SSW

D POMD § BCflild, 74 212X > TERHID
1227 R LTwWh, SBW & SSWD POM FREL
HEn, 2 o0EFZIRY. COBRIICBIT S

&7 A B O BRI OME & 13 I,

Fig.7 Relationship between salinity and carbon isotope
ratio of water bloom and suspended particulate organic
matter in Lake Shinji. The black round shows the water
—bloom, and the white round shows POM. The value of
POM of the SSW shifts in the direction of the arrow by
the effect of the water—bloom. Thé **C value of POM
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groups are formed. The gradient of this relational
expression is similar with the gradient of the relational
expression at salinity and® **C value of the water-
bloom.
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Problems of vertical profile of chlorophyll concentration measured byin vivo
method under water—bloom condition

Daisuke Nakayama, Taisuke Ohtsukd&, Koji Seto® and Keiko Yamagucht'

Abstract :

Vertical profiles of chlorophyll concentration, salinity, water temperature,

illuminance and phytoplankton species composition in Lake Shinji were surveyed in November
11 1999. The chlorophyll concentration determined by spectral absorption method was the
highest at surface. Determined byvivo method, in contrast, the concentration at the surface
was less than that in the lower water column. Probablyivo method was not able to detect

the high concentration dflicrocystis sp. at the thin surface layer. Relatively high chlorophyll
concentration determined I vivo method in the lower water column was possibly caused by

low phytoplankton activity.

Key words : chlorophyll concentrationin vivo method, Lake Shinji, vertical profile, water—

bloom
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Table 1 Vertical distribution of chlorophyll concentra-
tion used spectral absorption at the center of Lake
Shinji.

in vivo UNESCO Lorenzen
Chl-ainvw Chl-ay  Chi-b Chl-¢ Chlywtar  Chl-a. Phaeo. Chl.Ltotar
gepth pgh #g bgh pgh bgh ugh ugh sgh
0 124 33 44.4 409 409
1 16.4 143 0.4 15 16.1 128 2.1 15.0
2 15.6 13.6 16 55 208 1.9 29 148
3 15.8 10.2 a1 1.4 17 8.0 21 A
4 15.9 97 03 26 127 86 24 1.0
5 17.9 79 0.4 34 17 63 28 92
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Table 2 Vertical distribution of phytoplankton at the
center of Lake Shinji

Taxa Oom im 2m 3m 4m
Cyanophyceae

Microcystis sp. 39.29 322 3.74 356 3.45
Woronichinia  sp. 030 0.44 031 0.29 0.6t
Others 0.09 0.1t 006 038 0.25
Bacillariophceae

Cyclotella spp. 201 197 175 1.75 1.8t
Others 0.00 0.00 0.06 0.06 0.06

Chiorophyceae
Dictyosphaerium ehrenbergianum 0.44 093 042 070 0.42

Ohters 0.19 004 025 0.16 0.07
Others 001 014 000 022 0.34
total 4233 685 659 7.12 7.01
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7% U (Ruditapes philippinarum (A. Adams et Reeve))
12 & 27 (Prorocentrum minimum (Pavillard) Schiller)
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Elimination of red tide water (Prorocentrum minimum) by using
Ruditapes philippinarum

Hidenori Tanaka' and Taisuke Ohtsuka’

Abstract : Ruditapes philippinarum (8 individuals were reared in red tide waté0 liter)
extreamely dominated biyrorocentrum minimum. P. minimum in the tank decreased from 2.0
X 10°cells to 4.0< 10°cells 24 hours after and to 301C°cells 48 hours afterR. philippinarum
removed more than 98 of P. minimum within 48 hours.R. philippinarum is possibly useful
to remove the red tide occurring in the Nakaumi.

Key words: Prorocentrum minimum, red tide waterRuditapes philippinarum, Nakaumi
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LAGUNA 7, p.81—83 (2000

C2YEWARE Microcystis sp. (DS REERER

KRB

Mor phology of Microcystis sp. in Lake Shinji, a brackish Lake in Japan

Taisuke Ohtsuka*

Abstract : Microcystissp., which mainly composed the water bloom in Lake Shinji in 1999,
was different from typicaMicrocystis aeruginosay its colony shape. Its colony was more or

less spherical, often macroscopic, with scattered and somehow irregularly arranged cells. The
cells were 3.6-6.4m in diameter. TheMicrocystis sp. resembledicrocystis flos—aquae
except for the cell density. It was also similarNbcrocystis ichtyoblabéout it had larger cells

and narrower mucilage envelopes.

Key words: Microcystis colony shape, cell size, Lake Shinji
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F 1 FEE M PE Microcystissp. O£ D 5545 .
B L HEOM Y T EEL ER L.

Table1 Cell diameter distribution oMicrocystis sp.

in Lake Shinji. The diameter is defined as a geometrical

mean of the length and the breadth.

Lake Shinji  Nakaumi
population Pelagic ~ Outlet  Qutlet
Diameter ( 4 m)

34~36 1
3.6~38 3
38~4.0 17
4.0~42 4 21
42~44 9 3 23
44~406 16 11 12
46~43 22 12 10
48~5.0 15 13 8
5.0~52 14 15 5
52~54 6 19
54~56 7 9
56~58 4 9
58~6.0 2 4
6.0~6.2 1 4
6.2~64 1

Average (um)  4.88 5.15 433

—

;mz:*w'

1 Sl E Microcystissp. DBES 2l (S5

;X 1,000

Fig. 1 Scattered cells dflicrocystissp. in Lake Shiniji

(Lake Shinji, pelagic X 1,000 .
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Fig. 2 Colonies ofMicrocystissp. in Lake Shiniji.

A. Small colonies(Lake Shinji, pelagic <X 100).

B. A part of a large colony with apparently aggregated
cells (Lake Shinji, outlet; X 100).
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Abstract : Published 589 papers concerning natural science of Lake Nakaumi and Lake Shinji

are listed.
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