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IMPROVING LAGOONAL ENVIRONMENTS FOR FUTURE GENERATIONS
— A CASE STUDY OF LAKES NAKAUMI AND SHINJI, JAPAN —*
T. Tokuoka™, K. Takayasu™, H. Kunii”, F. Takehiro™ and Y. Sampei ™

The purpose of the Research Center for Coastal Lagoon Environments

The Center of Shimane University was established in 1992, and mainly studies the history of natural, cultural, and social
environments of Lakes Nakaumi and Shinji, and their surrounding areas. to develop new ideas for the wise use of natural
resources while maintaining a sound ecological balance. The main topics are (1) Natural environmental changes and sea-level
changes in coastal lagoon areas, (2) Biodiversity and environmental changes in coastal lagoon area, and (3) synthetic studies on
geographical, cultural, and social environments of lagoons and their hinterlands.

Stud Aims Forecast global warming and develop countermeasures to limit
of y Collate and analyse i and environmental changes VI VI
the past I all present data vV BNt e Promote wise use of natural resources and the creation of a balanced
ecosystem VI
Facing problems \  pesicide poffaion

water pollution Shii Teval A

wastes

from domestic animals
mass movement

Programs for wise use and balanced ecosystem

2 =)
ggﬁ \

cooperative research network(domestic) ,
[

Managenent of catchment areas

*Presented originally at the poster session of THE IGBP-LOICZ OPEN SCIENCE **Research Center for Coastal Lagoon Environments, Shimane University, Matsue
MEETING, October 10-13, 1997, held in the Netherlands, and revised. 690-8504, Japan Sk
#*#*Department of Geoscience, Faculty of Science & Technology, Shimane University,

Matsue, 690-8504, Japan
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Diversified human activities around the coastal lagoons during the Holocene Period

In the areas around Lakes Nakaumi and Shinji, many archaeological sites since the Holocene ( Jomon Transgression in Japan )
have been discovered. The activities of our ancestors are recognized as multi-sided usings of the lakes as [lishery grounds, fishery

STUDY OF Coastal lagoons are very sensitive to sea level changes. Their environment can easily be changed by falling or rising sea level.
THE PAST Such changes are recorded in the bottom sediments. and the paleogeography is reconstructed in Stages 1 to 7.

ports and transportation bases. The surrounding lowland areas had provided convenient conditions for human activities
especially for rice cultivation. These had made possible the prosperity of Paleo-Izumo, one of the most famous archaeologic sites

in Japan.

Oars and handle of fish spear of the Jomon Period ( 5000-5500 yr.

B. P.) excavated at the Shimane University campus Jomon Period

Initial Stage~Early Stage ,——‘\ —’;P
g o

LN o
\"'\ f‘é
o
PR
o
F g Q
Jicr ot 1 Sada-Koubu 5 Watariagari
AL © 2 Nishikawatsu 6 Hishine
) 0 3 Shimane University
The sea level ascended gradually, reaching a level about -45m lower than Sea level fell about 2 or 3 meters, and the western inlet was separated into two lagoons —__f/ M 4 Megumi

present day. by a transgressive delta of the Hii River. Brackish conditions in Lake Shinji appeared for

the first time, and a connection to Lake Nakaumi was maintained by a channel. Jomon Period

Late Stage~Final Stage
(4000~2400yrBP)
3 J 4]
4
i D
g
Qo
1 Santadani
2 Ishidai
2 T 3 Sarugaha_na
Dugout canoe of the Jomon Period ( 5500-6000 yr. B. P.) 4 Idematagi
excavated at the Shimane University campus 3 ;
T T : o Yayoi Period

(2400~1700yrBP)

Worldwide transgression ( Jomon Transgression in Japan ) occurred, and the sea The sea level ascended slightly to no mere than one meter above present, & o ST
Ievel.ascended rapidly. The valley was invaded by the sea to yield the Paleo-Shinji and exchange of brackish water between Lakes Shinji and Nakaumi became | TR ( e o‘8 0 06%
Inlet in the west and the Paleo-Nakaumi Inlet in the east. They were separated from stronger than in the previous stage. | j _7‘51 9; i g4 %
Jiz), o502 1 Yano 5 Nishikawatsu

— — = /00 2 Nishidani 6 Megumi

FStage 7 * Yayol burial mound © 3 Kanba-Kojindani 7 Muki-Banda

i —-— | 2 Bronze ritual goods hoarding site = 4 Kamo-lwakura

Shell stratum of the Jomon Period ( ca. 5,500 yr.B.P.) excavated at the Sada- Fishing gears of the Yayoi Period excavated at the

Koubu Shellmound site Nisikawatsu site

The sea level reached a maximum height, about 1.5m higher than present. Iron production activities, especially 16th and 17th Century onward, have
Both inlets were connected and ideal conditions for fisheries prevailed. Sand strongly affected the lake environment. Lake Shinji was changed to a
bars began to develop on the seaward side of the inlets. freshwater lake in the middle of the 17th Century, and the Hii River changed

its course eastward, flowing into Lake Shinji. At the same time the delta fan
prograded rapidly eastwards, forming the eastern part of the 1zumo Plain. The
present brackish conditions of both lakes was formed artificially mainly, for the
purpose of preventing flooding by the Hii River.

I sealEvEL. !
TP |
(m) -5 i
| 0

8000 6000 4000 2000  (yrBP)

=

_ Holocene sea level changes in Lakes Nakaumi and Shinji area
Sand bars continued to develop, but exchage of water with the open sea was The numerals with circle indicate direct evidences of sea level at the historic

maintained. sites. Hand net (56cm in length) Stone net sinker
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STUDY OF
THE PRESENT

The Lakes Nakaumi and Shinji have been surveyed by various
methods of echo-sounding. Lake bottom sediments have been
sampled systematically and analysed sedimentologically and
geochemically. Organic remains of mollusc, pollen, diatom,
ostracod, foraminifer, etc. have also been studied.

Water surface area | Mean depth Max.depth | Average water level (TP)

L.Nakaumi 88.7 km? 54m 8.4m +0.20m

L.Shinji 80.3 km? 4.5m 6.4m +0.30m

Change in bottom topography ( water depth in meter )

[ credged gully or hallow
dispersed sand
B mounded sand

{1962-1963>

water
6 depth(m) 1km

’ solid line 1962-1963

broken line 1985-1986

1987>

Present bottom characteristics of Lake Shinji ( surveyed in 1982 )

Grain size distribution

Distribution of Corbicula japonica

none

=] 79~550
-0 [ 55~ 3832
12~7s  [HE 3833~

[ Jc.~med. sand
f. sand ~ sdy silt
silt & clay

Corbicula japonica is a dominant molluscan species in brackish
lakes. Lake Shinji accounts for about 60% of the production (30
billion Yen, 25million US$ ) in Japan. The scene of fishermen
working Lake Shinji early iu the morning is one of the beautiful
scenes in Matsue, a famous sightseeing place.

Dissolved oxygen of bottom water Ch- concentration of bottom water

—
Z}""ﬁ ] ~w0% B 0~100
)~ (10~

BR

2000 o
~ 3000

o
(e
~5000

; ; ; ; ; . v
As a part of the studies on the biological diversity of estuaries and coasts, studies on several

endangered aquatic macrophytes are ongoing from the viewpoint of ecological conservation.

Sparganium sp. Monochoria korsakowii

Zannichellia palustris Ruppia maritima

Change of the molluscan assemblages in Lake Nakaumi caused by reclamation project

Before the closing of the northwest area, distribution of the molluscan assemblages was controlled by the anticlockwise invasion
of high saline water. After the closing, the assemblages distributed in the north to west area of the lagoon were entirely extinct
and the other assemblages have been subjected only to the water flowing through the Nakaura Water Gate.

Summer in 1944
( Compiled from Miyadi et al., 1945)

O Velemolpa micra
Q Fulvia hungerfordi
O Theora lubrica

1965-1966 Summer in 1986
( Mizuno et al., 1969 ) ( Takayasu ef al., 1987 )

« Scapharca subcrenata-Paphia undulata A. e Fulvia hungerfordi-Velemolp amicra A.
« Raetellops pulchella-Theora lubrica A. = Fulvia hungerfordi-Fulviocongula nipponica A.
Corbicula japonica A. « Fulvia hungerfordi-Micro-gastropoda sp. indet. A.
© Musculista senhousia A. e Fulvia hungerfordi-Musculista senhousia A.
o Laternula marilina A. ® Theora lubrica-Musculista senhousia A.
a Scarce occurrence ® Musculista senhousia A.
+ Assemblage unknown e Theora lubrica A. + Scarce occurrence

(ITALEN WLt

(A Assemblage )

Artificial changes of the northern part of Lake Nakaumi by reclamation project

1975 1988
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TOWARD Sea-level rise due to global warming has great impact on coastal zones, especially on coastal lagoon areas. Inundmion. and Devetopment ofa Iong-term observation system for the study of Halocline behaviour in brackish lakes and estuaries
THE displacement of lowlands and wetlands, increase in salinity of coastal lagoons, salt water intrusion into freshwater aqu‘lfer:s-. Brackish lakes are characterized by the existence of halocline. If heavy more saline water lic constantly in lower part in lakes in summer
FUTURE etc. are predicted. Geochemical study on sediment core and observation system of halocline behaviour at Lake Nakaumi are season, it become oxygen-free to dissolve P from bottom sediment. causing water pollution. It is important to know the behaviour of
introduced.

halocline.
Depositional environment during the Holocene climatic optimum and projections of the environment in future

The system consists of an acoustic observation system and a lake bottom thermometry system using
global warming

an optical fiber distributed sensor. The acoustic observation system measures acoustic reflection

s caused by the rapid change of acoustic impedance at the boundary of the halocline in water. The lake
accumulation rate, sedimentation rate (S.R.), total mass accumulation rate (mass A.R.), “C dating, C,,. -S contents and stable carbon-oxygen isotopes s bottom thermometry system detects movement of the lower part of the lake water by means of
ratio, the following characteristics of the depositional environment during the Holocene climatic optimum have been established. The results will offer

Based on analyses of a sediment core NU9007 (central portion of Lake Nakaumi) for organic carbon accumulation rate (C,,.A.R.), organic nitrogen

temperature change. Long-term observations using this system were successfully carried out in Lake

basic informations for projections of lagoonal environments in future global warming. (252m) Nakaumi.

N S
(1) Precipitati : ﬁw"’ Halocline behaviour by wind
P e z - i i i i i \ On-line type, underwater acoustic observation
Considering S.R. (Linear A.R.) and mass A.R. changes, precipitation appears to have increased during the Holocene c]m.muc optimum in Lake Nakaumi. \\ r aystem for detecting of halacline ‘
The S.R. was significantly higher (range 0.20 - 0.42 cm yr') in the 7.500 - 5,500 yr B.P interval (warm climate) than in the 2,000 - 3,000 yr BP (cool N \—\(- Wind
climate; 0.11 cm yr'). Mass A.R. was also high during 7,200 - 6,000 yr B.P. at about 1,000-3,000 g m * yr', and decreased to about 500 g 11.1': 3‘Jr" at 3,000- an ‘Ilﬁ};nmm)
2.000 yr BP. These characteristics are representative of Nakaumi-Shinji lagoonal area. Precipitation in the lagoonal area possibly increase in future global [ T opteal
| N
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(2) Primary production ‘ ‘ . 5 e —
From the results of the relationships between C,,.A.R. and mass A.R., and between C,,. contents and mass A.R.. the terrestrial C,,,. content of clayish .'»m__ : ) £ 14,59
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(3) Schematics of the depositional environment in Lake Nakaumi f .\It"""ﬂ’ : T . anaagsy ‘
During warm climate, river runoff increase and carry abundant terrestrial C,,.. with fine clastics and nutrient salts. Planktonic C,,.- contents of the !5250 0 May 11 May 11 May 12 ‘ : ; !
sediments are diluted by the clastics to low levels, although primary productivity is high. The proportion of terrestrial C,,. to planktonic C.. in sediments DISTANCE (m) 00.00 12.00 00.00 0 21 5/11 3 6 12 15

is high. Lake bottom is poorer in oxygen by high primary production.

The observation at the center of Lake Nakaumi, September 15-17, 1995
- o

Weather chart at the time of Typhoon No.12

. A ; : i ; 21:00, sept. 16,1995)
Tex. 250 37 BF The time series acoustic profile at the center of Lake Nakaumi, Sept.15-17, 1995. Strong windy days were caused ( P -
cAY AL Fianktonie C.., OCEAN A i Planktonie Cor, OCEAN by Typhoon No.12. The halocline was moved by strong wind  max.15.7cm/s ) , approaching to the lake bottom. 8125 18E21k I8EKE
Nutrients m==p Nutrients u ohie
Nutries
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Nutrients
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A PROBLEM
AWAITING
SOLUTION

LAND RECLAMATION

The Lake Nakaumi Reclamation Project by the Ministry of Agriculture was started in
1963, and has been suspected due to opposition by citizens since 1988, although
more than 80 billion yen ( about 67 million US$ ) has already been spent. In the
background there is a national policy to decrease rice production in Japan and a tacit
aknowledgement of the lack of need to develop additional cropland through
reclamation. However, from a financial viewpoint, the local government of Shimane
Prefecture asked the Ministry of Agriculture to resume the project in 1995,
notwithstanding the local opposition. Recently the Ministry of Agriculture has

decided to carry out a 2-year study to decide the best use; either reclamation for farm

land, or retention of the existing brackish lakes for fisheries.

PROBLEM - PRO OR CON 7 -

[RECLAMATION PROJECT OF LAKE NAKAUMI |
B}

Reclamations E
1 Honjo (1688 ha) suspectad
2(323ha), 3(204ha) , 4 (178ha) , 5 (146ha) constructed

»

' paikondima
Lake Nokaumi

=i p)

The plan intends to restore both lakes to freshwater,
to provide water for the reclamations (1~5) 0 10km
and surrounding areas (pink-colored)

&

Main objections against
the Nakaumil Reclamation Project

*Potential water bloom of Microcystis and pollution

in a freshwater lake

*Lack of need of additional cropland
*Protection of lake environment

*Projeted sea level rise in the 21st Century
*Technical problems of making dry land below sea level

*Honjo area is too deep for reclamation(deeper than -

*Daikon-jima Island in Lake Nakaumi is a porous
Quaternary volcano and water could easily leak
through it. Prevention would be extremely costly.

sAn active fault runs through the dykes.

It is inappropriate and potentially dangerous to create

sub-sealevel land in this situation.

Daikon-jima volcano (erupted subaerially in Riss Glacial Stage 250x10°yrBP)
Sm) valcanic ash layers from Mt Daisen(110x103yrBF)
m and Mt.Sambe (80x10%yrBR)
40 ]
20 ] freshwater lens ~,_— Spring \
Honjo area
) Neogene sedimentary rocks

A proposal of future land-use

" To use brackish lakes wisely,
we must learn from their histories."

1st step
SBHEACH TrlE
MOMTIZRN D=

Restore the condition of
8 years ago.

ozl

TR A R

Return to the condition of 1000 years ago,
improving circulation of sea water.

An image of the future use

B Tt

Lake Nakaumi has been extensively
polluted, and is less used by fishermen. It
had a prosperous fishery 30years ago,
producing twice that of Lake Shinji.

Lake Shinji is used primarily as a shellfish
fishery, which yields more than 30 billion Yen
per year, and also for sightseeing and
recreation.

-
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IMPROVING LAGOONAL ENVIRONMENTS FOR FUTURE GENERATIONS

— A CASE STUDY OF LAKES NAKAUMI AND SHINJI, JAPAN —
T. Tokuoka, K. Takayasu, F. Takehiro and Y. Sampei

The Research Center for Coastal Lagoon Environments, Shimane University was established in 1992, and mainly studies the history of
natural, cultural, and social environments of Lakes Nakaumi and Shinji, and their surrounding areas, to develop new ideas for the wise use of

natural resources while maintaining a sound ecological balance. In general, coastal lagoon areas of Japan and other similar areas elsewthere

in the world are to be investigated at the center in comparative studies aimed at contributing to solving global environmental problems. The
main topics of research are (1) Natural environmental changes and sea-level changes in coatal lagoon areas, (2)Biodiversity and
environmental changes in coastal lagoon areas, and (3) synthetic studies on geographical, cultural, and social environments of lagoon and
their hinterlands. These topics are closely related to the aims of the IGBP-LOICZ Programs.

Coatal lagoons are very sensitive to sea level changes. Their environment can easily be changed by falling or rising sea level. Such changes
are recorded in the bottom sediments, and the paleogeography of Lakes Nakaumi and Shinji areas is reconstructed. Lakes Nakaumi and
Shinji are surrounded by many historic sites from the Holocene Period, are well recognized to have been used as fisthery grounds, fishery

ports and transportation bases by the ancestors.

The Lake Nakaumi Reclamation Project to make the farm land below sea-level and to restore both lakes to freshwater to provide water for
the reclamations and surrounding areas was started in 1963, and has been suspended due to opposition by citizens since 1998. In the

background there is a national policy to decrease rice production in Japan, and a tacit acknowledgement of the lack of need to develop

additional cropland through reclamation. Main objections against the Nakaumi reclamation project are 1) Potential water bloom of
Microcystis and pollution in a freshwater lake, 2) Lack of need for additional cropland, 3) Many technical problems of making dry land
below sea level. The effects due to sea-level rise should also be considered. In order to use wisely these areas, we must learn from their

individual histories.

We have developed a long-term observation system for the study of Halocline behaviour in brackish lakes and estuaries. This system was

successfully carried out in Lake Nakaumi, and would contribute to control the move of oxygen-free saline water in near future.
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