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Regional Development and the Improvement of Water Quality using Bivalves in Lake Suwa (Japan).
Okino Tokio (Professor Emeritus, Shinshu University, Naganogen, Japan)

Abstract

Lake Suwa is a natura lake which is well-known for sightseeing and fisheries. It had suffered

severe eutrophication during 1960s and 1970s with the occurrence of cyanobacterial blooms and the extinction
of some benthic animals. Since 1980 water quality has been improved due to efforts of local government,
scientists, and citizens. Of various methods that were attempted to improve the water quality of Lake Suwa
biological methods received much attention, because it can improve the lake ecosystem integrity and fisheries
in addition to the water quality. The aim of this paper is to introduce the biological methods for water quality
improvement that had been employed in Lake Suwa, Japan, and their contribution to the economic benefit of
local residents. Until now a significant restoration of water quality has been achieved, but there are insufficient
recovery of the sediment and biota due to anoxic hypolimnion of the lake. This study proposed suspended
cage culture of bivalves as a feasible method of water quality improvement. Increased grazing by bivalves will
contribute to the improvement of water quality and fisheries production, which will contribute both to the

ecological restoration and economy of local residents.
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Table 1. The chronological record of anthropogenic impacts and their effect on Lake Suwa.

Change of pollution

Stages  Period Socia changes sources and control Major pollutants Effect on the lake
measures
Stagel 1900~ Development of silkworm Industrial wastewater.  Organic matter in Eutrophication.
1960  industry. Population increase. Domestic sewage. wastewater. (changed from mesotrophy to
Deforestation in the watershed.  Soil erosion. Sediments eutrophy)
Stagell 1960~ Economic development. Increase of industrial Heavy metal. Water Pollution.
Increased industrial activities. wastewater, sewage, Organic wastewater.  Eutrophication (outbreaks of
Improved living standards. agricultural drainage,  Increase of nitrogen  cyanobacterial blooms).
fertilizer runoff and phosphorus Hypoxiain the hypolimnion in
summer.
Changes in aquatic biota
Stagelll 1975~ Implementation of Development of Decreased loadings ~ Water quality improved.
environmental control measures  industrial wastewater  of heavy metal, Continued eutrophication
(environmental standards, treatment. industrial organic phenomena.
wastewater standards established, Some public sewer wastewater, organic  Littoral zone reduced.
sewer construction, in-lake start in autumn, 1979.  matter in domestic Cyanaobacterial blooms
pollutant source removal) Dredgingisextended  sewage, phosphorus  continued.
Increase of concrete bank shore.  from littoral zoneto in the sewage. Outbreak of midge.
the whole lake basin But agricultural
loading continued.
Stage IV 1990~ Sewer system improved. Improved sewer system. Decreased loading Cyanobacterial bloom decreased.
Enhanced citizen’s stewardship.  Advanced treatment of organic matter, Midge decreased.
The goal of lake management start. nitrogen, phosphorus. Increased littoral aguatic plants.
changed from water quality to Diversion of sawage  But theloading from (Theincrease of reed caused a
ecosystem conservation treatment effluent to non-point sources new nuisance problem)
the lake outlet. continued. Fish catches continued to decline
Restoration of littoral
zone start.
Post 2005~ Sewer system amost completed, Sediment dredgingin  Hypoxiaat the Water quality continued to
Stage IV Increase of restored littoral zone the lake stopped. sediment in summer.  improve.

Agricultural fertilizer
reduced.

Increase of littoral
aquatic plants

Improved amenity.

Expansion of water chestnut.
Weak improvement of fish catch.
Improved water quality met

the goal for nitrogen.
Significantly improved
transparency
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Water Quality using Bivalves 3

‘ Strategies to improve water quality in Lake Suwa ‘

Control measure for external loading ‘

‘ Control measure for internal loading

1) Recover or remove pollutant in the pathway
2) Removal at the river mouth

3) Recover of remove pollutants in the lake
4) Recover or remove pollutants by aquatic plants

Fig. 1. Strategies of water quality improvement in Lake Suwa
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Table 2. The chronological record of freshwater pearl aguaculture development (Saigusa, 2011).

Age Place - Name Kinds of shell

Contents

11th century China Cristaria plicata

Buddha statue with pearl decoration

18th century  Germany, France Margaritifera laevis - Cultured for pearl producing mother shell
Cristaria plicata

1888 Mikimoto Koukichi  Pinctada fucata martensii  Marine pearl farming technique devel opment start (Success at 1894)

1910 Mikimoto Koukichi ~ Hyriopsis schlegeli Freshwater pearl farming research started, but failed.

1924 FujitaMasayo Cristaria plicata Research started. Pearl farming started in Lake Hirain Shiga
prefecture at 1925

1927 Y oshida Toranosuge Freshwater pearl farming research group established. Research using
mother shell of H. schlegelii in Lake Biwa started in 1928

1930 FujitaMasayo Hyriopsis schlegeli Pearl farming technique success. Freshwater pearl farming
corporation established by the investment of Mikimoto (President:
Kazama Hachizaemon) in 1935, Seedless freshwater pearl farming
technique success in 1946

1948 FujitaMasayo Hyriopsis schlegeli Lake Biwa pearl farming corporation reestablished.
A pearl farm was constructed in Kinukawa(Ootu City), business
launced.

1956 Shiga Prefecture Hyriopsis schlegeli Fisheries Cooperative Association of Shiga Prefecture inherited the
FujitaMasayo Corporation.
In 1957, Tanaka Shingo established a pearl industry company in
Shiga Prefecture.
Fisherman has flourished freshwater pearl farming in Shiga Prefecture

1968 Shiga Prefecture Hyriopsis schlegeli Pearl mother shell fishery cooperation established,
Artificial reproduction of H. schlegeli launched, and commercialized.
Launched pearl farming in pearl farming corporation in 2009 in Shiga
Prefecture

1980 Shiga Prefecture Hyriopsis schlegeli Sale of pearl exceeded four thousand-million Yen

1992 Lake Biwa Hyriopsis schlegeli In Lake Biwa, amount of catch became zero
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Fig. 2. Lifecycle of Cristaria plicata.
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Experiment of H. schlegeli

Change to S woodiana

Data base by lab.
experiment

Experiment in
lake cultivation

Glochidium release
Y oung shell settlement

Sediment Natural
improvement

reproduction

Restoration of biotain lake
Regeneration of native bivalves

Fig. 3. Blueprints of biological restoration in Lake Suwa.

‘ Farming Purpose of Bivalves

|

|

Water Production bivalvesin
purification lake cultivation
J/ |
Sediment Production Instructions of
improvement freshwater pearl products

i

Natural resource of
bivalves

Pearl and shell,
utilization as materias meat

Instructions of

Fig. 4. Purposes of shellfish farming.
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‘ Decoration H Cosmetics H Medicine H Protective foods ‘

Fig. 5. Major pear products by Mikimoto medicine company
(from Wikipedia).
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