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Foreword to the First-Year Prints

This data book is the major output from a joint ILEC UNEP project. Survey of the State of
World Lakes. The International Lake Environment Committee (ILEC) and the Lake DBiwa
Research Institute (LBRI) are jointly responsible for the editorial work.

The whole three-vear project includes, besides the publication of the data book. in-depth studies
on some inportant Jakes and lake environment issues and a synthetic report based on the data
collected.

Despite increasing demand for a methodology for sustainable development of lakes. few princi-
ples or guidelines have been developed on environmentally sound management of lakes and their
catchment areas. The collection of information and numerical data on the present status of lakes
in the world is urgently required for the development of such principles and guidelines. which
would be uscful for lake management cxperts as well as for decision makers and planners,
especially in developing countries.

This publication was intended to compile geographical. limnological. socio-economic and envi-
ronmental data on as many lakes of the world as possible to provide a basis for environmentally
sound management consistent with sustainable development policies related to lakes. Multidisci-
plinary analyses of the data collected are expected to contribute greatly to the formulation of lake
management guidelines, which is the subject of another project being carried on bv ILEC and
UNEP.

On the occasion of the Shiga Conference 84 on Conservation and Management of World Lake
Environment (LECS '84) held at Otsu, Shiga Prefecture. Japan in 1984, LBRI and the National
Institute for Research Advancement (NIRA) first attempted to prepare an original version of such
a data book. However, this “Data Book of World Lakes” covered only 32 freshwater lakes. The
present volume is essentially a revised and greatly augmented version of the LECS book. The
number of lakes is significantly increased to cover saline and brackish lakes also. while several
data items are newly added.

The data and information compiled in this book were btained by asking scientists, research
nstitutes and administrative offices in many countries to fill the standard questionnaire sheets.
Relevant books and scientific papers were also consulted for additional information. There are
of course limitations to such a method of data collection. Inevitably the data obtained do not
always fit the standard form requested by the editors.  Socio-economic, legislative and managerial
data are always more difficult to collect than geographical and limnological data. The editors
have to apologize that the data are so heterogeneous in form and that the completeness of data
differs widely from one lake to another.

The original questionnaire sheets are reproduced here as an appendix for the users’ reference.
The cditorial committee is sincerely grateful for the cooperation by those who kindly responded
to the questionnaire and whose names are mentioned for respective lakes in the text. Thanks are
also due to the authors of the books and/or scientific papers for permitting their partial citation
or reproduction.

To balance the distribution of work and printing cost over the three-yvear period. it was decided
to print the completed text successively at the end of each year. Therefore the book takes a filing
form. Additional pages are successively printed and added to the file. Lakes are tentatively
classified into six geographical groups, Asia (ASI), Oceania (OCE), Europe (EUR). Africa (AFR).
North America (NAM), and South America (SAM), and numbered in each group according to the
time order of manuscript preparation. The geographical and alphabetical indices of lake names
will be prepared at the end of the project period.

Representing ILEC and the editorial committee. I would like to express our appreciation for
financial aid from UNEP and the Prefectural Government of Shiga, and heartfelt thanks to Dr.



Mostafa Tolba, Executive Director of UNEP, the late Dr. Lazlo David of the Water and Lithos-
phere Unit of UNEP and Dr. M. Nakayama for their effective support and advice to the present

project.

December 1987, Otsu

Tatuo Kira
Chairperson of ILEC
and Chief Editor



QUESTTIONNATTRE SHEETS
FOR THE COMPII.ATION OF

DATA BOOK OF WORLD LAKE ENVIRONMENTS

INSTRUCTIONS

GENERAL

1) Please fill in the following blank tables and answer the
questions as far as relevant data and information are available.

2) If you do not have access to necessary data, please suggest
the names of appropriate persons or organizations together with their
mailing address so that we may be able to establish contact for
requesting their assistance.

3) Part of the data or answers may be substituted by attaching
publications or their photocopies containing required information.

4) Please supply data as numerical tables as far as possible,
unless otherwise stated. To save publishing costs, graphic re-
presentation should preferably be limited to a minimum number of cases
in which quantitative data are not available.

5) Drawings provided ought to be clear and concise. They need
not be camera-ready, however, because they will be redrawn by a
specialist in the editorial office.

6) Short supplementary comments may be provided to help explain
the numerical data or to compensate the lack of quantitative data.

7) Please mention clearly the sources of data referred to so that
editorial committee can obtain the necessary permission for citation.

PHYSIOGRAPHIC AND BIOLOGICAL DATA

8) Average values over the latest 3-5 years are preferable.
However, the data for a latest available year may be used if longer
term data are not available.

9) As far as physico-chemical properties of lake water are
concerned, the data observed at or near the lake center are preferred.
If the lake concerned is large and consists of sub-basins or parts
having different water qualities, data at more than one station may be
given, respectively, in separate tables.

SOCIO-ECONOMIC DATA

10) Data for the latest available year are requested.

11) 1If the data are based on only parts of the lake's catchment
area or on administrative boundaries which do not overlap with the
catchment  exactly, specify the area tc which the data pertains(if
necessary, on a map).




[§)

EXAMPLES

12) For your reference, two examples of data set are

attached;

one for a lake with fairly abundant information and the other for a

lake with relatively limited data.

PHOTOGRAPH

13) A copy of colored photo, a slide or a print(larger than about
12.5¢cm x 9¢cm in size), 1is requested. An aerial view of the lake is
most preferred. If this is not available, please supply one that

illustrates a typical landscape, either natural or cultural.

LAKE NAME

A. LOCATION

*Administrative district(county or state, country)

*Approximate latitude and longitude(ranges for large lakes)

o !

° - ° 'N or S - ¢ 'E or W

*Altitude m above sea-level

B. INTRODUCTORY DESCRIPTION OF THE LAKE

[Note] Please prepare a brief description of the lake (about 500
words), including the lake's geological origin, character-
istic features if any(topographical, geographical, biologi-
cal, etc.), social values as resources, natural landscape,
scientific monuments and the likes, history of relations
with human activities, recent environmental issues, etc.
In case of man-made lakes, add the purpose, the incurred

costs of project development and construction,

and the

responsible body in charge of construction, and the year of

completion.



C.

D.

PHYSICAL DIMENSIONS

#Surface area km
*Volume m
*Maximum depth m
*Mean depth m

*Normal range of annual
water level fluctuation m
Is the lake's water level artificially

controlled? Yes [ | No [:_:]

*Length of shoreline km

*Residence time yr
1 2

*Catchment area km

[Note]lThe total sum of the catchment
directly flowing into the lake.
lake area.

PHYSTIOGRAPHIC FEATURES

D, GEOGRAPHICAL

*Bathymetric map(attach as a separate sheet,

areas of rivers
Not including the

if available. Mark

the locations of meteorological station and observation
points in the lake for cross referencing with the following

tables or figures).
*Names and areas of main islands on the lake

*Number and names of outflowing rivers and channels

Number Name (s)

1
D, CLIMATIC
*Climatic data pertaining to a representative spot on. or near

2

the lake shore

Place name

Period of observation

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Mean temp.[°C]
Precipita-
tion [mm]




*Number of hours of bright sunshine per year hr yr_l

*Average solar radiation MJ m_zday_l

*Water temperature [°C]
Station name(if necessary)

Period of observation

Depth Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
(m]

Surface
( m
*Freezing period(lake) From to

*Mixing type(please mark appropriate word)
Meromictic Dimictic Monomictic Polymictic Others( )

*Notes on water mixing and thermocline formation(if necessary)

[Note]lIn the case of large lakes which extend over different

climatic regions, please give data at more than one
spots.

E. LAKE WATER QUALITY

E1 TRANSPARENCY [m]

Station name Period of observation

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

EZ pH

Station name Period of observation

Depth Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
[m]




-1
E3 SS{mg 1 7]

Station name Period of observation

Depth Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
[m]

: -1
h4 DO[mg 1 7]

Station name Period of observation

Depth Jan Feb Mar Apfﬁrﬁé§niJun Jul 7A£ér Sep Oct Nov Dec
(m]

E; COD[mg 17

Station name Period of observation

Depth Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
[m]

*Please mark the method used.

KZMnOA—method K2Cr204—method

E, CHLOROPHYLL CONCENTRATION [ug 1~

Station name Period of observation

Depth Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
(m]

1 -
E7 TOTAL-N CONCENTRATION [mg 1 l]

Station name Period of observation

Depth Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
[m]

1
[Note] 1If not available, substitute NOB—N and/or NH4—N data.



Eq Total-P CONCENTRATION? [mg b

J

Station name ~__ Period of observation

Depth Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
(m]

[Note] “1f not available, substitute POQ—P data.

) -1 .
E9 CHLORINE ION CONCENTRATION [mg 1 or Z. ](saline and brackish

lakes only)
Station name Period of observation

Depth Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
(m]

ElO PAST TRENDS OF THE ABOVE-MENTLONED WATER QUALITY VARIABLES
(tabular or graphical data), 1F AVAILABLE

F. BIOLOGICAL FEATURES

Station name and the year of observation
(if necessary, especially in large lakes)

Fl FLORA(mention the names of dominant or remarkable species)

*Emerged macrophytes

*Floating macrophytes

*Submerged macrophytes

*Phytoplankton(for different seasons, if necessary)




FZ FAUNA

*Zooplankton(for different seasons, if necessary)

*Benthos(for different depths, if necessary)

*Fish(mark economically important species with asterisks)

*Supplementary notes on the biota(endeminsm, distribution in the
lake, etc., if necessary)

F, PRIMARY PRODUCTION RATE

Station name Period of observation

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
total

Net
production
Dark
respiration
Gross
production

[Note] !Use units of the amount of carbon or dry matter produced, or
oxygen released, per unit water surface area and time.

F, BIOMASS
4 . . . :
Biomass data for the above taxa in units of dry matter per unit
water or bottom area or plankton dry matter per unit volume of
water; monthly and/or annual mean values.

F5 FISHERY PRODUCTS

*Annual fish catch[metric tons] (in 19 )

*Fishery products other than fish(shrimp, shellfish,etc., if any)

F PAST TRENDS OF PRIMARY PRODUCTIVITY, BIOMASS AND FISHERY PRO-
DUCTION(tabular or graphical data, if available)

-]



F7 NOTES ON THE REMARKABLE CHANGES OF BIOTA IN THE LAKE(if any, in
recent years)

G. SOCIO-ECONOMIC CONDITIONS

1

G1 LAND USE IN THE CATCHMENT AREA(in 19 )

“Area(km® or ha) [%]

Natural landscape
Woody vegetation
Herbaceous vegetation
Swamp
Others

Agricultural land
Crop field
Pasture land

Settlement area

Others

Total

[Note] *If the data are based on an area not exactly the same
with the catchment area, please describe the area concerned.

*Types of important forest or scrub vegetation(please mention
only those which occupy large land areas)

*Types of important herbaceous vegetation(do.)

*Types of the other important vegetation(do.)

*#Main kinds of crops and/or cropping systems

*Levels of fertilizer application on crop fields(please mark
appropriate word)

Heavy Moderate Light None

*Trends of change in land use in recent years, if any




G2 INDUSTRIES IN THE CATCHEMENT AREA AND THE LAKE(in 19 )

No. of
Gross product persons No. of Main products or
Per year engaged establishments major industries
( =US$1.00)

Primary industry
Crop production
Animal husbandry
Fisheriess
Others

Secondary industry

Tertiary industry

[Note] 20On monetary basis(provide the current conversation rate
to US dollars)
3Fisheries on the lake concerned.

*Numbers of domestic animals in the catchment area

Cattle Sheep Swine

Poultry Others , s

G, POPULATION IN THE CATCHMENT AREA(in 19 )

3
Population Mean population density i Names of major cities
[no km 2] ‘
Urban
Rural
Total ‘

[Note] “Urban area defined here includes all the cities of which
the population is greater than 30,000,




H. LAKE UTILIZATION

H1 LAKE UTILIZATION(mark the appropriate boxes)

. Source of water(see below)
7 Navigation and transportation
*Tonnage (metric)of cargo per year(in 19 )

L

Sightseeing and tourism
*Number of visitors per year(in 19 )

| Recreation

[ ] Swimming [ | Sport-fishing [ | Yachting
Fisheries

| Others(please specify)

H2 THE LAKE AS WATER RESOURCE(in 19 )

Use rate!

Domestic water
Irrigation

Industrial water
Power plant
Others(please specify)

.} , -1 -1
[Note] “In units of m®sec 7, m3day °,

1
kw hr -, etc.

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS

I1 ENHANCED SILTATION

*Extent of damage(mark the appropriate box)

| Serious Not serious | | None

*Supplementary notes, (rates of sedimentation and/or washout
inflow, kinds of damage, recent history, local differences,
etc. if necessary)




12 TOXIC CONTAMINATION

*Present status of toxic contamination(mark the appropriate box)
771 Serious r Detected but not serious
~ 7 None 1 No information

*Main contaminants, their concentrations(year of determination)
and sources

Station name (s)

. L1 .
Name of Range of concentrations|[ppm] in Main
contaminants Water Bottom mud Fishf3® Other organisms1+ Sources?

(19 ) @19 ) (19 H A9 YAy HQA9 )

( >« ) ( ) ( ) ( ) ( )

( ) >y ) ( ) ( ) ( )

( )« ) ) ( )( ) ( )

( )« )« )« )( ) ( )

( )« ) ) ( ) (€ ) ( )

( ) ) ) ( ) ( ) ( )

1
[Note] ~Please specify the basis of representation; volume basis,
dry weight basis, wet weight basis, etc.

2Industrial, pesticide, airborne, waste dumps, etc.

3Species names and kinds of tissue

L“ < -
Species names and kinds of tissue

*Environmental quality standards for contaminants in the lake,
if any

*Food safety standards or tolerance limits for toxic contaminant
residue (national or local), if any

*Past trends of the above concentrations(tabular or graphical
data, if available)

11



*Supplementary notes(recent history and spacial distribution of
contamination, countermeasures, etc., if necessary)

13 EUTROPHICATION

*Nuisance caused by eutrophication(mark the appropriate boxes)

[:] Unusual algal bloom
Dominant species of algae

[:] Disturbed filtration in cleaning beds
| Foul odour of tap water

l Harms to fishery products
Kinds of products damaged

Others(Please describe)

*Nitrogen and phosphorus loadings to the lake(in 19 )5

Sources Industrial Domestic Agricultural Natural Total

T-N
T-P

[Note] >Rates of loading on a whole lake basis or per unit lake
surface area; e.g. kg day!, t yr’%, kg m? day’l, etc

*Supplementary notes on the recent history of eutrophication and
countermeasures implemented

I, ACIDIFICATION

*Extent of damage(mark the appropriate box)
™ Serious ™ Detected but not serious
7 None 1 No information

—_—

*Kinds of damage(please describe)

*Past trends in hydrogen ion concentration in lake water, and, if
available, rain/stream water(tabular or graphical data)

*Supplementary notes on the recent history of acidification and
countermeasures implemented




I. OTHER HAZARDS(Please describe shortly, if any)

5

J. WASTEWATER TREATMENTS

J. GENERATION OF POLLUTANTS IN THE CATCHMENT AREA

1

Please mark the appropriate boxes.

*a.

*b.

*d.

*f.

No major human settlements or activities producing
significant pollution(pristine lake environments)
Location of pollution-generating human settlements
or activities being restricted along the inflowing
river basins or the coastal region of the lake,
resulting in no major pollution of the lake(e.g.
lake reserves)

Sporadic development of the catchment area with
some provision for on-site wastewater treatment,
municipal and/or industrial wastewater treatment,
or agricultural runoff control, resulting in some
discharge of pollution load into the lake
Significant development of the catchment area with
some provision for municipal and/or industrial
wastewater treatment or agricultural runoff control,
resulting in measurable discharge of pollution load
into the lake

Extensive development or exploitation of the catch-
ment area with little or no provision for municipal
and/or industrial wastewater treatment or agricul-
tural runoff control, resulting in severe pollution
of the lake

Other cases(please describe)

LU

|

|

gl

J., APPROXIMATE PERCENTAGE DISTRIBUTION OF POLLUTANT LOADS

2

Percentage

Non-point sources
(agricultural, natural and
dispersed settlements)
Point sources

Municipal

Industrial

Others(please specify)

Total 1007

13



J3 SANITARY FACILITIES AND SEWERAGE
*Percentage of municipal population in the catchment area
provided with adequate sanitary facilities(on-site treatment
systems) or public sewerage

U

*Percentage of rural(sparsely settled community) population with
adequate sanitary facilities(on-site treatment systems)
*Municipal wastewater treatment systems

No. of tertiary treatment systems(specify
typical systems adopted)

No. of secondary treatment systems(do.)

No. of primary treatment systems(do.)

No. of other types(specify, e. g., nightsoil
treatment, etc.)

*Industrial wastewater treatment systems
How many? (specify typical system(s) adopted)

| iioiolo |

K. IMPROVEMENT WORKS IN THE LAKE(please mark the appropriate box and
provide supplementary notes, if possible)

Kl RESTORATION

[:] Notes

K, AERATION

2
E:] Notes

K, OTHERS

3
[:] Notes

L. DEVELOPMENT PLANS

Please describe the development plans in the lake and catchment
area which have already been completed in recent years, oOr are Tnow
going on, or are being drawn up(period of operation, responsible body,
purpose, cost, etc.)




M.

LEGISLATIVE AND INSTITUTIONAL MEASURES FOR UPGRADING LAKE
ENVIRONMENTS

M1 NATIONAL AND LOCAL LAWS CONCERNED

Please specify the names of laws dealing directly with control
and restoration of lake environments and provide, in respective
order, the information requested regarding each law.
*Names of the laws(the year of legislation)
(D
(2)
(3)

*Responsible authorities
(L
(2)
(3)

*Main items of control
(1)
(2)
(3)

*Supplementary notes, if necessary

M, INSTITUTIONAL MEASURES

Please mention the names, locations and year of establishment of
public organizations responsible for monitoring, control and
restoration of lake environments, with supplementary notes, if
necessary.

(D
(2)

(3)

M, RESEARCH INSTITUTE ENGAGED IN THE LAKE ENVIRONMENT STUDIES

The same as above.

(1)
(2)

(3)
(4)
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N.

Supplementary notes, if necessary

SOURCES OF INFORMATION

*Please identify the sources of data and information(reference
documents, literature, etc.) in sequential numerical order in
brackets, [ ], immediately following subject headings or subheadings
for tables and figures, and list the details of these reference
materials in corresponding order in the following space.



Questionnaire sheets for the compilation of

CONTENTS (1988)

Data Book of World Lake Environments

Asia
ASI-1
ASI-2
ASI-3
ASI-4
ASI-5
ASI 6
ASI-7
ASI-8
ASI-Y
ASI-10
ASI-11
ASI-12
ASI 13
ASI-14
ASI-15
ASI-16
ASI-17
ASI-18
ASI-19
ASI-21
ASI-22
ASI-23
ASI-24
ASI-25
ASI-26
ASI 27
ASI-28
ASI-29
ASI-30
ASI-31
ASI-32

Oceania
OCE-1
OCE-2

Europe
EUR-1
EUR-4
EUR-5

EUR-6
EUR-7
EUR-8
EUR-9

EUR-10
EUR-11
EUR-12

Biwa-ko (Japan)

Lake Songkhla (Thailand)
Lake Rara (Nepal)
Lake Phewa (Nepal)
Chiizenji-ko (Japan)
Nagase-damu-ko (Japan)
Chao-hu (China)

Miyun Reservoir (China)
Lake Kinneret (Israel)
Danau Toba (Indonesia)
Dongting-hu (China)
Dong-hu (China)

Laguna de Bay (Philippines)
Inawashiro-ko (Japan)
Tasek Bera (Malaysia)
Shikotsu-ko (Japan)
Toéva-ko (Japan)
Sagami-ko (Japan)

Bung Boraphet (Thailand)
Akan-ko (Japan)
Mashi-ko (Japan)
Towada-ko (Japan)
Ogdchi-damu-ko (Japan)
Kawaguchi-ko (Japan)
Tai-hu (China)

Ozero Bayvkal (US.S.R)
Tega-numa (Japan)
Inba-numa (Japan)
Ikeda-ko (Japan)
Suwa-ko (Japan)
Kizaki-ko (Japan)

Lake Taupo (New Zealand)
Lake Burley Griffin (Australia)

Tjeukemeer (the Netherlands)
Lake Balaton (Hungary)
Lago Maggiore (Italy &
Switzerland)

Ziirichsee (Switzerland)

Lac Léman (Switzerland & France)
Loch Ness (U.K.))

Lake Skadar (Yugoslavia &
Albania)

Lunzer See (Austria)
Windermere (U.K.)

Lake Trummen (Sweden)

Africa
AFR-1

AFR-2

AFR 3
AFR-4

AFR-5

AFR-6

AFR-7

TL.ake Chilwa (Malawi & Mozam-
bique)

Lake Chad (Chad, Cameroon,
Nigeria & Niger)

Lake Sibaya (South Africa)

Lake Kariba (Zambia &

Zimbabwe)

Lake Victoria (Tanzania, Uganda
& Kenya)

[Lake Tanganyika (Tanzania,

Zaire, Zambia & Burundi)
Lake Nakuru (Kenya)

North America

NAM-1
NAM-2
NAM 3

Lake Mendota (US.A)

Lake Tahoe (U.S.A)

Lake Michigan (U.S.A)

Lake Superior (Canada & U.S.A)
Lake Huron (Canada & U.S.A)
Lake Erie (Canada & US.A))
Lake Ontario (Canada & U.S.A)
Lake Winnipeg (Canada)

Lake Washington (U.S.A)

South America

SAM -1
SAM-2
SAM-3

SAM-4

Represa do Lobo (Brazil)

LLake Nahuel Huapi (Argentina)
Ezequicl Ramos Mexia Reservoir
(Argentina)

Lago Titicaca (Peru & Bolivia)



o

(Fues

X ;
Nakano-shima

BIWA-KO (LAKE BIWA)

A northward view over the whole lake

000"

G
e —

50 100 150 200 250 300 Kilometres

Copyright © John Bartholomew & Son Limited MCMLXXXII. Reproduced with permission.

ASI-1



ASI-1

A. LOCATION

§ Shiga Prefecture, Japan.
§ 34°58-35°31'N, 135'52'-136"17'E; 85.6 m above sea level,

B. DESCRIPTION

Lake Biwa, the largest lake of Japan, is located in central Honshu and fills the bottom of an
oblong tectonic basin. The lake was formed some five million vears ago and is therefore one of
the oldest lakes in the world geologically. though it was originally located some distance south and
moved gradually to its present site about 700,000 years ago. The long history of isolation from
other water bodies is suggested by the lake's biota, which is fairly rich for an island lake.
containing about 30 species of fish, 40 species of mollusca and a number of indigenous species.

L. Biwa measures 63.5 km from north to south and is strongly constricted at about 16 km from
its southern end reaching a minimum width of only 1.35 km. The deep main basin (average depth
44 m) north of the constriction is called the Northern Lake, while the shallow sub-basin (average
depth 3.5 m) to the south is called the Southern Lake. The two basins differ considerably in water
quality, physical conditions, flora and fauna.

The lake’s catchment area is 4.7 times as wide as the lake itself. and corresponds closely to the
administrative limits of Shiga Prefecture. Forest-covered hills and mountains accounts for nearly
609 of the land area of the Prefecture, and farmlands (mostly wet paddy fields) makes up
additional 25%. The forest vegetation consists mostly of secondary forests of pine on low hills
and of mixed deciduous hardwoods on marginal mountains, and plantations of conifers. There
are several cities of moderate size, the largest being Otsu with a population of 240,000,

L. Biwa is also the biggest water resource in Japan that supplies citv and industrial water for
some 13 million residents in Osaka/Kyoto/Kobe megalopolis. The quality of lake water was
profoundly influenced by economic development since the 1960’s through rapid eutrophication.
The legal control of waste water discharge from industries implemented by the National Govern-
ment in 1970 slowed down the rate of eutrophication to a certain extent . but the steady increase
of population, ever-rising standard of living, increased fertilizer application, etc. in the catchment
area combined to result in a slow but steady march of lake water quality degradation.

The Shiga Prefectural Government enacted in 1980 the Ordinance for the Prevention of
Eutrophication of Lake Biwa, which. for the first time in this country. prohibited the use of
phosphate-containing synthetic detergents. The phosphorus content of lake water was thereby
reduced considerably, but the effect of reduced phosphorus loading on biological processes in the
lake is not yet apparent.

C. PHYSICAL DIMENSIONS (1)

Northern Lake Southern Lake Total

Surface area [km?] 616 o8 674
Volume [10°m?] 27.3 0.2 27.5
Maximum depth [m] 104 8 104
Mean depth [m] 44 3.5 41
Normal range of annual water - B 1
level fluctuation (regulated) [m]

Length of shoreline [km] — — 235
Residence time [yr] 3.5 0.04 5.5

Catchment area [km?] - — 3,174

[S%)



D. PHYSIOGRAPHIC FEATURES

D1 GEOGRAPHICAL

§ Bathymetric map (Fig. ASI-1-1).
§ Main islands (name and arca): Oki-shima (1.5 km?), Chikubu-shima (0.11 km?), Take-shima.

§ Qutflowing rivers and channels (number and names) : 3 (Seta R., Biwako Canal T and II).

D2 CLIMATIC (3. 4)
§ Climatic data at Hikone (cf. Fig. ASI-1-1 and 2), 1951 1980

]arn Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Mean temp. [*C] 3.2 3.5 6.2 11.7 16.6 20.8 25.1 26.4 22.3 16.4 10.8 5.9 14.1
Precipitation [mm] 110 106 119 154 149 224 235 150 206 117 85 86 1,741

§ Number of hours of bright sunshine (Hikone, 1951-1980): 1,979.4 hr yr~.
§ Solar radiation (Hikone, 1967-1982): 13.1 MJ m~? dav—".
§ Average depth of maximum snow accumulation (Fig. ASI-1-3)

Fig. ASI-I-1 Bathvmetric map (2).
@ Observation station in the lake.
* Meteorological observatory.

|

G 1234 5-pm
S S |

ASI-1



ABSI1-1

Fig. ASI-1-2  Distribution of mean annual precipitation [mm] in Lake Biwa Basin, with

patterns of seasonal distribution of precipitation at representative stations
(1931 1960) (5).
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Fig. ASI-1-3  Average depth of maximum snow accumulation [cm] in Lake Biwa Basin
(1931-1960) (6).
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§ Water temperature [ C] (1)
Station 1 (N. Lake). 1982-1986

Depth [m]  Jan  Feb Mar Apr May Jun  Jul  Aug  Sep Oct Nov  Dec
0.5 8.5 7.0 6.4 8.6 15.1 19.1 22.2 26.6 27.2 22.7 16.3 12.6
5 2.5 6.8 6.3 8.1 3.2 180 21.5 26.4 26.9 22,1 16.4 12.5
10 8.5 6.8 6.3 7.8 11.7 15.7 2002 240 26,0 22,0 le.3 12.4
15 2.5 6.8 6.2 7.6 1000 135 16.4 18.9 19.2 2001 16.2 12.4
20) 85 6.8 6.2 7.6 9.1 11.2 12,7 15.7 14.3 158 16.0 12.1
30 25 6.8 6.2 7.3 82 8.6 95 105 1001 10.2 9.9 10.4
10 8.4 6.8 6.2 7.1 7.5 7.7 &3 85 8.4 8.7 8.4 9.0
60 78 6.7 6.2 6.9 7.0 7.2 7.3 7.3 T4 7.8 7.3 8.0
30 T4 6.6 6.2 6.7 6.6 6.8 6.9 69 6.9 7.3 7.0 7.2
bottom 7.2 6.6 2 6.6 6.4 6.6 6.8 6.6 6.8 7.0 6.8 7.0

Station 2 (S. Lake), 1932-1986

Del;th [m] Jan Febr Mar Apr \Td\

Iurn Jul  Aug S(; Oct  Nov Dcci

275 27.8 22,8 15.6 9.9
.72

0.5 5.5 5.5 5.8 11w 178 22.1 235 -
bottom 5.3 3.0 5.7 21.5 23.2 26 42201 15.2 9.8

11.7 16.1 ¢

§ Freezing period : None.

§ Mixing type : Monomictic.

§ Notes on water mixing and thermociine formation : Thermocline formation is observed from May to
November in the Northern Lake. but not in the Southern Lake.

E. LAKE WATER QUALITY
E1 TRANSPARENCY [m]. 1982-1986 (7)

Nov Dec

Jan ng Mar A7|7)r Mav  Jun Jﬁl Aug  Sep  Oct
Station 1 8.4 8.7 7.6 5.7 1.2 5.5 4.6 5.3 6.1 5.5 7.4 7.1
Station 2 2.0 2.4 1.5 2.4 2.1 2.1 24 24 1.8 1.5 1.7 1.7

E2 pH {7}
Station 1 (N. Lake). 1982-1986

Depth [m] Jan Feb Mar Apr Mav Jun Jul  Aug Sep Oct Nov Decc
0.5 7.4 7.4 T4 7.7 8.2 82 87 89 8.7 8.1 7.7 1.6
5 7.4 7.5 T4 7T 8.2 83 BT O9.0 R8T 81 7.7 7.6
10 7.4 7.4 T 7.7 8.1 8.2 8.3 87 8.5 8.1 7.7 1.6
15 7.4 7.5 T4 T T8 TR OTR T 76 T6 T.T 7.6
20 747 T4 7.7 7T TS TS T T4 T3 7.6 70
30 740 7ThH T4 76 7.6 T4 T T3 T3 T2 T3 7.3
40 74 7.5 7.4 76 7.5 74 7.4 7.3 7.3 7.2 7.1 7.1
60 7.9 74 74 T6 7.6 7T T4 T3 7.3 T2 7.0 7.0
80 7.0 74 7.3 7.6 75 7.4 T4 7.1 7.1 7.1 6.9 6.9
bottom 6. 7.4 74 7.5 T4 0.3 270 7.0 70 6.9 6.9
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Station 2 (S. Lake), 1982-1986

Oct Nov

Depth [m] 7 Jan Feb Mar Apr May Jun Jul ‘i\rug ?;e; Dec
0.5 7.6 7.6 7.5 &80 87 &9 85 88 87 88 80 7.8
bottom 7.6 7.6 7.5 8.1 86 K8 86 8.8 8.7 86 8.0 7.7

E3 SS[mgl '] (7
Station 1 (N. Lake), 1982 1936

Depth [m] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0.5 0.7 1.1 0.9 1.2 1.2 0.5 1.7 1.3 1.0 1.2 0.9 1.2
5 1.1 1.6 1.3 1.3 1.5 1.2 2.1 1.8 .3 1.6 1.0 1.1
10 0.7 1.0 1.1 1.2 1.3 1.1 1.9 2.1 1.0 1.3 1.0 1.2
15 0.6 0.8 1.2 1.2 1.3 049 1.4 1.6 1.1 1.2 1.0 1.2
20 0.8 0.7 1.0 1.3 1.2 0.5 1.1 1.0 0.8 0.7 0.9 1.2
30 0.7 0.8 1.1 1.2 1.0 0.6 0.6 0.8 0.4 0.6 0.6 0.9
40 0.8 0.8 1.0 1.3 1.1 0.5 0.6 0.5 0.3 04 0.4 0.6
60 0.5 1.1 1.1 1.3 1.0 0.4 0.6 0.1 0.2 0.4 0.5 0.3
80 0.5 0.9 0.8 1.5 1.&% 0.7 0.7 06 0.3 0.6 0.4 0.4
bottom 0.9 1.7 1.1 2.3 3.1 1.3 1.3 1.8 1.0 2.1 2.1 5.8

Station 2 (S. Lake), 1982-1986

Depth [m] Jan Feb Mar Apr Mayv Jun ul  Aug  Sep 7OCt .\Eov Dec

0.5 3.3 4.9 8.0 3.3 4.0 4.2 5.9 5.2 7.0 5.7 5.2
bottom 4.7 4.8 7.8 3.4 3.7 4.5 6.3 5.9 8.0 6.3 5H.%

E4 DO [mgl'] (V)
Station 1 (N. Lake), 1982-1986

bepth [m] Jan Feb Mar Apr Mav Jun Jul Aug Sep Oct Nm' Dec

0.5 10.2 10.5 10.8 11.1 10.7 9.4 9.3 838 7.9 8 9.2 9.8

5 9.9 10.7 10.9 11.0 11.1 10.0 9.9 &6 8.2 84 9.4 9.7

10 9.9 10.7 11.0 11.0 11.0 10.0 9.1 &¥.1 8.0 82 9.3 9.6
15 9.9 10.6 11.0 11.0 10.8 9.9 8.3 6.9 6.3 6.8 9.1 9.7
20 9.9 10.5 10.9 11.1 10.5 9.8 8.9 7.2 7.0 6.2 8.9 9.6
30 9.9 10.5 11.0 10.9 10.6 10.0 9.3 8.4 7.8 7.4 7.4 &1
40 9.6 10.4 10.8 10.9 10.4 10.1 9.7 &89 8> 7.9 7.3 7.6
60 7.6 10.4 10.8 10.8 10.5 10.2 10.0 9.1 9.1 &.1 7.0 7.3
80 6.7 9.6 10.7 10.4 10.4 10.1 9.8 &89 8.2 7.1 5.7 6.1
bottom 5.6 9.6 10.0 10.2 9.8 9.0 8.3 6.5 5.1 3.1 3.2 4.0

Station 2 (S. Lake), 1982-1986

Deptih [m] Jan Feb Mar Apr DMay Jﬁn 7]11] Augi Sep Oct Nrov Dec
9.9

0.5 11.5 11.1 11.3 10.5 11.0 3.8 85 &85 96 9.8 10.8
bottom 11.3 11.0 11.4 10.5 11.0 9.5 8.9 &4 7.8 8.9 9.8 10.7

\
&



ES COD [mg 1-]1(7)

Determined by KMnO, method.
Station 1 (N. Lake), 1952-1936
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E6 CHLOROPHYLL CONCENTRATION [ug 17
Station 1 (N. Lake), 1982 1986
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Station 2 (S. Lake),

1932 -19386

Depth [m] Jan Féb Mar

hottom
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1.0 3.6 4.3

E7 NITROGEN CONCENTRATION (7)
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Station 1 (N. Lake), 1982-1986

Depth [m] Jén Feb  Mar Apr May Jer Jul \u;? Sep  Oct Nov I:)E‘C

0.5 0.01 0.0 0.01 0.00 0.01 01 001 ¢ .01 000 0,01 0.01

5 0.01 0.01 0.01 0.00 0.01 01 0.01 01 01 0,01 0.00

10 0.01 0.01 0.01 0.00 0.01 01 002 00 0L 000 0.01

15 0.01 0.01 0.01 0.01 0.01 0.01 0.02 01 01 0.01 0.00

20 0.01 0.01 0.00 0.00 0.01 A1 0.0 .00 01 000 0.01

30 0.01 0.01 0.01 0.01 0.01 L0000 0,00 .00 00 0.00 0.00

40 0.01 0.01L 0.01 0.01 0.00 00 0.02 00 000 0,00 0.01

60 0.00 0.01 ¢.01 0.01 0.00 0o 0.01 0 000,00 0.00

30 0.00 0.0T 0.01 0.00 0.00 00 0.00 00 00 0.01 0.00

bottom 0.00 0.0 0.01 0.01 0.00 00 0.00 .00 04 0.01 0.00
Station 2 (S. Lake), 1982 1986

Depth [m] Jan Feb DMar Apr May Jun Jul Aug Sep Oct Nov Dec

0.5 0.02 0.02 0.03 0.00 0.0 0.00 0.01L 0.00 0.00 0.00 0.00 0.01

hottom 0.02 0.01 0.03 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.01

§ NOs-N [mg 171]

Station 1 (N, Lake). 1982-19836

Depth [m] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

0.5 .14 017 0.18 0.17 0.12 09 0.06 0.02 .00 020,06 0.09

) 0.14 0.17 0.18 0.16 0.12 09 0,06 0.02 01 030,06 0.09

10 0.14 0.17 0.18 0.17 0.13 000007 0,03 0,02 0.03 0.05 0.09

15 0.14 0.17 0.18 0.17 0.15 A2 00011 0,09 0011 08 0,06 0.09

20 0.14 0.17 0.18 0.17 0.16 0.16 0.16 0.15 17 A7 0,060 0.09

30 0.14 0.17 0.18 0.17 0.18 0.19 0.20 0.21 .23 230022 0.18

40 0.15 0.17 0.18 0.17 0.19 200021 0.22 .22 .23 0.25 0.24

60 0.22 0.18 0.18 0.13 0.19 0.20 0.21 0.22 .22 .23 0.25 0.26

80 0.27 0.20 0.18 0.19 0.20 0.21 0.21 .23 .25 25  0.27 0.27

bottom 0.27 0.20 0.18 0.19 0.20 221 0.23 .25 27 27 028 0,30
Station 2 (S. Lake). 1982-1936

Depth [m] Jan Feb Mar Apr Mav Jun Jul Aug Sep Oct Nov Dec

0.5 0.17 0.20 0.24 0.16 0.11 030,08 0.04 0,00 0.03 0.00 0.04

bhottom 0.17 0.20 0.24 0.16 0.11 030 008 0.00 64.03 0.00 0.04

§ Total-N [mg 1]

Station 1 (N. Lake), 1982-1986

Depth [m] Jan Feb DMar Apr May Jun Jul Aug Sep Oct Nov  Dec

0.5 0.28 0.30 0.30 0.31 0.31 0.25 0.25 0.26 0.18 0.19 0.21 0.24

5 0.31 0.30 0.34 0.34 0.34 0.30 0.28 0.29 0.24 0.23 0.23 0.25

10 0.29 0.31 0.31 0.34 0.31 0.31 0.28 0.27 0.22 0.22 0.22 0.25

15 0.31 0.32 0.31 0.33 6.33 0.29 0.30 0.33 0.30 0.27 0.21 0.26

20 0.31 0.31 0.30 0.34 0.32 0.31 0.33 0.33 0.34 0.31 0.23 0.24

30 0.33 0.32 0.30 0.35 0.31 0.31 0.32 0.37 0.36 0.34 0.33 0.32

40 0.29 0.30 0.31 0.32 0.31 0.30 0.30 0.35 3h 0 0.33 0.35 0.37

60 0.37 0.30 0.32 0.34 0.32 0.31 0.29 0.31 0.34 0.33 0.30 0.36

30 0.39 0.33 0.30 0.33 0.32 0.31 0.30 0.35 0.37 0.35 0.37 0.39

bottom 0.42 0.33 0.34 0.35 0.33 0.34 0.33 0.41 0.43 0.47 0.39 0.46




Station 2 (5. Lake), 1982-1986

Deﬁﬂlhnj Jan Feb Mar Apr May Jun Jul Aug éep "Oct Nov Dec

0.5 0.37 0.36 0.45 0.37 0.37 0.29 0.30 0.25 0.31 0.34 0.25 0.26

bottom 0.39 0.39 0.45 0.39 0.40 0.34 0.35 0.30 0.34 0.36 0.26 0.28

£8 PHOSPHORUS CONCENTRATION (7)
§ PO,-P [x107'mg ']

Station 1 (N. Lake), 1982-1986

Depth [m] Jan Feb DMar Apr May Jun Jul Aug Sep Oct Nov Dec

0.5 002003 004 002 .002  .001 L0011 .001  .001 .001 .001 .001

) 003 005 004 002 001 .002 002 001 001 .001 001 001

10 0020 005 004 001 L0020 002 002 .001 .001  .001 001 .001

15 003,004 004 001 .001 .002 001 001 001 001 001 000

20 002 004 005 001 001 .001T  .002 001 001 002 .001 000

30 002004 0004 002 002,002 004 002 o002 002 .002 001

10 0020 004 004 002 003 003 L0053 003 002 003 .005  .003

60 009 004 005 L0020 004 L004 005 008 005 008 011 012

R0 0200 008 005 005 006 007 008 016 .015 .019  .020 .020

hottom 0220 009 004 05 008 011 L0200 026 025 .031  .026 022
Station 2 (S. Lake), 1982-1986

Depth [m] Jan Feb Mar Apr May Jun Jul AGQ Sep Oct Nov Dec

0.5 002,003 .004  .002 002 002 007 L0040 002 002 002 .003

hottom 003 002,004 002 003 002 007 .004 002 .002 002,004

§ Total-P [mg 17!]

Station 1 (N. Lake), 1982-1986

Depth [m] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

0.5 006 007 .007 005 009 007 008 007 .007 007 005 .006

5 006,007 008 007 010 009 011 009 .009 010 006 .008

10 006 006 008 007 011 009 011 009 008 .009 006 006

15 006 007 007 .009  .010 L0088 L0009 007 010 008 007 011

20 006 0009 008 007 .008  .007 .007 006 006 007 006 .014

30 005 007 007 006 006 005 005 004 005 .006 004 005

40 005 007 007 007 006 006 004 005 005 L0056 .006 L0050

60 006 009 008 006 006 004 004 .005 005 006 007 007

80 010 008 008 007 .007 007 006 L0100 009 L0100 .011  .010

bottom 011010 007 .009  .012  .009 .013 .0l6 .014 018 017 .024
Station 2 (S. Lake), 1982-1986

Depth [m] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

0.5 012 013 017 013 019 018 018 021 .022 .023 017 .01V

bottom 013,013 .017 014 018 018

019

018 022 024 024

018
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ES PAST TRENDS

Fig. ASI-1-4  Trend of transparency in Northern Lake. Station 3 (8).
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Fig. ASI-1-5 Trend of dissolved oxygen concentration in the hypolimnion of Northern
Lake (Station 3, depth 70m) immediately before the circulation period in
late autumn (9).
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Fig. ASI-1-6  Trend of organic matter concentration (in terms of KAMnO, consumption} in
the water of Biwako Canal II flowing from Southern Lake (10).
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Fig. ASI-1-7

Fig. ASI-1-8

T=-N Concentration [mg 171

Fig. ASI-1-9

-1,

Concentration [mg 1

=D

Distribution and time trend of BOD (7, 11, 12).
1967, 1972 and 1977 : means of spring and fall ohservations for Northern

Lake and means of four seasons for Southern Lake.
1982 : means of monthly observations.
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Trend of T-N concentration in Northern Lake, Southern Lake (averages
for the whole area) and Seta River (flowing out from Southern Lake) (7).
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Trend of T-P concentration in Northern Lake, Southern Lake (averages
for the whole area) and Seta River (flowing out from Southern Lake) (7).
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F1

F2

F. BIOLOGICAL FEATURES

FLORA
Emerged macrophytes (13)

Northern Lake : Phragmites conmunis, P. Japonica, Zizania latifolia, Scirpus vagara, Carex
dispalata, Creunla vivosa.

Southern Lake: Phragmites communis, Zizania latifolic, Typha angustata, Nelumbo
nucifera, Scirpus tabernacimoniani, S. vagara.

Floating macropytes (on calm sheltered water surfaces) (15)

Trapa japonica, Hvdrocharis dubia, Nymphoides indica, N. peliata, Shivodela polvrhiza,
Lemna paucicostata, Eichhornia crassipes (15).

Submerged macrophytes (13)

Northern Lake: FElodea wutiallii*, Hvdrilla verticillata.  Vallisneria  biwaensis*,
Potamogeton crispus, P. maackianus, Egeria densa*.

Southern Lake: Ceratophyilum  demersion, Fgeria densa®, Vallisneria biwaensis*, V.
denseservulata, Hvdrilla verticillata, Potamogeton malaianus, Najas marina.

Phytoplankton (14)

Northern Lake: Fragilaria crotonensis, Uroglena americana, Planktosphaeria gelatinosa,
Melosira solida, Slawvastvum dorsidentiferiom var. oynatum, Qocvstis submarinag, Stephanodiscus
carconensis var. pustlla.

Southern Lake: Fragilavia crotonensis. Cryptomonas sp.. Crclolella glomerata, Uroglena
americana, Planktosphaeria gelationsa, Pediasirum blicae* . Melosiva granlala, Dinobryvon bavar-
icum, Chrysosphaella sp., Phormidim tenue.

FAUNA
Zooplankton (13, 16)

Northern Lake: Polvarthra trigle, Collotheca sp.. Keralelle quadrata, Notowvmata sp..
Eodiaptomus japonicus, Bosmina longirostris, Daplinia longispina. D. galeata, Strombidium sp.

Southern Lake : Tintinnidium fluviatile, Tintinnopsis cratera, Epistvlis sp., Vorticella sp.,
Askenasia volvox, Difflugia brevicolla, Conochilus unicornis, Polvarthra trigla.

Benthos (17)

Northern Lake:

Littoral zone (depth 5-10m): Gastropoda (Heterogen longispira*, Semisulcospiva
deciptens*, S. decipiens reticuluta*, Radix auricularia japonica, R. onvchia*, Gyraulus
perstriatulus™)y, Bivalvia (Unio douglasiae biwae*, Anodonta calipiges*, Corbicula sandai*),
Crustaceca (Anisogammarus annandaler, Palaemon paucidens, Macyobrachinm nipponense), In-
secta (Gomphus oculatus, Ephemerella longicaudata, Chivonomus plumosus).

Littoriprofundal zone {depth 20-40m): Gastropoda (Valvata piscinalis biwaensis*, Semis-
wlcospiva decipiens reticulata), Bivalvia (Pisidium  hawamoar*), Oligochaeta (Limwnodvilus
grandisetosus), Hirudinea, Crustacea (Paluvwon paucidens).

Profundal zone (depth 50-90m): Turbellaria (Bdeliocephala annandaler), Oligochaeta
(Tubifex spp.), Crustacea (Falaewmon paucidens, Anisogammarus annandalel), Insecta (Chir-
ONOMUS SPP.).

Southern Lake: Gastropoda (Sinotaia quadrata Jiistrica, Semisulcospiva  lberting, S.
decipiens mulligranosa™), Bivalvia (Corbicula sandai*, C. leana. Unio douglasiae), QOligochaeta
(Tubifex sp.. Brauchiura sowerbvi), Hirudinea (Hirudidae). Crustacea (FPalaemon paucidens),
Insecta (Chivonomus plumosus, Tokunagavusurika akawisi).

Fish (18)

Plecoglossus  altivelis, Rhinogobius  similis, Carassius  auwratus  cuvieri*, C.  auratus
grandoculis*, Acheilognathus lanceolata, Chaenogobius isaza*, Guathopogon caerulescens*,
Freudocrasvora parva, Zacco platypus, Cvprinus carpio, Opsaiichthys uncirostris*, Oncorhynchus
rhodurus . rhodurus*.

% : endemic taxa. | 1 exotic species.
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F3 PRIMARY PRODUCTION RATE

Fig. ASI-1-10 Seasonal changes in gross primary production rate at three stations in
Southern Lake. Net and nanno-plankton were separated by a 25 gm-mesh
screen (19).

Net phytoplankton

Gross Production Rate [gC m “day ']

Nanno phytoplankton
LAIM 1) 1)1 AISI1OINIDI)IF I MIAJ
1978 1979

F4 BIOMASS
§ Biomass of submerged macrophytes in Southern Lake [metric tons, dry weight] (20)

Year Egeria densa FElodea 72111‘1‘;1!7171}2' Others Total
1964 — 30 30
1969 460 a7 557
1974 577 21 22 620
1979 94 + 24 118

§ Biomass of Phragmites communis around the lake [g m™2, dry wt] (21)
Average of aboveground biomass at 13 stands: 731 (range 422-1,314).

F5 FISHERY PRODUCTS
§ Annual fish catch in 1977-1981: 3,246 [metric tons] (1).

§ Fishery products other than fish : Shellfish (mostly Corbicula sandai), shrimp (mostly Palaemon
paucidens), freshwater pearl (cultured).

13
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F6 PAST TRENDS

Fig. ASI-1-11 Trend of phytoplankton biomass in a surface 20m layer in Northern Lake,
Station 3 (22).
Bars indicate ranges of monthly observations.
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Fig. ASI-1-12 Trend of population densities of main phytoplankton taxa in the water of
Biwako Canal I flowing from Southern Lake (10).
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§ Trend of fishery production [ metric tons] (23)

—_
de)
=1
<l
—
O
o
<

1955 1960 1965 1970

Fish total 2181 1926 2938 3105 3262 3514
Oncorhynchus rhodurius 68 30 37 23 22 11
Plecoglossus altivelis 608 312 308 678 892 1345
Cvprinus carpio 57 70 131 154 202 164
Carassius 613 701 1104 615 616 791
Tribolodon hakonensis 46 29 27 50 64 67
Zacco platvpus 11 13 33 37 40 39
Anguilla japonica 30 22 19 37 13 9
Chaenogobius isaza 10 5 436 173 377 411
Gnathopogon 230 285 352 476 323 233
Opsariichthvs uncirostris 200 87 122 162 100 134
Others 308 372 369 400 613 310

Mollusca total 8205 5287 2957 2836 1412 950
Corbicula 5697 4226 2511 1725 992 700
Others 2508 1061 446 1111 420 250

Others 230 269 286 519 1329 725

Total 10616 7482 6181 6460 6003 5189

F7 NOTES ON THE REMARKABLE CHANGES OF BIOTA IN THE LAKE IN RECENT

YEARS

Macrophytes

The arca of reed (Phragmites) was reduced from 261 ha in 1953 to 163 ha in 1980 (21).
Two species of exotic submerged macrophytes, Elodea nuttallii (since 1961) and Egeria densa
(since 1969), invaded the lake and expanded vigorously (20).

Phytoplankton

Sphaerocystis schroeteri, Stephanodiscus carconensts, Strivella robustus, etc.  decreased in
Southern Lake (14, 24, 23).  Staurastrum dovsidentiferion, Closteriom aciculare, Fragilarvia
crotonensis, Cryplomonas sp., etc. increased in Northern Lake, and Crvptomonas erosa,
Anabaena macrospora, Lyngbva limnetica, ete. did in Southern Lake (14, 15, 24, 25).

The outbreak of “freshwater red tide”. or the bloom of Uroglena americana, started in
1977 and has been observed every year in spring and early summer except for 1986 (26, 27).

Zooplankton

Rotifers decreased in Southern Lake (24, 25). Ciliata, mainly Healteria grandinella,
Strombilidium sp. and Askenasia volvox. increased in Northern Lake (1o, 24, 25).

Benthos

An economically important endemic species, Corbicula sandai, decreased and almost
disappeared in Southern Lake. Helerogen longispira and Semisylcospira decipiens also
decreased in the southern area (28, 29).  Sinotaia quadrata histrica, Semisuicospiva ltheriina,
Corbicula leana, Radix auricularia japonica, Sphaerium japonicum biwaense, etc. and also
Oligochaeta and Chironomidae (Tokunagavusuyika akamusi and Chironomus plumosus) also
increased either temporarily or permanently (28, 29).

Fish

Such native species as Oncorhivnchus rhodurus . rhodurus, Hemigrammocvpris rasborella,
Hymenophysa curta, etc. tended to decrease (18). Exotic species such as Channa maculata,
Micropterus salmordes, Lepomis macrochivus, etc. increased (18).

15
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G. SOCIO-ECONOMIC CONDITIONS
G1 LAND USE IN SHIGA PREFECTURE™ (1979) (30)

Vegétation and land use types Area [km?] [%]
Woody vegetation (2108.9) (63.2)
Natural forests with little human disturbance (92.2) (2.8)

Cool-temperate deciduous broadleal forest (Fugus

crenata, Acer spp.) 093 1.8
Warm-temperate deciduous broadleaf forest (Zelkova ser- -
rata, Carpinus spp.) 18.3 0.5
Evergreen b_roadleaf forest (Castanopsis cuspidata. Persea ) 1 0.1
thunbergiz, Quercus spp.) - '
Evergreen conifer forest (Abies firma) 11.3 0.3
Swamp forest (Salix chaenowmeloides) 1.2 <0.1
Secondary forest (1608.6)  (48.2)
Cool-temperate deciduous broadleaf forest (Quercis mon- O _
golica var. grosseserrata) R 15.3
Warm-temperate deciduous broadleaf forest (Quercis . ,
servata, Q. aculissima) 144.6 1.3
Pine forest (Pinus densiflora) 817.0 24.5
Scrub 135.3 4.1
Others 408.1)  (12.2)

Evergreen conifer plantation (Crivplomeria japonica,
Chamaecyparis obtusa)

Bamboo forest (Phvilostaclys bambusoides) 13.1 0.
Herbaceous vegetation (69.1) (2.0)
Dwarf bamboo community (Sase spp.) 7.2 0.2
Grassland (Miscanthus sinensis) and weeds 54.6 1.
Swamp (Phragmiles communis) 7.3 0.2
Agricultural land (830.7) (24.9)
Paddy field 767.7 23.0
Upland field 23.7 0.7
Mulberry plantation 4.5 0.1
Tea plantation 9.0 0.3
Orchard 2.6 0.2
Others 20.2 0.6
Residential and industrial area (298.0) (8.9
Urban 175.4 5.3
Rural 50.5 1.5
Industrial 24.1 0.7
Others 48.0 1.4
Open water 33.3 1.0
Total (exclusive of L. Biwa) 3340.0 100.0

*The catchment area of L. Biwa equals 939% of the land area of Shiga Prefecture.
The administrative limit of the Prefecture nearly coincides with the boundary of the lake’s
catchment except for the southernmost part.

§ Levels of fertilizer application on crop fields : Heavy.
§ Trend of agricultural land use in Shiga Prefecture [km?] (7)

16
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Paddy field Upland field Orchard Pasture Total

1975 609 38.6 23.9 2.3 674
1976 603 38.5 22.7 3.1 667
1977 097 37.9 22.5 3.3 661
1978 593 37.6 22.0 3.3 656
1979 588 36.9 21.9 3.1 650
1980 583 36.7 21.7 3.3 645
1981 579 36.5 20.8 3.4 640
1982 575 26.2 20.3 3.2 635
1983 571 35.% 20.1 3.2 630

569 35.4 19.2 3.2 627

1984

G2 INDUSTRIES IN SHIGA PREFECTURE AND THE LAKE {1981) (31-36)

Gross produc-  Number of Number of  Main products

tion during persons establish-  and main kinds
the year engaged ments of industry
[10° ven]* (1980)
Primary industry
Agriculture 104,847 58,300 N.A. 1)
Forestry 7,559 1.100 N. A. 2)
Fisheries 4.836 1.500 N.A. 3)
Secondary industry
Manufacturing 3,081,699 167,000 9.249 1)
Mining N. A 500 2% 5)
Others N. A 40,700 7.205 6)
N. A 250,600 41,367 7

Tertiary industry

*ca. 250 yven=US3 1 in 193].
1) Rice, tea, fruit, vegetables. flowers, silk and domestic animals.

2 ) Timber, charcoal, firewood, mushroom, etc.

3) Fish, shrimp, corbicula (mussel) and freshwater pearl.

) Electromechanical. mechanical, textile, chemical, metal. foodstuff and pottery
industries,

) Limestone, aplite and firebrick clay.

) Construction, etc.

) Wholesale retail, service, transportation, banking, communication. public service,

etc.

[N &

e

=1 O Gl

§ Numbers of domestic animals in Shiga Prefecture: Cattle 26,500, swine 16.000, poultry 124 x 10%,
§ Trend in the relative numbers of residents engaged in different kinds of industry in Shiga Prefecture

[%] (31)

1955 1960 1970 1980
Primary industry 51.4 43.5 27.6 11.7
Agriculture 49.0 42.0 oo o 11.2
Forestry 2.0 1.1 273 0.2
Fisheries 0.4 0.4 0.3 0.3
Secondary industry 20.5 25.7 35.2 40.0
Manufacturing 16.3 19.9 29.2 32.1
Mining 0.3 0.5 0.2 0.1
Others 3.9 5.3 5.8 7.8
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Tertiary industry 28.0 30.8 37.3 18.3
Total 100.0 100.0 100.0 100.0
(Actual number) (411.243) (427,018} (186,220 (520,211)

Fig. ASI-1-13 Trend of industrial production in Shiga Prefecture (33-35).
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G3 POPULATION IN SHIGA PREFECTURE (19385) (31. 37)

Population density

Total population [km-°] Main cities {(population)
1.155,844 277.8 Otsu(231.551). Hikone,
(345.7) % Kusatu. Omi-hachiman

*Land area basis.

Fig. ASI-1-14 Trend of population increase in Shiga Prefecture (31-37).
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H. LAKE UTILIZATION

H1 LAKE UTILIZATION
Source of water. fisheries, tourism, recreation (swimming, yachting. sport-fishing, etc.) and

navigation.

H2 THE LAKE AS WATER RESOURCE (1982) (38)

Use rate [m® sec™!]

In Shiga Pref. Biwako Canals Total
Domestic 3.41 12.96 16.37
Irrigation 30.00 1.29 31.29
Industrial 3.04 0.03 3.07
Power plant 61.22 43.32 104.54
Others 8.70 0.48 9.18
Total 106.37 58.08 164.14
Power plant (Seta River) 186.14
Sum total 350.50
Fig. ASI-1-15 Utilization of water in the Lake Biwa/Yodo River system (38).
Use rates in units of m*® sec™'.
. ]
Water supply for tap 5o Water supply Vo
water ‘l“) 46 for tap water ‘ 3.41
for industry | 0.03 for industry 3.04 ).
for agriculture 1.29 for agriculture | 30.00
for others 0.48 for others 8.70 Lake Biwa
for electric power 16.70
13.61
12,71 ™ Fower station
o
£ E
: ;
Water supply for ) 5 & ; ]
tap water AL.97 2 < ) Seta karrage
for industry 15.20 = 2 //
for agriculture 16,80 o h
for maintenance 70.00 = < <
— ! N
\ R. v Dam
A
B R Water supply [ 112
% 4 for tap water e
P //fr) for industry 1.88
0 for agriculture 3.25
r Vor electric 61.22
% .F—\}, power 186.14
248,00

Osaka Bay
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I

. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS

ENHANCED SILTATION
§ Extent of damage : Not serious.

I2 TOXIC CONTAMINATION

20

§ Present status : Detected but not serious.

§ Main contaminants, their concentrations and sources (39-53)

Concentration [ppm]

Name of Main
contaminant Water Bottom mud Fish (O)rtgae;isms source
Methyl Hg — — 0.013-0.79 — Pesticide
(1969)
Total Hg 0.0005 0.72-1.75 0.020-1.61 — Pesticide
(1981) (1978) (1969)
Cd ND 0.3-5.5 0.00-0.146 (0.20-0.59 Industrial
(1978) (1979) (1976) (1970)
Cr 0.002 29.5-74.6 Industrial
(1981) (1979)
Pb 0.05 32-134 0.00-8.25 0.00-25.1 Industrial
(1981) (1979) (1976) (1976)
Zn 0-0.007 144-390 9.8 88.1 5.1-48.3 Industrial
(1978) (1979) (1976) (1976)
Sh 0.002-0.01 0.0-0.51 0.0-0.82 0.0-1.62 Industrial
(1980) (1977) (1976) (1976)
Cu 0.002-0.019 0.3-129 0.37-15.1 0.65-239 Industrial
(1980) (1977) (1976) (1976)
Ni 0.004-0.018 0.29-7.19 0.0-0.86 0.18-1.24 Industrial
(1980) (1977) (1976) (1976)
F 0.08-0.12 — — — Industrial
(1975)
As 0.02 3.1-20.8 — — Industrial
(1981) (1978)
DDT — — 0.04 0.029-0.14 Pesticide
(1976) (1963)
BHC 0.00004 — 0.04 0.013-0.075 Pesticide
(1979 (1982) (1963)
PCP — — 0.0 0.113 — Herbicide
(1969)
PCB 0.1 0.03-1.15 0.2-2 0.02-1 Industrial
(1975) (1976) (1976) (1976)
CNP 0.0-0.000015 0.007-0.076 0.06 — Herbicide
(1984) {1985) (1981)




§ Accumulation of contaminants in
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bodies of organisms [ppm. wet weight basis] (39-53)

Cu

Methyl Hg  Total Hg Sh Pb
Fish
1 DPlecoglossus altivelis 0.031-0.051 0.045-0.064 0.02-0.27 0.49-5.89 1.19-2.24
2 Cvprinus cavpio - — 0.0-( 1.3;) 0.91-1.01
3 C‘aras:sz'uﬁ (“(I'}’({‘?‘S"I.HS _ 3 00-0.05 0.0 1.9% 1.26-2.33
(subsp. cuvieri 7)
4 Tribolodon hakonensts ) 0.23 0.25 0.40 — - -
5 rrasifurus vaviegalus . - -
’ Z(letflssll){”uii]'r()((['zt;zi ?) a N 0.08-0.12 0.63-0.73
& Chaenogobins isaza - - — —
Shellfish
7 Sinotaia quadrata histvica - 0.0-1.11 ).0-8.36  26.0-98.3
8  Unio douglasiue biwae — — 0.06 - 1.7
Submerged macrophyte
9 Elodea nullalli - 0.0-0.07 0.0-1.72 0.65-2.71
10 Potamogeton malaicanus - 0. ()2 ) 08 0.10-0.71 1.38-5.07
Cd Zn Ni DDT PCP PCB CNP
1 0.001-0.086 20.7-29.2 0.07-0.85 — — 0.3-2 —
2 0.0-0.006 51.3-68.8 (.02-0.09 0.0 0.113 1-10
3 0.0-0.055 40.3-88.1 0.12-0.39 — 0.027-0.0995 1 20 -
4 i i i p— J— —
3 0.009 14.9-31.8  0.00.01 — — —
b — 0.04 0.018 0.03 0.8 tr-0.011
7 0.0-0.10  25.3-126 0.0-1.98 — - — -
8 (.17 35.4 0.01 — — -
9 0.0-0.06 6.3-30.4 0.20-0.75 — — — —
16 0.03-0.06 0.2-48.3 0.33-1.24 - - - -

§ Effluent standards for the discharge from industrial plants and facilities (38)

A. Substances related to the protectlon of human health

Maumum permlsclble limits [ppm ]

Water Pollution More stringent Environmental

Control Law* prefectural Pollution Control
standards Ordinance (Shiga)*
Cd and its compounds 0.1 0.01 0.01
Cyvanides 1 0.1 0.1
Organic P 1 ND ND
Pb and its compounds 1 0.1 0.1
Cr** compounds 0.5 0.05 0.05
As and its compounds 0.5 0.05 0.0
Total Hg 0.005 — (.005
Alkyl Hg compounds ND — NG
0.003 — 0.003

PCB
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Q)
S

B. [tems related to the protection of the environment

Maximum permissible limits [ ppm ]

Water Pollution

More stringent

Environmental

Control Law* prefectural Pol.luti(m Con_trol
standards Ordinance (Shiga)*
Water discharge =50 30-50 >50 30-50 =50
rate [m® day ']
pH 5.8-8.6 6.0 8.5 6.0-8.5
100 80 100 80
BOD** 160 120 90 120 90
70 50 70 50
100 80 100 80
COD** 160 120 90 120 90
70 50 70 50
SS 200 90 70 90 70
Mineral oil 5 5 )
Animal and vegetable fat 30 20 20
Phenols 5 1 1
Cu 3 1 1
Zn 5 1 1
Dissolved Fe 10 10 10
Dissolved Mn 10 10 10
Cr 2 0.1 0.1
F 15 8 8
B - - 2
Sb - - 0.05
No. of coliform 3000 3 000 3000

group [cells ml~!]

*Japanese National Government enacted the Water Pollution Control Law (Statute No. 138) in

1971.

It was allowed for local governments to set more stringent standards where necessary.

The Prefectural Government of Shiga revised the Prefectural Environmental Pollution Control
Ordinance (legislated in 1969) completely in 1973 to meet the growing threat to human health and
water quality due to the pollution of Lake Biwa.

**BOD standards are applicable to industrial effluents discharged into rivers, and COD stan-

dards to those discharged into L. Biwa.

Of the three figures mentioned in BOD and COD

columns, the upper, middle and lower figures are for foodstuff industries, textile industries and
the other kinds of industry, respectively.
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§ Supplementary notes

The first case of industrial pollution in L. Biwa took place in 1928. when the effluent from
a rayon factory in Otsu City caused a serious damage on fishery products in the southernmost
part of the lake. After World War [I, the increased use of agricultural chemicals, especially
organic P compounds and chlorinated hydrocarbons, poisoned fishes and shellfishes extensively
several times in the 1960’s and 197(’s. The most serious post-war event was the contamination
of Southern Lake and Seta River with PCB which escaped from a condenser plant in Kusatu
City. High levels of PCB contents of bottom mud and fishes were revealed toward the end of
the 1960’s, but the disposal of contaminated soil and sediments was successfully carried out to
lower the level of contamination in several years.

Currently, the accumulation of CNP, a herbicide that has been widely applied to paddy fields
since ten vears ago, in the lake ecosystem is approaching an alarming level (Fig, ASI-1-18).
Slight contamination of ground water with trichloroethylene found in a few cities seems to offer
another source of future concern.

I3 EUTROPHICATION

§ Nuisance caused by eutrophication

Unusual algal bloom: Uroglena wmericana (1977-1985), Peridinium spp. (since 1972),
Anabaena spp. (since 1965), etc.

Overgrowth of exotic water weeds: Elodea nuttallii (1965-1970. 1980-) and Egeria densa
(1971-1975).

Disturbed filtration in cleaning heds for city water : Since 1959.

Foul smell of tap water : Since 1969 ; mainly due to the generation of geosmin associated
with the bloom of Phormidium, Anabaena. etc.

§ Nitrogen and phosphorus loadings to the lake [t vr™'] (7. 26)

T-N
Industrial Domestic Agricultural NE}IE - if()tidlk B
1960 405.5 1,021.3 2,047.7 1.986.9 5.,461.4
1965 677.7 1.313.7 1,783.9 2.014.5 5,789.8
1970 1,281.4 1.821.3 1.801.0 2.033.9 6.940.6
1975 1,407.2 2.985.9 1.733.4 2.104.3 7.830.8
1980 2,089.2 3,248.0 1.726.9 2.131.9 9,196.0
T-P
Industrial Domestic Agricultural Natural Total
1960 110.3 88.4 98.4 70.4 367.5
1965 119.0 200.4 101.0 71.4 191.8
1970 372.0 348.7 119.6 72.2 912.5
1975 249.0 407.6 118.6 74.8 850.0
75.8 1,065.0

1980 371.1 497 .4 120.7

§ Supplementary notes

The Northern Lake remained oligotrophic until around 1955, though the eutrophication had
already started in pre-war days as seen in the past trend of transparency in Fig. ASI-1-4.
However, it was suddenly accelerated by the post-war industrialization of the lake’s catchment
area. The first clogging trouble in the sand filter of a city water supplyv to Kyoto took place as
early as in 1959. Between 1960 and 1965, drastic changes in the biomass and species composition
of plankters and benthic animals became apparent. The plankton biomass increased almost
tenfold since 1950 (Fig. ASI-1-11), while the primary productivity in Northern Lake nearly
doubled between 1965 and 1985. Algal blooms, particularly the so-called “freshwater red tide”
caused by Uroglena americana, and the resultant unpleasant smell of tap water from the lake
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became a matter of keen social concern.

The Water Pollution Control Law legislated in 1970 abated the rate of eutrophication to a
considerable extent through the regulation of nutrient level in industrial effluents, but the
deterioration of lake water quality did not stop at all due to the steady growth of population and
industrial activity in the catchment. The construction of an extensive sewerage network
started in 1972 within the framework of the Lake Biwa Comprehensive Development Project,
though its progress has been slow owing to the financial burden to local communities.

The residents’ voluntary movement against the use of phosphate-containing synthetic
detergents resulted in the ban of their use in 1980 by the enforcement of a prefectural ordinance
for the prevention of eutrophication of L. Biwa. The P content of lake water was thereby
somewhat reduced in past several vears, but the effect of the ordinance has been only marginal.
To prevent further eutrophication, it secms urgent to take new measures at least until the
completion of the sewerage network.

14 ACIDIFICATION
§ Extent of damage: None.

J. WASTEWATER TREATMENTS
J1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA : (d) Measurable pollution
with limited wastewater treatment.

J2 APPROXIMATE PERCENTAGE DISTRIBUTION OF NUTRIENT LOADS (1979-1983) (7)

N[%]  PI[%]

Natural 27 9
Domestic wastewater 33 48
Industrial wastewater 18 29
Agricultural runoff 22 14
Total 100 100

J3 SANITARY FACILITIES AND SEWERAGE
§ Percentage of municipal population in the catchment area provided with adequate sanitary facilities
(on-site treatment systems) or public sewerage : 100%.
§ Percentage of rural population with adequate sanitary facilities : Exact figure not available ; nearly
100%.
§ Municipal wastewater treatment systems

Number of tertiary treatment systems : 3 (activated sludge with denitrification and coagula-
tion processes).

Number of secondary treatment systems: 1 (activated sludge).

Other types: Treatment plants of nightsoil collected from holding tanks are common, while
the use of home septic tank is increasing. Small-scale wastewater treatment plants are
also increasing in number on a local community basis.

§ Number of industrial wastewater treatment systems : ca. 3,100 (installed by individual industries;
various methods).

K. IMPROVEMENT WORKS IN THE LAKE

K1 RESTORATION
Dredging is carried out locally along the lake shore.

L. DEVELOPMENT PLANS

Lake Biwa Comprehensive Development Project (54)
The Lake Biwa Comprehensive Development Project was set up in 1972 by the cooperation of

[
on
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Japanese National Government and the prefectural governments concerned to develop and con-
serve the water resource of L. Biwa. to control flood disaster in the lake’s drainage basin and the
Yodo River system, to maintain good quality of the lake and river water, and to settle the conflicts
of interest between upstream and downstream districts of the river.  The Special Measures Act for
Lake Biwa Comprehensive Development Project was legislated by National Government, firstly
for ten years beginning in 1972, and later extended in 1982 for additional ten vears.

This 20-vear project contains. among others, two important operations: 1) to increase the
supply of water from L. Biwa to downstream areas via Seta River by 40m’sec ! to meet increasing
demands, and 2) to construct a large-scale sewerage system with treatment plants of advanced type
over the catchment area of the lake to prevent further pollution of its water. The constant
increase in water discharge from L. Biwa requires a wider range of fluctuation of the lake’s water
level, so that a continuous embankment along the lake shore is now being constructed. Two
major public wastewater treatment plants with tertiary treatment processes have heen construct-
ed. but the completion of the whole sewerage network mayv need manv vears.

The total budget for the first ten vears amounted to 362 billion ven. That for the second ten
vears is estimated at 963 billion ven in 1983, Main undertakings involved in the project are as
follows.

Water resource development

Construction of new city and industrial waterworks: improvement of farm irrigation
systems ; improvement of fishery facilities ; promotion of fishery studies

Flood control

Erosion control work ; river conservation works: construction of several new dams:
afforestation on watershed mountains ; construction of roads for forestry

Water quality improvement

Construction of public sewerage svstems: construction of sanitary facilities : improve-
ment of wastewater treatment for livestock farming ; construction of solid waste disposal
facilities ; promoting water quality monitoring

Conservation and use of natural environment

Providing lakeshore parks: providing facilities for visitors in natural parks; procure-
ment of lands for nature reserves; construction of lakeshore road and embankment

M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR
UPGRADING LAKE ENVIRONMENTS

M1 NATIONAL AND LOCAL LAWS CONCERNED (1. 33. 25-28)
§ Names of the laws (the vear of legislation)
(1) Basic Law for Environmental Pollution Control (1967)
(2) Water Pollution Control Law (1971)
{37 Shiga Prefecture Environmental Pollution Control Ordinance (1969, revised in 1973)
(4} Ordinance Concerning the Prevention of the Eutrophication of Lake Biwa {1979)
§ Responsible authorities
(1) and {2}: National Government
(3) and {4): Shiga Prefectural Government
§ Main items of control
Toxic substances in the effluents from industries and facilities (Cd. Pb. Cr. As, Hg, PCL3).
Pollutants in the effluents from industries and facilities (N, P. BOD, COD. SS, pH. mineral
oil, fat. Cu, Zn, Cr, F, B, Sbh. dissolved Fe. dissolved Mn. phenols, no. of coliform groups)
Use of phosphate-containing svnthetic detergents

M2 INSTITUTIONAL MEASURES
Lake Biwa Comprehensive Development Project: cf. Item L.

M3 RESEARCH INSTITUTES ENGAGED IN THE LAKE ENVIRONMENT STUDIES
) Lake Biwa Research Institute, Otsu

)} Shiga Prefectural Institute of Public Health and Environmental Science. Otsu
)

¢

Lo N

(
{
{ Shiga Prefectural Fisheries Experiment Station. Hikone
(47 Otsu Hydrobiological Station, Kyvoto University. Otsu

v

—
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5y Laboratory for Control of Environmental Micropollutants, Kyvoto University, Otsu
(6) Institute of Lake Sciences. Shiga University, Otsu

N. SOURCES OF DATA

* Printed in Japancse. The titles are tentatively translated into English with the original
titles in romanized Japanese in parentheses.
** In Japanese with English summary.
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Photo:T. Kira

1Ban Tha Sala
7 Nakhon
81 Thammarat

R""}p Taru:aoﬂ Sagl .:__- !
~ Butang Gmup““f:,. e
Langkawi “_ _' :

(10 wEDAM) @

oPerak

P Bs
A JE)«‘ Perhention Bes
,F-""”-‘.ij}; Z Bhedany
\

. &GN
N [“ 24 1517 SK
1 A\ & A
S0 R0 260 250 _ 300 Kilometres!

e

Ao

Copyright © John Bartholomew & Son Limited MCMLXXXII. Reproduced with permission.

ASI-2



ASI-2

A. LOCATION

§ Phatthalung, Songkhla and Nakhon Si Thammarat, Thailand.
§ 708-50'N and 100°07"-37'E ; nearly (0m above sea level.

B. DESCRIPTION

Lake Songkhla, a coastal lagoon produced by sand-bar formation includes three lakes, Thale
Noi (2,800 ha), Thale Luang (78.280 ha) and Thale Sap Songkhla (17.600 ha). from north to south.
which are inter-connected by narrow channels. A narrow strait (minimum width 380 m) connects
Thale Sap with the sea (Gulf of Thailand) at its southeastern end. A grandient of salinity exists.
therefore, between the brackish water of Thale Sap and the pure freshwater of Thale Noi. The
middle lake. Thale Luang. approaches a freshwater condition during the rainy season (October

January), but is influenced by the invasion of seawater in other months,

The lakes are shallow throughout and moderately eutrophic, with a mean water depth of 1.2
-1.3 m in relatively dry seasons, but the water level rises by about one meter during the winter
months. Thale Sap is known for its production of fish. shrimp and crabs. and is also intensively
utilized for the aquaculture of seabass (Lales calcariter). The fry produced and supplied by the
National Institute of Coastal Aquaculture in Songkhla is grown in net cages by fishermen families.
Thale Noi and the eastern branch of Thale Luang, called Kukut, have been designated as an area
for waterfowl protection.

The catchment area of about 8.020 km? consists mostly of lowland rice fields. rubber planta-
tions and forest-covered hills, and contains such rapidly growing cities as Hat Yai and Songkhla.
The waste water from certain manufacturing and freezing factories has caused local pollution of
the lake and some damage to the fisheries. but the complete and rapid turnover of water in the
rainy season seems to prevent severe problems (Q, 1, 2).

C. PHYSICAL DIMENSIONS (Q)

Surface area [km?®] 1,082
Volume [10°m?] .6 (MSL)
.8 (1.5m MSL)
Maximum depth [m]
Mean depth [m]*

Luang

Sap Songkla
Normal range of annual

water level fluctuation (unregulat-

P T CCI SO

ANED D

ed) [m] 0.6-2.2

Residence time [vr] (0.3-0.5
Catchment area [km?] 8,020

*The depth of the channels connecting Thale Sap with the Gulf of
Thailand and with Thale Luang is approximately 6m. The aver-
age of monthly water depth observations at 35 stations in Thale
Sap and Thale Luang (Oct. 1976-Sep. 1973) was 1.53 m ().

[]
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D. PHYSIOGRAPHIC FEATURES

D1 GEOGRAPHICAL (Q)
§ Sketch map of the lake system (Fig. ASI-2-1),
§ Main islands (4 groups): Ko Yo; Ko Si, Ko Ha; Ko Khop, Ko Mak, Ko Nok; Mo Nu, Ko
Maco.
§ OQutflowing rivers and channels (number and names) : 2 (channel connecting Thale Sap Songkhla
with the Gulf of Thailand, and Ranot Canal).

Fig. ASI-2-1  Sketch map of L. Songkhla and surrounding areas, with isopleths of mean
salinity (2).

100700 E 100°30' €

B \
|
1 150 \
\ § ’
i X
BN .
E Thale Noi \\
%
%
‘ %
Y

-+ Railway

Road

Peak with aititude [m]

Iscpleth cf r;:—;linj.t}.r[("’,/np]

Limit of sea water

| Gulf of
Thailand

730N

D2 CLIMATIC
§ Climatic data at Songkhla (Q, 2) (cf. Fig. ASI-2-2)

Mean temp.* [*C]  26.9 27.4 28.0 28.7 28.4 28.1 27.8 27.8 27.5 27.0 26.6 26.6 27.6
Precipitation** [mm] 141 39 42 56 131 102 121 114 122 30> 541 437 3149

JanﬁFébm Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

*1951-1980. **1951-1970.
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Fig. ASI-2-2

Distribution of mean annual rainfall (1959-1983) in the catchment area (Q).

THALE wO/

GULF OF THAILAND

A PAN PHAYUN

I\

§ Number of hours of bright sunshine (Q): 2,625.0 hr yr=',

§ Surface water temperature [°C] (Q, 4)

-‘ C.SONGAMNLA
N
>

Area

Jan Feb

Thale Noi*

%.9

Thale Luang** 28.7 28.1
Thale Sap** 27.3 28.3

Mar Apr May Jun Jul

At;;gi 7Siepr>i Oct Nov Dec

30.0 31.8 31.1 29.4 30.0
29.6 31.0 31.3 29.8 29.6

- 318 - - -
28.4 29.8 30.7 27.4
29.4 28.5 30.4 26.5

[NGI Ge]
~1 =
= O

*May 1980-Jan. 1981.

**Qct. 1976-Sep. 1978.
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§ Notes on water mixing and thermocline formation (Q): Extensive mixing in Thale Luang: no
thermocline formation.

E. LAKE WATER QUALITY
E1 TRANSPARENCY [m], Oct. 1976-Sep. 1978 (2)
”Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

0. 0.6 0.6 05 05 0.6 05 04 0.7 0.6 0.4
708 0.9 0.9 0.6 0.9 08 0.7 0.7 0.4 0.3

Thale Luang 0.5
Thale Sap 0.6 0.

E2 pH, 1978-1979, average at 0.3m depth (Q)

Jan Feb Mar Apr May Jun Jul Aug  Sep rOct Nov  Dec

7.8 7.8 8.1 7.9 7.2 7.3 7.8 7.3 7.5 6.9 6.9 7.2

E3 SS [mg 17'] of surface water, May 1980-Jan 1982 (4)

Jan  May 7 Sep
Thale Noi 26.2 176.7 49.9
Thale Luang (Kukut) 35.1 33.1 32.9

E4 DO [mg 17'], 1978-1979, average at 0.3m depth (Q)

Jan Feb Mar Apr May Jun Jul Aug  Sep Oct  Nov Dec
59 7.1 6.8 7.1 69 7.0 53 6.6 7.2 4.7 53 6.7

E5 COD [mg I7'], 1983-1984, surface water of Thale Sap: 1-2(Q).

E€ CHLOROPHYLL CONCENTRATION [ugl '], 1978-1979, average at 0.3m depth (Q)

Jan Fei) Mar Apri May  Jun Jul Aug  Sep Oct Nov  Dec
1.656 6.30 2.58 10.0 - — — 7.58 0.77 0.69 2.27 —

E7 NTROGEN CONCENTRATION [mg 7]
§ Total-N of surface water, May 1980-Jan. 1981 (6)

Jan  May Sep

Thale Noi 0.64 3.75 1.39
Thale Luang (Kukut) 0.46 0.89 0.96

§ NO;-N, 1978-1979, average at 0.3m depth (Q)

Jan Feb  Mar Apr May Jun Jui Augi Sep Oct  Nov Dec
2.20 1.96 2.58 2.39 - — — — 1.95  1.97 2.29 2.33
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E8

PHOSPHORUS CONCENTRATION [mg 17']

§ PO,-P, 1978-1979, average at 0.3m depth (Q)

ES

F1

Jan Feb  Mar Apr May Jun Jul Aug  Sep Oct  Nov  Dec
0.05 0.08 0.06 0.07 0.02 0.08 — — 0.15 0.12  0.04 0.07

SALINITY [ppt], 1978-1979, average at 0.3m depth (Q) (cf. Tig. ASI-2-1)

Jan Feb  Mar Apr May  Jun Jul Aug  Sep Oct  Nov  Dec
2.9 3.3 5.9 6.9 1.2 1.1 1.3 3.1 9.3 11.0 3.5 2.2

F. BIOLOGICAL FEATURES

FLORA

Mangrove plants : Kukut (Sonwneratia caseolaris, Nipa friticans, Acrostichum  aurewm) ; Thale
Sap (Rhizophora apiculata) (6).

Emerged macrophytes : Thale Noi (Plragmites comuuinis, Scleris orvzoides, Cyperus grossus and
spp., Eleocharis dulcis); Kukut (Paspalum sp.. Eleocharis dulcts, Scirpus wmucronatus, Cvperus
tegetiformes and spp., Phragmites communis) (6).

Floating macrophytes : Eiclhornia crassipes (Q): Thale Noi (Nvmphoides indica, Salvinia cucul-
latay ; Kukut (Azolla sp., Lemna sp.) (6).

Submerged macrophytes ; Thale Noi (Chara sp.. Blyxa echinosperma, Ulricularia flexuosa, Ceralo-
phyllum demerswm) ;. Kukut (Chara spp., Ceratophyllmm demersion, Najas mcrina) (6).
Phytoplankton : Kukut (Phormidium spp.. Oscillatoria spp.. Anabacia spp.. Nitzchia spp.,
Navicila spp.. Dialoma spp.. Scenedesmus spp.. Spirogvra spp.) (6) ; Thale Luang (Pediastriom
sp., Spirulina sp., Surivella sp.) (2); Thale Sap (Chacloceros spp.. Nitzchia spp.. Rhizosolenia
spp., Coscinodiscus spp.) (2).

FAUNA
Zooplankton : Thale Noi and Kukut (Arcella spp.. Difflugia spp.. Brachionus spp., Lecare spp..
Cladocera, Podoplea) (6).

Cladocerans tend to be found in the upper part of the lake system, and copepods, urochor-
dates, nauplius larvae and chaetognatha in the lower part, while fish larvae and malacostraca
are more widely distributed (Q).

Benthos : Thale Noi and Kukut (Polychaeta (Nereis. Dendronercis, Nephtvs, Sabella, Meglom:-
ma), Mollusca (Melanoides. Idiopoma, Pila, Clea, Corbicila, Modiolus), Crustacea (Palaemon
spp.. Macrobrachium spp.. Gamumalus sp.) ); Thale Sap (Polychaeta (Nephivs, Nereidae, Or-
biniidae, Lambrinereis. Arbella), Crustacea (Upogebia, Cyathura, Apsendes, Gammalus, Penaeus,
Metapenaeus) ) (2, 6).  Arthropods are found at high density in the upper lake system, reaching
the maximum level in dry season. Polychaetes increase their density toward the sea, {lourish-
ing in dry season. Nematodes are found at high density near the end of each lake. while
nemerteans are abundant in the middle lake system (Q).

Fish (caught by fishing gears): Thale Luang (Tachysurus spp., Mistus spp.. Flula sp., Puntius
spp., Ophicephalus spp.. Ompox sp.); Thale Sap (Mugil dussiwmicri and spp., Lates calcarifer,
Epinephelus spp., Elewtheromema sp., Gerves sp., Plolosus sp.) (2).



G. SOCIO-ECONOMIC CONDITIONS

G1 LAND USE IN THE CATCHMENT AREA (Q. 7)

Vegetation and land use types Area [km?) [%]
Forested area 1.726 24.7
Undisturbed 1,084 15.5
Disturbed 437 7.0
Swamp & Mangrove 155 2.2
Agricultural land 5,110 73.0
Paddy field (rice) 2.474 35.3
Rubber plantation 2,636 37.7
Settlement area 163 2.3
Total 6, 100.0

ASI-2

§ Main types of woody vegetation (main species): Tropical rain forest; secondary forests at
various stages of regeneration ; mangrove forest (Rhizophora apiculata, Sonneratia caseolaris,
Nipa fruticans); rear mangrove (Melalenca lencadendron); brackish swamp forest; fre-

shwater swamp forest (Alstonia spathuiata, Eugenia grata) ; scrub on limestone hills, ete.

§ Main types of herbaceous vegetation : Grass swamps (Paspalum scrobiculetim, Phragmites spp..

Cyperus, Scivpus, Sclevia, etc.).

§ Main kinds of crop plants : Lowland rice. rubber and fruit trees.

§ Levels of fertilizer application on crop fields : Light.
§ Trends of change in land use (1974-1982) (1)

1974

1978

1982

Land use types %] %] %]

Forested area
Undisturbed forest
’ f{)rr(;gical evergreen 19.7 16.2 15.3
- Mangrove and swamps - — 2.2
- Scrub — — 0.2
Disturbed forest
- Old clearing area 5.9 — 2.7
- New deforested area — 4.2
- Rubber plantation 10.8 _ i

mixed with forest ‘

Non-forest area - 83.8 —
Rice field 35.0 - 35.3
Rubber plantation 22.6 — 37.7
Residential area 6.0 - 2.3

Total 100.0 100.0 100.0
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G2 INDUSTRIES IN THE CATCHMENT AREA AND THE LAKE (1984) (1)

Kinds of industry Units  No. of workers
Rice mills 950 1.462
Fishing industries (including ice) 39 2,605
Other food and beverages 69 775
Wood industries 61 769
Furniture 27 793
Printing 15 113
Rubber processing 30 1,913
Chemical products 14 168
Non-.m(‘:tallic minerals in'cluding . 62 316
building and construction materials - :
Metal products 57 375
Machinery including repair 154 1.024
Boat building and repair 6 150
Others (umbrellas, etc.) 2 39
Total 1.536 11,004

G3 POPULATION IN THE CATCHMENT AREA (1980) (1)

Population density

Total population Main cities

[km~2]
Hat Yai
1,199,000 171.2 Songkhla
Patthalung

H. LAKE UTILIZATION

H1 LAKE UTILIZATION (Q)
Source of water, navigation and transportation, sight-seeing and tourism (477, 400 visitors in
1984), recreation (swimming, sport-fishing, vachting, bird-watching) and fisheries (including
aquaculture).

H2 THE LAKE AS WATER RESOURCE (Q)

Use rate [10°m®*yr=!)

Domestic water 50
Irrigation 450
Industrial water 35
Total 555

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS

[1 ENHANCED SILTATION (Q)
§ Extent of damage : Not serious.
§ Rate of sedimentation (entering lake) : 500,000-600,000 [metric ton yr-' .



[2 TOXIC CONTAMINATION (Q)

§ Present status : Detected but not serious.
§ Pesticide residues in Thale Noi area _ppm|

Recoirided
Pesticide maximum Location Material
level
<, . . . Ban Thale Noi, -
Gamma-BIIC (.03 Rhlong Mai Sediment
. Thale Noi non-
Heptachlor 0.03 hunting area Water
. . Ban Thale Noi, .
Dieldrin 0.10 Khlong Mai Sediment
p. p° DDE 0.03 Khlong Mai Sediment
p. p DDD 0.08 Khlong Mai Sediment
p, p’ DDT 0.43 Ban Thale Noi Water
Total DDT 0.45 Ban Thale Noi Water
0.25 Ban Thale Noi Sediment
0.06 Thale Noi Catfish
§ Heavy metals in bottom sediments [ppm, dry wt. base] (1)
Minimum Maximum
Cd 1.9 16.1
Cu 130.6 260.2
Fe 16,000 18,000
Mn 199.8 733.5
Pb 31.5 78.5
n 29.0 88.6
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§ Draft water quality standards for freshwater sources (1)

Characteristics [unit] Per:cen- - —“ ater Eli\r& —
tile 1 2 3 4 5
Physical
Floating solids n n n n
Colour n n n n
Taste & odour n n n n
Temperature ['C] - n n n’ n’ n’
pH - 6-8 6 8 6-8 6-8  6-8
DO 30> n 6 4 2
BOD; (20°C) 80 < Less than 2 1.5 2.0 4.0 -
Coliform bacteria
Total coliforms [MPN 100ml=" > | 80 > 5,000 20,000 20,000 -
Faecal coliforms [ /] - 1.000 4,000 4,000 -
NO; as N [mg 171] 100 5.0
NH; as N [7] 0.5
Phenols [ #] 0.005 T
Cu [#] - 0.1 7
Ni[+] I 0.1 .
Mn [ -] 5 1.0 5
Zn [ ] = 1.0 =
Radioactivity Alpha 100 § 0.1 i)
[picocuries 17'] | Beta 100 = 1.0 §
Toxic substances 100 = >
As [mg 17] é 0.01 5
Cd [ ] 3 0.005° =2
i (0.00** <
crivd = 0.0 =
Cul[~] ().005
Pb[~] 0.05
Hg [~] 0.002
Pesticides [ ] 0.05

n: Natural condition.
n': Natural condition+ 3 "C.
* In water having hardness less than 100 mg 17! as CaCO.,.
** In water having hardness higher than 100 mg 7% as CaCO,.
***Water class:
1: Very clean water, utilized for:
- drinking and other consumption ; water treatment mav be not necessary but
disinfection required,
- conservation of freshwater ecology and natural growth of aquatic plants.
2: Clean water utilized for :
- drinking and other consumption ; conventional water treatment and disinfection
will be needed,
- conservation of aquatic life and suitable for fisheries development.
- recreation
3. Fairly clean water, utilized for
- drinking and other consumption ; conventional water treatment and disinfection
necessary,
- agricultural use as irrigation water.
4 : Moderately clean water, utilized for :

10



- drinking and other consumption ;

- industrial water supplv,
- other activities.

special water treatment is necessary,

- Water other than classes 1-4, utilized for water transportation.

§ Industrial wastewater quality standards (1)

(1) pH

{2} Permanganate value [mg 17!]

3y Dissolved solids [mg 17!]

3. 1 Discharge into water-courses

{:

2 Discharge into sea or estuar-
ies {salinity not higher than 2,

000 mg 1Y

(1) Sulfide as H,S [mg I7']
{5 Cyanide as HCN [mg 17']
(6) Heavy metals [mg | ‘]

6.1 Zn

6.2 Cr

6.3 Asg

6.4 Cu

6.5 Hg

6.6 Cd

6.7 Ba

6.8 Se

6.9 Pb

0 Ni

6.11 Mn
(7) Tar
(8) 01l and grease [mg 7]

9) Formaldehyde [mg 17']

1) Phenols and cresols [mg 7]

I Free chlorine [mg 17!]

%) Insecticides and radioactive
substances

{13 Suspended solids [mg 17°]

Dilution ratio 3-150
151-300

301-500

14 BOD, 5 dayv, 200C [mg 1 ']

1 Fish canning
4.2 Tapioka starch
14.3 Noodle factory, using less
than 500kg of rice per day
Tanneries

14.5 Pulp mills

14.6 Seafood processing
15 Temperature [ C]

14.4

{1 Color and odor

ing water

Between 5.0 and 9.0

60

2,000 or more but not exceeding 5,000,
depending upon discharge point

5,000 higher than dissolved solids in sea
or estuary waters

1.0
0.2

3.0(except for crude oil refinery and
lubricant blending plant ; less than 15)
1.0

1.0

1.0

Nil
30 or more depending on dilution ratio as

shown below
Allowable suspended solids 30
30
150
20 or more but not exceeding 60, depend-
ing upon discharging point, except for
industries shown below
New process as in (14)
Old process 100
100

100

100

100

Less than 40

Not objectionable when mixed in receiv-

11
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§ Inland freshwater quality standards (1)

‘Water class

Characteristics [unit] Petr';en-
e 1 2 3 405

Temperature ["C] - n n’ n’ n n
pH 6 8 6-8 6-8 68 6.8
DO [mg 7] 80> n 6 4 2 -
BOD [mg 7] 30< Less than 2 1.5 2.8 4.0 -
Coliform bacteria [MPN 100 ml™']

Total coliforms 20 - 5,000 20,000

Faecal coliforms - - 1,000 4,000 - -
NO; as N [mg 171] 100 5.0
NH, as N [7] 0.5
Phenols [ 7] 0.005
Cu[~] 0.1
Ni[+“] 0.1
Mn [ ] 1.0
Zn [ 7] 1.0
Radioactivity [curie] 100 None
Toxic substances [mg 17] 100

As 0.01

Cd 0.005*10.05*")

Cr 0.05

Cu 0.005

Pb 0.05

Hg 0.002

Pesticides 0.05

I3

For water classes, svmbols and foot notes. see p.10.

EUTROPHICATION (1)

§ Nuisance caused by eutrophication : Unusual algal bloom ; blooms of Nostoc sp. and Euglena sp.

were observed in Thale Luang in the past.

§ Nitrogen and phosphorus loadings : Songkhla Basin Planning Study (1) shows forecasted nutrient

Ia

loads to the lake for different planning scenarios. The natural growth scenario presents the
estimates for BOD. N and P loadings [metric ton vr™'] as follows.

Year BOD N P
1984 26,267 20,494 5,526
1986 27.809 21,365 5.747

ACIDIFICATION (Q)

§ Extent of damage: None.

J1

J. WASTEWATER TREATMENT(Q)

GENERATION OF POLLUTANTS IN THE CATCHMENT AREA : (¢} Limited pollution with
some wastewater treatment.

J2 APPROXIMATE PERCENTAGE DISTRIBUTION OF POLLUTANT LOADS: Nonpoint

12

sources 909, point sources 109.
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J3 SANITARY FACILITIES AND SEWERAGE
§ F’ercentage of municipal population provided with adequate sanitary facilities (on-site treatment sys-
tems): 100%.
§ Percentage of rural population provided with adequate sanitary facilities : 0%.
Municipal wastewater treatment systems : Septic tank and cesspool.
§ Industrial wastewater treatment systems: Biological trcatment required by law for organic
pollutants in all industrial plants.

o

K. IMPROVEMENT WORKS IN THE LAKE

K3 OTHERS (Q)
Construction of new fishing ports with wastewater treatment facilities ; plans for sewerage
and sewage treatment systems.

L. DEVELOPMENT PLANS

Deep sea-port under construction ; Koh Yor Bridge completed ; salinity barrier under study Q).

M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR
UPGRADING LAKE ENVIRONMENTS

M1 NATIONAL AND LOCAL LAWS CONCERNED (Q)

§ Names of the laws (the vear of legislation)
(1) Factory Act (1969)
(?) National Environmental Quality Act (1975)
{3) Public Health Act

§ Responsible authorities
(1) Ministry of Industry
(2) National Environment Board
(3) Ministry of Health; local authorities and municipalities.

§ Main items of control
(1) Industrial effluent standards
(2)  Establishment of standards and environment impact assessment
(3) Sanitation. solid waste management. food sanitation and toxic substance control.

M2 INSTITUTIONAL MEASURES(Q)
None solely responsible for the lake ; the following agencies take collective responsibilities.
(1) National Environment Board established in 1975 ; the monitoring of the lake environ-
ment has been kept since 1978 in collaboration with Songkhla University.
(2) Department of Industrial Works, Ministry of Industry; occasionally undertakes
monitoring.

M3 RESEARCH INSTITUTES ENGAGED IN THE LAKE ENVIRONMENT STUDIES (Q)
(1) Prince of Songkhla University, Hat Yai.
(20 National Institute of Coastal Aquaculture, Songkhla
{3y Thailand Institute of Scientific and Technological Research. Bangkok.

N. SOURCES OF DATA

(Q) Questionnaire filled by Dr. Surin Setamanit, Institute of Environmental Research. Chulalong-
korn University, Bangkok, Thailand.

(1) National Economic and Social Development Board/National Environment Board (1985)
Songkhla Lake Basin Planning Study. Bangkok (with data citations from Meteorological
Department. Applied Science and Technology Research Institute, Provincial Industry Offices,
Songkhla and Patthalung Municipalities. Prince of Songkhla University, National Environment
Board and LANDSAT).

(9) Information from the National Institute of Coastal Aquaculture.
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(3) Thai University Research Association (1981) Social. Economic and Demographic Studies for
Better Environmental Management of the Songkhla Lake Basin.  624pp.  Office of the National
Environment Board of Thailand. Bangkok.

(43 Dobias. R. J. (1982) The Shell Guide to the National Parks of Thailand. 37pp. The Shell
Company of Thailand. Bangkok.

(5) Information from National Environment Board of Thailand.

{6) Ecological Research Division. Thailand Institute of Scientific and Technological Research
(1981} Ecological Studies for Conservation of Shore Birds in Songkhla Lake. Vol. 1. 5339pp.
Office of the National Environment Board of Thailand. Bangkok.

(7)  Information from Ecological Research Division, Thailand Institute of Scientific and Tech-
nological Research.

(8) Information from Mr. Narmg Na. Chiang Mai. based on Songkhla Lake Research Report.
1978-1979. Prince of Songkhla University.
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LAKE RARA

A view from the lakeside hill

Photo:!D. B. Swar
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A. LOCATION

§ Karnali Zone, Mugu District, Nepal.
§ 29°24'N, 82°05'E ; 3,000 m above sea level.

B. DESCRIPTION

Lake Rara is situated in the western part of Nepal, at about 300 km northwest of Kathmandu,
the capital of Nepal. Tt is a warm, oligotrophic lake with a monomictic tyvpe of water circulation.
It is surrounded by hills and mountains from which more than 30 brooks flow into the lake. It has
only one outlet. Khater Khola, on its western shore (khola =stream). Khater Khola forms a deep
gorge at about 7 km downstream from the outlet and finally joins Karnali River, a tributary of the
Ganga.

Lake Rara is somewhat oval in shape. It has relatively large maximum depth for its surface
area. It has two basins. The main basin, occupying the western part of the lake, covers about
80 % of the total surface area. It is characterized by a steep margin and vast flat bottom. The
area below 160 m accounts for about 27 % of the lake area. The eastern sub-basin has a gently
sloping margin and a small bottom. Lake Rara is a part of '‘Rara Lake National Park and
Wildlife Conservation Area’ (Q).

C. PHYSICAL DIMENSIONS (1, 2)

Surface area [km?] 9.8
Volume [10°m?] 0.98
Maximum depth [m] 167
Mean depth [m] 100

Length of shoreline [km] 14.3

o
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D. PHYSIOGRAPHIC FEATURES

D1 GEOGRAPHICAL (2)
§ Bathymetric map (Fig. AS[-3-1).
§ Outflowing rivers and channels (number and names): 1 (Khater Khola).

D2 CLIMATIC (6)
§ Climatic data at Rara, 1983-1984
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Mean temp. [ C] 1.1 2.4 9.3 3.6 14.4 13.2 15.5 16.0 14.1 797.2 7.0 3.9 9.6
Precipitation [mm] 41 94 34 63 23 201 189 337 346 216 0 12 1.556

Fig. ASI-3-1 Bathvmetric map (2).

i

§ Water temperature ['C] (2)
Station 2. May 20, 1953

Depth [m] Jan Feb Mar A()r Mav  Jun  Jul Aué Sep  Oct  Nov  Dec

Surface (0} - — - 12.1 - - - -
8 - - - 1y - - - = -

16 S DI B - - — =

32 — - — - 9.2 - — - - — —

60 - 83 -~ - - - -
120 - - - 83 - - - - = =
160 - - 3.3 - - — —

§ Freezing period : None.
§ Mixing type : Monomictic.

E. LAKE WATER QUALITY (2)

E1 TRANSPARENCY 'm]
Station 1-7, May 16, 1983

Stn. ? Stn. 3 ' Stn. 4 Stn. Stn. 6 Stn. 7
16.6 16.6 16.2 15.9 13.0 15.0
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E2 pH
Station 2, May 20, 1983
Depth [m] Jan Feb Mar Apr May
0 — - - —  8.48
3 — - — 8.52
16 — — — - 8.06
32 - — - - 8.60
60) — - - - 8.40
120 — - - - 8.36
160 — — - - 8.30

E4 DO [mg ']
Station 2, May 20, 1983

JuTi Aug Scpi()ct Nov Decw

Depth [m] Jan Feb Mar Apr May
0 - - — — 7.50

3 - — — 7.59

16 - - - 7.93

32 - - - 8.06

60) — - - - 6.9

120 - - - —  6.38
160 — — 6.52
167 — — — 4.84

Jun  Jul AugiSep Oct N(gx' Dec

E6 CHLOROPHYLL CONCENTRATION [xg 17']

Station 2, May 20, 1983

Depth [m] Jan Feb Mari :\pf May Jun Jul Aug Sep Oct No\'i Decﬂ

{ - - — —  0.061

8 - - — -  0.125
16 - - - —  0.160
32 - - - —  (.381
60 - —  0.465
160 - - -

0.036

E7 NITROGEN CONCENTRATION

§ Total-N [mg '], Station 2, May 20, 1933

Depth [m] Jan Feb Mar Apr May 7Jun Jul 7 Aug Sep Oct I\o{ Decﬁ
] — — — 0.030 - — - - - —
16 — — - 0.027 - — — - -
32 — — — 0027 — - — - —
60 — — - 0.024 — - - — - —
120 — — - 0.018 - — — — —
160 — — — - 0.021 - - — — -
E8 PHOSPHORUS CONCENTRATION
§ PO,-P [mg 17'], Station 1-7, May 1983
Depth [m] Stn. 1 7Stn. 2 Stn. 3 Stn. 4 Stn. Stn. 6 Stn. 7
0 0.010 0.007 0.007 0.003 (.003 0.003 0.010
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F. BIOLOGICAL FEATURES

F1 FLORA
§ Phytoplankton : Ceralizm hivundinella, Dinobivon cf. borgel.

F2 FAUNA
§ Zooplankton : Rotifera (Conochiloides coenobasis, Keratella quadrata, K. cochlcarts. Lecane spp..
Filinia opoliensisy : Cladocera (Daphnia  longispine,  Holopedinn  spp.): Copepoda
(Stenodiaplomus stewartiensis, Cyvclops hulchinsoni).
§ Fish: Schizothorax raracnsis, S. mecrophthalinus. S, wepalensis, Schizothoyaichihys  esocinus
4, 5).
§ Supplementary notes on the biota

Fig. ASI-3-2  Annual change in the individual number of total zooplankton (——},
Dinobrvaon cvlindricum cf. borgel (—— .—— ). Ceratinm hirundinella (
----- o ). Conochiloides coenovbasis ( — - @ ), Filinia opolicnsis
® - ) and Copepods including nauplii ( — ) {2).
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F3 PRIMARY PRODUCTION RATE [mg O, I"! day ']
Station 2, May 24, 1983

Community respiration 0.018 0.058
Gross production 0.020-0.045

G. SOCIO-ECONOMIC CONDITIONS

G1 LAND USE IN THE CATCHMENT AREA (6
§ Main types of woody vegetation: Abics spectubilis forest, Pinus excelsa forest, Quercus semi-
carpifolia forest, Picea smithiana forest. Belula utilis forest.
§ Main types of herbaceous vegetation: Alpine grassland, moist herbosa.
§ Types of other important vegetation: Water plant vegetation.

G3 POPULATION IN THE CATCHMENT AREA
No residents (Q).
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H. LAKE UTILIZATION

H1 LAKE UTILIZATION
Sightseeing and tourism (number of visitors in 1984 : ca. 5.000) (Q).

[. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS (Q)

I[1 ENHANCED SILTATION
§ Extent of damage : Not serious.
§ Supplementary notes : The sedimentation rate averaged (.42 0.80g dry weight m™* day~' in Mav
and 0.75-1.00g dry weight m™? day~' in September. 1983, and tended to decrease with depth.

[2 TOXIC CONTAMINATION
§ Present status : None.

I3 EUTROPHICATION
§ Nuisance caused by eutrophication : Not any nuisance.

14 ACIDIFICATION
§ Extent of damage : None.

J. WASTEWATER TREATMENTS

J1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA : (a) Pristine lake environ-
ments (Q).

N. SOURCES OF DATA

(Q) Questionnaire filled by Mr. Deep B. Swar. Fisheries Development Centre, Pokhara, based on
the data from the following sources.

(1) Ferro, W. (1978/1979) Some limnological and biological data from Rara. a deep Himalavan
lake in Nepal. ]. Nepal Res. Centre, 2/3: 241-261.

(2) Okino, T. & Satoh. Y. (1986) Morphology. physics, chemistry and biology of Lake Rara in
west Nepal. Hydrobiologia, 140: 125-261.

(3) Swar, D. B. (1979) Report on a single species of Cladocera from Rara Lake. Nepal. J. Inst.
Sc., 2: 185-190.

{4} Terashima. A. (1984) Three new species of cyprinid genus Schiizothorax from Lake Rara.
northwestern Nepal. Jap. J. Ichthyol., 31 (2): 122-135.

(5} Shrestha, J. (1978) Fish from Rara. J. Inst. Sc.. 1: 157158

(6) Tabata, H. (personal communication).
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LAKE PHEWA
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A. LOCATION

§ Gandaki Zone, Kaski District, Pokhara, Nepal.
§ 28°10°'N, 83'55’'E ; 742 m above sea level.

B. DESCRIPTION

Lake Phewa is one of the largest lakes of Nepal. It is situated in Pokhara Valley in the
western part of the country.  The main inflows into this lake are two perennial spring-fed streams,
Harpan Khola (khola =stream) and Seti Khola. In addition, several temporary streams drain into
the lake during the rainy season. This lake has a single outflow which joins Phusre Khola. The
lake belongs to a warm monomictic type with thermal stratification. The lake water has verv low
electrical conductivity.

Lake Phewa is very voung in geological terms as tree trunks are still standing in water down
to 6 m depth. There are two versions about the formation of this lake. According to Hagen
(1969), there was a “Paleo-Pokhara Lake” filling whole Pokhara basin and the existing lakes are
the remains of the former huge lake. But Gurung (1970) and several other workers agree with the
view that this lake was formed by damming of tributaries by sediments of Seti River.

Lake Phewa is one of the main sources of recreation, natural beauty. drinking water,
hydroelectricity, fisheries and irrigation in Pokhara Vallev (1, 2, 3).

C. PHYSICAL DIMENSIONS (4, 9)

Surface area [km?] 5.0
Volume [10°m?®] 39
Maximum depth [m] 21
Mean depth [m] 8.6

Normal range of annual water
level fluctuation (regulated) [m]
Length of shoreline [km)] 18
Catchment area [km?] 110
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D. PHYSIOGRAPHIC FEATURES

D1 GEOGRAPHICAL (6. 7. 8)

§ Bathymetric map (Fig. ASI-4-1) (4).
§ Main islands (name and area) : Baraki Temple (5x10% m?).
§ Outflowing rivers and channels (number and names): 1 (Patale Chhango).

D2 CLIMATIC
§ Climatic data at Pokhara, 1977-1978
Jan Feb Mar Apr Mayv Jun Jul Aug Sep 0Oc¢t Nov Dec Annual

Mean te;np. [C] 12.615.720.5 20.8 21.6 23.9 26.1 25.3 24.7 20.6 18.4 13.8 20.3
Precipitation [mm] 23 11 65 278 321 460 718 1,118 332 332 101 54 3,814

Fig. ASI-4-1  Bathymetric map {4).

L v Fisteries office
Z Ty
< &
L dam
0 Tkm
| S S S |

- navigational points
depths contours
Zm intervals

fﬁjj dry since dam broke

§ Water temperature ['C]
Station 1, 1977-1978

Depth {m] Jan Feb Mar Apr 71\/’1721}'7Jun Jul Aug Sepiioctirﬁ)v Dec

Surface 16 17 20 23 — 27 28 27 27 22 20 13
1 16 16 19 22 - 26 20 25 25 22 20 18

8 16 16 17 18 — 20 22 23 23 22 20 18

10 16 - 17 17 — 19 20 22 22 22 20 18

12 16 16 17 17 — 19 20 21 22 22 20 18

14 16 16 16 17 19 19 20 21 21 20 18

16 16 16 16 17 - 19 19 20 21 21 20 18

17 - 18 19 20 21 21 20 18

18 16 16 16

§ Freezing period: None.

§ Mixing type : Monomictic.

§ Notes on water mixing and thermocline formation : A stable temperature stratification exsits from
the end of February until October. The pattern is of a classical monomictic type with one
turnover in winter.

[}
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E. LAKE WATER QUALITY (6. 7, 8. 9. 10, 11)

E1 TRANSPARENCY [m], 1977-1978

Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Nov Dec

4 3 1.7 2 1.6 1.7 1.9 1. 2.6 2 2.4 1.8
E2 pH. Sep. 10, 1984

Depth [m] Jan Feb DMar Apr Mav Jun Jul Aug Sep Oct Nov Dec

0 — — - - - - - 8.3 - - -

1 — — - - - - - 8.3 — — -

2.0 — — — — — — - 8.0

5 — — — — — — — — 6.9 - — -

10 — — - - - - - 6.4 — - -

15 — — - - - - - 6.9 — — —

2() - - - - 6.9 — —

E4 DO [mg 17'], 1977 1978
Depth [m] Jan Feb DMar Ap?‘ ?\Ia\i jtm :hillri quq Sep bct WN ov Déc )

0 9 10 10 9 — 9 3 3 3 8 3 3

4 9 9 9 ¢ - 6 6 6 7 8 3 8

8 9 9 5 0 - 0 1 2 0 5 2 &

10 9 9 3 0 () 0 0 0 4 1 8

12 9 9 2 () — 0 0 0 4] 4 1 8

14 9 9 2 0 — 0 0 () () 1 0 3

16 9 9 2 0 0 {) 0 0 0 0 3

18 9 9 2 0 0 () {} () 0 0 8

E6 CHLOROPHYLL CONCENTRATION [gzg 17°]. Sep. 10, 1984

Depth [m] Jan Feb 7M;r Apr Mag' Jun  Jul Aug Sépm Oct  Nov Dec

0 - - - = = = 1.3 -
1 - - - - - = - 5.6 — -
25 - - - - - = - - 65 - -
5 - - - - == 5.3 - -
10 - - - - - = - 1.3 - -
15 - - - - = = - 1 B
20 - - - - = = - L B

E7 NITROGEN CONCENTRATION
§ Total-N* [mg 1], Sep. 10, 1984

Depth [m] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0 - - - - = = - omr - - =
25 - - - - = - - 0.197 —  — -
5 - - - = = = = 0.163 — - -
10 - - - - - - - - 0.326 — - —
15 - - - - - - - - 1m0 - - -
20 S U -

* Total-N is estimated from PON and DTN concentrations.



E8 PHOSPHORUS CONCENTRATION
§ Total-P [mg 17']. Sep. 10. 1934

Depth [m] Jan Feb Mar Ai)r l\[ay Jun  Jul 1\;1;1 Sep

(

Lo = =
o Uy = U

103

F1 FLORA
§ Phytoplankton : Merismopedia elegans, Microcystis spp., Svuura petersenis, Dinobrvon divergens,
Mallomonas spp.. Navicula viivncocepale. Navicula spp.. Cyclotella spp.. Tabellavia fenestrala,
Diatomella spp.. Stephanodiscus carconensis, Nitzclia acicularis, Molosira granulata, M. italica.

M. spp.

ASI-4

- 0.011 - -
).012 — -
- 0.011 - -
—  0.011 - -
- 0.018 - -

- 0.026 - —

—

F. BIOLOGICAL FEATURES

Sviedra acus, Surivellae  robusta,
Centritractus  belonophorus, Cerativon  lirundinella,
Crvpiomonas compressa, C. spp.. Gowvostuwion sewisn, G. spp.. Stawrasiion pseadopelagicmn, S

dimazum. S. dorsidentiferion. S. curvatiom,
Arthrodesmus spp.. Euastropsis vichieri. Cosmariion contractumr, C. reniforme. Cosmariin spp..
Spondirosium spp.. Closteriiom spp., Qocystis lacusiris, O. spp.. Nephrocviinm spp.. Glaeotaeninm
loitelsbeygervianmm, Tetraedron hastatum, Crucigestia tetrapedia. Galenkinia radiata, Carteria
cordiformes, Chianvdomonas moewusii, Dictvospherivin ¢lirenbergicnmmn., D, pulchellium, Gonol-
ozvgon pilosin (7, 9).

F2 FAUNA
§ Zooplankton : Rotifera (Collotheca sp., Conochilus unicornis, Hexarihira wiira, Keralella cochlear-
1s. K. tropica, Brachionus patulus, Tricocera cvlindrica, T. similis) ; Cladocera (Diaphanosomua

excisum, Daphwic longispine, D. luniliollzi, Ceriodapluia reliculata, C.

S.

Rhaoicosphenia  curvata.  Botrvococcus
Gymnodinium

Oct Nov 7 T)(*rci

brauni.

spp.. Peridinium

spp.. Arthrodesinus triangulars, A.

spp..

ralfsii.

cormita, Stmocephalies

vetilus elisabethae, Bosmina longivostris. Eubosmina covegoni, Moina micrura) : Copepoda
(Neodiaptomus strigilipes, Phyllodiaptomus blanci, Mesocvelops leuckarti. Thermocyelops crassus.

Tropocvelops confines, Chaoborus sp.) (12, 13, 14, 15, 16, 17).

ASI-4-2

Percentage

Seasonal abundance of Crustacean zooplankton in Lake Phewa, Jan.-Dec..
1977. Numbers represent the animals/m* and histograms represent the per-

centages ol different groups (12).
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|
d
|

S T T ° = = < o Z Tz
2 = = N Z 2 = I = =
Months S = I 3 = 3 = g
x % 3\ E ; B ~
5 3 o 3 z
Jan 116,900 1,200 5,600 5,800 200 — 77800 6. 600 6,000 1,200
Feb 54,200 1.100 84,700 4.100 300 - 26,700 2,700 6.000 2,400
Mar 15,400 2,700 197,200 33,900 6,200 43,800 So4000 25,200 —
Apr 4,500 - 2,200 2,100 — 22100 135,600 7,500 200
May 41,100 — — 1,200 A00 12,100 9 200 5, 100 ]
Jun 1,900 3,000 12,200 X400 1,500 3.900 1.200
Jul 2,400 - 400 1.500 7,200 6.300 3,800 3. 900 900
Aug 5.100 — 800 - 400 3,600 2.000 3,900 2,100 1,600
Sep 51.300 — 2,300 35,400 85,500 10,600 23,100 608 600 130,300 1.700
Oct 1.400 1,100 28,800 1,200 100 - 14,000 21,000 1.100 2,900
Nov 3.800 300 S00 15,000 700 3.000 49,000 6,600 2 100
Dec 26,500 200 19,100 1.000 25,600 L.ann 2,700 1.000

§ Fish: Bariltus barna, B. bendelensis, Cirviuunus rewa*, Labeo gonius*. L. rohita*, Puntins
sarana®, P.osoplhora, Tov tor*, T. putitova*. Acrossocliiclus hiexagonolepsis®, Anguilla bengalensis,
Xenentodon cancilla, Channa gachua, Mastacenibelus avinatus, Aristichithvs nobilis*, Hvpophthal-
michthys molitrix*, Ctenophaivgodon idellus*, Cyvprinus carpio™ (*economically important) (18,
19,

F3 PRIMARY PRODUCTION RATE"* [kg O. m™2vr 1], 1977-1973 (6)

Annual total

Net production .35
Dark respiration 1.85
Gross production 2.2

* Estimated by a modified light/dark oxyvgen method.

F5 FISHERY PRODUCTS
§ Annual fish catch in 1985 : 40 [metric tons].

G. SOCIO-ECONOMIC CONDITIONS (Q)
Gl LAND USE IN THE CATCHMENT AREA (1984}

Area [km?] (9]
Natural landscape
Woody vegetation 30 27
Herbaceous vegetation 10 9
Swamp 2 2
Others 8 8
Agricultural land
Crop field 20 18
Pasture land 20 18
Residential area 20 18
Total 110 100




ASI-4

§ Main types of woody vegetation : Subtropical deciduous broadleaf forest.
§ Main kinds of crops : Rice. maize. wheat, fruit trees.
§ Levels of fertilizer application on crop fields : Light.

G2 INDUSTRIES IN THE CATCHMENT AREA AND THE LAKE (1984)

Gross product per year

Fisheries 7 75.000

G3 POPULATION IN THE CATCHMENT AREA (1934

Population density

Population ) Main cities
[km ?|
Urban ca. 10,000 - Pokhara
Rural ca. 5,000 -
Total ca. 15,000 136

H. LAKE UTILIZATION (Q)

H1 LAKE UTILIZATION
Sightseeing and tourism (number of visitors in 1934 : 20,000), recreation (swimming. sport
fishing. vachting), fisheries and source of water.

H2 THE LAKE AS WATER RESQURCE (1934)

Use rate
Domestic water 10 m* day™!
Irrigation 10 m?* sec!
Power plant 10 m® sec!

1. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS (Q)

1 ENHANCED SILTATION

§ Extent of damage : Serious.
§ Supplementary notes : The lake is receiving heavy silt loads every vear during the rainy season
due to the deforestration on the northern belt of the watershed arca.

I3 EUTROPHICATION
§ Nuisance caused by eutrophication: None.

4 ACIDIFICATION
§ Extent of damage : None.
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M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR
UPGRADING LAKE ENVIRONMENTS (Q)

M3 RESEARCH INSTITUTES ENGAGED IN THE LAKE ENVIRONMENT STUDIES
(1) Fisheries Development Centre, Baidam, Phewa Tal. Pokhara, Nepal

N. SOURCES OF DATA

(Q) Questionnaire filled by Mr. Decp B. Swar, Fisheries Development Centre, Pokhara, Nepal,
based on the data obtained from the following sources.

{1) Hagen, T. (1969) Report on the geological survey of Nepal. Vol. 1. Preliminary reconnais-
sance. Denkschr. d. Schweiz, Naturf. Ges., 86 1-185.

{2} Gurung. H., (1970) Geomorphology of Pokhara Valley. Himalavan Review, 2.3 37-49.

(3) Yamanaka. H., Yoshida, M. & Arita, K. (1982) Terrace landform and quaternary deposit
around Pokhara Valley, central Nepal. Journal of Nepal Geological Society, 2: 113-142.

{4} Ferro, W. & Swar. D. B. (1978) Bathymetric maps from three lakes of the Pokhara Valley
(Nepal). ]. Inst. Sc. Tribhuvan University, Kathmandu, Nepal. 1 177-188,

(50 Swar, D. B. (1930) Present status of limnological studies and research in Nepal. “Proceed-
ings of the First Workshop on the Promotion of Limnology in the Developing Countries™ (ed.
Mori, S. & lkusima, L). pp. 43-47. XXI SIL Congress. Kvoto.

(6) Ferro, W. (1981/1982) Limnology of the Pokhara Valley lakes (Himalavan Region. Nepal)
and its implication for fishery and fish culture. Journal of Nepal Research Centre. Kathmandu.
Nepal, 5761 27-52.

(7) Hickel, B. (1973) Limnological investigations in lakes of the Pokhara Valley. Nepal. Int
Revue ges. Hydrobiol., 58: 659-672.

(8) Swar, D. B. & Fernando, C. H. (1980) Some studies on the ecology of limnetic crustacean
zooplankton in Lakes Begnas and Rupa. Pokhara Valley. Nepal. Hydrobiologia, 700 235-245.

(9) Nakanishi, M. (1986) Limnological study in Phewa, Begnas and Rupa Lakes. “Studies on
Distribution. Adaptation and Evolution of Microorganisma in Nepal Himalava (Second Report)”
(ed. Ishida, Y, pp. 1-13. Kyoto Univ., Kyoto.

(1) Nakanishi, M., Terashima. A., Watanabe. M. & Alisra. P. (1984) Preliminary report on
limnological survey in lakes of Pokhara Valley (Nepal) in November-December. 1982, “Studies
on Distribution, Adaptation and Evolution of Microorganisms in Nepal Himalava (Preliminary
Report)” (ed. Kadota, H.), pp. 31-41.  Kvoto Univ., Kvoto.

1) Kato, K. & Havashi, H. (1982) Limnological presurvev of Lake Phewa, Nepal, J. Fac. Sc.
Sinshu Univ., 15: 27-29.

17 Swar, D. B. & Fernando, C. H. (1979a) Seasonality and fecundity of Daplinia lmhiolizi Sars
in Lake Phewa, Nepal. Hyvdrobiologia, 64: 261-26%.

(h Swar, D. B. & Fernando, C. H. (1979b) Cladocera from Pokhara Valley, Nepal with notes on
distribution. Hydrobiologia. 66 113-128.

() Swar, D. B. (1979). Some studies on freshwater crustacean zooplankton (natural fish food
from Nepal. M. Sc. thesis, University of Waterloo, Ontario, Canada, 152pp.

{15 Swar, D. B. (198]1) Seasonal abundance of limnetic crustacean zooplankton in Lake Phewa,
Pokhara Valley, Nepal. Verh, Int. Ver. Limnol., 21 : 535-538.

(10 Dumont. H. J. & van de Velde. 1. (1977) Report on the collection of Cladocera and Copepoda
from Nepal. Hvdrobiologia, 53: 1: 55-65.

1n  Deams, G. & Dumont, H. J (1974} Rotifers from Nepal, with description of a new species of
Scaridium and a discussion of Nepalese representative of the genus Hexarthia. Biol. b,
Dodonaea, 42 : 61-31.

18 Ferro, W. (1980) Data on the fishery in Pokhara Valleyv (Nepal) and their implications for the
fishery management. J. Inst. Sc. Tribhuvan University, Kathmandu. Nepal. 3: 221-236.

19 Ferro, W. & Badagami, P. R. (1980} On the biology of the commercially important species of
fish of the Pokhara Valley (Nepal). J. Inst. Sc., 3: 237-250.
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CHUZENJI-KO (LAKE CHUZENJI)

A northward view over the whole lake

Photo! A. Kurata

AR o ; ! £ IR Ak oo ;
Yoshifthdl B /¥y o wan 'rﬁ;.w:i- kushima \]"
Teublm %'." Ml o~ nu.’ﬁh 1 Vo Azt X ashima
Teradomargg o -t S dts N Lo Blcta Taift . | _\-| — %\
F Sujo © " e ';_ ik W‘I i ata K®iaramach
.' it sucke Nozawa™ W Nk - 7 —Gid ki)
ol TN ke ipthanmatau . ff .
/s f \ h Nyrenee I
7 -ﬁm:m =3 S
LA rfu{i?nﬂf'?:nmiaku :
” \ / \.3 pishimo-Kitaba
5 . ;l-' Dtsukura
k-t _r- & Natsi-gawa
i i} Shioya-2aki
ml:hnma
| .l.‘:m Iharak:
,e'?m" |  Jakahayt
¢ Woraseo grya
!mk.qu .
ashi ol
. LFETs it RS Y
L NAIB AN O | Shmopita ot Fold
o el 1 { : ) 5
g i B
@

IOCI _rio Kilometres

Copyright © John Bartholomew & Son Limited MCMLXXXII. Reproduced with permission.



A. LOCATION

§ Tochigi Prefecture, Japan.
§ 3644'N, 13929 : 1,269 m above sea level.

B. DESCRIPTION

Lake Chiizenji is located close to Nikkd. one of the most familiar sightseeing places in Japan.
about 120 km north of Tokyva. The lake is a natural dammed lake produced by the eruption of the
volcano Mt. Nantai, now rising on the northeastern side of the lake. Its forest-covered drainage
basin is designated as a national park. The area is blessed with abundant natural beauty. such as
the Kegon Falls and the Hakuun Falls. formed by the underground flow of the lake water. as well
as fine stands of white birch and rich flora. The famous Toshoég Shrine is also near the lake.
Thus about four million tourists visit the area annually both from interior and abroad.

The trophic level of the lake is oligotrophic and a few kinds of trout can be caught. The
transparency is generally around 9m. but is becoming lower as compared with the values in the
1930's.

In these several vears, Uroglena americana often blooms during June. and causes a foul smell
of tap water from the lake. To reduce the nutrient loading on the lake. municipal wastewater
treatment systems have been provided in the area of Lake Chiizenji and water quality improvement
countermeasures are also being promoted in Yu-no-ko, a small lake in the upstream of its drainage
hasin. The Tochigi Prefectural Government enacted in May 1986 the Lake Water Quality
Management Plan and the Water Quality Protection Countermeasure Ordinance for Lakes Chiazen-
jii and Yu-no-ko (Q).

C. PHYSICAL DIMENSIONS

Surface arca [km?] 11.5
Volume [10°m?] 1.16
Maximum depth [m)] 163

Mean depth [m] 91.6

Normal range of annual water
level fluctuation (regulated) [m]

Length of shoreline [km] 24
Residence time [yr] 6.1
Catchment area [kim?| 121




D. PHYSIOGRPHIC FEATURES

D1 GEOGRAPHICAL (Q)
§ Bathymetric map (Fig. ASI-5-1).
§ Outflowing rivers and channels (number and names) : 1 (Daiya R.).

Fig. ASI-5-1 Bathvmetric map (8).

N

D2 CLIMATIC
§ Climatic data at Chagtshi, Nikkd, 1983-1985

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Déé Annual

Mean temp. ["C] -5.6 ~5.4 -2.5 5.1 9.8 12.717.519.1 14.4 8.3 3.2 2.4 6.2
Precip itation [mm] 22 106 93 169 116 244 320 386 209 129 81 28 1,901

§ Number of hours of bright sunshine (Chiigfishi, Nikko, 1983-1985) 1 2,058 hr yr—'.
§ Water temperature [ C]
Station 1. 1985

Depth [m] I:m Feb Mar Apr May ]Wun Juil Aug Sep Oct Nov Dec

0 - 40 8.0 156 185 22.2 220 153 8.6 —

§ Freezing period: None.
§ Mixing type : Monomictic.

E. LAKE WATER QUALITY
E1 TRANSPARENCY [m]. 1985 (2)

7jian Feb Mar Apr May Jun Jul Xué Sep”cht Nov Dec

Station 1 — 9.4 9.7 6.2 5.3 13.56 11.5 11.0 10.2 —

E2 pH, 1985 (2)

Depth [m] Jani 7Feb Mar Apr May Jun Jul 7Aug Sep Oct Nov Dec

0 - - - 7.2 7.8 82 85 7.8

oo

(%)
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O
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|

ASI-5



ASI-5

E3 SS [mg 171}, 1985 (2)

Depth [m] Jan Feb Mar Aprm[\’lay _ILrlrn Jul  Aug Sep Oct Nov DeCm
0 - — — 1 <1 <1 <1 <1 <1 <1 <1 —

E4 DO [mg 17'], 1985 (2)

Depth [m] 7 Jan Feb Mar Apr May Jun erul Aug  Sep Ocrf Nov  Dec
0 — — - 11 11 9.6 92 80 83 9.0 10 —

E5 COD [mg 171, 1985 (2)
Determined by KMnO, method.

7[)761:);[1]’[71;17]7]7 Jan Feb Mar Apr May Jun Jul Aug Sép Oct NO\V‘rDeC

0 - : — 0.7 0.6 07 1.0 1.0 0.8 1.3 1.2 -

E6 CHLOROPHYLL CONCENTRATION [uzg 17'], 1985 (2)

Debt;l [m] Jan Feb Mar Apr MZy Jun  Jul  Aug Sep r(gct Nov VDec

0 - - - 2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 -

E7 NITROGEN CONCENTRATION
§ Total-N [mg 17']. 1985 (2)

7De;)tihw[m] 7Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0 — — — 0.21 0.19 0.14 0.19 0.12 0.16 0.12 0.10

E8 PHOSPHORUS CONCENTRATION
§ Total-P [mg 17']. 1985 (2)

Depth [m]iijianﬂ Feb Mar Apr May Jun Jul Aug Sep 7Oct Nov Dec

{ — — — 0004 0003 0.003  0.003 <0.003 <0003 0.004  0.005 —

EQ PAST TRENDS

Fig. ASI-5-2 Trend of transparency at the lake center (7).

—
()
-

Transparency [m]

5 . N
1872 713 74 75 76 77 78 79 80 81
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F. BIOLOGICAL FEATURES

F1 FLORA
§ Submerged macrophytes : Elodea nultallii, Polawogelon crispus (3).
§ Phytoplankton @ Melosira italice, Uroglena americana, Ceralivm  hirundinella, Quadrigula
chodatii, Fragilavia crolonensis (2).

Zooplankton : Nauplius, Acanthodiaptomus pacificus, Daphnia longispina (2)
Benthos : Stictochirvonomus spp.. Prodiamesa sp., Chironomus nipponensis {
Fish: Oncorfvuchus nerka, Salmo gaivdneri (Q),

F2 FAUNA
§ :
§ 3).
§

F3 PRIMARY PRODUCTION RATE* [mg O, I7* hr] ()
Station 1, 1985

Jan Feb Mar Apr May Jun Jul Aug Sep Octi\IO\ Déc W

;f)tdudion - — 00151 00500 0.0192 -0.0242 0.0175 0.0067 -0.0375 -0.0120  —
Pe;;;li{rati(m - - — 00076 00233 0.0267  0.0275 -0.0104 0.0108  0.0708 0.0104
;’lfoojfmm - — 00076 0.0733 0.043%  0.0033 0.0070 0.0175  0.0333 -0.0016  —

* Tank method at 3,000 lux.m

F5 FISHERY PRODUCTS
§ Annual fish catch in 1984 : 25 [metric tons] (4).

G. SOCIO-ECONOMIC CONDITIONS (Q)
G1 LAND USE IN THE CATCHMENT AREA (1986)

Area [km?] [%]
Natural landscape 119.7 99.1
Agricultural land 0.35 0.3
Residential area 0.33 0.3
Others (.35 0.3
Total 120.7 100.0

§ Main types of woody vegetation (main species): Deciduous broadleaf forest (Fugwus crenala,
Quercus mongolica var. grosseservata, Ulmus japonica) ; evergreen conifer forest (Tsuga diver-
sifolta, Thujopsis dolabrala, Abies homolepis) ; deciduous conifer plantation (Larix kaempferi)
{6).

§ Main types of herbaceous vegetation : Dwarf bamboo community and high moor (6).

§ Main kinds of crop plants : Vegetables (radish, lettuce, etc.).

§ Levels of fertilizer application on crop fields : Moderate.
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G2 INDUSTRIES IN THE CATCHMENT AREA AND THE LAKE

~ Gross product No. of . .
())er Lz'e(')lru )@110(1)1: No. of Main products or
! (U‘%‘%; éng;gea establishments major industries
Primary industry 7 7
Crop production N A - N A Radish. lettuce
. INLAL 4 AN
Animal husbandry Oncorhionchues stort
Fisheries 69 % 10° 88 N A 311(0) LHCRIS HEIRA,
: ) Salmo guirdneri
Others N.A. N.A. N.A

§ Number of domestic animals in the catchment area: Cattle 20.

G3 POPULATION IN THE CATCHMENT AREA (1987)

Population density

Population (k-2
Urban 0] (}
Rural 1,366 11.3
Total 1.366 11.3

H. LAKE UTILIZATION (Q)

H1 LAKE UTILIZATION
Tourism (number of visitors in 1984 : 4,000,000), recreation (sport-fishing, yvachting), fisheries

and source of water.

H2 THE LAKE AS WATER RESOURCE (1982)

Use rate [m® sec™!]

Domestic water 0.027
Power plant 1.32
Others ().86

[. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS (Q)

11 ENHANCED SILTATION
§ Extent of damage : None.

I2 TOXIC CONTAMINATION
§ Present status : No information.

I3 EUTROPHICATION
§ Nuisance caused by eutrophication : Algal bloom (Uroglena) and foul smell of tap water.

§ Nitrogen and phosphorus loadings to the lake (1982) [kg vr™'] (4).

Sources Industrial Domestic Agricultural Natural Total
T-N — 8,653 2,457 65,923 77,033
T-P — 805 584 5,898 7,287

Supplementary notes : Since the progress of the lake’s eutrophication was indicated by a foul
odour of tap water caused by phyvtoplankton since 1981 and the sporadic appearance of organic
foams on the lake surface since 1984, the Tochigi Prefectural Government has promoted
countermeasures against the the degradation of water quality according to the Water Quatity

o
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Protection Countermeasure Ordinance for Lakes Chfizenji and Yu-no-ko.

J. WASTEWATER TREATMENT (Q)

J1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (c) Limited
pollution with wastewater treatment.

J2 APPROXIMATE PERCENTAGE DISTRIBUTION OF POLLUTANT LOADS

Percentage*
Natural 87.1
Settlements 8.8
Municipal 4.1
Total 100%

* COD basis.

M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR
UPGRADING LAKE ENVIRONMENTS (Q)

M1 NATIONAL AND LOCAL LAWS CONCERNED
§ Names of the laws (the vear of legislation)
(1) For national laws see "Biwa-ko”.
(2) Tochigi Prefectural Pollution Control Ordinance (1972)
§ Responsible authorities
{2) Tochigi Prefectural Government

§ Main items of control
(2) pH. BOD, COD. SS, T-N, T-P

M2 INSTITUTIONAL MEASURES
(1) Tochigi Prefectural Institute for Pollution Control, Utsunomiya

N. SOURCES OF DATA

*Printed in Japanese.

(Q) Questionnaire filled by Prefectural Government of Tochigi.

(1) Utsunomiya Regional Weather Office (1983, 1984, 1985) Annual Report of Weather, Tochigi
Prefecture. Utsusomiva.*

(2) Department of Public Health and Environment, Tochigi Prefecture (1986) Annual Table of
Water Quality, Tochigi Prefecture. Utsunomiya.*

(3} Tochigi Prefectural Government (1984) Report of Water Quality Protection Countermeasures
of Chiizenji-ko and Yu-no-ko. Utsunomiva.”

(4) Tochigi Prefectural Government (1986) Lake Water Quality Management Plan, Tochigi
Prefecture. Utsunomiya.”

(5) Tochigi Prefectural Institute for Pollution Control (1985) Annual Report of Tochigi
Prefectural Institute for Pollution Control, No. 9. Utsunomiya.*

(6) Environment Agency (1981) The 2nd National Survey on the Natural Environment (Vegeta-
tion), Actual Vegetation Map. Tochigi Prefecture. Japan Wildlife Research Center, TOkyo.”
(7) Department of Public Health and Environment, Tochigi Prefecture (1983) Report of Water

Quality Survey of Chfizenji-ko and Yu-no-ko. 127pp. Utsunomiya.”
(8) Japan Map Center (ed.) (1982) Collection of Maps on Japanese Lakes (Technical Data of
National Geographical Institute, D-1-No. 221). National Geographical Institute, Tsukuba.*
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NAGASE-DAM U-KO (NAGASE RESERVOIR)

A view of the dam site

Photo:T. Nishijima
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A. LOCATION

§ Kochi Prefecture, Japan.
§ 33°42'N, 13352°E ; 196 m above sea level.

B. DESCRIPTION

Nagase-damu-ko is a multiple-purpose reservoir located in the upper reaches of Monobe River,
which is 71 km long and flows through the granary area of Kochi Prefecture on Shikoku Island.
The river’s watershed, 508 km?* wide, is one of the arecas in Japan where frequent visits of typhoon
bring the heaviest rainfall. However, the rainfall is so variable that paddy fields in the watershed
often suffered from severe drought, while flood disasters were also frequent.

The Japanese Ministry of Construction initiated in 1949 a comprehensive development project
for the river system including the construction of this reservoir. The Nagase Dam was completed
in 1957 with the total cost of 3,939 billion yen, and now supplies irrigation water at an average rate
of 30 m*® sec”! together with the hydroelectric power of about 111 x 10° KWH. The Prefectural
Government of Koéchi is now responsible for the management of this reservoir.

The catchment area of the reservoir (295 km?®) is largely covered by dense forest, containing
only a small village situated near the dam site. The water has remained oligotrophic. the annual
mean of total phosphorus concentration being 0.006-0.008 mg 17', though the bloom of flagellate
algae. Peridinium spp.. has occurred in May-September annually in recent vears. The density of
algal population usually ranges from 10° to 10* cells per litre. Otherwise the lake water quality
has been free from the effects of siltation., acid rain and chemical pollution and suitable for
drinking (Q).

C. PHYSICAL DIMENSIONS

Surface area [km?] 2.1
Volume [10°m?] 58.8
Maximum depth [m] 67.0
Mean depth [m] 23.2

Normal range of annual water
level fluctuation (regulated) [m]

Residence time [yr] 0.056
Catchment area [km?]




D. PHYSIOGRAPHIC FEATURES

D1 GEOGRAPHICAL
§ Sketch map (Fig. ASI-6-1 and 2).
§ Main islands : None.

§ OQutflowing rivers and channels (number and names): 1 (Monobe R.).

D2 CLIMATIC (Q)
§ Climatic data at Station A. 1983-1985

Jan Feb MariApr May Jun Jul Aug Sep Oct Noi‘ Dec Annual
2.5 35 7.6 14.9 19.6 22.5 27.7 27.7 24.2 17.4 11.0 5.3 15.3
5489 211 276 259 413 249 208 290 150 46 5 2.300

Mean temp. [°C]

3.
Precipitation [mm] 5

§ Number of hours of bright sunshine : 1400 hr month™* (summer).

Fig. ASI-6-1  Sketch map of the reservoir (1),

. Station A

Station B8

Fig. ASI-6-2  Sketch map of the catchment area (1).
N

ASI-6
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§ Water temperature ["C] (Q)

Station A, 1983-1985

Depth [m] Jan Feb Mar Apr May Jun
L’(”gf;‘f)e 6.4 7.4 10.4 14.9 18.8 19.6
10 6.3 7.0 8.7 11.6 14.8 14.2
20 6.2 6.3 7.0 9.6 7.5 6.4
30 5.8 5.8 6.1 6.7 5.5 5.4
40 — — 6.0 6.0 5.5 5.3

§ Freezing period : None.

Sep  Oct Nov Dec
25.0 18.5 13.8 9.0
19.5 16.1 13.5 9.0
7.9 15.5 8.9 7.5
6.5 9.1 6.8 7.0
6.5 6.7 6.8 7.0

§ Notes on water mixing and thermocline formation : Usually the thermocline is formed from May to
November, but not in 1982 owing to heavy floods.

E. LAKE WATER QUALITY

E1 TRANSPARENCY [m] (Q)
Station A, 1985
Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1.0 0.4 3.0 20 20 1.7 2.8 1.8 4.5 1.8 3.8 4.0
E2 pH(Q)
Station B, 1982-1983
Depth [m] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0 7.6 81 7.9 85 89 92 80 9.3 93 85 80 8.2
10 7.0 8.0 7.8 7.7 7.8 8.1 8.0 8.9 8.4 7.9 8.0 8.0
20 6.9 81 7.8 7.2 82 80 7.8 &2 82 7.9 80 8.2
30 6.9 8.0 7.7 8.0 7.7 8.1 7.9 81 8.0 8.1
40 - — 7.6 — — 8§.2 7.9 - 7.3 - — —
E3 SS[mg 17'1(Q)
Station B, 1985-1986
Depth [m] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0 - 2 - <1 - 3 - 4 = 3 = 2
10 — — - <1 — 2 — 5 — 5 — —
20 - - - <1 - 3 - 5 = & - -
30 - - - - - 2 - 3 - 3 - -
40 - - == === =T
45 : - <1 -
E4 DO [mg 17'1(Q)
Station B, 1982-1983
Depth [m] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0 - - 122 11.7 9.8 -~ — 9.8 11.6 10.2 8.0 10.1
10 — — 11.7 10.9 9.6 — - 8.3 9.0 9.2 8.0 —
20 — — 11.2 11.1 6.6 - - 7.0 9.7 9.1 8.3 —
30 : - 10.0 5.0 8.1 8.8 86 10.3
40 — - 10.2 - — — — — 8.2 — — -
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E5 COD [mg 1 '{Q)
Determined by KMnO, method.
Station B, 1985-1986

Depth [m] Jan Feb7 Mar” Apr May Jun  Jul Aug VSep Oct Nov Dec

0 ~ 10— 14 — 13 - 34 — 15 — 0.6
10 - - - 08 - 11 — 15 — 11 - -
20 - - 08 - 05 — 0.8 - 0.7 — -
30 - - = = = 0.6 1= 07 - =
10 - - - - - - - = 0T = -
16 - - 0.6 - - = = - - -

E6 CHLOROPHYLL CONCENTRATION [ug 17'] (Q)
Station B. 1982-1983

7Y7)epth [m] Jan Feb Mar"Apr Mav  Jun Jurlr 7 Aug Sep Oct .\foxf Dec

0 2.4 30 6.1 7.7 65 4.1 376 4.3 9.3 59 4.2 2.2
10 1.4 1.7 0.6 23 65 2.1 0.9 1.6 36 6.3 1.4 1.8
20 1.5 1.5 0.8 2.1 0.4 1.0 0.3 1.2 23 1.6 1.8 0.2
30 1.8 1.6 0.7 — — 0.2 0.2 1.7 3.2 2.2 2.3 0.4
40 — — 0.9 - — 0.5 0.1 — 0.4 - - -

E7 NITROGEN CONCENTRATION (Q)

§ Total-N [mg 17']
Station B, 1982-1983

Depth [m] jan Feb Mar Apr May VJun Jul

6(:1 N ov Dec

=1
— | =
o | 0G
w
x
[

0 0.20 0.18 0.52 0.39 1.41 0.45 1.15 0. 0.18 0.33 0.23 0.28
10 0.32 0.16 0.29 0.23 0.40 0.29 0.39 0.22 0.20 0.26 0.24 0.30
20 .22 0.15 0.35 0.36 0.72 0.31 0.38 0.29 0.31 0.30 0.21 0.35
30 0.23 0.25 0.25 — — 0.531 0.37 0.29 0.36 0.26 0.21 0.29
10 - - 0.29 - - 0.34 0.35 - 0.9 — - -

E8 PHOSPHORUS CONCENTRATION (Q)
§ Total-P [mg 1 ']
Station B, 1982-1983

T)Eepthr[m] W]an Feb Mar Apr Mayv Jun Jul Aug Sep Oct Nov Dt‘L‘

0 T) 06 0.012 0.027 0.020 0.011 0.023 0.183 0.010 0.011 0.011 0.008 0.014

0 )
10 0.021 0.011 0.015 0.014 0.010 0.006 0.018 0.015 0.006 0.009 0.011 0.019
20 0.007 0.074 0.028 0.026 0.006 0.010 0.016 0.015 0.031 0.010 0.019 0.019
30 0.007 0.106 0.018 — —  0.011 0.007  —  0.028 0.013 0.020 0.019
40 — —  0.038 — —  0.008 0.007 0.325 — - —
F. BIOLOGICAL FEATURES Q)
F1 FLORA
Station A

§ Emerged macrophytes : None.
§ Floating macrophytes : None.
§ Submerged macrophytes : None.

[Sal
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§ Phytoplankton : Spring (Mar.-May) (Zeridinium penardii, Synedra sp.) ; summer (Jun.-Aug.) (P,
cunniglonti, P afvicaom, Pandrina nonwon) ;. autumn (Sep.-Nov.) (Cvclotella  sp.. P.
africanum) ; winter {Dec.-Feb.) (P. penardii).

F2 FAUNA
§ Fish: Cvprinus carpio, Carassins spp.. Zacco tennmnincki.

F7 NOTES ON THE REMARKABLE CHANGES OF BIOTA IN THE LAKE IN RECENT YEARS
Since 1962, the red tide of Peridinium spp. has occurred annually from May to September.

G. SOCIO-ECONOMIC CONDITIONS
G1 LAND USE IN THE CATCHMENT AREA (1979) (1)

Area [km?] [9%]
Natural landscape
4) D i
Woody vegetation 291 98.6
Agricultural land 1 1.4
Total 295 100.0

§ Levels of fertilizer application on crop fields : Light.

G2 INDUSTRIES IN THE CATCHMENT AREA AND THE LAKE (1981} (())
§ Number of domestic animals in the catchment area: Cattle 60.

G3 POPULATION IN THE CATCHMENT AREA (1981) (QQ)

Population density

Population P NMain cities
Rural 5000 16.9 None
Total 5000

H. LAKE UTILIZATION

H1 LAKE UTILIZATION (Q)
Generation of electricity and source of irrigation water.

H2 THE LAKE AS WATER RESCURCE

Use rate

Irrigation N. A.
Power plant 30 m* sec™* (1064 x 10° KWH)

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS (Q)

[1 ENHANCED SILTATION
§ Extent of damage : None.

[2 TOXIC CONTAMINATION (Q)
§ Present status : None.
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I3 EUTROPHICATION (Q)
§ Nuisance caused by eutrophication : Unusual algal bloom (Peridiniun).

§ Nitrogen and phosphorus loadings to the lake [kg day~'] {1981)

7 ﬁldiwtrial Domestic Agricultural Natural - E()tal
T-N — 18 73.6 188.7 280.3
T P — 6.1 0.8 14.2 21.1

14 ACIDIFICATION
§ Extent of damage : None.

J. WASTEWATER TREATMENTS (Q)

J1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA : (b) No sources of signifi-
cant pollution.

L. DEVELOPMENT PLANS (Q)

None.

M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR
UPGRADING LAKE ENVIRONMENTS (Q)

M1 NATIONAL AND LOCAL LAWS CONCERNED
§ Names of the laws (the yvear of legislation)
(1) See “"Biwa-ko” concerning national laws.

§ Responsible authorities
(1) National Government and Kochi Prefectural Government

M3 RESEARCH INSTITUTES ENGAGED IN THE LAKE ENVIRONMENT STUDIES

{1} Department of Agriculture, Kéchi University, Nangoku-shi
(2) Kéchi Prefectural Environmental Pollution Prevention Center, Kéchi

N. SOURCES OF DATA

(Q) Questionnaire filled by the Prefectural Government of Kdchi.
(1) Ilata. S. (ed.) (1984) Report on the mechanism of occurrence of algal bloom by Peridiniim

spp. in Nagase-damu-ko (in Japanese).

-1
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CHAO-HU

A lakeside view
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A. LOCATION

§ Anhui Province, P. R. China.
§ 307257 -31743'N, 117717 -11752E.

B. DESCRIPTION

Lake Chao is located 15 km southeast from Hefei City, the capital of Anhui Province. [t is
one of the five largest freshwater lakes in China. and is the largest lake in the Province. The life
of the lake i1s about 10 thousand years.

The lake is famous for its beautiful landscape and historic sites, and is extensively used as
water sources for drinking and irrigation and for fishery and transportation. About 5 million
people live around the lake. In 1962, a dam was built at the only outflowing river. Control of
water level has brought about some merits for irrigation and transportation, but at the same time
it resulted in some demerits. The most evident effect was the reduction of fish production.

Owing to the rapid development of industry, fast increase of population and establishment of
water conservancy facilities. the lake has suffered from eutrophication and «ilting in recent vears

Q).

C. PHYSICAL DIMENSIONS (Q)

Surface area [km?] H6.72
Volume [10°m?) 1.7
Mean depth [m] 7.5 7.8
Water level Regulated
Length of shoreline [km]| 185

Catchment area [km?] 10430

(g%



D. PHYSIOGRAPHIC FEATURES

D1 GEOGRAPHICAL (Q)

§ Main islands (name and area): Laoshan Island (0.86 km?).
§ Outflowing rivers and channels (number and names): 1 (Yuxi R.).

D2 CLIMATIC
§ Climatic data, 1980-1984

ASI-7

_12;1; Feb Mar Apr May Jun i Jul Aug Sep Oct Nov L;ec Annual

Mean temp. | 'C] e 28-30 - - - = 15-16
Precipitation [mm] ( 121 ) ¢ 303 ) 429 I 231 ) 1,100

§ Water temperature ['C], 1982-1984
Depth Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Surface — 5.2 — - 244 - - 321 - - 19.1 -

§ Freezing period : None.

E. LAKE WATER QUALITY (Q)
E1 TRANSPARENCY [m]. 1982-1984

Jan Feb Mar Apr May Jun Jul Aug Sep ”bct Nbr\'iDec
- 0.133 - —  0.153 0.18 — - 0.179 -

E2 pH. 1982-1984

Depth Jan Feb Mal Apr Ma\ Jun  Jul Aug Sep Oct WNOV Dec
- - 7.81 : 8.09 — - 8.18 -

-1

Surface - 7.5

E4 DO [mg '], 1982-1984

Depth Jan Feb Mar Apr A\/Iaymjun 7Jul Aug Sep Oct Nov Dec
Surface - 12.12 - - 7.93 0 — - 6.09 ~— - 10.13 -

E5 COD [mg I7']. 1982-1984
Depth Jan Teb Mar Apr Mayv Jun Jul Aug Sep Oct Nov Dec
- - 4.38 - - 4.36 - — — —

=1
<

Surface - 3.

E6 CHLOROPHYLL CONCENTRATION [ug 17'], 1982-1984

Deptl{ :Tzu; Feb Mar Apr May WJrun Jul Aug Sep Oct Nov Dec
Surface - 3.7 - - 4.38 - 4.36  — -

E7 NITROGEN CONCENTRATION [mg 1]
§ Total-N, 1982-1984.

Depth  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Surface — 2.37  — — 1.70 — 0.91 — 1.58
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E8 PHOSPHORUS CONCENTRATION [mg 17]
§ Total-P, 1982-1984.

Depth [m] Jan Feb Mar ;—\prTMeilS' 7Jun Jul  Aug Scpw Oct Nov Dec
Surface — 0.155 - - 0.144 - - 0.097 - -  0.144 -

F. BIOLOGICAL FEATURES (Q)

F1 FLORA

§ Phytoplankton : Winter-spring (Microcvstis  aeruginosae M. flos-aquae  Anabaena  spiroides.
Aphanizomenon  flos-aquae) . Summer fall (Cyelotelle  comiba, Melosira  islandica, Eudoring
clegans).

F5 FISHERY PRODUCTS
§ Annual fish catch in 1980 : 3.000 [metric tons].

G. SOCIO-ECONOMIC CONDITIONS (Q)
G1 LAND USE IN THE CATCHMENT AREA (1984)

Natural landscape 1.836 7.6
Woody vegetation 706 6.8
Herbaceous vegetation 1.130 10.%8

Agricultural land 6,480 62.1
Crop field 6,480 62.1

Others 2115 20.3

Total 10,430 100

§ Main kinds of crops : Rice, wheat.
§ Levels of fertilizer application on crop fields : Heavy.

G3 POPULATION IN THE CATCHMENT AREA

Population density

Population [km-?] AMain cities
Urban 970 < 10° Hefei
Rural 4.36x10°
Total 5.33%10° 83

H. LAKE UTILIZATION
H1 LAKE UTILIZATION (Q)
Source of water, navigation and transportation. sightseeing and tourism, fisheries.

H2 THE LAKE AS WATER RESOURCE : No information.

[. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS (Q)

It ENHANCED SILTATION
§ Extent of damage : Serious.
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2 TOXIC CONTAMINATION
§ Present status : Detected but not serious.
§ Main contaminants, their concentrations and sources

Range of concentrations [ppm] in

Name of ) ) Main
contaminants . Se
contammants Water Bottom mud Fish Other o ources
0 Organisms B
(1982}
Hg — (0.132 - - Weathering of rock
As — 11.21 : — Industrial sewage
Cu - 19.04 - "
Zn — 76.65 - n
Pb - 34.51 - — a
I3 EUTROPHICATION
§ Nitrogen and phosphorus loadings to the lake [t yT '] (1982)
Sources Industrial Domestic Agricultural Natural Total
T N N. AL 3.540.5 N, A 275.88 N. A.
T-P N.A. 177 N. A. 15.05 N. A.

[4 ACIDIFICATION
§ Extent of damage : No information.

J. WASTEWATER TREATMENTS (Q)
J1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA : (¢) Severe pollution with no

wastewater treatment.

J3 SANITARY FACILITIES AND SEWERAGES : No treatment system.

K. IMPROVEMENT WORKS IN THE LAKE

K3 OTHERS (Q)
The following measures arc heing planned.
1) For soil erosion control, the whole catchment will he divided into several subregions which

are to be managed by different technological. biological and agricultural schemes.
23 The total pollutant loads to the lake will be controlled.
3) Necessary rules and regulations for environmental protection will be strengthened.

M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR UPGRADING
LAKE ENVIRONMENTS (Q)

M1 NATIONAL AND LOCAL LAWS CONCERNED : No information.

M2 INSTITUTIONAL MEASURES : No information.

N. SOURCES OF DATA

Q) Questionnaire filled by Prof. Liu Hongliang, Chinese Research Academy of Environmental
Sciences, Beijing.



MIYUN RESERVOIR

An overview of the lake

Photo: Chinese Research Academy of Environmental Sciences.
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A. LOCATION

§ Miyun County, Beijing, P.R. China.
§ 40713-40°48'N. 116°40" 117 30°'E ; 75 m above sea level.

B. DESCRIPTION

Mivun Reservoir, located 100 km northeast of Beijing City. is a mountain valley reservoir. It
was built in September, 1960, and is the largest reservoir in Beijing area. Two main rivers, Chaohe
and Baihe, flow into Miyun Reservoir. The catchment is about 15.788 km®. consists of mountaing
and piedmonts and lacks large industrial enterprises. Sediments and nutrients from agricultural,
pastoral and forestry lands that enter the reservoir with overland flow make the main pollution
sources.

The initial purpose of building Miyun Reservoir was flood control, irrigation and fishery. but
it has become more and more important as a main drinking water storage for Beijing area. The
water quality is therefore of great importance.

Recently, the nutrient concentration and the number of phytoplankton in the Reservoir are
constantly rising to arrest the attention of Beijing municipality. A project for keeping the water
clean is being put into effect (Q).

C. PHYSICAL DIMENSIONS ()

Surface area [km?] 18

3
Volume [10* m?) 1.375
Maximum depth [m] 43.5

Catchment area [km?] 15,733
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D. PHYSIOGRAPHIC FEATURES (Q)
D1 GEOGRAPHICAL
§ Outflowing rivers and channels (number and names) : 2 (Chaobaihe R. and a canal).

D2 CLIMATIC
§ Climatic data at Miyun Station. 1980-1983

Jan Feb Mar Apr May Jun Jul Aug Sep dct Nov Dec Anriual
Precipitation [mm]| 1 5 7 27 28 95 124 162 43 19 6 3 520

§ Number of hours of bright sunshine (Miyvun Station, 1980-1983): 2,861.8 hr yr.
§ Solar radiation (Miyvun Station, 1980-1983): 15.5 MJ cm™* day~'.
§ Water temperature [°C]

Lake center, 1985

Depth [m] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Surface (0.5) — — —  10.0 19.5 22.8 26.0 26.5 21.1 13.2 9.4 —
1.5 - - — - 19.0 —  26.0 —  18.2 -
3.0 — — - 17.5 — 26.0 ~— - 18.1
5.0 - - — - 17.0 — 26.0 — - 18.0 —
9.5 — — — - 5.9 — 2600 - - 17.9 -
Bottom (16) — — - — — — - - — 16.6 — —

§ Freezing period: From Dec. to Mar.

E. LAKE WATER QUALITY (Q)

E1 TRANSPARENCY [m]
Lake center, 1985

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

— - - 1.25 - 1.72 - —  2.58 -

E2 pH
Lake center. 1985-1986

Depth [m] Jan Feb Mar Apr May Jun Jul Aug  Sep Oct  Nov

0.5 - - ~ 82 82 83 82 85 83 82 8.2
1.5 — — - - 834 - — - - - —
3.0 — — - 81 - — - —
5.0 — - — 7.65  — - - —
7.5 — — - 7.33 — — — — -
10.0 — - : - 7% - 79 - —
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E3 5SS [mg 1], 1986

Depth' [m]
0.

1

=1 Tl W =
=

= U D
|
\

10.

Jan Feb Mar Apr May Jun Jul ~\ug Sep Oct Nov  Dec

E4 DO [mg 17'], 1986

7 Depth [m]

Jan Feb Mar Aprr

May Jun  Jul

Aug Sep Oct Nov Dec

0.5 - — - - 1.8 - 7.7 — — - — -
1.5 - - - 105 - 7.1 - - = -
3.0 — - - - 10,9 - 6.9 - - = - -
5.0 e (Y 70— = = -
7.5 - — — 8.6 - 6.3 - - — —
10.0 — — — — 9.3 - 6.2 — - — -
15.0 — - - - 65 — - - -
ES COD [mg 17']. 1985
Determined by KMnO, method.
Depth [m] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0.5 — - — 1.88 2.51 2.63 2.82 2.82 3.10 2.58 2.85 —
E6 CHLOROPHYLL CONCENTRATION [pg 17'], 1986
Depth [m] Jan Feb Mar Apr V M’c{y Jun .;]ul Aug Sep Oct Nov Dec
0.5 - A A SO ¥ S
1.5 - - - = 2% - 54l - - = -
3.0 - - = = 310 - 600 - - - -
5.0 - - - 333 - 571 - - - -
7.5 == 3200 - 536 - - — —
10.0 - - - 2,92 — 165 - - -
15.0 - - - = - 5.0 — = -
E7 NITROGEN CONCENTRATION
§ Total-N [mg 17'], 1986
Depth [m] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0.5 - - = = 011 - 006 -  — 0.05 —
3.0 - - = = - 0.06 —  — 007 — -
- - - 0.16 —  —  0.05 —

16.0 -
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E8& PHOSPHORUS CONCENTRATION
§ Total-P [mg 17']. 1986

Depth [m] Jan “Feb Mar Apr May Jun WJul VAug Sep Oct Nov Dec

0.5 — — — —  0.02h - 0.022 — — — — -
1.5 — — - 0.013 —  0.028 — — — — —
3.0 — — —  0.011 —  0.027 — -- — —
5.0 - — — — 0.025 - 0.030 — — — — —
7.5 - — 0.008 —  0.028 — - — —
10.0 - — — 0.012  —  0.029 — — — — —
15.0 — : — — - 0,038 — — — —
F. BIOLOGICAL FEATURES (Q)
F1 FLORA

§ Phytoplankton : Spring (Cvclotelle, Bimuclearia) : summer and autumn (Cyvelotella, Scenedesmus).

F2 FAUNA
§ Zooplankton : Conochilus, Keratella cochlearis, Polvarihra trigla.
§ Benthos : Oligochacta.
§ Fish: Hvpophthalmichthns molitris, Aristichthyvs nobilis,

F5 FISHERY PRODUCTS
§ Annual fish catch in 1980 : 1.360.5 [metric tons].

G. SOCIO-ECONOMIC CONDITIONS (Q)
G1 LAND USE IN THE CATCHMENT AREA (1984)

Area [ha] [9]

Natural landscape 129086.2 85.3
Woody vegetation 41933.5 27.7
Herbaceous vegetation 87132.7 57.6
Agricultural land 11421.6 7.5
Crop field 11421.6 7.5
Residential area 8201.2 5.4
Others 2636.1 1.7
Total 151345.1 100.0

§ Main kinds of crops : Maize, wheat.
§ Levels of fertilizer application on crop fields : Light.
§ Trends of change in land use in recent years : It is planned to increase forest area.

G2 POPULATION IN THE CATCHMENT AREA

Population density

Population (km 2] Main cities
Urban None — None
Rural 130,000 8.2
Total 130,000 8.2
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H. LAKE UTILIZATION (Q)

H1 LAKE UTILIZATION
Sources of water. fisheries.

H2 THE LAKE AS WATER RESQURCE : No information.

[. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS (Q)

It ENHANCED SILTATION
§ Extent of damage : Not serious,

I2 TOXIC CONTAMINATION
§ Present status : None.

[3 EUTROPHICATION
Though nitrogen, phosphorus and COD contents of the lake water are low, the population
densities of plankton and benthic invertebrates have increased as compared with those in 1981,
indicating a trend toward eutrophication. To counter this trend, the establishment of industrial
factories in the catchment area as well as swimming and other surface recreations in the lake
is prohibited.

J. WASTEWATER TREATMENTS (Q)

J1  GENERATION OF POLLUTANTS IN THE CATCHMENT AREA : (b) No sources of signifi-
cant pollution.

J2 SANITARY FACILITIES AND SEWERAGE : No treatiment system.

K. IMPROVEMENT WORKS IN THE LAKE

No information (Q).

L. DEVELOPMENT PLANS (Q)

Since Mivun Reservoir will be one of the most important water sources for Beijing City.
fishery may be allowed with certain limitation as long as it causes no harm to water quality.
Water recreations are all forbidden. In the catchment area, water and soil conservation practices
are encouraged.

M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR UPGRADING
LAKE ENVIRONMENTS (Q)

M2 INSTITUTIONAL MEASURES
{1) Miyun Environmental Monitoring Station, Mivun County (mission : monitoring and control
of water quality and restoration of the environment)
{2) Miyun Reservoir Management Division, Miyun County (mission: monitoring of water
quantity and control of water uses)

M3 RESEARCH INSTITUTE ENGAGED IN THE LAKE ENVIRONMENT STUDIES

{1) Chinese Research Academy of Environmental Sciences, Beijing
{2) Beijing Environmental Monitoring Station

N. SOURCES OF DATA

(Q) Questionnaire filled by Prof. Liu Hongliang, Chinese Research Academy of Environmental
Sciences, Beijing.



LAKE KINNERET (SEA OF GALILEE)

A view from the lakeside hill
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A. LOCATION

§ Israel.
§ 32°50'N, 35 35°E ; 209 m below sea level.

B. DESCRIPTION

Lake Kinneret (The Biblical Sea of Galilee) is a warm, monomictic lake, located at the
northern end of the Afro-Syrian Rift Valley in Northern Israel with a surface area of 170 km®. a
maximum depth of 40 m and a mean depth of 24 m. The climate is hot in summer, with winter rains
from November through April. There is extensive agriculture in the catchment area especially in
the Hula Valley (cotton. alfalfa. agricultural ponds) and around the lake shores (bananas. dates,
cotton). Lake Kinneret serves as the major reservoir for Israel’'s National Water Carrier System
and supplies approximately one third of the country's annual water requirements. [t is also an
important tourist and vacation area, famous for antiquities and historical sites especially those
associated with the New Testament accounts of Jesus and his disciples. As in Biblical Times. there
is a significant commercial fishery on the lake with annual vields of 1.500-2.000tons.

Over the past twenty vears, extensive limnological studies have been carried out on this lake.
mainly at the Kinneret Limnological Laboratory which has recently set up an International Centre
for Warm Freshwater Research (Q1).

C. PHYSICAL DIMENSIONS (Q1)

Surface area [km’] 170
Volume [10° m?) 1
Maximum depth [m] 1
Mean depth [m] 25.6
Length of shoreline [km] 23
Residence time [vr] TN
Catchment area [km?] 2,730

[~
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D. PHYSIOGRAPHIC FEATURES

D1 GEOGRAPHICAL
§ Bathymetric map (Fig. AS[-9-1).
§ Outflowing rivers and channels (number and names): 1 (Jordan R} (Q1).

D2 CLIMATIC
§ Climatic data at Deganya, 1945-1970 (Q1. 2)

Jan Feb Ma; Apr Mav Jun Jul Aug Sep Oct Novﬁ Dec  Annual '

Mean temp. [°C] 12 13 15 18 22 24 28 29 28 20 18 14 20
Precipitation [mm] 96 74 58 23 b 0 () 0 1 14 47 89 408

§ Snowfall : None.
§ Average solar radiation: 1.7-24.3 MJ m™* dav~".

Fig. ASI-9-1 Bathymetric map (1).

W0Wis 2¢ 25 20135 "

Station A
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§ Water temperature [°C] (Q3)
Station A, 1969 1983

'A !
C
=

Depth [m] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Dec
S“ﬂﬁice 15.7 14.7 16.0 19.4 23.2 26.7 27.9 28.6 28.4 26.3 22.3 18.0
5 15.7 14.7 15.4 18.7 22.6 25.9 27.1 28.3 28.2 26.2 22.3 18.0

10 15.7 14.7 15.0 17.7 21.5 24.7 27.1 28.1 28.1 26.2 922.3 18.0

15 15.7 14.6 14.7 16.7 19.2 21.5 24.6 26.5 27.3 26.0 22.3 18.0

20 157 14.6 14.5 15.9 17.4 17.4 17.7 18.6 20.3 21.8 20.8 17.6

25 15.6 14.5 114 15.4 16.4 16.1 16.1 16.3 16.8 17.1 17.7 17.5

30 154 14.5 14.3 15.0 15.7 15.4 15.4 15.8 16.1 16.1 15.9 16.2

35 154 145 11.3 14.8 15.4 15.1 15.2 15.5 15.0 15.9 15.6 15.8

145 14.3 142 15.3 15.0 15.1 15.5 15.9 15.8 15.5 15.5

40 15.

e

&

§ Freezing period: None.

§ Mixing type : Monomictic.

§ Notes on water mixing and thermocline formation : Strong stratification from May until mid-end
November. Hypolimnion strongly observed.

Fig. ASI-9-2  Average monthly light extinction coefficient [m™'] measured with a
Whiteneyv photometer without filters in relation to chlorophyll standing
crop (Q1).
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E. LAKE WATER QUALITY

E1 TRANSPARENCY
Fig. ASI-9-3  Seasonal change i transparency, Station A (3).
— 0 J_ ,
I
>~
0
§ st
:
&
[~
ol
}E-_: 10 1 i r i 1 - 1 i 1 i 1
J F M A M J J A s Q N D
E2 pH, 1969-1986 (Q1)
~ Depth[m] Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Nov Dec
0 —12 3.0 &3 86 87 88 89 &7 86 K6 85 83 1.0
12—22 8.0 R®.1 81 7.9 7.9 80 80 7.9 7.9 7.9 7.9 8.0
22—-32 9 81 R0 7.7 7.7 7.6 7.6 7.3 7.5 T 7.7 7.7
32—40 7.8 8.0 7.9 .7 7.6 7.6 7.5 7.0 T 7.4 T4 75
E3 SS [mg 171, 1967 1982 (Ql)
620-669 (0-16 m). 650-702 (16-40 m). 674 (mixed).
E4 DO [mg 171, 1969-1936 (Q3)
Depth [m] Jan 7Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0—12 7.3 9.1 10,9 11.9 10.1 §.1 7.6 7.6 7.7 7.4 6.9 6.4
12-22 7.2 83 7.5 5.2 20 1.5 1.9 1.7 1.7 2.3 3.4 6.0
22 32 6.0 7.9 6.4 3.1 0.7 0.1 0 0 0 0 1.2 2.3
32—40 53 6.8 5.0 2.2 0.3 0 ) 0 0 0 1.1
E6 CHLOROPHYLL CONCENTRATION [zg 171 1986 (Q1)
77136[)?1 [m] B Jain Fei) Ma? Apr Mav  Jun Julr %ué Seg Octi Nroi\iiDeC
0 6.4 6.0 22.0 37.0 2.3 4.0 3.6 4.0 2.2 4.8 3.6 5.2
1 6.4 144 48.0 45.0 3.4 3.6 5.6 5.0 2.6 5.2 4.6 1.4
2 6.8 17.6 20.0 52.0 — 5.6 4.8 4.6 2.6 4.8 3.6 5.2
3 6.0 11.2 14.0 96.0 14.4 6.0 7.2 5.2 1.2 5.6 1.8 5.2
5 6.4 6.4 9.6 29.0 16.8 9.0 7.2 5.4 3.0 2.6 4.6 5.2
7 6.6 7.2 9.6 275 9.4 7.2 2.4 6.4 3.6 5.2 3.4 7.2
10 5.0 3.2 8K 285 10.7 7.4 2.0 6.2 35 4.0 4.0 6.0
15 or T* 7.2 2.4 12,0 3.8 7.4 3.4 4.0 4.1 3.3 4.8 1.6 5.0

*Thermocline.
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E7 NITROGEN CONCENTRATION {(Q1)
§ Total-N [mg 17']. 1969-1986

Depth [m] Jan Féb Mrairi 7Apr May Jun Jul Aug Sep Oct Nov Dec

0 12 0.811 0.862 0.948 0.869 0.836 0.739 0.636 0.609 0.576 0.563 0.630 0.787
1222 0.803 0.873 0.874 0.812 0.702 0.665 0.689 0.674 0.711 0.729 0.832 0.847
22—32 0.877 0.841 0.896 0.833 0.750 0.744 0.837 0.931 1.005 1.075 1.086 1.210
32—40 1.139 0.935 0.562 0.768 0.724 0.842 0.966 1.060 1.344 1.533 1.803 1.735

E8 PHOSPHORUS CONCENTRATION (Q1)
§ Total-P [mg 1 '], 1969-1986

Depth [m] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

0—1z2 0.017 0.024 0.028 0.028 0.026 0.016 0.016 0.015 0.014 0.014 0.016 0.016
12—-22 0.016 0.019 0.016 0.017 0.018 0.016 0.015 0.015 0.013 0.014 0.016 0.016
22—32 0.020 0.019 0.017 0.016 0.017 0.017 0.021 0.021 0.023 0.022 0.020 0.024
2 40 0.033 0.029 0.023 0.019 0.023 0.024 0.024 0.031 0.044 0.057 0.071 0.060

EQ CHLORINE ION CONCENTRATION (1)

Chlorine ion concentration in Lake Kinneret declined from 40mg 17' to 210-240 mg 17!
since 1967. This is mainly because there is a salt water diversion canal which removes ca. 70,000
tons of chlorides annually from the lake into the southern Jordan.

Fig. ASI-9-4  Annual change of chlorides concentration at station A. 1985-1986 (Q3).
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F. BIOLOGICAL FEATURES

F1 FLORA
§ Emerged macrophytes : Phragmiles australis, Arundo donax. Juncus actus (Q1, 4).
§ Submerged macrophytes : Myriophvllum spicatum, Najas marinag (Q1).
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§ Phytoplankton : Peridinium cinclum, Coelastrum spp., Closlerium acicitlare var. subpronum,
Cyelotella spp., Microcystis spp.. Oocystis spp., Cosmarium (3).

F2 FAUNA
§ Zooplankton : Mesocyclops  leuckarti, Cvclops agilis, Diaphanosoma brachyurum, Asplanchna
brightwelli, A. priodonta, Ceriodaphnia reticulata (3).
§ Benthos : Nannopus palustris, N. palustris tiberiadis, Pseudobradva barroisi. Nitocra incerta,
Tyvphiocaris galilea, Unio semirgatus, Melanopsis praemorsum, Theodoxus jordant (5).
§ Fish: Mirogrex terraesanctae, Mugil cephalus, Sarotherodon galilueus. S. aurens, Barbus lon-
giceps (3).

F3 PRIMARY PRODUCTION (Q1)
Fig. ASI-9-5 Past trend of primary productivity, annual and seasonal averages.
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F4 BIOMASS

Fig. ASI-9-6  Past trend of phytoplankton biomass, in terms of annual and seasonal
averages of chlorophyll standing crop (Q3).
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Fig. ASI-9-7  Annual averages of zooplankton biomass (wet weight) (Q).
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F5 FISHERY PRODUCT (Q1)

§ Annual fish catch in 1968-1980: 1,800 [metric tons].

F7 NOTES ON THE REMARKABLE CHANGES OF BIOTA IN THE LAKE IN RECENT YEARS

Q1)

During the years 1973 1978, there was a period of lowered Peridinium biomass and some
increases of nannoplankton (mostly Chlorophyta). Also there has been some tendency to an
increase in Cyanobacteria in the fall. These changes mayv be related to the lower lake level at
the end of a dry summer-autumn season {(till November).

Since the construction of the salt water diversion canal (1967) and the heavy flooding in
winter 1968/1969, there has been a distinct trend to lower salinity in the lake from 380 mg 1! to
215 mg 17!, Comparing the period 1969 73 with 1974-82, there was a trend to higher levels of
organic nitrogen and total phosphorus, a decrease in the proportion of large algae (mainly
Peridinium) to nannoplankton, and a decrease in the overall amount and individual size of
zooplankton. This appears to have been accompanied by an increase in the number of fishes
(mainly Kinneret sardines) which feed on zooplankton.

With the completion of hydrological projects in the watershed aimed at optimizing recvcling
and agricultural use of water. there should be a dramatic improvement in the quality of water
reaching the lake via the Jordan River. Also new fish stocking practices have been advocated
which should lead to a better balance of commercially valuable fish (eg. St. Peter’s fish.
Sarothervodon galilaeus) to the less desirable “sardine” (Mirogiex terracsanciae). The research
team at the Kinneret Limnological Laboratory is presently formulating a five vear plan to assess
the impact of changes brought about by the new management policies.
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G. SOCIO-ECONOMIC CONDITIONS
G1 LAND USE IN THE CATCHMENT AREA (1952) (Q2)

Area [km?] [9%]

Natural landscape

Woodyv vegetation 100 3.7

Herbaceous vegetation 1,460 a3.4

Others 70 2.6
Agricultural land

Crop field 1,050 38.5
Residential area 50 1.8
Total 2,730 100.0

§ Main types of woody vegetation : Low trees (Qitercus, Pistacia, Prunus, Ruta) . water trees (Salix).

§ Main types of herbaceous vegetation: Low and high grassland with scattered low bushes; high
water bushes (Newizon, Vitex, Myirtus).

§ Main kinds of crops: Irrigated field crops (cotton. vegetables, forage grass. wheat, citrus.
avocado, apple and pear) (184 km®), and non-irrigated field crops (150 km®).

§ Levels of fertilizer application on crop fields : Heavy.

§ Trends of change in land use in recent years: Decrease in area of fish ponds by about 50 9% in
northern catchment area. Increase in reservoirs for waler storage and recveling. Completion
of new pipeline from Dam River for irrigation of W. Hula Valley. All these measures should
decrease pollution pressures on Lake Kinneret.

G2 INDUSTRIES IN THE CATCHMEN AREA AND THE LAKE (Q2)

Number of persons engaged (1981): Agriculture 5,000 ; fisheries 300.

Main agricultural products : Cotton, vegetables and fruits.

Main industrial products : Optics, electronics. metallurgy, textile and plastics.
Tertiary industry : Tourism and recreation facilities.

O W L

G3 POPULATION IN THE CATCHMENT AREA (1933) (Q2)

p . Population density Main cities
opulation T, .
[lkm~?] (population)
I . e ias (24,000
Total 955 000 93 1 [iberias (24,000),

Kirvat Shemona, Zefat.

H. LAKE UTILIZATION
H1 LAKE UTILIZATION (Q2)

Fisheries, navigation, tourism and recreation {(swimming. sport-fishing. vachting).

H2 THE LAKE AS WATER RESOURCE (1981) {Q2)

Use rate [m® sec ']

Domestic and industrial 6.3
[rrigation 9.5
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[. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS

I1 ENHANCED SILTATION (Q3)

§ Extent of damage : Not serious.

[2 TOXIC CONTAMINATION (Q3)

§ Present status : Detected but not serious.
§ Supplementary notes

In order to assess the potential input of toxic chemicals into Lake Kinneret, routine analyses
of the Kinneret ecosystem have been carried out over the past 6 yvears. Such compounds (usually
agricultural chemicals such as pesticides) were extracted and analysed subsequently by gas
chromatography. In general. lake water contained little if any pesticide residues, therefore
further studies were carried out on samples from the Upper Galilee, close to the sites of
application of these chemicals. Initial studies showed that pollution of the waterways entering
the lake was mainly due to accidental spraying and‘or the washing of sprav containers. These
sources of pollution have now been largely reduced due, partially, to increased awareness of this
problem through our monitoring programme.

Accidental (and deliberate) poisonings of fish continue to be one of the major problems in
this field. although suspected cases have also dropped over in recent vears. In general, Kinneret
St. Peter’s fish (Sarotherodon galilewm) has been largely effected by these chemicals (usually the
pesticides Endosulphan or Lindane).

The combined use of more and more sophisticated agricultural chemicals (and various
combinations of them) has caused increasing concern in our laboratory. Qur programme will
therefore become of increasing importance in the near future.

I3 EUTROPHICATION

§ Nuisance caused by eutrophication

Occasional problems in National Carrier System because of the increase of nanoplanktonic
algae (e.g. Cyclotella) ; e. g. disturbed filtration in cleaning bed, foul smell of tap water and
difficulties in use of water for irrigation.

§ Nitrogen and phosphorus loadings to the lake (1983) (Q1)

Annual (Oct.-Sep.) River Jordan vield and nutrient input [tons] from the northern Lake
Kinneret watershed, 1968-1984

Year Jordan vield  Total Organic Ammonia Nitrate Dissolved  Total
[10¢ m?] N N P P

1968/69 1,096 3.480 632 54 2.738 27 186
1969770 574 1.25% 356 31 748 9 71
1970/71 650 1.837 573 35 1.205 4 195
1971/72 491 1.171 41 708 7 75
1972/73 270 700 237 26 426 7 58
1973/74 480 2,118 447 61 1.580 12 105
1974/75 387 1.138 575 32 524 9 121
1975/76 478 1,293 683 43 659 12 176
1976/77 557 1.528 667 29 799 14 126
1977/78 275 1,512 639 63 806 17 239
1978/79 276 676 265 45 365 9 61
1979/80 569 2,240 683 94 1.464 22 164
1980/81 633 3.148 478 119 2,280 29 175
1981/82 380 911 258 27 626 15 83
1982/83 558 2,375 362 106 1.906 27 122
1983/84 463 1,024 243 97 684 14 114
Average (5.D)) 527 (189) 1,651 (829) 486 (183) 58 (30}  1.098 (713) 15 (8) 129 (54)

10
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I4 ACIDIFICATION

§ Extent of damage : None.

J. WASTEWATER TREATMENTS

J1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA : (d} Measurable pollution
with limited wastewater treatment. There is a concerted effort to minimize pollutant loads.
A major contributor to this is the work of the Kinneret Authority which is responsible for
monitoring and regulating development in the region (Q3).

J2 APPROXIMATE PERCENTAGE DISTRIBUTION OF POLLUTANT LOADS (Q3)

Percentage
Non-point sources 90
{agricultural, natural and

dispersed settlements)

Point sources 0
Rural settlements 10
Total 100

J3 SANITARY FACILITIES AND SEWERAGES (Q3)
§ Percentage of municipal population in the catchment area provided with adequate sanitary facilities
(on-site treatment svstem) or public sewerage : 100.
§ Percentage of rural population with adequate sanitary facilities : 9.
§ Municipal wastewater treatment systems
Number of tertiary treatment systems: I.
Number of secondary treatment systems : 5, oxidation ponds.
Number of primary treatment systems: o.

K. IMPROVEMENT WORKS IN THE LAKE (Ql. Q2)

K1t RESTORATION
Construction of reservoirs for sewage storage, sewage treatment plants, agricultural
management, and lake management (fisheries, water level, recreation, etc.).

K2 DIVERSION
Sewage diversion and salty water diversion systems. A salt water diversion (removing high
salinity water from sources to the north-west of the lake) was built in the mid 196(0’s. This also
comes treated sewage and diverts it into the South Jordan; a similar sewage diversion was
recently built on the southeast shore.

K3 OTHERS
Development of public beachs, research of lake and watershed as basis for management
recommendations. Much effort has been placed in improving the quality of water entering the
lake from the Northern Jordan River. Agro-technical methods in the cultivated land of the
watershed are aimed at lowering sediment and nutrient inputs.

L. DEVELOPMENT PLANS (Q3)
(1) Possible construction of large pump-storage facility for generation of peak hour elec-
tricity.
(2) Depending on political developments-changes in pumping regimen and addition of
winter floods from Yormuk River shoring of water sources with Jordan.

11
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(3} Continued management strategy of low autumn and carly winter lake levels to maxim-
1ze reservoir.

M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR UPGRADING
LAKE ENVIRONMENTS

M1 NATIONAL AND LOCAL LAWS CONCERNED (Q2)

§ Names of the laws (the vear of legislation)
{1) Water Law (1959)

§ Responsible authorities
(1) Water Commissioner. Agricultural Ministry. Kinneret Authorityv and Local

Municipalities

§ Main items of control

(1) Water quality (management of watershed and lake)

M2 INSTITUTIONAL MEASURES ((Q3)
(1) Kinneret Authority (established in 1972 by the Water Commissioner).
(2) The Yogal Alon Kinneret Limnological Laboratory of the Israel Oceanographic and
Limnological Rescarch Ltd. (Ministry of Energy and Infrastructure. established in 196%)

(37 Mekorot Water Company (Watershed Monitoring Team. since 1964)

M3 RESEARCH INSTITUTES ENGAGED IN THE LAKE ENVIRONMENT STUDIES ((Q3)
(1) The Yogal Alon Kinneret Limnological Laboratory of the Israel Oceanographic and
Limnological Research Ltd*

*This laboratory is mandated by law to be the centre for Kinneret research. The
laboratory coordinates lake studies carried out by scientists at manyv other institu-
tions.

§ Supplementary notes
In 1987. International Centre for Warm Freshwater Research will be established at the
Kinneret Laboratory.

N. SOURSES OF DATA

(Ql)  Questionnaire filled by Dr. T. Berman. Kinneret Limnological Laboratory. Israel.

{Q2) Questionnaire filled by Dr. M. Gophen, Kinneret Limnological Laboratory. Israel.

(Q3)  Questionnaire filled by Dr. D. Wynne, Kinneret Limnological Laboratory, Israel.

(1) Serruva, C.. Edelstein. M.. Pollingher. U. & Serruva. S. (1974) Lake Kinneret sediments :
nutrient composition of the pore water and mud water exchanges. Limnol. Oceanogr.. 19(3) : 189
-308.

(2} Stanhill, G. & Neuman, J. (1478) The general meteorological background. “Lake Kinneret”
(ed. Serruva. C.). pp. 49-58. Dr. W. Junk Publishers, The Hague-Boston-London.

(31 Berman, T. (ed.) (1973) Lake Kinneret Data Record. Israel National Council for Research and
Development.

{(4) Serruva, C. (1978) General background. “Lake Kinneret” (ed. Serruva. C.). pp. 123-146. Dr. W,
Junk Publishers, The Hague-Boston-London.

5) Serruya. C. & Pollingher, U, (1933) Lakes of the Warm Belt. 569 pp. Cambridge University
Press, London.
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A bird-eye view of the lake
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A. LOCATION

§ North Sumatera Province, Indonesia.
§ 2°21'327-2°56'28"N. 98°26'35”-99°'1540"E : 905 m above sea level,

B. DESCRIPTION

Lake Toba lies in the northern part of Barisan Mountain Range. which is volcanic and
traverses Sumatera Island from northwest to southeast as its backbone.

The lake trough is surrounded by precipitous cliffs 400 1,200 m high. Based on the topographic
feature and the wide distribution of volcanic ejecta around the lake. some geologists and vol-
canologists have considered it to be a giant caldera or cauldron.

The water surface of L. Toba is 905 m above sea level and about 1.100 km?® wide. The total
area of the lake, including the areas of Samosir and Paradapur Islands. amounts to 1.780 km®.
The mountains around the lake are called Batak Highlands. The onlv draining river from L.
Toba, the Asahan. flows southeastwards dissecting the gentle slopes of the pyroclastic plateau.

C. PHYSICAL DIMENSIONS (Q)

Surface area [km?®] 1,100
Volume [10°m?] 1.258
Maximum depth [m] 529
Normal range of annual water _
level fluctuation (unregulated) [m] Lo
Catchment area [km?] 3. 440

Fig. ASI-10-1 Sketch map (altitude in ft.) (14).
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D. PHYSIOGRAPHIC FEATURES (QQ)

D1 GEOGRAPHICAL
§ Sketch map of the lake (Fig. ASI-10-1).
§ Main islands (name and area): Samosir (610 km?), Paradapur (7 km°).
§ Outflowing rivers and channels (number and names): 1 (Asahan R.),

D2 CLIMATIC
§ Climatic data at Parparean, 1961-1930.

Jan FeB Mar Apr Mav Jun  Jul Aug Sep Oét Nov Dec Annual

Mean temp [C]  19.319.018.9 19.3 19.4 19.1 19.0 18.8 19.0 19.1 19.1 19.1 19.1
Precipitation [mm] 100 105 115 132 124 102 83 110 148 174 182 178 1.732

§ Solar radiation {Parparean. 1961 1980): 153.7 MJ m * day '
§ Water temperature [C]

Station Surface
Haranggaul 27
Tigarasg 27
Tomok 26
Simanindo 27
Pangururan 27
Nainggolan 27
Prapat 27

2

Porsea

>N

§ Freezing period: None.

§ Notes on water mixing and thermocline formation: Mizuno observed an extremely homogeneous
vertical distribution of water temperature {from the surface down to 300 m depth on January
23, 1976 (13).

E. LAKE WATER QUALITY (Q)

E2 pH, 14979
Station Surface
Lotung ].4
Situmeang 7.9
Bukit 8.4
Tongging 1 7.0
Tongging 11 7.9
Onan Runggu 7.6
Prapat 3.2
E4 DO [mg '], 1979
Station Surface
Lotung 6.7
Situmeang 6.8
Bukit 9.3
Tongging 1 6.3
Tongging 11 7.0
Onan Runggu 7.0

Prapat 2.0
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ES

ES8
3

EQ

F1
§
3
3

§

COD [mg I7}]. 1979
Determined by KMnO, method.

Station Surface Station Surface
Haranggaol 2.30 Hasinggahan 1.30
Prapat 2.80 Tomok 1.53
Mogang 2.24 Sabulan 1.72
Onan Runggu 2.15 Muara 1.36
Porsea 2.06 Balige 1.24

PHOSPHORUS CONCENTRATION
Total-P [mg 17'], 1979

~ Station Surface
Haranggaol 0.3
Hasinggahan 0.32
Tomok ). 66

CHLORINE ION CONCENTRATION [mg 17}, 1979

Station Surface Station Surface
Haranggaol 8.6 Hasinggahan 11.8
Prapat 8.3 Tomok 11.0
Mogang 10.1 Sabulan 9.2
Onan Runggu 10.4 Muara 9.6
Porsea 10.3 Balige 9.5

F. BIOLOGICAL FEATURES (Q)

FLORA

Emerged macrophytes : Nelumbo sucifera, Nvinphaea sp.

Floating macrophytes : Eichhornia crassipes, Lemna minor, Azolle pinnata. Spirvodella polyrhiza.
Submerged macrophytes : Polamogeton malaianus, P polvgonifolius, Myviophvllum  spicatism,
Ceratophyllim demersum, Hyvdvilla verticillate. Chara sp.

Phytoplankton : Awmipliora. Cocconenma, Asterivnella, Synedra, Gomphonema, Orthosiva. Navieula,
Mastogloia. Plewrosigma. Niteschia, Genicularia, Botrvococeus. Svuechococcus, Anabaena. Oscil-
latoria.

FAUNA

Zooplankton : Cyclops, Cladocera.

Benthos : Macrobrachivm sintangensis, Brotia costula, Thiara scabra. Melanoides tuberculata.
Melanoides  granifera, Anentome  helena, Lybuicea  brevispira, L. rubiginosa, Phvsastra
sumatrana, Corbictula fobae.

Fish: Tilapia mossamnbica, Aplocheilus  pachax, Lebistes  reticulalus, Osphronemus  goramy,
Trichogaster trichopterus, Channa stviata. C. gechuna. Clarias batrachus, C. wniewhofi. C. sp..
Newmachilus fasciatus, Cyvprinus carpio, Puntius javanicus, P. binotatus, Osteochilus nassclti,
Lissochilus sp., Labeobairbus sora, Rasbora sp.

F4 BIOMASS [g(wet wt.)m™]

§ Biomass of submerged macrophytes

Statioh T Potamogeton sp.' ;'il_w'z‘op/z_\'!/nm spicatum Others Total
Lotung 2.470 130 <25 2,600
Onan Runggu 2,300 150 0 2.950
Parbaloan Urat 1.833 310 520 2,663
Tongging 1,947 157 <25 2,104
Lumban Sitorus 150 1,640 0 1,750
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F5 FISHERY PRODUCTS
§ Annual fish catch in 1978 2,820 [metric tons].

F5 PAST TRENDS
8 Annual fish catch

Production [metric ton yr=!]

Year - —
Tilapia maossambica Cyprinus carbio Others Total
1967 1.039 207.8 831.2 2.078
1976 - — 2,211
1977 — - - 2.569
2,820

1978 2.175.1 4.6 640.2

F7 NOTES ON THE REMARKABLE CHANGES OF BIOTA IN THE LAKE
Increasing : Tilapia mossanibica. Decreasing @ Cvprinus caypio.

G. SOCIO-ECONOMIC CONDITIONS (Q)
G1 LAND USE IN THE CATCHMENT AREA (1981)

Agricultural land 51,208 21.8
Plantation 2,088 0.9
GGrass (alang-alang) 95,500 10.6
Scrub 5,924 2.5
Natural forest 15,966 6.8
Reforestation 38,870 16.6
Regreening 22828 9.7
Others 2.356 1.1
Total 234,750 100

§ Main types of woody vegetation: Tropical high mountain forest: Fruus merkusii forest;
Macadawia hildebrandii forest.

§ Main types of herbaceous vegetation : lmmperata cvlindrica with Rhodonyitus tomentosa, Melastoma
sp. and Gleichenia linearis.

§ Main kinds of crops: Rice, sweet potato, maize, vegetables.

§ Levels of fertilizer application on crop fields : Moderate.

G2 INDUSTRIES IN THE CATCHMENT AREA AND THE LAKE : No information.

G3 POPULATION IN THE CATCHMENT AREA (1930)

o © Area N Population
District (km?] Population Family density [km-’]
Tapanuli Utara 2.420.5 309,111 66.744 128
Tanah Karo 63.0 3,901 731 62
Dairi 15.0 9,011 1.810 200

Total 95285 3992023 69285 127
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H. LAKE UTILIZATION

H1 LAKE UTILIZATION (Q)
Source of water, navigation and transportation (amount of cargo in 1978 : 1,922 metric tons).
sightseeing and tourism (number of visitors in 1978 : 41.625), recreation (vachting). fisheries.

H2 THE LAKE AS WATER RESOURCE : No information.

[. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS (Q)

[1 ENHANCED SILTATION
§ Extent of damage : Not serious.

I[2 TOXIC CONTAMINATION: No information.
I3 EUTROPHICATION : No information.

14 ACIDIFICATION
§ Extent of damage : None.

J. WASTEWATER TREATMENTS ()}

J1  GENERATION OF POLLUTANTS IN THE CATCHMENT AREA : (f} Measurable pollution
without wastewater treatment.

J3 SANITARY FACILITIES AND SEWERAGES
§ Percentage of municipal population in the catchment area provided with adequate sanitary facilities
(on-site treatment system) or public sewerage : None,
§ Percentage of rural population with adequate sanitary facilities : None.
§ Municipal wastewater treatment systems : None.
§ Industrial wastewater treatment systems: None.

K. IMPROVEMENT WORKS IN THE LAKE

None.

L. DEVELOPMENT PLANS (())

(1) Integrated management on Toba Lake catchment area.
(2)  Hydroelectric power plant under construction.

M. LEGISLATEVE AND INSTITUTIONAL MEASURES FOR UPGRANDING
LAKE ENVIRONMENTS (Q)

M1 NATIONAL AND LOCAL LAWS CONCERNED
§ Names of the laws (the vear of legislation)
(1) Act of the Republic of Indonesia No 4 concerning Basic Provisions for the Management
of the Living Environment (1932)
(2) State Regulation of the Republic of Indonesia No. 29 on Environmental Impact Assesment
(1986)
§ Responsible authorities
{1)& (2) The State Minister for Population and Environment. Ministry of Home Affairs,
Ministry of Public Works. Ministry of Forestry and Local (Provincial) Governments

M2 INSTITUTIONAL MEASURES
(1) The State Minister for Population and Environment responsible for coordinating environ-
mental managements
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(21 Ministry of Public Works responsible for lake utilization
{3) Ministry of Home affairs responsible for regional development
{4y Ministry of Forestry responsible {for forest management and soil conservation

M3 RESEARCH INSTITUTE ENGAGED IN THE LAKE ENVIRONMENT STUDIES
{1} Centre of Environmental Studies (University).
2 Institute of Hydraulic Engineering Agency of Resources and Development.

N. SOURCES OF DATA

@ Questionnaire filled by Dr. Herman IHaerumen Js, Ministry of State for Population and
Environment. Indonesia, based on the following literature (1)-(12).

(1) Abdullah Angacdi (1920) Studi Perencanaan Perbaikan Keadaan Danau Toba, Sumatera
Utara, PT. Indah Karva & Ministry of Public Works.

{2y Asahan Development Authority (1984) Laporan Penvelesaian Pelaksanaan Pembangunan
Proyek Asahan.

(3) Directorate of Forest Planning & Programme (1981) Pola Pengelolaan Catchment Area
Danau Toba, Sumatera Utara. Ministrv of Agricullure.

(1) Hehanussa P. E. (1982) Tefra Toba. National Geology & Mining Institute. National [nsti-
tute of Sciences.

(5} Iehanussa P. E. (1982) DPenanggalan Radiometri Formasi Samosir Tefra Toba. National
Geology & Mining Institute, National Institute of Sciences.

(6) Hehanussa P. E. (1983) Tefra Toba disekitar Danau Toba. Sumatera Utara. National
Geology & Mining Institute, National Institute of Sciences.

(7 Hehanussa P. E. . Fujii. S. & Yokovama. T. (1983) New dates of fluvio-lacustrine deposits
from Lake Toba. Indonesia.

(81 Ibnu Fajar (1983) Laporan Penvelidikan Geologi Lingkungan Daerah Tadah Danau Toba.
Sumatera Utara. Directorate of Environmental Planning of Geology.

(9 Ibnu Fajar (1984} Laporan Penvelidikan Geologi Tata Lingkungan Daerah Aliran Sungai
Asahan. Sumatera Utara. Directorate of Environmental Planning of Geology.

10 University of Indonesia & Ministry of Public Works (1979 Survai Ekologi Danau Toba.

(1 University of Sumatera Utara & The Office of State Minister for Development Supervision &
Environment (1979) Komunitas, Lingkungan Perairan & Kehidupan Biologis Danau Toba,
Sumatera Utara.

19 Yusron Loebis (1982) Penelitian Keseimbangan Tata Air Danau Toba. Institute of
Hydraulic Engineering. Ministry of Public Works.

(13 Mizuno, T. (1977) Water temperature and some other environmental factors in inland waters
of tropical Asia. Suion no Kenkva. 21 (1) : 12-19 (in Japanese).

19 Mizuno. T. {1980) Lakes and Forests of Tropical Asia. 232pp. Tokai Univ. Press, Tokyd
(in Japanese).
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On the Yueyang Bay, East Lake

Photo: T, Kira
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A. LOCATION

§ Hunan Province, People’s Republic of China.
§ 28°30°-30°20'N, 111°40"-113"10°E ; 33.5 m above sea level.

B. DESCRIPTION

Lake Dongting, in northeastern Hunan, is the second largest freshwater lake of China, with an
extensive catchment area including the whole of Hunan and parts of the neighboring provinces,
Hubei, Sichuan and Guizhou. It serves as a great retarding basin for the Chang Jiang (Yangtse
River), from which flood water pours into the lake in July-September. The inflow from the Chang
Jiang amounts to more than a half of the total water influx to L. Dongting, and carries with it a
tremendous sediment load of 140 10° m®yr=! on average.

One hundred and fifty years ago, the lake was much bigger (6.200 km?®) than it is now (2.740
km?), but the rapid progress of sedimentation and land reclamation works have since reduced its
size, resulting in the formation of three more or less separate basins, West, South and East
Dongting. In the summer flooding season, however, the three lakes unite into a single water body
of ahout 3,900 km? surface area. The water from the Chang Jiang flows mainly into the West and
East Lake through three channels, and is drained from the northeastern corner of East Lake at
Yueyvang directly into the Chang Jiang again. The annual range of water level fluctuation in
normal vears ranges between 6.5 m (W. Lake) and 17.8 m (E. Lake).

The greatest environmental problem for L. Dongting is the rapid sedimentation (at a rate of
ca. 5> cm yr ! on a whole lake average) that causes trouble for surface transportation by boats.
diminishes the lake’s capacity for water storage and flood control, and affects fishery production
through changes in the aquatic ecosystem. The Provincial Ordinance for Environmental Protec-
tion formulated in 1981, therefore, allows for no further reclamation work in or around the lake.

The heavy application of pesticides to rice fields as well as industrial development in recent
years has caused local contamination of rivers and small attached lakes with BHC, heavy metals
and organic wastes, but the main lake as a whole maintains fairly good water quality. with a
mesotrophic nutrient level,

C. PHYSICAL DIMENSIONS

Surface area [km?]* 2.740
Volume [10°m?] 17.8
Maximum depth [m] 30.8
Mean depth [m] 6.7
Nomal range of annual water 6517 8
level fluctuation (unregulated) [mj a ’
Catchment area [km?] 259.430

* At the low water level.
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D. PHYSIOGRAPHIC FEATURES

D1 GEOGRAPHICAL
§ Sketch map (Fig. ASI-11-1).
§ Main islands : None.
§ Outflowing rivers and channels : Directly connected with the Chang Jiang (Yangtse R.) at Cheng-
lingji in Yueyang.

D2 CLIMATIC
§ Climatic data at Yuanjiang, 1980-1982

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Am;ual

Mean temp. [C] 4.5 5.7 10.3 16.2 22.3 25.0 28.8 27.2 22.5 18.0 18.2 7.3 16.7
Precipitation [mm] 7 78 176 149 162 170 123 177 48 91 116 11 1,369

7

Fig. ASI-11-1 Sketch map of Dongting Lake area.
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§ Water temperature ["C]

E1

E2

E4

E5

E7

E8

Depth [m] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0.5 11 4 9.8 13.1 21.2 23.8 26.8 28.4 25.3 23.3 18.3 17.9
E. LAKE WATER QUALITY
TRANSPARENCY [m]
Chenglingji, 1982
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
.24 0.25 0.12 — 0.16 0.11 0.21 0.20 0.24 0.22 0.26 0.26
pH
Chenglingji, 1982
Depth [m] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0.5 7.9 7.9 80 7.9 80 7.8 7.8 7.9 7.9 81 8.0 8.0
DO [mg [7!]
Chenglingji, 1982
Depth [m] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0.5 - - - - 7.7 — - 7.9 - - 8.4 —
COD [mg 17']
Chenglingji, 1983
Depth [m] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0.5 1.3 1.4 1.7 1.7 1.4 1.6 1.3 1.5 1.0 0.9 1.2 1.1
NITROGEN CONCENTRATION [mg 1]
0.5m depth, Chenglingji, 1983
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
NH,-N — - — - 0.12 - — 0.38 - 0.3 -
NO;-N — — — - 0.30 - - 0.35 - —  0.43 -
PHOSPHORUS CONCENTRATION
§ Total-P [mg 17']*
Chenglingji, 1982
Depth [m] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0.5 .001 .004 .000 .005 .003 .001 .000 .000 .002 .000 .005 .000

Chenglingji, 1982

* Converted from the original P,O; values.
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F. BIOLOGICAL FEATURES

F1 FLORA

Emerged macrophytes : Phragmites communis, Polygonum hydropiper, etc.
Floating macrophytes . Lemna minor, Fistia stratiotes, etc.

Submerged macrophytes : Vallisneria spivalis, Potomogeton crispus, etc.
Phytoplankton : Chroococcus sp., Cerafium sp.. etc.

L O L o

F2 FAUNA
§ Fish: Coilia ectenes, Mylophoryngodon piceus, Clenopharyngodon idellus, Hypophithalmichthvs
maolitrix, Cyprinus cavpio, Avistichthys nobilis, Megalobvama spp.. Sinipera spp.. Anguilia
Japonica, etc. (total number of fish species 114).

F4 BIOMASS
§ Phytoplankton : 48-164 [cell no ml™!].
§ Zooplankton : 1.9-5.7 [cell no ml 1].
§ Aquatic macrophytes : 66 [g m™?].

§

2

Benthos : 78 [g m~7].

F5 FISHERY PRODUCTS
§ Annual fish catch in 1981 : ca. 70.000 [metric tons].

F7 NOTES ON THE REMARKABLE CHANGES OF BIOTA IN THE LAKE
Gradual decrease of economically important fish species and migratory fishes, and the
increase of sedentary fishes.

G. SOCIO-ECONOMIC CONDITIONS
G1 LAND USE IN THE DONGTING-HU AREA*

Area [kmé]ir 7[9‘6]

Natural landscape

Woody vegetation 7,990 256.9
Herbaceous vegetation 2,120 6.9
Swamp 4,938 16.0
Agricultural land 3,900 28.8
Settlement area 4,559 13.2
Others 2.837 9.2
Total 31,344 100.0

* The lowland area around Lake Dongting, encircled
by the 33.5 m contour (equivalent to the altitude of
the lake surface). The whole area would turn into
a single big lake, if the embankment did not exist.
Only the districts belonging to the lake’s catchment
are enumerated here,

§ Main types of woody vegetation: Tree groves around villages (Plerocarva stenoptera, Salix
babvionica, Cedrela sinensis. FPopulus canadensis, etc); pine (Pinus massoniana) forest and
plantations of pine and some other trees on low hills.

§ Main kinds of crops: Rice, cotton, ramie, jute., rapeseed, tobacco, sugar-cane, tea, citrus.
mulberry, etc.

faa]
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G2 INDUSTRIES IN THE DONGTING-HU AREA AND THE LAKE (1982)

Gross product No. of - Main products
during the persons ) \O of and main kinds
year [10*yuan] engaged establishments of industry
Primary industry 32.2 4,725,000 N.A.
Agriculture 23 N.A. N.A. 1)
Fisheries 0.6 N.A.
Others 8.6 N.A.
Secondary industry 25 640,000 2,280
Manufacturing N.A. N.A. N.A. 2)
Mining N.A. N.A. N.A. 3
Tertiary industry N.A. NA. N.A.

1) Rice, cotton, rapeseed oil, jute, ramie, etc.
2) Machinery, electricity, chemicals, metal smelting, etc.
3) Lead, zinc, antimony, tangsten and other metals, coal. etc.

G3 POPULATION IN THE DONGTING-HU AREA (1982)

Population density

[km~?] Main cities (population)

Population

Changsha (Ed 78()0.0007),

11,754,000 381.0 Yuev
ueyang.

H. LAKE UTILIZATION

H1 LAKE UTILIZATION
Source of water. fisheries, navigation (passengers 2-3 millions per year ; cargo 15-19 million
tons per year), tourism and recreation (swimming).

H2 THE LAKE AS WATER RESOURCE
Used as the sources of tap water in some cities and industrial water.

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS

I3 EUTROPHICATION
§ Nuisance caused by eutrophication: Not apparent.

J. WASTEWATER TREATMENTS

J1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA : (d) Measurable pollution
with limited wastewater treatment.

J3 SANITARY FACILITIES AND SEWERAGE
§ Municipal wastewater treatment systems
Number of secondary treatment systems: 1 (activated sludge, 60,000 m* day™1).

K. IMPROVEMENT WORKS IN THE LAKE

K3 OTHERS
3.4 million tons of bottom sediments are annually dredged in the four main inflowing rivers
and part of the lake. The improvement of the course of a river has reduced the influx of mud
into the lake by 2,840 x10* t yr~'.  Abhout 147 million trees have been planted for erosion control
during the last 30 yvears.
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M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR
UPGRADING LAKE ENVIRONMENTS

M1 NATIONAL AND LOCAL LAWS CONCERNED
§ Names of the laws (the yvear of legislation)
(1) Environment Protection Law (1979, tentative)
(2) Ordinance for Environment Protection of Hunan Province (1931, tentative)
§ Responsible authorities
(1) Bureau of Environment Protection, Ministry of Urban & Rural Construction and
Environment Protection, National Government
(2) Managing Office for Environment Protection, Committee for Basic Construction and
Environment Protection, Provincial Government of Hunan
§ Main items of control
(1) DO, pIl, SS, COD, BOD. NH,-N, NO;-N, Hg, Cd. Pb. radioactive U, chlorinated
hydrocarbons, etc.

M3 RESEARCH INSTITUTES ENGAGED IN THE LAKE ENVIRONMENT STUDIES
(1) Research Institute for Environmental Science of Hunan Province, Changsha

N. SOURCES OF DATA

All the data are based on the questionnaire filled by the Managing Office for Environment
Protection. Provincial Government of Hunan. Some other informations were also supplied from
the Research Institute for Environmental Science of Hunan Province.,
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A view from the survey boat on the lake

Photo: T. Kira

50 1 .

o u 2

Copyright (© John Bartholomew & Son Limited MCMLXXXII. Reproduced with permission.

ASI-12



AST-12

A. LOCATION

§ Wuhan City, Hubei Province, People's Republic of China.
§ 3033 N, 11423 ; 20.5 m above sea level.

B. DESCRIPTION

Dong (east)-hu (lake) is a small lake in the Wuchang Ward of Wuhan City. the capital of Hubei
Province, It obtained its name from being located at the eastern end of this big citv.  Dong-hu is
a natural dammed lake formed in the early Holocene as a so-called “lateral lake™ attached to the
right bank of the Chang Jiang which flows through Wuhan. and is only five kilometers awayv from
the river.

The lake area, especially the northwestern coast. is a park and recreation arca for the citizens
of Wuhan, with museums, a botanic garden. observation towers, restaurants, sanatoria. beautiful
groves of exotic swamp cypress, swimming sites and sightseeing boats.  The Wuhan Institute of
Hydrobiology established by the Academia Sinica in 1954 is located on the westernmost shore of
the lake. Its research activity made Dong-hu one of the most familiar lakes of China to world
limnologists,

[t is also intensively utilized for fish production. Many small bavs are separated from the
main lake by causeways for artificial stocking of fish. Introduction of such planktophagous fishes
as the silver carp and the bighead carp. increased the fish production by more than four times in
a seven-year period. The increasing density of fish as well as the inflow of waste water from the
city and industrial factories, however, has caused a rapid change in the lake's biota. Accelerated
cutrophication is producing noxious effects which now hinder the utilization of lake water and
recreational activity. A plan for establishing a waste water treatment plant for domestic sewage
and the diversion of treated water to Chang Jiang. is now being carried out by the Municipality of
Wuhan (Q).

C. PHYSICAL DIMENSIONS

[N

Surface area [km?| 7
Volume [10°m?) 2
Maximum depth [m] 1.75
Mean depth [m] 2
Normal range of annual water

T

. ) \ 0.
level fluctuation (regulated) [m] ’
Length of shoreline [km] 9.2
Residence time [vr] (.4

Catchment area [km?] 97




D. PHYSIOGRAPHIC FEATURES (5)

D1 GEOGRAPHICAL
§ Bathymetric map (Fig. ASI-12-1).
§ Main islands : None.
§ Outflowing rivers and channels (number and names): 1 (Qingshan Canal).

D2 CLIMATIC
§ Climatic data at Wuhan, 1961-1970 (1)

Jalrli Feb Mar Apr Mayv Jun Jul Aug Sep Oct Nov Dec Annual

Mean temp. [C] 2.9 4.8 9.9 15.8 21.6 25.5 28.8 28.5 23.2 17.4 11.0 5.1 16.2
Preciptation [mm] 30 51 90 148 132 175 181 152 9 53 64 35 1,450

§ Number of hours of bright sunshine (Wuhan, 1982) : 1,624 hr yr=' (2).
§ Solar radiation (Wuhan, 1982): 12.53 MJ] m~*day~' (2).

Fig. ASI-12-1 Bathymetric map (Q).
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§ Water temperature ['C] (())
Mid-lake sampling station, 1982

Depth Jan Feb Mar Apr May Jun Jul Aug Sep Oct No*» VDeC
Surface 6.1 5.3 10.6 16.6 23.4 25.9 29.1 29.2 24.8 21.5 14.7 6.5

§ Freezing period: In January or February. if ever happens.

§ Mixing type : Polymictic (Q).

§ Notes on water mixing and thermocline formation : Strong mixing ; practically no thermocline
formation.

E. LAKE WATER QUALITY (Q)

E1 TRANSPARENCY [m]
Mid-lake sampling station, 1983 1985

Ian Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2.87 2.12 3.17 2.43 1.97 1.63 1.07 0.62 0.5 0.62 0.98 2.25

E2 pH
Mid-lake sampling station, 1983-1985

Depth Jan Feb Mar Apr Mayv Junr 7Julﬁii:§ug Sep Oct Nov Dec

97 8.30 8.21 8.30 8.48 B8.78 1.07 0.62 0.55 0.62 0.98 2.25
12 8.34 8.21 8’%8 8.55 8.69 9.29 8.97 8.69 866 836 8.13

0. 7.
3.1 8.

ul vl

E3 TDS [mg 1]
Mid-lake sampling station, 1983-1985

Depth [m] Jan Feb Mar Arpr May Jrun Jul ;’\ug 7Sep Oct Novr VDeC

0.5 166.3 137.3 196.5 A00236.3 20005 1955 142.2 129.0 121.2 152.5 150.0
) 152.2 184.8 183.8 20026105 189.7 133.00 136.8 121.5 119.0 144.2 138.8

ro Ul

E4 DO [mg ]
Mid-lake sampling station, 1983-1985

Depth Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

0.5 10.94 11.78 9.17 .23 6.39 9.00 7.91 7.92 6.62 8.05 8.00 10.29
3.5 11.23 10.85 9.59 8.07 7.51 8.46 7.00 7.22 5.98 *7.06 7.75 10.19

* Mean for 1983 & 1985.

7 ~1

E5S COD [0, mg 1!
Determined by KMnO, method
Mid-lake sampling station, 1983-1985

Depth Jan Feb Mar Apr May Jun Jul Aug Sep Oct \m Dec
0.5 5.89 5.21 4.58 4.57 3.22 2.58 4.57 6.38 4.68 4.91 4.73 3.02
3.5 5.81 5.156 4.03 4.72 3.04 2.96 4.22 *5.65 5.32 4.87 4.88 3.02
* Mean for 1983 & 198




E6 CHLOROPHYLL CONCENTRATION [mg m™°]

Mid-lake sampling station, 1982

Depthfm] Jan Feb Mar Apr May

Jun 7]ul 7 Aug

D 6.12 1.45 3.27 6.85 3.21
D 3.06 1.00 1.36 5.59 4.60

12.58 28.41 35.40
12.02 28.41 38.66

18 10025 0.70
2 13.97 0.70

Sep Oct Nor\: Dec

E7 NITROGEN CONCENTRATION
§ NOs-N [mg 17']
Mid-lake sampling station, 1983-1985

Depth Jan Feb Mar Apr 7 May

Jun  Jul  Aug

Sep  Oct Nov Dec

0.5 0.241 0.263 0.323 0.489 0.175
3.5 0.253 0.262 0.359 0.455 0.242

0.138 0.024 0.013
0.173 0.024 0.020

0.007 0.021 0.060 0.156
0.007 0.020 0.066 0.124

§ NH,-N [mg 17]
Mid-lake sampling station, 1983-1985

Depth Jan Feb Mar Apri May

Jun  Jul  Aug R

Seb Oct Nov Dec

5 0.32 0.24 0.32 0.35 0.47
5

0.
3. 0.32 0.25 0.35 0.29 0.57

0.18 0.09 0.50
0.17 0.19 0.29

0.10 0.06 0.67 0.35
0.09 0.03 0.39 0.32

E8 PHOSPHORUS CONCENTRATION
§ POs-P [mg 17']
Mid-lake sampling station, 1983-1985

Depth Jan Feh Mar Apr May

Jun  Jul Aug

Sep Oct Nov Dec

0.010 0.007 0.010 0.016 0.004

0.5
3.5 0.011 0.008 0.015 0.021 0.008

§ Total-P [mg 17!]
Mid-lake sampling station, 1982

0.006 0.004 0.023
0.007 0.001 0.037

0.030 0.002 0.014 0.021
0.037 0.003 0.009 0.012

Depth [m] Jan Feb Mar Apr May

Jun  Jul Aug

Sep Oct N6v Dec

0.5 0.108 0.058 0.040 0.013 0.015
3.5 0.094 0.020 0.022 0.016 0.017

ES PAST TRENDS

0.016 0.032 0.040
0.014 0.036 0.020

0.027 0.034 0.015 0.0277
0.048 0.040 0.058 0.029

Fig. ASI-12-2 Trend of transparency at 0.5 m depth, Mid-lake
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Fig. ASI-12-3 Trend of pH in the depth 0.5 m, Mid-lake sampling station.
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Fig. ASI-12-4 Trend of NO;-N of the depth 0.5 m, Mid-lake sampling station.
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Fig. ASI-12-5 Trend of NH,-N in the depth 0.5 m, Mid-lake sampling station.
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Fig. ASI-12-6 Trend of PO,-P at 0.5 m depth, Mid-lake sampling station.
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F. BIOLOGICAL FEATURES

Mid-lake sampling station for plankton, whole lake for macrophytes and benthos, during 1972

-1978, except for submerged macrophytes (recorded in 1964) (Q).

F1
§

§
§
§

F2
§

FLORA (4, 5)

Emerged macrophytes : Phragmites communis, Echinochloa crus-galli, Leersia japonica, Typha
angustifolia Nelumbo nucifera.

Floating macrophytes : Trupa natans, Nvmphaea tetvagona, Eichhornia cvassipes, Limnanthemum
indicum, Lemna minor.

Submerged macrophytes : Nwjas wmajor, Myviophyllum  spicatum, Ceratophvllum  demersim,
Potomogelon maakianus, Hydrilla verticiliaia.

Phytoplankton : Microcystis,  Merismopedia, Anabaena, Cvclotella, Melosiva, Cryptomonas,
Chroomonas, Scenedesmus, Schroederia, Chlamydomonas, Crucigenia, Oscillatoria, Aphan-
{ZOMENoON.

FAUNA (4, 5)

Zooplankton : Askenasia, Cyclidivm, Didinium, Haltevia, Tintinnidium, Tintinnopsis, Strom-
bidium, Vorticelln, Diuwrella, Polvarthra, Trichocerca, Asplanchna, Brachionus, Conochilus,
Filinia, Pompholvx, Synchaeta, Pedalia, Daphnia, Cyclops, Mesocyclops, Mediaplomus,
Neutrodiaptomus.

Benthos . Alocinma longicornis, Bellomya aevuginosa, FParafossarulus  striatula, Anodonta
woodiana, Limnodrillus hoffmeisteri, Brachiura sowerbvi, Chironomidae (Pelopia, Procladius,
Einfeldia).

Fish : Hyophthalmichihys wmolitvix, Avistichthys nobilis, Cyprinus carpio, Carassius auratus,
Megalobramma amblycephala, Ctenopharyngodon idellus.

Supplement note : See 7.

PRIMARY PRODUCTION RATE
Phytoplankton production rate [mg O, m~3day~!]
Mid-lake sampling station, 1981

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

mean
;Ijr%td. 1.51 0.37 0.20 5.32 3.99 4.63 6.88 9.49 5.56 1.91 1.30 0.26 3.49
Dark - - , el 9 9 rr - .
resp,  1:05 0.57 1.14 3.54 2.99 2.55 2.79 4.09 7.67 0.82 1.9 1.93 2.6l
g’fggb 256 0.94 1.34 8.86 6.98 7.18 9.67 13.58 13.23 2.73 3.49 2.19 6.08
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F4 BIOMASS
§ Biomass of zooplankton at Mid-lake sampling station in 1980 : 3.54 mg 17! (wet weight, average
value) (3).

F5 FISHERY PRODUCTS (Q)
§ Annual fish catch in a managed area of 1,700 ha in 1978 : 801.5 [metric tons).
§ Fishery products other than fish: Shrimp and shellfish are of no fisherv significance here.
Stocking of the mitten crab (Eviocheir sinensis) was successful, but abandoned because of the
damage to fish nettings and the difficulty of harvesting.

F6 PAST TREND
§ Trend of primary production rate (Mid-lake sampling station)

Maximum daily gross

Year production rate
[mg O, day™']

1963 4.7

1964 6.3

1973 5.6

1974 5.8

1977 7.4

1983 8.8

F7 NOTES ON THE REMARKABLE CHANGES OF BIOTA IN THE LAKE IN RECENT YEARS (5)
Remarkable decrease in the biomass of submerged macrophvtes, which had been widespread
and grown luxuriantly in the lake up to 1967, took place in 1967-1975 owing to the increased
stocking of grass carp (Ctenopharyngodon idellus) fingerlings. This was especially the case with
Potamogeton maackinus that had once been the dominant species but is now absent from the lake.
The depletion of macrophytes proved favorable for the growth of phytoplankton, but adver-
sely affected the populations of certain gastropods, aquatic insects and fish which laid eggs on
aquatic vegetation.

Blooms of blue-green algae have developed rapidly and altered the species composition and
population density of phytoplankton. The dominance of Phyrrophyta and Bacillariophyta was
replaced by that of Cyanophyta and Chlorophyta. This was associated with the rise of primary
production rate of phytoplankton.

The population density and biomass of zooplankton, particularly Protozoa and Rotifera, have
increased steadily.

Intensive stocking of planktophagous silver carp (Hvpopthalmichthvs wmolitrix) and bighead
carp (Aristichthys nobilis) has increased the annual fish yield of the Lake 4.4 times in a seven-year
period. Stocked silver carp and bighead carp account for more than 90 % of fish yield, but the
diversity of fish fauna seems to have been much reduced.

G. SOCIO-ECONOMIC CONDITIONS
G1 LAND USE IN THE CATCHMENT AREA (1981) (Q)

Area
[km?] (%]
Agricultural land 34.2 35.3
Orchard and hilly area 36.0 37.0
Residential and industrial areas 26.8 27.6
Total 97.0 100.0
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§ Main Types of woody vegetation : No natural woody vegetation ; rows and groves of trees, mainly
Taxodium distichum, are planted around the lake.

§ Main kinds of crops : Rice, wheat, tea and cotton.

Level of fertilizer application on crop fields : Moderate.

§ Trends of change in land use in recent years: Land for growing vegetables and rice has been
increasingly turned into land for house-building (Q).

o

G2 INDUSTRIES IN THE CATCHMENT AREA AND THE LAKE (Q)
Beside agriculture, fishery (aquaculture) is also an important primary industry. There are
several sanatoria and hospitals and about one hundred factories (including a big steel plant)
around the lake.

G3 POPULATION IN THE CATCHMENT AREA (1981) (Q)

Population density ]
[km™2]

Total Mbre than 200,000 > 2,062 7 Wuhan* (3.900.000)

Population Main cities (population)

* Not all the city area is included in the catchment area.

H. LAKE UTILIZATION

H1 LAKE UTILIZATION (Q)
Source of water, navigation and transportation, tourism, recreation (swimming, yachting)
and fisheries.

H2 THE LAKE AS WATER RESOURCE (Q)
§ Domestic and industrial (1981): 300-350 x 10? m*day~*.
Over one million m® day™" of cooling water used by a steel plant is recycled in the lake.

[. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS

11 ENHANCED SILTATION (Q)
§ Extent of damage : Not serious.
§ Supplementary notes : Rate of sedimentation is low, but larger in the northern part of the lake
than in the southern part.

[2 TOXIC CONTAMINATION : No information (Q).

I3 EUTROPHICATION (Q)
§ Nuisance caused by eutrophication

Unusual algal bloom : Microcystis flos-aquae, M. aeruginosa, Anabacna spiroides, Aphan-
izomenon flos-aquae, Oscillatoria limosa, etc.

Disturbed filtration in cleaning beds.

Foul smell of tap water.

Harms to fishery products; summer-kill of tilapias in net-cages occasionally occurs in
sultry weather.

§ Nitrogen and phosphorus loadings to the lake [t vr '] (1979-1980) (7)

Total dissolved nitrogen (N) Total dissolved phosphate (PO,*")

536.3 t yr !t or 19.22 g m *yr! 87.8 t yr~' or 3.15 g m™yr!
Industrial + Domestic 59.2 % 74.7 %
Surface runoff 34.0 % 24.2 %
Atmospheric 6.8% 1.1 %

Supplementary notes : The increasing urbanization and the rapid development of industry,
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agriculture and animal husbandry in the drainage basin pour hundreds of semi-treated effluent.
The lake at its present stage can be regarded as an eutrophic lake on the way to a hyper-
eutrophic stage (4). The construction of the sewerage system leading to a wastewater treatment
plant has been under way since 1985,

[4 ACIDIFICATION (Q)
§ Extent of damage : None. Acid rain has heen detected. but so far no damage is reported for
forestry, crop and architecture. The lake ecosystem is practically unaffected because of its
high buffering capacity.

J. WASTEWATER TREATMENTS

J1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA (Q): (d) Measurable pollu-
tion with limited wastewater treatment.

K. IMPROVEMENT WORKS IN THE LAKE

A plan for establishing the waste water treatment plant for domestic sewage is now being
carried out by the Municipality of Wuhan. The treated water will be discharged into the Chang

Jiang (Q).

L. DEVELOPMENT PLANS

No information (Q).

M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR UPGRADING
LAKE ENVIRONMENTS

M1 NATIONAL AND LOCAL LAWS CONCERNED (Q)

§ Names of the laws (the year of legislation)

(1) Bulletin for Strengthening the Work of Protection and Management of Scenic Spots,
promulgated by the State Council of the Peoples Republic of China (1981).

§ Responsible authorities

(1) Provincial Bureau of Urban Construction, Hubei Province.

§ Main items of control

{1) Sources of serious pollution must be properly treated, or else removed away. Effluents
from sanatoria, restaurants, etc. should conform to the standards of permissible drain.

M2 INSTITUTIONAL MEASURES (Q)
(1) Bureau of Environmental Protection, Provincial Government of Hubei, Luojiashan, Wuhan.
(2) Administrative Board of the Dong-Hu Scenery Area, affiliated to the Municipal Government
of Wuhan, Wuchang, Wuhan.

M3 RESEARCH INSTITUTE ENGAGED IN THE LAKE ENVIRONMENT STUDIES (Q)
(1} Provincial Institute of Environmental Protection of Hubei, established in the early 1970s.
Luojiashan, Wuhan,
{2) Institute of Hydrobiology, Academia Sinica, moved from Shanghai to Wuhan in 1954.
Luojiashan, Wuhan.

10



ASI-12

N. SOURCES OF DATA

* In Chinese, with English summary.

(Q) Questionnaire filled by Dr. Liu Jiang-Kang, Institute of Hydrobiology. Academia Sinica.,
Wuhan.

(1) Tokyo Astronomical Observatory(ed.) (1987) Chronological Scientific Tables (in Japanesc).
916pp. Maruzen, Tokyo.

(2) Provincial Hydrographic Station of Hubei, according to the questionnaire.

(3) Huang, X., Chen, X., Wu, Z. & Hu, C. (1981) Studies on the changes in abundance and
biomass of zooplankton in Lake Dong Hu. Wuhan. Acta Hydrobiologica Sinica, 8(3): 345-
358.*

{4) Jao, C. and Zhang, Z. (1980) Ecological changes of phytoplankton in Lake Dong Hu, Wuhan.
during 1956-1975 and the eutrophication problem. Ibid.. 7(1): 1-17.*

(5) Liu, J.K. (1984) Lakes of the middle and lower basins of the Chang Jiang (China). In
“Ecosystems of the World”, vol. 23. Lakes and Reservoirs (ed. by Frieda Taub), pp. 331-355.
Elsevier., Amsterdam.

6) Liu, J.K. (1984) Pollution studies on three Chinese lakes. Proceedings of Shiga Conference
"84 on Conservation and Management of World Lake Environment, pp. 73-80. Shiga Prefectur-
al Government, Otsu.

(7) Zhang, S., Liu, Q. & Huang, Y. (1984) The main sources of nitrogen and phosphorus in Lake
Dong Hu, Wuhan. Oceanologia et Limnologia Sinica, 15(3): 203-213.*
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A. LOCATION

§ Rizal and Laguna Provinces, Luzon, Philippines.
§ 14°02-14"05'N, 121°0" 121°05°E; 1.8 m above sea level.

B. DESCRIPTION

Laguna de Bay (Lake Bay) is often erroneously called the “Laguna Lake”. It is the largest
lake in the Philippines. On the lake, there are an island. Talim. and two peninsulas jutting out a
long way from the north coast. The lake is considered to have once been a branch of Manila Bayv
but later became separated from the hay by volcanic deposits and the upheaval of land. Water
flows out from the northwestern end of the lake to Manila Bayv. Since, the difference of water
level between the lake and the sea is so small, the adverse tides occur frequently during the dry
season from January to April.

Vast paddy fields, sugar cane fields and coconut plantations spread over the alluvial plain
around the lake. Cash products like vegetables, fruits and poultry are also raised {or consumption
in neighboring big cities as Manila and Quezon City. The Laguna Lake Development Authority
established in 1970 is mainly responsible for promoting development and conservation works in the
lake and its drainage basin (Q1).

C. PHYSICAL DIMENSIONS (1)

Surface area [km?] ca. 900
Volume [10°m?] ca. 3.2
Maximum depth |[m] 7.3
Mean depth [m] 2.8
Water level Regulated
Length of shoreline [km]| ca. 220
Catchment area [km?] ca. 3.820
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D. PHYSIOGRAPHIC FEATURES

D1 GEOGRAPHICAL (1)
§ Sketch map (Fig. ASI-13-1).
§ Qutflowing rivers and channels (number and names): 1 (Rasig R.).

D2 CLIMATIC (2)
§ Climatic data at Manila

]én Feb Mar Kpr Miay Jun  Jul Aug Sep Oct Nov DVC;C AnHual

Mean temp. [C]' 257.() 25.5 26.8 248.3 28.6 27.9 27.1 27.0 26.9 26.7 25.9 25.2 26.7
Precipitation [mm]’ 23 11 17 32 128 253 414 437 353 195 138 68 2,069

*1 pl-year average. *2 30-vear average.
§ Number of hours of bright sunshine (Manila, 1931-1960) : 2,103 hr yr "
§ Solar radiation (Manila, 1986): 22.5 MJ m~* day~'.

Fig. ASI-13-1 Sketch map of the lake (1).
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§ Water temperature ['C] (3)
Station 1. 1976

Depth [m]i Jan Feb Marr Apr May Jun WJul Aug Sep Oct Nov Dec

0.5 216 24.6 26.5 28.2 30.3 28.6 30.6 20.2 30.0 30.2 28.4 25.6
1 296 283 30.2 28.9 29.0 29.8 28.3 25.4

2.0 24.4 250 26.3 28.

Fig. ASI-13-2 Vertical distribution of water temperature (1).
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§ Freezing period: None.

§ Mixing type : Polvmictic.

§ Nots on water mixing and thermocline formation : As a shallow lake. it is normaly well-mixed and
the thermocline formation is not scasonal but diurnal.

E. LAKE WATER QUALITY

E1 TRANSPARENCY [m] (1)
Station 1. 1976

Jan Feb WMar Ai)r May Jun Jul Aug Sep Oct Novibiec

o.r 0.2 0.1 0.2 06 0.3 - 0.6 0.7 0.5 0.5 0.3

E2 pH

Fig. ASI-13-3 pH (average for whole lake, 1973 1977) (1).
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pH

E4 DO [mg 1]

Fig. ASI-13-4 DO at 0.5m depth (average for whole lake) (1).
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Fig. ASI-13-5 Vertical distribution of DO (1).
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Depth [m]
[p%)

1

1

22 June 1977
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Es COD [mg 17'] (Q2)

10

15

DO [mg 171]

20 25

Determined by K,CrQO, method ; whole lake average, 1986.

Jan Feb Mar Apr May Jun Jul Aug  Sep Oct Nov Déc
9.90 — 32.72 14.25 16.72 22.01 14.31 12.38 7.57 10.12 5.27 —
E7 NITROGEN CONCENTRATION
§ NOs-N
Fig. ASI-13-6 NO,-N (average for whole lake, 1973-1977) (1).
511
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§ Total-N [mg 17]. 1984 (Q2)
Jap Feb Mar Apr May Jun Jul  Aug  Sep Oct Nov Dec
— — 1.25 0.96 0.746 1.34 0.72 0.94 0.80 0.499 0.78 -

AD1-10O

[
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E8 PHOSPHORUS CONCENTRATION
§ lnorg-P [ug 177]

Fig. ASI-13-7 Inorg-P (average for whole lake, 1973-1977) (1).
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EQ CHLORINE ION CONCENTRATION [mg I7'], 1984 (Q2)

Jan Feb Mar Apr May Jun Jul Aug  Sep 'Oct Nov 7Dec

— - 50.76  44.27 75.40 164.66 88.07 85.86 82.77 11.91 76.71

F. BIOLOGICAL FEATURES (1)

F1 FLORA
§ Floating macrophytes : Eichhornia crassipes.
§ Submerged macrophytes : Vallisneria gigantea, Najas graminea, Hydrilla veviicillata.
§ Phytoplankton : Microcystis, Anabaena, Oscillatoria, Closterinm, Scenedesinus, Melosira, Ste-
phanodiscus.

F2 FAUNA
§ Zooplankton : Cvclops, Diaptomus, Lernaea cyvprinacea, Bosmina, Diaphaiosoma, Moina, Keratel-
la, Brachionus, Filinia.
§ Benthos : Branchinra, Limnodrilus, Tubifex.
§ Fish: Therapon plumbeus, Glossogobius giwrus, Chanos chanos, Megalops cvprinoides, Anabas
testudeneus, Hewivamphus sp., Mugil sp.

F3 PRIMARY PRODUCTION RATE
May-Sep., 1977 : 4.4-12.0 gC m~* day~".
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F4 BIOMASS

Fig. ASI-13-8 Phytoplankton biomass (average for whole lake, 1975-1977) (1).
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Fig. ASI-13-9 Population density of total zooplankton (average for whole lake. 1973
-1977) (1).
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Fig. ASI-13-10 Population density of total benthos (average for whole lake, 1973-1977) (1).
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F5 FISHERY PRODUCTS
§ Annual fish catch: 120,000 [metric tons] (Q1).

F7 NOTES ON THE REMARKABLE CHANGES OF BIOTA IN THE LAKE (QQ2)

Notable increase of Tilapia spp. Significant increase of pathogenic microorganisms along
shoreline.

G. SOCIO-ECONOMIC CONDITIONS
G1 LAND USE IN THE CATCHMENT AREA (Q1. Q2)

Area [km*]  [%] .

Natural Iaadscape

Woody vegetation 908.6 23.3
Herbaceous vegetation 617.0 16.2
Swamp 25.3 0.7
Others 12.9 0.3
Agricultural land 1.984.6 52.0
Residential area 248.3 6.5
7 99.4

Total 3.796.

§ Main kinds of crops : Rice, maize, sugarcane, other diversified crops and coconuts.

§ Levels of fertilizer application on crop fields : Moderate.
§ Trends of change in land use in recent years : Extensive urbanization especially on western side.

G2 INDUSTRIES IN THE CATCHMENT AREA AND THE LAKE (1975) (1. 1)

Number of

Main products
persons engaged

Primary industry

Agriculture 109,065 Rice, maize, vegetable, fruits
Fisheries 32.828 Milkfish, white goby, therapon
Forestry 2.943

Secondary industry
Manufacturing 376,457 Textile, garment
Mining 3,612

Tertiary industry 951,487
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G3 POPULATION IN THE CATCHMENT AREA (1980) (Q1)

Population density
[km=2]

Total population Main cities (population)

‘San Pablo (99.000).

.) :) J : ) vl 2 . - . -
2. 381,30 2.7 Calamba, Los Banos

H. LAKE UTILIZATION

H1 LAKE UTILIZATION (Q1)
Source of water. navigation and transportation. sightseeing and tourism, recreation (swim-

ming and sgport-fishing) and fisheries.

H2 THE LAKE AS WATER RESOURCE (1977) ((Q1)

Use rate (m® sec™']

Industrial water 8.91
Power plant 46.30

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS
[2 TOXIC CONTAMINATION : No information {(Q2).

I3 EUTROPHICATION
§ Nuisance caused by eutrophication : Unusual bloom of MWicrocvsiss.
§ Nitrogen and phoshorus loadings to the lake [t vr™], 1976 (5).

Sources Industrial  Domestic Agricultural Livestock  Others  Total
T-N 190 1,400 772 1.132 448 3.942
172 453 80 942

T-P 40 197

§ Supplementary notes : Algal blooms in the 707s not as serious in the 80's, perhaps due to intensive
aquaculture which harvests N and P from the lake (Q2).

I4 ACIDIFICATION
§ Extent of damage : Not serious (Q2).

J. WASTEWATER TREATMENTS

J1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA : (f) Severe pollution with no
wastewater treatment plants in the immediate vicinity of the lake (Q2).
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J2 APPROXIMATE PERCENTAGE DISTRIBUTION OF NUTRIENT LOADS (Q2)

Percentage

Non-point sources

Agricultural, natural and .

dispersed settlements 60
Point sources

Municipal 25

Industrial 15
Total 100%

J3 SANITARY FACILITIES AND SEWERAGE ({(J2)
§ Percentage of municipal population in the catchment area provided with adequate sanitary facilities
{on-site treatment systems) or public sewerage : None.
§ Percentage of rural population with adequate sanitary facilities : None.
§ Municipal wastewater treatment systems
Number of tertiary treatment svstems : None.
Number of secondary treatment systems : None.
Primary treatment systems: Individual septic tanks among upper and middle class
households ; none for lower class housholds.
§ Number of industrial wastewater treatment systems: 40 110 (activated sludge. biogas works.
sedimentation ponds. oxidation ponds).

K. IMPROVEMENT WORKS IN THE LAKE

Occasional cleaning of tributaries polluted by settlements.

L. DEVELOPMENT PLANS

Napindan Hydraulic Control Structure in operation since 1985 by MPWH. Manggahan
Floodway 80% completed. MPWH Lake Zoning and Management Plan. ongoing implementa-
tion by LLDA.

M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR UPGRADING
LAKE ENVIRONMENTS
M1 NATIONAL AND LOCAL LAWS CONCERNED
(1) National Pollution Control Decree, P. D. 984 (1976) : National Pollution Control Commission

M2 INSTITUTIONAL MEASURES

(1) Laguna Lake Development Authority (1966, as amended by P. D. 813 in 1975). Univ. of Life
Complex, Pasig, Metro Manila

M3 RESEARCH INSTITUTE ENGAGED IN THE LAKE ENVIRONMENT STUDIES
(1) Institute of Chemistry, University of the Philippines at Los Batos (UPLB)
{2y Institute of Biological Sciences Limnological Rescarch Station, UPLB
(3) SEAFDEC, Binangonan Station

N. SOURCES OF DATA

(Q1) Questionnaire filled by Dr. Teodoro B. Baquilat, Laguna Lake Development Authority.
Manila.

(Q2) Questionnaire filled by Dr. Marlito Lanzona Cardinas, Institute of Chemistry, University of
the Philippines at Los Banos.

(1) World Health Organization & Laguna Lake Development Authority(1978) Final Report,
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Comprehensive Water Quality Management Program Laguna de Bay. Vol 1 {(Summary Report).
231 pp. Laguna Lake Development Authority, Manila.

(2) Miller. M. J. (1982) Selected Climatic Data for a Global Set of Standard Stations for
Vegetation Science. 306 pp. Dr. W. Junk Publishers. the Hague.

(3) World Health Organization & Laguna Lake Development Authority(1978) Final Report,
Comprehensive Water Quality Management Program Laguna de Bayv. Vol. 7(Limnalogy of
Laguna de Bay). Appendix 2. 370 pp. Laguna Lake Development Authoritv, Manila.

(4) National Census and Statistics Office(1975) Integrated Census of the Population and its
Economic Activities. Manila.

(5} Fernandez, A. L. (1981) Fundamental Study on Multiobjective Water Resources Planning.
238 pp. In partial fulfillment of the requirements for Master's degree in engineering. Osaka
University, Osaka.

(6) Annual Report, College of Engineering and Agro-industrial Technology, Vol 24(1982)
Department of Agrometeorology, University of the Philippines at Los Banios, College Laguna.

{7)  Annual Report, College of Arts and Sciences, Vol. 28(1986) Institute of Chemistry. Depart-
ment of Analytical and Environmental Chemistry, University of the Philippines at Los Banos,
College. Laguna.
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INAWASHIRO-KO (LAKE INAWASHIRO)

A bird -eye view of the whole lake from the south
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A. LOCATION

§ Fukushima Prefecture, Japan.
§ 37°28'N, 140°06°E ; 514 m above sea level.

B. DESCRIPTION

Lake Inawashiro was formed some 30,000 years ago in a tectonic depression due to the
eruption of Mt. Bandai and other volcanoes which dammed rivers by mud flows and topographic
changes. It is considered that the original water level of the lake has since been lowered consider-
ably owing to the erosion by the outflowing river. R. Nippashi.

The lake water has been used from ancient times for irrigating rice paddies in the Aizu Basin.
An irrigation channel was completed in the 17th century during the Edo period. In 1882, another
channel from the lake to the Karivama Basin was completed to give rise to about 300 km?® of newly
reclaimed rice fields. One additional channel was constructed in 1915, parallel with the old. to
supply the city of Koriyvama with water for drinking and industrial use. Since the lake surface is
higher than the land surface of the two basins by about 300 m. manyv hvdroelectric power plants
have been made along the outflowing river and channels. the electricity heing supplied to the
Tékyvo area.

The lake water is slightly acidic. with a pH value of approximatelv 5.0. owing to the inflow
of acidic water containing sulfuric acid, derived from hot springs and sulfur mines in the drainage
basin. Transparency was recorded to be 20 m or more in the early 1930°s. but recent measure-
ments revealed its diminishing trend. However, the decrease of transparency is not likelv to be
caused by the increase in photosynthetic production. since the concentration of chlorophyvll-a has
maintained a low level around 1 mg m~* (1).

C. PHYSICAL DIMENSIONS (Q)

Surface arca [km?] 104.8
Volume [10°m?] 3.86
Maximum depth [m] 91.6
Mean depth [m] 37

Normal range of annual water

level fluctuation (regulated) [m] 1.06
Length of shoreline [km] 55.3
Residence time [yvr] 3.3
Catchment area [km?] 711
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D. PHYSIOGRAPHIC FEATURES(Q)

D1 GEOGRAPHICAL
§ Bathymetric map (Fig. ASI-14-1).
§ Main islands (name and area): Okina jima (0.07 km?).

§ Outflowing rivers and channels (number and names): 3 (Nippashi R., Asaka Canal and New
Asaka Canal).

D2 CLIMATIC
§ Climatic data at Inawashiro, 1979-1983

Jan Feb Mar Apr May Jun Jul Aug Sepr Oct Nov Dec Annual

Mean temp. [[C] —2.4—2.4 0.8 7.3 13.0 17.3 19.9 21.4 16.9 11.2 5.5 0.5 9.1
Precipitation [mm)] 73097 77 102 106 106 264 150 109 110 97 81  1.404
§ Number of hours of bright sunshine (Inawashiro, 1979-1983) : 1974. 9 hr yr™".
Fig. ASI-14-1 Bathymetric map (2).
§ Water temperature ['C]
Station 1, 1985
Depth [m]  May Jun Jul Aug Sep Oct Nov
S%gfgfe 11.7 12.7 16.7 7.6 248 17.6 11.5
10 7.1 12.4 17.0 21.2 24.1 17.41 11.4
20 6.9 11.9 11.5 12.1 13.6 13.7 11.3
50 5.2 6.3 6.9 6.5 6.8 6.2 6.7

§ Freezing period : Not freezing.
§ Mixing type : Monomictic.
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E1

E2

E3

E4

ES

E6

TRANSPARENCY [m]
Station 1, 1985

E. LAKE WATER QUALITY (Q)

l\/iay

<0.

CHLOROPHYLL CONCENTRATION [xg 17'], Station 1, 1985

Jan Feh Apr Jun Jul Adgr Sep Oct Nov  Dec
— - .0 7.8 5.3 10,0 10.5 8.0 8.0 —

pH, Station 1, 1985

Depth [m] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0.5 - — - 4.9 49 4.8 1.8 4.7 4.9 5.0
10 — — — - 5.0 4.9 4.8 4.8 4.7 4.9 5.0
20 — — - - 50 4.9 4.9 4.9 4.8 5.0 5.1 -
50 - - — 5.0 5.0 5.0 4.9 4.8 5.0 5.2

SS [mg 1], Station 1. 1985

Depth [m] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0.5 — — - <1 <1 <1 <1 <1 <1 1
10 - - - - <1 <1 <1 <1 <1 < 1 -
20 - - - - <1 <1 1 <1 <1 <1 R
50 — — — — <] <1 <1 <] <1 <1 <] —

DO [mg 17!], Station 1, 1985

Depth [m] Ian Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0.5 — — - — 10 10 9.5 &7 &85 10 9.8 -
10 — — — — 11 10 9.9 9.2 8.8 10 9.9
20 — — 11 11 11 11 11 11 9.9 -
50 — — — — 11 11 11 11 11 11 11

COD [mg 17'], Station 1. 1985

Determined by KMnQO, method

Depth [m] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0.5 — — — — 0.6 <0.5 <0.5 <0.5 <0.5 <0.5 0.6
10 - —  <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 0.5 -
20 — — — —  <0.5 <0.5 <0.5 <0.5 <0.50 <0.5 <0.5 —
50 - - — —  <0.5 <0.5 5 <0.5 <0.5 <0.5 <0.5 -

Depth [m] Jan Feb MarﬁApr May WJun Jul  Aug Sep

0.5

— <1

<1

<1

3.0

2.0
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E7 NITROGEN CONCENTRATION
§ Total-N [mg I71], Station 1, 1985

Depth [m] Jan Feb Mar Apr Mayi Jun Jﬁl Aug Sep Oct Nov Dec

0.5 - - 0.26 0.31 0.38 0.29 0.26 0.27 —

10 - — — 0.28 0.30 0.35 0.31 0.23 0.26 - -
20 — - - -  0.26 0.28 0.41 0.33 0.24 0.27 — —
50 - — - — 0.25 0.27 0.38 0.28 0.30 0.33 — -

E8 PHOSPHORUS CONCENTRATION
§ Total-P [mg 17], Station 1, 1985

Depth [m] Jan Feb Mar Apr May Jum Jul Aug Sep Oct Nov Dec

0.5 — - - — — — <0003 <0.003 0.005 <0.003  — -
10 — — — — — <0003 <0.003 0.005 <0.005  — —
20 — - - — — — <0003 <0.003 0.005  <0.003 : —
50 — — — — — - <003 <0.003 0.005  <0.003  — —

EQ PAST TRENDS

Fig. ASI-14-2 Trend of transparency at the lake center (3).

117

Transparency [m)
~3

1974 75 76 77 78 79

F. BIOLOGICAL FEATURES

F1 FLORA (Q)
§ Emerged macrophytes : Phragimites communis, Zizania latifolia, Scirpus lucustris, S. mucronalus.
§ Floating macrophytes : Nuphar japonicium, Nymphoides peltata, Trapa incisa, Brasenia schreberi.
§ Submerged macrophytes : Potamogeton perfoliatuns, Hydrvilie certicillata, Myriophyllum verticil-
latim,
§ Phytoplankton : Swurirelln robusta, Syvnedra wlna, Hormidium subtile.

F2 FAUNA
§ Zooplankton : Bosmina longirostris, Ploesoma truncatus, Lecane sp.. Cyclops sp. (4).
§ Benthos: Chironomus plumosus, Ch. bathophilus, Limnodrilus sp. (4).
§ Fish: Carassius gibelio, Leuciscus hakonensis, Salvelinus leucomaenis (5).

F5 FISHERY PRODUCTS (Q)
§ Annual fish catch in 1985 : 56 [metric tons)].

<
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G. SOCIO-ECONOMIC CONDITIONS
G1 LAND USE IN THE CATCHMENT AREA

Aréa [km*]  [%]

Natural landscape

Woody vegetation 620.0 87.2
Agricultural land

Crop field 69.8 9.8
Others 21.0 3.0
Total 710.8 100.0

§ Main types of woody vegetation: Deciduous broadleaf forest (Fagits crenata, Quercus mongolica
var. grosseserrala, Q. serrata); subalpine conifer forest (Abies mariesii, Tsuga diversirolia)
pine forest (Pinus densiflora) ; conifer plantation (Cryvplomeria japonica, Pinus densiflora, Larix
kaempieri) (6).

§ Main types of herbaceous vegetation : Glassland and dwarf bamboo community (6).

§ Main kinds of crops : Rice and vegetables (Q).

§ Levels of fertilizer application on crop fields : Moderate.

G2 INDUSTRIES IN THE CATCHMENT AREA AND THE LAKE (1983) ()
§ Numbers of domestic animals in the catchment area: Cattle 2.829 and swine 565.

G3 POPULATION IN THE CATCHMENT AREA (1983) ()

Population density
[km™?]

30,332 ’ Y

Total population

H. LAKE UTILIZATION (Q)

H1 LAKE UTILIZATION
Source of water, sightseeing and tourism (number of visitors in 1983 : 2.285 x 10%), recreation
(swimming, sport-fishing. vachting) and fisheries.

H2 THE LAKE AS WATER RESOURCE (1933) Q)

Use rate [m?* day™!]

Domestic water 112 896
Irrigation 1.471.997
Industrial water

Power plant 5,832,000

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS
[1 ENHANCED SILTATION (Q)
§ Extent of damage : None.

I2 TOXIC CONTAMINATION (Q)
§ Present status : No information.



ASI-14

I3 EUTROPHICATION {Q)
§ Nuisance caused by eutrophication : Not any nuisance.
§ Phosphorus loadings to the lake [kg day™'], 1983

Sources Industrial Domestic Agricultural and natural Total

T-P 0.441 1.714 3.735 5.89

4 ACIDIFICATION (Q)
§ Extent of damage : None.
§ Past trends

Fig. ASI-13-3 Past trend of pH (Q).

Legend
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J. WASTEWATER TREATMENTS (Q)

J1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA : (c) Limited pollution with
wastewaler freatment.

J2 APPROXIMATE PERCENTAGE DISTRIBUTION OF POLLUTANT LOADS

Percentage

Non-point sources
{agricultural, natural and .

) : 92.5
dispersed settlements)
Point sources

Industrial 7.5
Total 100

J3 SANITARY FACILITIES AND SEWERAGE
§ Percentage of municipal population in the catchment area provided with adequate sanitary facilities
(on-site treatment system) or public sewerage : 9.3 %.

N. SOURCES OF DATA

(Q) Questionnaire filled by the Prefectural Government of Fukushima.

(1) Horie, S. (1953) A study of the lacustrine terraces of Lake Inawashiro. Geogr. Rev. Jap., 26
- 550-562 (in Japancsce).

(2) Japan Map Center (ed.) (1982) Collection of Maps on Japanese Lakes (Technical Data of
National Geographical Institute, D+1-No. 221). National Geographical Institute, Tsukuba (in
Japanese).

(3) Fukushima Prefectural Government (1979) Report of Lake Survey. 208pp. Fukushima (in
Japanese).

(4) Research Group of Fukushima University (1980) Study on Nature of Lake Inawashiro, No. 1.
Fukushima (in Japancsec).

(5) Inlandwater Fisheries Experiment Station of Fukushima Prefectural Government (1979)
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Research Report from Inlandwater Fisheries Experiment Station of Fukushima Prefectural
Government, 3 (in Japanese).

(6) Environment Agency (1981} The 2nd National Survey on the Natural Environment (Vegeta-
tion). Actual Vegetation Map, Fukushima. Japan Wildlife Research Center. Tokvo (in
Japanese).



TASEK BERA (SWAMP LAKE TASEK BERA)

On an open water near Pos Iskander
o .
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idger P as”
George To 2
Pingn, oK
Padit Bun
gan Sery {
Port bt
Kual 8
i,
- Lumiggeh, "
Teluk As
Bagan D o I )
- = o | b
Sl = . R
5 < L g 7L W an e ENIPJSULAR
e Kua i_ f \ ‘ ¥ Pahabt &
¥ M ﬂJ \ f]ah A k.n
Tinggi - I%gl’cr FITLN \ T e V4
hanrigk SBLA i
o. L KUALA LUMP S i P AI—AYSIA " KEPULALIAN
=Hanjungbalai Pelab h“'rifl b i G o & ] - 43 | l Jeme
~i Bl hay L N Rompint B g
e % S VO Y L
;ort s
\ ™ L. : Shur
Ty Senebui s n.r. arna g ] i i e ¥ e"s:-:?wi
Ga MR #N\g 2 P L
@ uars g -
==l ST = T~
=X - c 2 R
= - “‘1 Y X - AN _n i
W s = & ._:;L (A 9 *88
L e is Johor 5 '
- u!"@? A * 1 )8 mg‘ Kuku n?aéa? 0 R E
B T R g ap b 7ol L e
m e saprt gfer Korimun, goq
= - A e %ﬂp“ AR e 'unﬁ:mang
= 2 - v ~ . .
" 5 "' r‘l ur‘ 5 - Al . I&% o t‘
oA 80 00. %0 200 20 300 Kilometres

Copyright (© John Bartholomew & Son Limited MCMLXXXII. Reproduced with permission.

AST-15



ASI-15

A. LOCATION

§ Pahang State, Peninsular Malaysia.
§ 3°00'N, 102°38'E ; >30 m above sea level.

B. DESCRIPTION

Tasek Bera is an alluvial blackwater swamp lake located in the southern part of Malay
Peninsula at uppermost reach of the southern branch of River Pahang. It occupies an area of
about 25 km x 35 km on the forest-covered peneplain that stretches over the low east-west
watershed of the peninsula. A narrow channel drains its water northward to River Pahang and
eventually eastward into South China Sea.

The lake is a complex dendritic system consisting of extensive swamp forests that account for
nearly two-thirds of its area, littoral swamps overgrown by Pandanus shrub or sedges (mostly
Lepironia), network of flowing channels and scattered small open waters. The open water area
constitutes less than 1.5 % of the whole system. The water is poor in calcium and magnesium
contents, and is acidic and brown-colored due to dissolved humic substances. The decomposition
of plant detritus is thus remarkably inhibited resulting in the accumulation of peat several meters
thick on the lake bottom. The vigorous growth of insectivorous {fricularia in open waters and
the occurrence of the other insectivores, Nepenthes spp.. along the lake shore suggest oligotrophic
nature of the habitats. However, the nitrogen and phosphorus contents of lake water and the
biological productivity are not very low.,

The catchment area has been inhabited for centuries by a Malavan aboriginal tribe, Semalai.
Their subsistence depended on the shifting cultivation of upland rice and cassava, fishery in the
lake and gathering forest and swamp products. The slash-and-burn agriculture has turned an
extensive area of original vegetation of mixed rain forest into low secondary forest in the northern
half of the catchment. In recent vears, they were given a chance to go beyond their traditional
subsistence economy by growing rubber trees and wetland rice, which mayv gradually affect the
lake environment.

An integrated ecosvstem research on Tasek Bera was carried out during 1970-1974 at Pos
(Fort) Iskander, within the framework of the International Biological Program by the Joint
Malaysian-Japanese Team of 19 scientists. The program contributed much to the knowledge of
the swamp ecosystem of this tvpe. which once widely occurred throughout the lowlands of
equatorial Southeast Asia but has almost disappeared. As its valuable relics that escaped ex-
ploitation, it is desirable to preserve the peculiar biota and natural physiognomy of Tasek Bera as
a nature reserve (Editor).

C. PHYSICAL DIMENSIONS (1)

Surface area [km?] o 61.5
Maximum depth [m] T
Mean depth |m)] 22.5

Normal range of annual water
level fluctuation (unregulated) [m]

Catchment area [km?] ca. 550
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D. PHYSIOGRAPHIC FEATURES

D1 GEOGRAPHICAL

§ Sketch map (Fig. AS1-15-1).
§ Outflowing rivers and channels (number and names) : 1 (Sungai (River) Bera).

D2 CLIMATIC (1. 2)
§ Climatic data at Pos Iskander. 1971 (temperature ; average of several readings during daytime
on a few davs per month); 19701972 (precipitation).
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Mean temp. [°C] 24.6 26.2 27.1 26.4 27.5 27.4 27.4 25.8 25.3 28.3 24.0 23.9 26.2
Precipitation |mm]| — — - = - - — — — — — 2.522

§ Seasonal distribution of rainfall (1970) (Fig. ASI-15-2).
§ Solar radiation (Pos Iskander, Jun. 1972-Mar. 1973): 13.6: MJ m~*day~" (1).

Fig. ASI-15-1 Map of the lake and catchment area (1).
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Fig. ASI-15-2 Seasonal distribution of rainfall at Dunlop Estate (Bahau. Negeri Sembilan
Province, ca. 20km to the southwest of Pos Iskander) in 1970 (1).
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§ Water temperature ['C] (2}

Pos Iskander (open water), 1971

inches

Depth [m] Jan Feb 7Mar Apr Ma,{' Jun

Jul Aué Sep (ict E)\' Dec

Surface o op = ) -
z {

(0) 23.9 24.5 25.5 2607 259 25.9 26.6 26.6 25. 26.3 25.8 24.1
1 23.8 24.4 25.3 26.0 25.7 25,7 253.8 25.5 235.2 26.3 25.1 »4.1
2 237 2100 25.3 25,9 2507 256 25.6 25.3 25.5 26.2 250 24.1
3 23.7 24.3 25.2 — - - - — 250 24.1
1.5 .

{bottom) 23.6

§ Freezing period : None.
§ Mixing type : Polymictic.

E. LAKE WATER QUALITY

E1 TRANSPARENCY [m]
Pos Iskander (open water), 1971 {2)

Jan  Feb Mar Apr Mav Jun Jul Augi Sep  Oct ﬁ\ Dec

1.2 1.5 1.6 1.7 20 1.9 2.1 1.8 2.7 25 22 21

E2 pH, Pos Iskander (open water). 1971 (2)

Depth [m] Jan Feb Mar 7 Apr M’ay Jun  Jul  Aug Sep Oc{ WNO'\' Dec
() 4.8 4.9 4.7 50 4.9 5.0 5.1 5.0 1.7 4.8 4.8 4.8
1 - 4.9 4.7 5.0 4.8 5.0 5.1 2.1 1.8 4.9 1.9 1.8
2 4.9 4.7 5.0 4.3 5.0 5.1 5.0 48 4.9 4.8 4.8
3 4.9 4.8 - — - - — 4.8 4.8

E4 DO [mg 17!, Pos Iskander (open water), 1971 (2)

Depth [m] Jan Feb Mar Apr May Jun JL—ﬂmi\Vu;ﬁ Sep bct NO\: Dec
231 1.49

0 1.36 1.46 1.41 1 2.21 2,58 2.96 2.29 2,70 2.61 1.80
1 1.10 1.50 1.52 1.31 1.83 2.04 2.41 2.68 2.48 2.02 2.23 1.75
2 1.08 1.45 1.64 1.22 1.88 1.81 2.16 2.41 2.26 2.11 2.07 1.62

1.03 0.93 1.46 — - - — - 241 1.78

1
|

RSN
1

5009 - - - = = - - -
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E6 CHLOROPHYLL CONCENTRATION [gg 17']. Sep.- Oct., 1973
Average and range for open and forest-covered waters: 1.32 (0.70-1.94).

E7 NTROGEN CONCENTRATION
Pos Iskander (open \xater) 1970 1972 [mg 171 (1)

Average (range) TOld] N: 1.12 (0.50-2.38)
NO,-N: 0.11 (0.02-0.29)
1 NQO,-N: 0.008(0.000-0.059)
, NH,-N: 0.33 (0.00-0.77)
Z Organic N 0.58 (0.06-1.53)

E8 PHOSPHORUS CONCENTRATION
§ PO,-P [g 17*]. Pos Iskander (open water). 1970-1972 (1)
Average (range): 0.021 (0.00-0.065). Nearly depleted in summer and fall. The ratio of
reactive to unreactl\e phosphorus: 1/21 on an average.

F. BIOLOGICAL FEATURES (1)

F1 FLORA
§ Emerged macrophytes : Pandanus helicopus, Lepironia articulala, Elcocharis ochrostachys.
§ Floating macrophytes : Nymiploides indica.
§ Submerged macrophytes : Utricularia flexwosa, Cryplocoryne griffithe.
§ Epiphytic algae : Diatoms (Frustulic rhomboides var. saxonica, Funolia naegelil); green algac

(Bulbochaete pracreticulata, Closteruon spp., Xanthidiion spp.. Stautrvastruon spp., Desmidium
spp.); blue-green algae (Stigonema panniforme, Hapalosiphon stuhlmanni).

§ Phytoplankton : Diatoms (Zwbellaria fenestrata, Funotic gracilis, E. lunaris, E. robusta, Frusiulia
rhomboides, Pinnwlariac wmajor) . desmids (Cosmariion  moniliforme, Clostevivm  dianae, C.
gracile, C. Ubellula, Hvalotheca dissiliens, H. undilate, Micrasterias foliacea).

F2 FAUNA

§ Zooplankton : Cladocera (Alona affinis, A. guttata, Chydorus spp.. Macrothyvix spinosa) ; Rotifera
(Fuchlanis dilatata. Colurelia colurus, Keratella cochliearis); Protozoa {(Fuglvpha brachiala,
Difflugia spp.. Arcella spp., Centropyxis aculeala).

§ Benthos: (In Utricularia community) chironomids. Cladocera, Ostracoda, Ephemeroptera,
Macrobrachium  trompi, Cariding thambipillai ; (Bottom) larvae of Diptera (chironomids),
Ephemeroptera, Trichoptera and Odonata ; Custacea (Decapoda), Oligochaeta, Nematoda.

§ Fish (relatively abundant near Pos Iskander): Nofopterus notopterus, Oxvgaster oxvgastroides,
Rasbora dorsicelluta, Cyelocheilichthvs apogon, Puntius tetrazona, P. fasciatus, Krvplopterus
bicivrhis., Pristolepis fusciatus, Nandus nebulosus, Belta pugnax, Labiobarbus faestiva, Tor clour-
emis, Botia hvimenoplysa, Kvptopterus limpok,

§ Supplementary notes on the biota: The great abundance and diversity of desmids. which includes
several taxa endemic to Tasek Bera, is a striking feature of the algal flora of the lake.
Ninety-five species of fish have so far been recorded from Tasek Bera. Almost all the species
seem to be indigenous (o Peninsular Malaysia.

Ul
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F3 PRIMARY PRODUCTION RATE (1)
§ Phytoplankton production, Pos Iskander, 1973

Open water .
t Flowing channel

(still)
Net production [mgC 17 'day™!] 0.02-0.07 (.01
Dark respiration [mg0O. 1-'dav~!] 0.08-0.75 0.12-0.64
Gross production [mgC 1 'day™}] 0.07-0.25 0.19

§ Submerged macrophyte production [g (dry wt. ) m~*day ']

Net production rate: Utriculaiia flexwosa 12 . Cryptocoyvie griffithii 5.

§ Emerged macrophyte production (Lepironia articulata) [g (dry wt.) m™*day™!]

Net production rate 2.24 ; dark respiration rate ?2.65 ; gross production rate 4.89.

F4 BIOMASS (1)

) Open Utricularia Lepironia Swam
Average hiomass b P b

[g (dry wt.) m™?]

water mat zone forest
Phytoplankton [cell no. 17!] 198 440 — 124
Utricularia flexiwosa [g (wet wt.) m™?] 105 - —
Cryptocorvne griffithii [g (dry wt)) m™7] 0.9 — — 19.9
Lepivonia arliculata | 1 ] — - 477 -
Shrimp (Macrobrachivm & Caridina) B 15 B B

G1

G. SOCIO-ECONOMIC CONDITIONS
LAND USE IN THE WHOLE CATCHMENT AREA (1970s) (1)

Area [km?] (%]
Natural landscape
Upland forest vegetation ca. 250 90
Swamp 61 10
Open water 0.73 0.1
Others -
Total 614 100

Main types of upland forest: Lowland rain forest (mixed Shorea-Dipterocarpus forest), secondary
forest (produced by shifting cultivation and logging).

Main types of swamp vegetation: Tall swamp forest (Eugenia, Elaeocarpus, Alstonia, etc.),
Pandanus helicopus thicket, reed (Lepironia articulata) swamp.

Main kinds of crops and cropping systems : Shifting cultivation (upland rice, cassava, etc.), rubber
plantation.

Levels of fertilizer application on crop fields : None.

Trends of change in land use : Beside the traditional shifting cultivation by native inhabitants.
rubber plantation and wet paddyv cultivation were recently introduced on a small scale. The
watershed forests have been cut for commercial timber since 1975, mostly from near the
swamp.
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G3 POPULATION IN THE CATCHMENT AREA (1970°s) (1)

Population density

Population [km 7] Main cities
Urban — — None
Rural ca. 700 =
Total ca. 700 1.3

* The population consists of aborigines (Semalai) living on shifting cultivation, collecting
natural products and fishery. A small number of domestic animals {goats and poultry)

are also raised.

H. LAKE UTILIZATION

H1 LAKE UTILIZATION
Fisheries and navigation.

[. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS

I1 ENHANCED SILTATION
§ Extent of damage : Not serious.

12 TOXIC CONTAMINATION
§ Present status : No information.

Ia ACIDIFICATION
§ Extent of damage : No information.

J. WASTEWATER TREATMENT

J1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA : (a) Pristine lake environ-
ments.

N. SOURCES OF DATA

(1) Furtado, J. L. & Mori, S. (ed.) (1982) Tasek Bera — the Ecology of a Freshwater Swamp. Dr.
W. Junk Publishers, The Hague-Boston-London.

2y The Malaysian IBP (PF) Subcommittee (1972) Data on Malaysian-Japanese [BP (PT)
Research at Tasek Bera, Malaysia. No. 1. Kuala Lumpur (Mimeograph).

-



SHIKOTSU-KO (LAKE SHIKOTSU)

Looking southward across the lake

Photo: Hokkaidd Prefectural Government
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A. LOCATION

§ Hokkaidd, Japan.
§ 42°45'N, 141'17E ; 248.0 m above sea level.

B. DESCRIPTION

Lake Shikotsu is a typical crater lake situated in the western part of the island of Hokkaido.
The lake was created approximately 32,000 years ago, originally in a circular shape with a
diameter of 12 km. Its present shape was achieved by the activity of surrounding volcanoes such
as Mt. Eniwa, Mt. Fuppushi and Mt. Tarumai. The lake has a mean water depth of 266 m and the
water volume (21 km?) is so large for its surface area that it rarelv freczes in winter. despite an
average temperature of —5°C. Thus L. Shikotsu and neighboring L. Tova represent the northern
boundary of distribution of non-freezing lakes in Japan.

The lake is typically oligotrophic. A transparency value of 25 m was recorded in 1926.
From 1927 to 1929, a large amounts of nitrogen and phosphorus were introduced into the lake to
help the breeding of kokanee salmon (Oncorlivichus nerka) transplanted from L. Akan. Between
1973 and 1979, however. the maximum and average transparency still amounted to 38.5m and 20
m, respectively, indicating that the water quality has been fairly stable during the past 50 vears.

In the Winter Olympic Games of 1972, a downhill race was held on Mt. Eniwa and the road
system from the city of Sapporo was well improved. With the subsequent completion of lakeside
roads, people now enjoy recreation. camping and field sports in the magnificent natural environs
of Shikotsu-THdva National Park.

C. PHYSICAL DIMENSIONS (Q)

Surface area [km?] 78.8
Volume [10° m?] 20.95
Maximum depth [m] 360.1
Mean depth [m] 266.10)
Length of shore line [km] 40.3
Residence time [yr] 51.2
Catchment area [km?] 223

()
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D. PHYSIOGRPHIC FEATURES

D1 GEOGAPHICAL (Q)
§ Bathymetric map (Fig. ASI-16-1).

§ Main islands : None.
§ Outflowing rivers and channels (number and names): 1 (Chitose R.).

Fig. ASI-16-1 Bathymetric map (1).

D2 CLIMATIC
§ Climatic Data at Tomakomai (alt. 6 m), 1973-1982 (2)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Mean temp. [°C] -5.0-5.3-1.7 3.8 9.7 14.2 18.6 19.6 15.6 9.8 2.7 2.3 6.6
Precipitation [mm] 98 76 144 128 103 145 131 299 215 260 145 92 1.767

§ Number of hours of bright sunshine (Tomakomai, 1973-1982): 1,982 hr yr~".
§ Water temperature [°C] (Q)
Station 1, 1981-1983
Depth [m] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
12.0 -  20.1 — 12.4 7 5.8
w0 - 124 7.8 5

(W3]

0 _ — — —

20 - - - = 5.1

Ut Ot

=

o

w
|

§ Freezing period : Not freezing.

E. LAKE WATER QUALITY
E1 TRANSPARENCY [m], Station 1, 1981-1983 (Q)

Jan FebiMar Apr Méy Jun  Jul Aug VSep Oct Nov Dec
— — — - 15,5 17.8 — 21.3 — 12.8 19.8 21.3
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E2

E3

E4

ES

E7
§

E8
3

ES

pH, Station 1, 1981-1983 (Q)

Depth [m] Jan Feb Mar Abr May Jun Jﬁl Aug  Sep Oct Nov Dec
0 — - — — 7.5 7.6 - 7.6 — 7.6 7.4 7.3
20 - — - — 7.5 7.5 7.6 — 7.6 7.3 7.3
SS [mg 17}], Station 1, 1981-1983 (Q)
Depth [m] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0 | 1 - 1 - <1 <1 <1
20 — : — — 1 <1 — 1 — <1 <1 <1
DO [mg 1'], Station 1, 1981-1983 (Q)
Depth [m] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0 — - — - 12 11 — 8.6 — 9.8 10 12
20 - — — - 11 11 11 — 10 10 11
COD [mg 17'], Station 1, 1981-1983 (Q)
Depth [m)] Jaﬁ Feb Mar Apr May Jun Jrul ) Aug Sep Oct Nov Dec
0 — — - — 0.3 0.6 — 0.6 0.9 0.6 0.6
20 — — — 0.5 0.7 — 0.7 — 0.9 0.6 0.
NITROGEN CONCENTRATION
Total-N [mg 17'], Station 1, 1981-1983 (QQ)
Depth [m] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0 — - — — <005 <€0.05 — <005 —  <0.05 <0.05 <0.05
PHOSPHORUS CONCENTRATION
Total-P [mg 17'], Station 1, 1981-1983 (Q)
Depth [m] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0 — — - —  <0.005<€0.005 —  <0.005 —  <0.005 <0.005 <0.005
PAST TRENDS
Fig. ASI-16-2 Trend of transparency (3).
40
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F. BIOLOGICAL FEATURES
F1 FLORA
§ Phytoplankton : Cyclotelln spp., Sphaerocystis schroetert.

F2 FAUNA
§ Zooplankton : Acanthodiaptomus pacificus, Daphnia longispina.
§ Benthos : Ephemeridae spp., Chironomidae spp.. Phryganeidae spp.
§ Fish: Salvelinus leucomaenis, Oncorkynchus nevka, Cottus nozawae.

F5 FISHERY PRODUCTS
§ Annual fish catch in 1983 : 36, 575 individuals yr™.

G. SOCIO-ECONOMIC CONDITIONS
G1 LAND USE IN THE CATCHMENT AREA (Q)

Area [km?] [%]

Natural landscape
Woody vegetation 221.1 99.3
Others 1.6 0.7
Total 222.7 100.0

§ Main types of woody vegetation : Deciduous broadleaf forest (Betwla ermanii, Quercus mongolica
var. grosseserrata, Acer mono, Tilla japonica); evergreen conifer forest (Picea jezoensis, Abies
sachalinensis) ; mixed evergreen conifer/deciduous broadleaf forest; scrub (Quevcus wmon-
golica var, undulatifolia) ; evergreen conifer plantation (Picea jezoensis, Abies sachalinensis) (4).

§ Levels of fertilizer application on crop fields : No information.

G2 INDUSTRIES IN THE CATCHMENT AREA AND THE LAKE (1981) (Q)

Gross product No. of Main products and
[ven] establishments main kinds of industry

Primary industry
Kokanee salmon,

Fisheries N.A. N.A. .
rainbow trout
Secondary industry
Mining 3.4x10° N.A. Gold, silver
Tertiary industry N.A. 44 Hotels, souvenir shops

G3 POPULATION IN THE CATCHMENT AREA (1982) (Q)

Population density
[km~?]

Total 773;170 1.53 None

Population Main cities

H. LAKE UTILIZATION

H1 LAKE UTILIZATION (Q)
Sightseeing and tourism, recreation (sport-fishing, yachting) and fisheries.

H2 THE LAKE AS WATER RESOURCE (Q)
The lake is not used as water source.
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I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS
I1 ENHANCED SILTATION : No information.

[2 TOXIC CONTAMINATION : No information.
I3 EUTROPHICATION: No information.

Ia ACIDIFICATION : No information.

J. WASTEWATER TREATMENTS

J1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA : (b) No sources of signifi-
cant pollution.

J3 SANITARY FACILITIES AND SEWERAGES
§ Municipal wastewater treatment systems
Number of secondary treatment systems: 1.

M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR
UPGRADING LAKE ENVIRONMENTS

M1 NATIONAL AND LOCAL LAWS CONCERNED
For national laws see “Biwa-ko".

N. SOURCES OF DATA

*Printed in Japanese. The title are tentatively translated into English.

(Q) Questionnaire filled by the Prefectural Govenment of Iokkaida.

{1} Japan Map Center (ed.) (1982) Collection of Maps on Japanese Lakes (Technical Data of
National Geographical Institute, D-1-No. 221). National Geographical Institute, Tsukuba.*
{2) Uchida, E.. Asakura, T. & Kawamura., T. (ed) (1983). Meteorological Data of Japan.

1060pp. Toyod-keizaishinpd-sha, Tokyo.*

{3) Imada. K., Ito, T.. Yoshizumi. Y., Awakura, T. & Yonekawa. T. (1980) Fluctuations of
transparency, COD and several dissolved ions in Lake Shikotsu (1973 1979).  Sci. Rep. Hokkaido
Fish Hatchery, 35: 21 24.%

(4) Environment Agency (1981) The 2nd National Surveyv on the Natural Environment (Vegeta-
tion), Actual Vegetation Map. Japan Wildlife Research Center. Tokvo. ™



TOYA-KO (LAKE TOYA)

Western part of the lake with Usu Volcanos
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A. LOCATION

§ Hokkaido, Japan.
§ 42°36'N, 140°51'E ; 84 m above sea level.

B. DESCRIPTION

Lake T'6va is a caldera lake in the western part of Shikotsu-Tdva National Park in southern
Hokkaidd. There are T6ya Hot Springs and Usu Volcano Group on the southern shore. The
lake is more or less circular in shape and has a group of islands at its center. The bottom is
covered by pyroclastic sediments.

There arc some 30 inflowing streams. but their discharge rates are very small except that of
R. Horobetsu. R. Sobetsu is the sole outflowing river.  Since 1937, however, R. Oru became a new
outlet through the diversion of the lake water for hvdroelectric power generation and flood
control.

The lake water became acidic since 1937 owing to the inflow of mining wastewater until pH
3 1s reached around 1970, but the acidity has recently been improved to pH 6.8-7.0 after the
neutralizing treatment in 1972

C. PHYSICAL DIMENSIONS (())

Surface area [km°] 0.4
Volume [10°m?] 819
Maximum depth [m] 179
Mean depth [m] 116
Water level Regulated
Length of shoreline [km] 36

Catchment area [km?| 173

o
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D. PHYSIOGRAPHIC FEATURES

D1 GEOGRAPHICAL (Q)
§ Sketch map (Fig. ASI-17-1).
§ Main islands : Naka-jima, Kannon-jima.
§ Outflowing rivers and channels (number and names) : 2 (Sobetsu R.. Water Intake).

D2 CLIMATIC ()
§ Climatic data at Otaki, 1982-1983

Jan Teb Mar A[;r May Jun Jul /\;ug Sep Oct Nov Dec iﬁnnuaf

K’Iealltelll[).[c] -6.9-8.5--3.2 4.1 9.6 11.8 16.:5 19.6 13.8 6.7 1.7 4.9 5.8
Precipitation [mm] 113 69 71l 177 79 128 58 162 149 219 124 94 1,443

Fig. ASI-17-1 Sketch map of the lake ().

I A T S G N SR
- ..‘.'\::\r,[ > '-'u"\gx\')\w o

e
Ve

e




ASI-17

§ Water temperature [C]
Station 1, 1981-1983

7 Oct

Depth [m] Jan Feb Mar Ai)r May Jun Jul Aug Sep Nov Dec
0.5 — — 4.7 7.8 14.4 224  — 208 15.2 — —
) — — - 4.2 7.3 11.8 19.7 — 20.5 14.7 — —
§ Freezing period: Not freezing.
§ Mixing type : Dimictic.
E. LAKE WATER QUALITY (Q)
E1 TRANSPARENCY [m]. Station 1, 1981-1983
?m Feb Mar Apr May Jun Jul Aué Sep  Oect 1:10\* De?
- - — 10 11 13 20 — 13 8 —
E2 pH, Station 1, 1981-1983
Depth [m] Jan Feb WMar 7Apr May Jun Jul Aug Sep Oét Nov Dec
0.5 — — - 6.0 6.5 6.6 6.6 - 6.8 6.1 — —
5 — - 6.4 6.6 6.7 6.6 6.7 6.5 — -
E3 SS [mg I7'], Station 1, 1981 1983
Depth [m] Jan Feb Mar Apr May Jun Jul Aug Sép Oct Nov 7 Decﬁ
0.9 — — - <1.0 1.0 1.0 1.0 - 1.0 3.0 — —
5 — — 1.0 <1.0 1.0 <1.0 — Lo 2.0 — —
E4 DO [mg I7}], Station 1, 1981-1983
Depth [m] j’an Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0.5 — — - 12 11 10 8.4 9.3 9.8 — —
) — — — 12 11 11 9.8 — 9.3 9.8 — —
E5 COD [mg I7']. Station 1, 1981-1983
”Depth [m] Jan Feb Mar Apr May Juﬁ Jul  Aug Sepi Oct Nov Dec
0.5 — — -  <0.5 <0.5 <0.2 0.7 0.7 1.1 — —
5 — : - <0.5 0.6 0.7 0.7 — 0.9 1.0 - —
E7 NITROGEN CONCENTRATION
§ Total-N [mg 17'], Station 1, 1981-1983
Depth [m] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0.5 — - - 0.32 0.29 0.33 0.30 0.37 0.28 — —
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E8 PHOSPHORUS CONCENTRATION
§ Total-P [mg 17'], Station 1, 1981-1983
Depth [m] Jan Feb Mar Apr May Jun Jul  Aug Sep Oct  Nov Dec

0.5 - - <0005 <0005 <0005 <0005 —  <0.005  <0.005  — -

F. BIOLOGICAL FEATURES

F2 FAUNA
§ Fish: Salmo nerka, Salmo mvkiss, Zacco plalvpus, Cyprinus carpio, Carassius gibelio langsdorfi,
Leuciscus (Tribolodon) ezoe, Hypomiesus olidus.

G. SOCIO-ECONOMIC CONDITIONS
G1 LAND USE IN THE CATCHMENT AREA (1983) (Q)

Area [km?] [%]
Woody vegetation 333.4 92.1
Agricultural land 19.9 5.5
Residential area 2.8 0.8
Others 5.8 1.6
Total 361.9 100.0

M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR
UPGRANDING LAKE ENVIRONMENTS

M1 NATIONAL AND LOCAL LAWS CONCERNED
For national laws see “Biwa-ko”.

N. SOURCES OF DATA

(Q) Questionnaire filled by the Prefectural Government of Hoklkaidd.

w



SAGAMI-KO (SAGAMI RESERVOIR)

A lake view from the eastern shore

Photo: A. Kurata
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A. LOCATION

§ Kanagawa Prefecture, Japan.
§ 30°36'N, 139°11'E ; 167 m above sca level.

B. DESCRIPTION

This is a man-made lake, completed in 1947 by damming up the Sagami River in its middle
course. The river comes from Yamanaka-ko, one of the Five Lakes of Fuji. and flows into
Sagami Bay on the Pacific side of the island of Honsh@i. The drainage basin of the lake is
therefore large for its size, having more than 300 times the surface area of the lake itself. With
an effective storage of some 438 million tons, water for citv and industrial use in such big cities of
Kanagawa Prefecture as Yokohama and Kawasaki. for irrigating upland fields on the Sagami-
hara Plateau. and for hydroelectric power generation can all be provided by the lake.

Excess water is discharged through the dam gate in time of flood, but otherwise it passes
through a duct 24 m under the water surface, mainly to a hvdroelectric power station.  During the
warm season from late spring to early fall, as is often the case with many other reservoirs used for
hydroelectricity, two thermoclines are ohserved at depths corresponding. respectively. to the
bottom of normal metalimnion and the level of subsurface outlet. The inflowing river water
forms a continuous density current leading to the subsurface discharge between these two thermo-
clines.  Most of the inflowing nutrients may therefore not he available for biological production
during this period.

In spite of such hydrographical constraints. the large amount of nutrient loading from the wide
drainage basin has furthered the progress of eutrophication in Sagami-ko since its construction.
Spring blooms of diatoms lead to clogging trouble in the filtration bed. while the growth of certain
blue-green algae often gives an unpleasant smell to tap water. To suppress the bloom of
Microcysiis, which has appeared every summer since 1967, a device for vertical water mixing and
acration is heing tested, together with other measures (1).

C. PHYSICAL DIMENSIONS

Surface area [km?] 3.26
Volume [10°m?] 63.2
Maximum depth [m] 32
Mean depth [m] 19

Normal range of annual water
level fluctuation (regulated) [m]|

Length of shoreline [km] 344
Residence time [vr] .05
Catchment area [km?] 1,064

2 LTOCTO8T 1985




D. PHYSIOGRAPHIC FEATURES

D1 GEOGRAPHICAL
§ Bathymetric map (Fig. ASI-138-1).
§ Outflowing rivers and channels (number and names): 1 {Sagami R.).

D2 CLIMATIC
§ Climatic data at Tsukui (temp.) and Sagami-ko (precipitation), 1983 -1985 (Qk, 3).

Jan Feb Mar Arpr May Jun Jurlr Aug Sep Oct Nov Dec Annual

Meantemp.i[‘:C] 0.6 0.9 5.1 12.6 19.9 19.6 724.0 26.5 22.0 1514 8.9 1.8 12.9
Precipitation [mm] 32 116 104 144 87 274 138 228 132 100 63 23 1,441

§ Number of hours of bright sunshine (Ebina, 1983-1985) : 2,235.7 hr vr~' (Qk. 3).

Fig. ASI-18-1 DBathvmetric map (2).

¢} 1 km

Station 1 -7

§ Water temperature | C]
Station 1. Apr. 1983-Mar. 1986 (Qk)

Depth [m] Jan Feb Mar Apr May Jun Jul 7Aug Sepr Oct Nov Dec

Surface 6.1 6.6 8.7 12.8 18.1 19.8 24.1 25.1 20.7 16.7 12.0
Bottom 5.9 6.2 7.0 9.2 11.1 12.8 14.4 14.7 15.6 15.1 11.3

§ Freezing period : None,
§ Mixing type : Monomictic.
§ Thermocline formation : Jun.-Oct.

E. LAKE WATER QUALITY
E1 TRANSPARENCY [m]. Station 1, Apr. 1983-Mar. 1986 (Qk)

7]2111 Feb Mar Apr May Jun Jul Aug 7 Sep Oct Nov I)eCW
3.1 1.7 16 1.8 1.2 1.8 1.6 1.5 1.3 1.9 26 2.

o
|
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E2 pH Stdtlolll Apr 1983-Mar. 1986 (Qk) - -
Depth Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Surface 76 7.3 7.5 840 9.0 84 9.7 8.7 89 81 7.6 7. b

E3 SS[mg 1*‘] Station 1, Apr. 1983-Mar. 1986 (Qk)

Depth Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov D?C

Surface 2 2 4 4 7 3 3 5 0 3 3 2
Bottom 3 3 5 7 8 6 4 15 11 10 4 3

E4 DO [mg 7], Station 1, Apr. 1983-Mar. 1986 (Qk)

Depth Jan Feb Mar Anpr May Jun Jul Axug er Oct N()\ Dec

Surface 9.7 9.8 9.6 10.8 12.9 12.1 13.7 1l.1 13.3 9.9 9.7
Bottom 9.6 9.4 7.7 94 32 28 4.0 3.1 22 7.1 9.3

ES COD [mg '], Station 1, Apr. 1983 Mar. 1986 (Qk)

Depth Jan Feb Mar Apr May Jun Jul -\ug Sep  Oct No\ Dec

Surface 2.1 1.9 2.4 2.7 3.6 42 4.4 372 3.
Bottom 2.1 1.8 2.2 2.0 1.9 2.3 16 2.2 2.

E6 CHLOROPHYLL CONCENTRATION [mg m™%], Station 1, Apr. 1983-Mar. 1986 (Qk)

Depth Jan Feb Mar Apr May Jun  Jul  Aug Sep Oct Nov Dec

Surface 2.2 1.8 3.0 10 33 37 29 15 28 9.7 9.9 1.3

E7 NITROGEN CONCENTRATION
§ TotaI-N [mgl 1, Station 1. Apr 198'% \Iar 1986 (Qk).
Depth Jan Feb \Iar Apr Ma; Jun Jul  Aug Sep Oct Nov Dec

 Surface 1.5 1.4 1.3 1.3 1.3 2 1.4 1.4
1 5 1.3 1.4

5 1.5 1
Bottom b 16 1.5 1.3 1.4 1.4 1.3

E& PHOSPHORUS CONCENTRATION
§ Total P [mgl I] Station 1, Apr 1983~ War 1986 Q]\

Depth Jan Feb Mar Apr Ma; Jun Iul Z\ilé{ S‘ep ()ct Nc;' Sec

~ Surface 0 110 0.120 0.110 0.085 0.076 0. 081 0. 06 0.056 () 077 0.( ).096 0. 10()
Bottom ).110 0.120 O 097 0. 7 0 065 0. 068 0. 018 0.072 ( J(8 0 0/8 () 093 0.110
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EQ PAST TRENDS

Fig. ASI-18-2 ’I'rend of transparency and pH (annual mean. Station 2) (Qk).
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Fig. ASI-18-3 Trend of COD and BOD {annual mean, Station 2) (Qk).
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Fig. ASI-18-4 Trend of chlorophyll-a, Total-P and Total-N (annual mean, Station 2) (Qk
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F. BIOLOGICAL FEATURES (Qk)

F1 FLORA
§ Emerged macrophytes : None,
§ Floating macrophytes : None.
§ Submerged macrophytes : None.
§ Phytoplankton : Microcystis aeruginosa, Stephanodiscus hanizschii, Fragilaria crotonensis, Sviedia
acus, Cyclolella spp.
F2 FAUNA
§ Zooplankton: Kcllicotia longispina, Dapliia longispina. Syichacta spp.. Ploesoma sp.
§ Benthos: Tubificids, Chironomids (Tanvpus sp.. Chironomus, Scrgesitia),
§ Fish: Hypomesus lidus, Carassins cucievi, Zacco platvpus, Lewciscus Takonensis.

F3 PRIMARY PRODUCTION RATE

Fig. ASI-18-5 Primary production rate (Nay, 1978-Mar.. 1979) (6).

Y
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F5 FISHERY PRODUCTS
§ Annual fish catch: None.

F7 NOTES ON THE REMARKABLE CHANGES OF BIOTA IN THE LAKE IN RECENT YEARS
No remarkable change.

G. SOCIO-ECONOMIC CONDITIONS
G1 LAND USE IN THE CATCHMENT AREA (1983) (Qk. Qv)

Area [knﬂ 191
Natural landscape 931 87.5
Agricultural land 49 4.6
Residential area " - 9
Others i e
Total 1.064 100.0

§ Main types of woody vegetation : Deciduous broadleaf forest (Quercus servala, Q. aculissima, Q.
mongolica var. grosseservata, Castaiea crenala) ; pine forest (Pinus densiflora) . conifer planta-
tion (Pruus densiflora. Crvptomeria japonica., Chainaeevparis obtusa, Larvix kacmpreri) (7, 8).

§ Main types of herbaceous vegetation : Grasslands and weeds (7, 3).

§ Main kinds of crops: Rice and vegetables (7. 8).

§ Levels of fertilizer application on crop fields : Moderate,
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G2 INDUSTRIES IN THE CATCHEMENT AREA AND THE LAKE (1930) (9. 10. 11)

Gross prcfduc% No. of No. of
er year [ven ersons .
(léj()ye;f Lfb:SSl.f)m ffngaged establishments

Primary industry
Crop production N.A. 5.039 N.A.
Animal husbandry N.A. NA. N.A.
Fisheries N.A. N.A, N.A.
Others N.A. 449 N.A.
Secondary industry 1.5568 %107 30,547 6,590
Tertiary industry N.A. 46,602 9,303

§ Numbers of domestic animals in the catchment area (1983) : Cattle 1,600, swine 4,500, poultry 276,000
(Qk. Qyv).

By

G3 POPULATION IN THE CATCHMENT AREA (1985) (Qk. 12. 13)

Povulation Population density Main cities
b [km™?] {population)
Urban 122,900 — Fujiyvoshida (54 ,800)
Rural 77.400 — Ohtsuri (34, 900)
300 188.3 Tsuru (33,200)

Total 200,

H. LAKE UTILIZATION

H1 LAKE UTILIZATION
Source of water, sightseeing and tourism {(number of visitors in 1985 : 1.880.000), recreation

{sport-fishing. boating). and others (canoe race).

H2 THE LAKE AS WATER RESOURCE (1983) (Qk)

Use rate [m®sec™!]

Domestic water 10.34
Irrigation 4.16
Industrial water 2.15
Power plant 85 (31,000 kw hr=)

[. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS

11 ENHANCED SILTATION
§ Extent of damage : None.
§ Supplementary note . Up to December 1985, the total amount of sediments was about 13,400,000
m?* (21 percent of total pondage). The sedimentation rate is estimated to be about 350 m* km™?

vrob
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I2 TOXIC CONTAMINATION
§ Present status : None.

§ Main contaminants, their concentrations and sources

Station 1. 1985 (Qk)

Name of
contaminant

Range of concentration [ppm]

Cd

CN, Organic P.
PCB, Alkvl-Hg
Pb

Cr (IID

As

Total Hg
CNP

Water

= = D U D

§ Environmental quality standards for contaminations in the lake

Cd: <00l mgl Y, CN: ND (<01l mg 1), Organic P: ND (<0.1 mg 1-'), Pb:

<.l mgl

Cr (IVy: <005 mg 17! As: <0.05 mg 174, Total Hg: <0.005 mg 17,
Alkvl Hg: ND (< 0.0005 mg 17%), PCB: ND (<0.0005 mg 171).

[3 EUTROPHICATION

§ Nuisance caused by eutrophication: Unusual algal hloom (Mverocvstis aeruginosa), disturbed
filtration in cleaning beds. foul smell of tap water.
§ Supplementary notes : To suppress the bloom of Microcvstis. a device for intermittent aeration
and vertical water mixing is being tested.

Records of Microcvstis bloom in Lake Sagami.

Year Blooming period Max. cell no. [ml~']* Note

1967 Aug-Sep 2,200 First observation

1968 Aug 380,000

1969 Aug-Sep 1.500

1970 Aug 380

1971 Mav-Aug 13.000

1972 Jun-Aug 3,100

1973 Jul Oct 590,000 Water supply rate was reduced due
to clogging of sand filters

1974 Jul-Oct 1,000,000

1975 Jun-Oct 180,000 A floating fence was built to
prevent algal dispersion

1976 Jun-Jul 1,200,000

1977 Jul-Aug 2,000,000

1978 Jul Sep 130,000

1979 Jul Oct 2,500,000

* Surface water.

I4 ACIDIFICATION
§ Extent of damage : None.

{(Compiled from the data of Kawasaki Municipal Waterworks Bureau)

J. WASTEWATER TREATMENTS

J1
wastewater treatment.

GENERATION OF POLLUTANTS IN THE CATCHMENT AREA : (¢) Limited pollution with
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J3 SANITARY FACILITIES AND SEWERAGE (Qk, Qy)
§ Percentage of municipal population in the catchment area provided with adequate sanitary facilities
(on-site treatment systems) or public sewerage {1985): 19 %.
§ Percentage of rural population with adequate sanitary facilities (1985): 13 %.
§ Municipal wastewater treatment systems
Number of secondary treatment systems: 1 (activated sludge).
Number of other types: 3 (anaerobic treatment).
§ Number of industrial wastewater treatment systems (1984) : 170 (activated sludge).

K. IMPROVEMENT WORKS IN THE LAKE

K2 AERATION
Intermittent aeration system.

K3 OTHERS
Dredging at the upper stream of the reservoir,

M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR
UPGRANDING LAKE ENVIRONMENTS

M1 NATIONAL AND LOCAL LAWS CONCERNED
§ Names of the laws
(1) For national laws sec “Biwa-ko”.
(2) Kanagawa Prefectural Pollution Control Ordinance (1978)
(3} Yamanashi Prefectural Pollution Control Ordinance (1975)
§ Responsible authorities
{ Kanagawa Prefectural Government
{ Yamanashi Prefectural Government
§ Main items of control
) Permit system for construction of industrial premises, control of fluegas and wastewater
) Permit system for construction of industrial premises, control of smoke and soot, and
wastewater

2)
3)

{
{

2
3

M2 INSTITUTIONAL MEASURES
(1) Water Quality Preservation Section, Department of Environment, Kanagawa Prefectural
Government, Yokohama
(2} Public Nuisances Control Center of Kanagawa Prefecture, Yokohama
(3; Preservation of Environment Section, Department of Livelihood. Yamanashi Prefectural
Government, Kofu

N. SOURCES OF DATA

* All printed in Japanese.

{Qk) Questionnaire filled by Kanagawa Prefectural Government.

{Qv) Questionnaire filled by Yamanashi Prefectural Government.

(1) Mori, K. (1970) On the depth of inflowing layver of river water in the Sagami Reservoir. Jap.
J. Limnol., 31: 111-128.

(2) Ishibashi, T.(1978) A research on sediment and its contents in Lake Sagami. J. Waterworks,
3.

(3) Yokohama Local Meterological Observatory (1986) Monthly Report of Meteorology in
Kanagawa Prefecture (1983-1985).

(4) Shiraishi, H. & Fukushima, S. (1949) Report of the Studies on Sagami-ko (a Man-made Lake),
[. Freshwater Fisheries Research Laboratory, Fisheries Agency.

{5} Shiraishi, H., Tokunaga, H.. Furuta, Y. & Kitamori, R. (1953) Limnological Studies on
Sagami-ko, a Man-made Lake (1949-1950). Freshwater Fisheries Research Laboratory, Fisher-
les Agency.

6) Maeda, S. (1982) The bacterial mineralization of organic matter in Lake Sagami. Jap. J.
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Limnol., 43: 88-95.

(7) Miyawaki, A., Suzuki, K., Okuda, S., Fujiwara, K., Minowa. R., Harada, H., Sasaki, Y.,
Nakamura, Y., Ohyama, H., Hotta, K., Kimura, M., Ogawa, Y. & Yamada. M. (1977) Vegeta-
tionskarte der Prafektur Yamanashi. Yamanashi Prefectural Government. Kofu.

(8) Environment Agency (1982) The 2nd National Survey on the Natural Environment (Vegeta-
tion), Actual Vegetation Map, Kanagawa Prefecture. Japan Wildlife Research Center, Tokyo.
(9) Research and Statistics Department, Minister’s Secretariat, Ministry of International Trade
and Industry (1983) Census of Manufactures for 1983, Report by Cities, Towns and Villages.
(1) Statistics Bureau, Prime Minister’s Office (1982) Population Census of Japan for 1980, Vol. 3,

Part 2; 14, Kanagawa Prefecture ; 19.Yamanashi Prefecture.

(1) Statistics Bureau, Prime Minister’'s Office (1982) Establishment Census of Japan for 1981. Vol.
2, Results for Prefectures (Cities, Wards, Towns, Villages).

(12} Statistics Bureau, Prime Minister’s Office (1986) Population Census of Japan for 1985, Vol.
Part 2; 19, Yamanashi Prefecture.

(13 Statistics Bureau, Prime Minister's Office (1986) Population Census of Japan for 1985, Vol.
Part 2: 14, Kanagawa Prefecture.
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BUNG BORAPHET (BORAPED RESERVOIR)

Fishing boats on the lake
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A. LOCATION

§ Nakhon Sawan Province. Thailand.
§ 1550'N, 100 10E ; 23.8 m above sea level.

B. DESCRIPTION

Bung (—big pond) Boraped is a half man-made reservoir originating from a natural retarding
basin situated close to the cityv of Nakhon Sawan. where the two rivers. Mae Nam Nan and Mae
Nam Ping. unite into Mae Nam Chao Phrava (sometimes erroncoushy called the Menam River).
The lake area had been a vast retarding basin known as the Boraped Swamp. which formed a big
lake of 600 km® in seasons of high water level while turning into a grass-covered plain with
scattered ponds and swampy depressions during the dry season. A dam was built at the head of
the main outflowing channel (Klong Boraped) by the Fisherv Department of Thailand in 1926 30
mainly for increasing fish production.  Part of the swamp thus turned into a lake which has since
been known as Bung Boraped. The present lake area is about 106 km” at the spill level, but it
varies extensivelyv owing to the water level fluctuation. amounting to as much as 300 km- in time
of floods.

The majority of some 30,000 people living around the lake gain their Iivelihood from both
farming and fishing. Since the lake is the largest source of fishery products for certral Thailand.
the Nakhon Sawan Fishery Station was established at Klong Boraped for the study of fish biologv
and for stocking the lake with artificially grown frv. Bung Boraped and surrounding swampy
areas form one of the non-hunting nature reserves established by the Roval Thai Forest Depart-
ment. Two development projects have been drafted for tourism development, upgrading
aquaculture and utilizing the lake as sources of irrigation and domestic water supply (Q), 1. 2. 5.

C. PHYSICAL DIMENSIONS

Surface area [kin?] 106,
Volume [10°m#] 276
Maximum depth [m] 3.8
Mean depth |m] 2

Normal range of annual water
level fluctuation (Regulated) [m]
Length of shoreline [km] Max. 62,5, min. 33
Catchment area [kny| 1200

[
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D. PHYSIOGRAPHIC FEATURES

D1 GEOGRAPHICAL

§ Sketch map (Fig. AST-19-1).
§ Outflowing rivers and channels (number and names) : 1 (Klong Boraped).

D2 CLIMATIC (Q)
§ Climatic data at Nakhon Sawan, 1951-1970

Jan Feb Mar Apr May Jun Jul Z;Ilg Sep Oct Nov Dec Annual

Mean temE["C] 24.9 27.7 30.2 31.4 30.5 29.4 28.9 28.5 28.0 27.6 26.3 24.4 28.2
Precipitation [mm] 12 25 43 T2 141 134 144 167 264 152 30 6 1,187

Fig. ASI-19-1 Sketch map of Bung Boraped and its drainage basin (1).
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§ Water temperature ["C] (2)
Open water area, 1975

Depth Jan Feb Mar Apr May jun Jul  Aug %Pp Oct NOQ«'VDei;
Surface 29.0 28.0 28.0 33.5 34.0 31.0 29.0 28.0 30.0 31.0 29.0 29.0

§ Freezing period: None.
§ Mixing type : Polymictic.
§ Thermocline formation: Not formed.

E. LAKE WATER QUALITY

E1 TRANSPARENCY [m]
Open water area, 1975 (2)

Jan W’Feb Mar Apr May Jun VVJul Aug Sep Oct Nov Dec
1.4 1.7 1.2 1.8 15 1.3 1.3 1.1 1.1 1.3 1.2 1.2

[9%]
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E2 pH, 1975 (2)

Depth VJan Feb Mar Apr May Jun Jul Aug SepiOct Nov Dec
Surface Ve 7.4 7.4 70 7.4 70 7.2 7.3 6.7 66 7.0 6.9

E3 5SS [mgl']
SS of surface water, average of five sampling points, 1981 : 14.8 (Jul.), 2.0 (Aug.) (1).

E4 DO [mg 17, 1975 (2)

Depth  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Surface 8.
Bottom 7.

0 8.0 80 6.0 80 7.0 9.0 &0 3.0 8.0 8.0
0 7

.0 7.0 6.0 6.0 6.0 9.0 0 3.0 8.0 7.0

E5 COD [mg 7]
Determined by KMnO, method.
COD of surface water, average of five sampling points, 1981 : 40.5 (Jul.). 22.4 (Aug.) (1).

E6 CHLOROPHYLL CONCENTRATION: No information.

E7 NITROGEN CONCENTRATION [mg 7]

§
5

E8
§

Fi
§

§
§
3
F2
§
§

§

Surface water, average of five sampling points, 1981 (1).
NH,-N: 0.50 (Jul.), 0.01 (Aug.).
Org-N: 1.5 (Jul.), 1.0 (Aug.).

PHOSPHORUS CONCENTRATION
PO.-P [mg 17'], 1975* (2)

Depth 7 Jan Feb Mar Apreray Jun  Jul Aug Sep Oct Nov Decﬁ
Surface  0.07 0.10 0.13 0.13 0.07 0.07 0.07 0.07 0.10 0.13 0.07 0.10

* Converted from the original determination of phosphate.

F. BIOLOGICAL FEATURES (Q, 2, 4, 5)

FLORA

Emerged macrophytes : Phragmites karka, Colocasia esculenta, Nelumbo nucifera, Coix aquaiica,
Isachne globosa, Leesia hexandra,

Floating macrophytes : Salvinia cucillata, Eichhornia crassipes, Pistia stratiotes, Nvmphaea stel-
lata.

Submerged macrophytes : Ulricularia flexuosa, Potamogeton sp.. Hydrilla verticillata, Najas
graminea, Cevatophylium demersum.

Phytoplankton : Sphacrozosma vertebratum, Oedogonium sp., Micrasterias foliacea, Svnedra wlina.
Volvox aureus.

FAUNA

Zooplankton : Bosmina excisum, Bosminopsis deitevsi, Heliodiaptomus kikuchii, Kervatella valga
).

Benthos : Chironomids, Oligochaeta, Mollusca (Ensidens ingallsianus, Unio thaiensis, Corbicula
larnaudieri, C. petiti, Mekongia hainesiana), Crustacea (including a big prawn. Macrobrachium
rosenbergii) (5).

Fish: Pristolepsis fasciatus, Notoptevus notopterus, Osteochei hasselti, Hampala wmicrolepidota,
Ambasis stamensis, Cvclochcilichthys armatus, Mystus vittatus, Ophiocephalus striatus, Clupeoides
hypselosoma, Labtobarbus [iniatus (5).
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F3 PRIMARY PRODUCTION RATE : No information.

F4 BIOMASS [gm*] (Q)

Wet weight 7DI'_\" welght
Phytoplankton 146.0 = 10° 0.143
Zooplankton 245.3 <107 0.104

Total Biomass (.247

Population density (open water area, Sep.-Nov., 1981) (1).
Phyvtoplankton 4.847.5 [17']: zooplankton 76.5 [17']; benthos 248 [m~"°].

o

F5 FISHERY PRODUCTS
§ Annual fish catch in 1975 : 723,048 [metric tons] (2).

G. SOCIO-ECONOMIC CONDITIONS
G1 LAND USE IN NAKHON SAWAN PROVINCE™ (1980} (1)

Area [km?] [9%]

Natural landscape
Woodyv vegetation 1.734 16.3
Swamp 104 1.0
Others (open water) 213 2.0
Agricultural land 7.258 68.3
Residencial area 1,314 12.4
Total 10,622 100.0

* Statistics for the drainage basin of Bung Boraped only, which accounts for
40 % of the area of the whole province, were not available.

§ Main types of woody vegetation: Secondary forests derived from the original semi-deciduous
seasonal forest (4).

§ Main kinds of crops : Rice. sugarcane, sorghum, maize, cassava, sovbean, tobacco, sesame and
lotus.

§ Levels of fertilizer application on crop fields : Light.

§ Trends of change in land use in recent years : Increasing number of acreage is now being allocated
to fish ponds and livestock raising. Area used as fish ponds amounts to 2.78 % of the
catchment area (Q).

G2 INDUSTRIES IN NAKHON SAWAN PROVINCE AND THE LAKE (1)

Main products
and main kinds
of industry

Number of persons Number of
engaged establishments

Prifnary industry
Agriculture 521,800 N.A.

Secondary industry
Sugar, cement,

Manufacturing 114,900 831**
matches
Mining 6,437 NA. Marble. gypsum.
iron, lime
Tertiary industry 22,700 N.A.

* Including the number of persons engaged in commerce.
** Besides there are 401 rice mills,
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G3 POPULATION IN NAKHON SAWAN F’ROVINCEJI%O)

Population Populatiion density I\Iainﬂciities
p [km™2] (population)
979,200 92.19* Nakhon Sawan (86,000)

* Population density for the subdistricts around Bung Boraped: 153.8 km~2.

H. LAKE UTILIZATION

H1 LAKE UTILIZATION (Q)
Sources of water, fisheries, navigation and tourism.

H2 THE LAKE AS WATER RESOURCE(Q)
Domestic: 300 m® day~* (1980).

[. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS

[1 ENHANCED SILTATION (Q)
§ Extent of damage: Not serious.
§ Supplementary notes: Heavy rainfall in the later part of the vear and resultant soil erosion
cause high turbidity of water and reduction of plankton, benthos and fish populations.

[2 TOXIC CONTAMINATION : No information.

I3 EUTROPHICATION (Q)
§ Nuisance caused by eutrophication : Foul smell of tap water.

14 ACIDIFICATION : No information.

J. WASTEWATER TREATMENT (Q)

J1  GENERATION OF POLLUTANTS IN THE CATCHMENT AREA : (f} Limited pollution with-
out wastewater treatment.

J2 APPROXIMATE PERCENTAGE DISTRIBUTION OF POLLUTANT LOADS : No information.

J3 SANITARY FACILITIES AND SEWERAGE
§ Public sewerage system : Not present.

L. DEVELOPMENT PLANS

The policy of Department of Fisheries (DOF) in the rehabilitation and development of these
swamps is directed toward optimizing fish production by controlling floods, ensuring domestic
water supply and sanitary facilities, and allowing limited water use for agricultural purposes (Q).
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M. LEGISLATIVE AND INSTITUTIONAL MEASURES
FOR UPGRADING LAKE ENVIRONMENTS

M1 NATIONAL AND LOCAL LAWS CONCERNED (Q)
§ Names of the laws (the vear of legislation)
{1y Fisheries Act BE 2490
(v} Land Law
{3) Forestry Law
(4) Environmental Act
§ Responsible authorities
(1) Department of Fisheries
{2y Land Department
(3) The Royal Forestry Department
(4) National Environment Board
§ Main items of control
{1} Conservation of fishery resources and control of fishing gears
12y Control of land use development
(3} Conservation of forestry and wildlife
(4) Control of environmental quality

M2 INSTITUTIONAL MEASURES (Q)
(1) Department of Fisheries

M3 RESEARCH INSTITUTE ENGAGED IN THE LAKE ENVIRONMENT STUDIES (Q)
{1; Nakhon Sawan Fishery Station. Department of Fisheries, Klong Boraped

N. SOURCES OF DATA

(@) Questionnaire filled by the Office of the National Environment Board of Thailand, Bangkok.

(1) Asian Institute of Technology (1982}  Rehabilitation and Development of Bung Boraped and
Mong Ilan. Vol. 1. Bung Boraped. 196pp. Office of the National Economic and Social
Development Board, Bangkok.

(21 Suraswadi., Plodprasop (1976) Newly covered grass as a habitat for fish in Bung Boraped.
Thailand. Ph. D. Thesis, Department of Zoologv, Universitv of Manitoba, Canada.

(31 Dobias, R. J. (1982)  The Shell Guide to the National Parks of Thailand. 137pp.  The Shell
Companyv of Thailand, Ltd.. Bangkok.

{4) The editors’ obhservation.

(50 Mizuno, 1. & Mori. S. (1970)  Preliminary hydrobiological survey of Southeast Asian inland
waters. Biol. J. Linn. Soc., 22 77-117.

(67 Department of Fisheries (1980) Large Swamps Inland Fisheries Project (LSIFP).  Bangkok.



AKAN-KO (LAKE AKAN)

Near the southeastern end of 'Fhe lake
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A. LOCATION

§ Hokkaido, Japan.
§ 4327'N, 144°06'E ; 420 m above sea level.

B. DESCRIPTION

Lake Akan in eastern Hokkaidd is a dammed lake formed approximately 6.000 yvears ago by
volcanic activity in a caldera depression that dates back 1o the middle Pleistocene. Its compli-
cated shoreline is characteristic of dammed lakes. The lake is famous as the only native habitat
of “Marimo”, or fine ball-like masses of the alga, Acgugropila sauteri, 2-15 ¢cm in diameter. It is
believed that the globular shape is formed by the aggregation of filamentous alga and the rotary
motion due to water turbulence. Similar kinds of spherical algal mass are observed in a few other
lakes of Japan, but they are more irregular in shape. L. Akan is also known as the original home
of kokanee salmon (Oncorhivinchus nerka).

Transparency in the early 1930's was 8-9 m throughout the vear, but the lake has recently been
cutrophicated to a considerable extent owing to the inflowing waste water from the hot-spring
town on the coast in spite of its cool and deep water. The eutrophication exerted a profound
influence on the benthic fauna, which had once consisted of Chironomidae. Tubificidae. Claoborus
and Prsidium in its deepest bottom.  According to the result of a general limnological survey made
in 1973, however, the dissolved oxvgen concentration in bottom water was only around 5 % of
saturation and no organisms were observed beyvond a depth of 30 m (1. 2. 3).

C. PHYSICAL DIMENSIONS (Q. 4. 5)

Surface area [km?®] 13.0
Volume [10°m?] ca. .23
Maximum depth [m] 148
Mean depth [m] 17.8
Length of shoreline [km] 25.9

Catchment area [km?] 118

SN
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D. PHYSIOGRAPHIC FEATURES

D1 GEOGRAPHICAL
§ Bathymetric map (ASI-21-1).
§ Outflowing rivers and channels (number and names): 1 (Akan R.).

D2 CLIMATIC
§ Climatic data on the shore, 1982-1983

Jan Feb Mar Apr Mav Jun Jul Aug éep Oct Nov Dec Annual

‘Mean temp. [C] <104 -12.2 5.4 3.2 89 9.7 148 180 12.7 6.5 0.6 -6.1 3.4
Precipitation [mm] 57 11 73 82 70 100 69 166 106 138 95 47 1,014

§ Number of hours of bright sunshine (L. Akan, 1982-1983): 2,218 hr yvr™.

Fig. ASI-21-1 DBathymetric map (4).

Station 1

§ Water temperature [[C] (Q)
Station 1, 1981-1983

Depth Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

0 — - — — 8.4 12.6 18.5 19.3 18.1 12.9
5 - - 8.8 12.5 17.3 18.7 17.9 12.7

§ Freezing period: From Dec. to Apr.
§ Mixing type : Dimictic.
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E. LAKE WATER QUALITY (Q)

E1 TRANSPARENCY [m], Station 1, 1931-1983

Jan Feb A\V'Iarrm ;\pr Mayv Jun JL71177

- - - - 34

E2 pH, Station 1, 1981-1983

Depth

E3 SS [mg 7], Station 1, 1981-1983

f{uj ;e; Oct  Nov  Dec
3.

Depth  Jan Feb Mar Apr May Jun

Jul  Aug

N e
5 — = = = 2 1

E4 DO [mg 7], Station 1 19811983

2 1 :
2 1 1 3

7i)e717)€1717 Jan Feb Mar A[i)i Maé' 7 Jun  Jul  Aug

0 - - - 9.9 8.8
5} - - - - 9.4 8.7

E5 COD [mg I7']. Station 1. 1981-1983

Sep  Oct Nov  Dec

9.3 &1 9.1 8.2 : —
9.0 7.9

Depth [m] Jan . Febil\'lar Apr Mav Jun Jul Aug Sep Oct Nov Dec

E7 NITROGEN CONCENTRATION
§ Total-N [mg 17'], Station 1 1981-1983

3.0 2.8 2.9 3.0 - -
2.0 3.4 3.1 - -

3.0 2.

Depth [m] Jan Feb DMar Apr May _Iunr jﬁl Aug S‘ep rOctr 717\"0\‘7 Déc

0 - - = =

0.14 0.13 0.11 0.17 0.15 0.38 —  —

o - 0.12 0.18 0.15 0.31 0.15 0.44 - -

E8 PHOSPHORUS CONCENTRATION
§ Total-P [mg 17!], Station 1, 1981-1983

Dépfhi[ﬁl]r ”Jan " Feb Mar Apr

May sz 7]111 %Jg Sep Oct Nov  Dec

0 0036 0.0240.025 0,035 0.054 0.049 —  —
15 0.032 0,035 0.052 —  —

5 - - - — 0.041 0.029 0.0
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EQ PAST TRENDS

Fig. ASI-21-2 Trend of transparcncy at the lake center (7).

Transparancy [m]|
.

F. BIOLOGICAL FEATURES (Q)

Ft FLORA

§ Emerged macrophytes : DPhiginiles conmmninis,

Floating macrophytes : Nuphar sp.

Submerged macrophytes : Potwnogelon crispus. Hyvdrilla verticillata. Myviophyllion verticillutuin,
Vallisneria gigantea.

Phytoplankton : Melosiya italica. Asterionell formosa. Sviedra sp.

o

FAUNA

Zooplankton : Daplinia longirenmis, Bosinina covegoni, Furviemora affinis.

Benthos : Chironomius plumosus, Tubificidae.

Fish: Oncorlivicchios nerka, Ceprinus carpio. Carassins sp., Hypomesus olidus, Leaciscits hakonen-

SIS,

CO’J?.O‘!W‘«M

F5 FISHERY PRODUCTS (Q)
Annual fish cateh in 1979 : 139 [metric tons].

o

G. SOCI