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Foreword to the First-Year Prints 

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

The whole three-year project includes, besides the publication of the data hook, in-depth studies 
On some inportant lakes 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 useful for lake management experts 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 beirlg carried on by ILEC and 
U N EP. 

On the occasilil of the Shiga Conference '84 on Conservation and Management of World Lake 
Lnvironinent (LECS' 84) held at Otsu, Shiga Prefecture. Japan in 1981, LBRI and the National 
Institute for Research Advancement (NIRA) first attempted to prepare an original version of such 
a data hook. However, this 'Data Book of World Lakes" covered only 152 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 
institutes and administrative offices in many countries to fill the standard questionnaire sheets. 
Relevant hooks 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 editorial 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. 'I'hanks are 
also due to the authors of the hooks and or scientific pi-Ipers for permitting their partial citation 
or reproduction. 

'To balance the distribution of work and printing cost over the three-year period, it was decided 
to print the completed text successively at the end of each year. Therefore the hook takes a filing 
form. Additional pages are successively printed and added to the file. Lakes are tentatively 
classified into six geographical groups, Asia (AST). 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 \vouldl 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 



QUESTIONNAIRE 	S H E E T S 

FOR THE COMPILATION OF 

DATA BOOK OF WORLD LAKE ENVIRONMENTS 

INSTRUCTIONS 

GEN ERAL 

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

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. 

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

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. 

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. 

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

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

PHYSIOCRAPHIC AND BIOLOGICAL DATA 

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. 

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 

Data for the latest available year are requested. 
If the data are based on only parts of the lake's catchment 

area or on administrative boundaries which do not overlap with the 
catchinent 	exactly, specify the area to which the data pertains(if 
necessary, on a map). 



EXAMPLES 

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 

A copy of colored photo, a slide or a print(larger than about 
12.5cm x 9cm in size), is 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  

LOCATION 

*Administrative district(county or state, country) 

*Approximate latitude and longitude(ranges for large lakes) 

I - 	 0 	'NorS 
	0 	

- 	'EorW 

*Altjtude 	m above sea-level 

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. 



PHYSICAL DIMENSIONS 

*S urface 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 I 	No 	-i 

*Length of shoreline 	 km 

*Residence time 	 yr 

*Catchment area 1 	km2  
[Note] 1 The total sum of the catchment areas of rivers 

directly flowing into the lake. Not including the 
lake area. 

PHYSIOGRAPHIC FEATURES 

D 1  GEOGRAPHICAL 
*Bathymetric map(attach as a separate sheet, 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 outfiowing rivers and channels 

Number 	Name(s)  

D 2  CLIMATIC 1  
*Climatic data pertaining to a representative spot on. or near 

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] 
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*Number of hours of bright sunshine per year 	hr yr 1  

*Average solar radiation 	MJ m 2day 1  

*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 

*Mixfng type(please mark appropriate word) 

Meromictic Dimictic Monomictic Polymictic Others( 	) 

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

[Note] l In the case of large lakes which extend over different 
climatic regions, please give data at more than one 
spots. 

E. LAKE WATER QUALITY 

E 1  TRANSPARENCY[m] 

Station name 	Period of observation 

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

E2  ' 

Station name 	Period of observation  

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

[m] 



E 3  SS[mg 1_1] 

Station name 	Period of observation 

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

H 4  DO(mg 11] 

Station name 	Period of observation 

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

E 5  COD[mg 1J 

Station name 	Period of observation 

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

*please mark the method used. 

K2MnO4-method 	K2Cr 2O 4-rnethod 

E 6  CHLOROPHYLL CONCENTTION [jg 1l 

Station name 	Period of observation 

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

1  
E 7  TOTAL-N CONCENTRATION [mg 1 -1 

Station name 	Period of observation 

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

[Note] If not available, substitute NO 3-N and/or NH4-N data. 



E 8  Total-P CONCENTTION 2  [mg 

Station name 	Period of observation  

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

[ml 

[Note] 2 1f not available, substitute PO 4-P data. 

E 9  CHLORINE ION CONCENTRATION [mg 1 
1 
 or . ] (saline and brackish 

lakes only) 

Station name 	Period of observation  

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

[m] 

E 10  PAST TRENDS OF THE ABOVE-MENTIONED WATER QUALITY VARIABLES 
(tabular or graphical data), IF AVAILABLE 

F. BIOLOGICAL FEATURES 

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

F 1  FLORA(mention the names of dominant or remarkable species) 

*Emerged macrophytes 

*Floating macrophytes 

*Submerged macrophytes 

*phytoplankton(for different seasons, if necessary) 
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F 2  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 3  PRIMARY PRODUCTION RATE '  

Station name 	Period of observation 

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

Net 
product ion 
Dark 
respiration 
Cross 
production 

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

F4  BIOMASS 
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 6  PAST TRENDS OF PRIMARY PRODUCTIVITY, BIOMASS AND FISHERY PRO-
DUCTION(tabular or graphical data, if available) 



F 7  NOTES ON THE REMARKABLE CHANGES OF BIOTA IN THE LAKE(if any, in 
recent years) 

G. SOCIO-ECONOMIC CONDITIONS 

G 1  LAND USE IN THE CATCHMENT AREA(in 19 	
)1 

Area(km 2  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 

8 



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

No. of 
Gross product persons No. of 	Main products or 

Per year 2 	engaged establishments major industries 
( 	=US$1.00) 

Primary industry 
Crop production 
Animal husbandry 
Fisheries 3 

Others 

Secondary industry 

Tertiary industry 

[Note] On 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   

C 3  POPULATION IN THE CATCHNENT AREA(in 19 	) 

Population Mean population density 	Names of major cities 
[no km 2 ] 

Urban + 
Rural 
Total 

[Note] 4 Urban area defined here includes all the cities of which 
the population is greater than 30,000. 
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H. LAKE UTILIZATION 

H 1  LAKE UTILIZATION(mark the appropriate boxes) 

Li Source of water(see below) 

17-1  Navigation and transportation 
*Tonnage(metric)of cargo per year(in 19 	) 

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

Li Recreation 

[J Swimming 7j Sport-fishing 	Yachting 

Fisheries 

Li Others(please specify) 

	

H2  THE LAKE AS WATER RESOURCE(jn 19 	) 

Use rate 1  

Domestic water 
Irrigation 
Industrial water 
Power plant 
Others(please specify) 

1 	 1 	-1 
[Notej In units of m sec , m day 

kw hr , etc. 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 

ENHANCED SILTATION 

*Extent of damage(mark the appropriate box) 

Li Serious 	Not serious 	None 

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

10 



12 TOXIC CONTAMINATION 

*Present status of toxic contamination(mark the appropriate box) 
P Serious 	= Detected but not serious 

1 None 	No information 

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

Station name(s)  

1 
Name of 	Range of concentrations[ppm ]  in 	Main 

contaminants 	Water Bottom mud Fishf 3  Other organisms k 	Sources 2  

(19 	) 	(19 	) 	(19 	) (19 	) (19 	) (19 	) 

( 	 ) 	 ( 	 ) 	 ( 	 )( 	 )( 	 )( 	 ) 

( 	 ) 	 ( 	 ) 	 ( 	 ) ( 	 )( 	 )( 	 ) 

( 	 ) 	 ( 	 ) 	 ( 	 )( 	 )( 	 )( 	 ) 

( 	 ) 	 ( 	 ) 	 ( 	 )( 	 )( 	 )( 	 ) 

( 	 ) 	 ( 	 ) 	 ( 	 )( 	 )( 	 )( 	 ) 

( 	 ) 	 ( 	 ) 	 ( 	 )( 	 )( 	 )( 	 ) 

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

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

3 Species names and kinds of tissue  

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) 

1 3  EUTROPHICATION 

*Nuisance caused by eutrophication(mark the appropriate boxes) 

Unusual algal bloom 
Dominant species of algae 

1-1  Disturbed filtration in cleaning beds 
U Foul odour of tap water 

L_i 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 ni 2  day', etc 

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

1 4  ACIDIFICATION 

*Extent of damage(mark the appropriate box) 
Serious 	Detected but not serious 

[j None 	pi 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 

12 



I OTHER HAZARDS(Please describe shortly, if any) 

J. WASTEWATER TREATMENTS 

J 1  GENERATION OF POLLUTANTS IN THE CATCHMENT AREA 

Please mark the appropriate boxes. 

*a. No major human settlements or activities producing 
significant pollution(pristine lake environments)  

*b, 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 1 	1 
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  

*f, Other cases(please describe) 

J APPROXIMATE PERCENTAGE DISTRIBUTION OF POLLUTANT LOADS 

Percentage 

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

Point sources 
Municipal 
Industrial 
Others(please specify) 

lotal 
	

100% 
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1 3  SANITARY FACILITIES AND SEWERAGE 

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

*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.)  

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

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

K 1  RESTORATION 

Notes 

K 2  AERATION 

Notes 

K OTHERS 

Liii Notes 

L. DEVELOPMENT PLANS 

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

14 



M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR UPGRADING LAKE 
ENVIRONMENTS 

N 1  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) 

 

 

 

*Responsible authorities 

 

 

 

*Main items of control 

 

 

 

*Supplementary notes, if necessary 

M2  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. 

 

 

 

M3  RESEARCH INSTITUTE ENGAGED IN THE LAKE ENVIRONMENT STUDIES 

The same as above. 

 

 

 

 



Supplementary notes, if necessary 

N. 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. 
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ASI-1 

A. LOCATION 
§ Shiga Prefecture, Japan. 
§ 34'58'- 3531'N, 13552'-136J7'E; 85.6 in 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 years 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 50 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 1.7 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 
60% 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 city and industrial water for 
some 13 million residents in Osaka Kvoto/Kobe megalopolis. The cjuality 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 2 ] 616 58 674 
Volume [10 9m 3 ] 27.3 0.2 27.5 
Maximum depth [m] 104 8 104 
Mean depth [m] 44 3.5 41 
Normal range of annual water 
level fluctuation (regulated) [m] 1 

Length of shoreline [km] 235 
Residence time [yr] 5.5 0.04 5.5 
Catchment area [km2] - 3,171 
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL 
§ Bathymetric map (Fig. ASI-l-l). 
§ Main islands (name and area) : Oki-shima (1.5 km 2 ), Chikubu-shima (0.11 k111 2 ). Take-shima. 
§ Outfiowing rivers and channels (number and names) : 3 (Seta R.. Bi\vako Canal I and II). 

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

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

Mean temp. ['Cl 	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] 110 106 119 151 149 224 235 150 206 117 	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 2  dav'. 
§ Average depth of maximum snow accumulation (Fig. ASI-1-3) 

Fig. ASI-I-I 	Bathymetric map (2). 
• Observation station in the lake. 
* Meteorological observatory. 

+ 
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Fig. ASI- 1-2 	Distribution of mean annual precipitation [mm] in Lake Biva Basin, with 
patterns of seasonal distribution of precipitation at representative stations 
(1931 1960) (5). 
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§ Water temperature [ Cl (7) 

Station 1 (N. Lake), 1 	1986 

Depth [m] jan 	Feb Mar Apr 1\ mv Jun jul Aug Sep Oct N O\ Dec 

0.5 8.5 	7.0 6.1 8.6 15.1 19.1 22.2 26.6 27.2 22.7 16.3 12.6 

5 8.5 	6.8 63 8.1 13.2 18.0 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 2 0 .2 21.0 26.0 22.)) 16.3 12.4 

15 8.5 	6.8 6.2 7.6 10.0 13.5 16. 1 18.9 19220.1 16.2 12.4 

20 8.5 	6.8 6.2 7.6 9.1 11.2 12.7 15.7 11.3 15.8 16.0 12.1 

30 8.5 	6.8 6.2 7.3 8.2 8.6 9.5 10.5 10.1 10.2 9.9 10.4 

10 8.4 	6.8 6.2 7.1 7.5 7.7 8.3 8.5 8 .4 8.7 8.1 9.)) 

60 7.8 	6.7 6.2 6.9 7.0 7.2 7.3 7.3 7.4 7.8 7.3 8.0 

80 7.4 	6.6 6.2 6.7 6.6 6.8 6.9 6.9 6.9 7.3 7.0 7.2 

bottom 7.2 	6.6 6.2 6.6 6.4 6.6 6.8 6.6 6.8 7.0 6.8 7.0 

Station 2 S. Lake), 1982 1986 

Depth [ml Jan Feb Mar Apr May 

	

0.5 	5.5 	5.5 	5.8 	11.8 	17.8 

	

bottom 	5.2 	5.5 	5.7 	11,7 16.1 

§ Freezing period : None. 
§ Mixing type : Munoniictic. 
§ Notes on water mixng and therrnocline formation 

November in the Northern Lake, but not u 

jun Jul Aug Sep Oct Nov Dec 

	

22.1 23.5 27.5 27.8 22.8 	15.6 	9.9 
21.5 	23.2 	26.7 	27.4 	22.1 	15.2 	9.8 

Thermocline formation is observed from May to 

the Southern Lake. 

E. LAKE WATER QUALITY 

El TRANSPARENCY [ml, 1982-1986 (7) 

jan Feb Mar Apr May jun jul Aug Sep Oct Nov Dec 

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 2.1 2.4 1.8 1.5 1.7 1.7 

E2 	pH (7) 

Station 1 (N. Lake). 1982 1986 

Depth [m]Jan Feb 1\1arAprMa.Tun jul Aug Sep Oct Nov Dec 

0.5 7.4 7 .4 7.4 7.7 8.2 8.2 5.7 8.9 8.7 8.1 7.7 7.6 
5 7.4 7.5 7.1 7.7 8.2 8.3 s.7 9.0 8.7 8.1 7.7 7.6 

10 7.4 7.1 7.4 7.7 8.1 8.2 8.3 8.7 8.5 8.1 7.7 7.6 
15 7.4 7.5 7.4 7.7 7.8 7.8 7.5 7.6 7.6 7.6 7.7 7.6 
20 7.4 7.1 7.1 7.7 7.7 7.5 7.5 7.5 	7.4 7.2 7.6 7.5 
30 7.1 7.5 7.1 7.6 7.6 7.4 7.1 7.3 7.3 7.2 7.3 7.3 
1)) 7.4 7.5 7.1 7.6 7.5 7.1 7.4 7.3 7.3 7.2 7.1 7.1 
60 7.2 7.4 7.1 7.6 7.6 7.1 7.4 7.3 7.3 7.2 7.0 7.0 
80 7.0 7.4 7.3 7.6 7.5 7.1 7.1 7.1 7.1 7.1 6.9 6.9 

bottom 6.9 7.4 7.4 7.5 7.4 7.3 7.2 7.0 7.0 7.0 6.9 6.9 

I 
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Station 2 (S. Lake). 1982 1986 

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

	

0.5 	7.6 	7.6 	7.5 	8.0 	8.7 	8.9 	8.5 	8.8 	8.7 	8.8 	8.0 	7.8 

	

bottom 	7.6 	7.6 	7.5 	8.18.6 	8.8 	8.6 	8.8 	8.7 	8.6 	8.0 	7.7 

E3 SS [rng 1 1 1 (7) 
Station I (N. Lake). 1982 1986 

Depth [m] Jan Feb Mar Apr May jun jul 

0.5 0.7 1.1 0.9 1.2 1.2 0.5 1.7 
5 1.1 1.6 1.3 1.3 1.5 1.2 2.1 

10 0.7 1.0 1.1 1.2 1.3 1.1 1.9 
15 0.6 0.8 1.2 1.2 1.3 0.9 1.4 
20 0.8 0.7 1.0 1.3 1.2 0.5 1.1 
30 0.7 0.8 1.1 1.2 1.0 0.6 0.6 
40 0.8 0.8 1.0 1.3 1.1 0.5 0.6 
60 0.5 1.1 1.1 1.3 1.0 0.4 0.6 
80 0.5 0.9 0.8 1.5 1.1 0.7 0,7 

- bottom 0.9 1.7 1.1 2.3 3.1 1.31.3 

Aug Sep Oct Nov Dec 

1.3 1.0 1.2 0.9 1.2 
1.8 1.3 1.6 1.0 1.1 
2.1 1.0 1.3 1.0 1.2 
1.6 1.1 1.2 1.0 1.2 
1.0 (La 0.7 0.9 1.2 
0.8 0.4 0.6 0.6 0.9 
0.5 0.3 0.4 0.4 0.6 
0.1 0.2 0.4 0.3 0.3 
0.6 0.3 0.6 0.4 0.4 
1.8 1.0 2.1 2.1 5.8 

Station 2 (S. Lake). 1982 1986 

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

	

0.5 	3.3 	4.9 	8.0 	3.3 	4.0 	4.2 
	

3.7 	5.9 	5.2 	7.0 	5.7 	3.2 

	

bottom 	4.7 	4.8 	7.83.4 	3.7 	4.5 
	

4.7 	6.5 	3.9 	8.0 	6.3 	5.8 

E4 DO [mg 1 1 1(7) 

Station 1 (N. Lake), 1982 1986 

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

0.5 10.2 10.5 10.8 11.1 10.7 9.4 9.3 8.8 7.9 8.4 9.2 9.8 
5 9.9 10.7 10.9 11.0 11.1 10.)) 9.9 8.6 8.2 8.4 9.4 9.7 

10 9.9 10.7 11.0 11.0 11.0 10.0 9.1 8.) 8.0 8.2 9.3 9.6 
15 9.9 10.6 11.0 11.0 10.8 9.9 8 .8 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 8.1 7.8 7.4 7.4 8.1 
40 9.6 10.4 10.8 10.9 10.4 10.1 9.7 8.9 8.5 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 8.1 7.0 7.3 
80 6.7 9.6 10.7 10.4 10.4 10.1 9.8 8.9 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 3.1 3.1 3.2 1.0 

Station 2 (S. Lake), 1982 1986 

Depth [m] Jan Feb Mar Apr May Jun Jul 

	

0.5 	11.5 	11.1 	11.3 	10.5 	11.0 	9.9 	8.8 

	

bottom 	11.3 11.0 11.4 10.5 11.0 	9.5 	8.0 

Aug Sep Oct Nov Dec 

8.5 8.5 9.6 9.8 10.8 
8.) 7.8 8.9 9.8 10.7 
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E5 COD [mg 1] (7) 
Determined by KMnO rneth cI 

Station 1 (N. La1e). 1982-1986 

Depth [m] Jan Feb Mar Apr May Jun 

0.5 1.7 1.6 1.6 1.5 1.8 2.2 
5 1.9 1.6 1.7 1.6 1.2 2.2 

10 1.8 1.7 1.5 1,6 1.6 2.1 
15 1.8 1.6 1.6 1.5 1.6 1.9 
20 1.8 1.5 1.5 1.1 1.4 1.9 
30 1.8 1.6 1.5 1.5 1.3 1.6 
40 1.8 1.6 1.5 1.4 1.1 1.6 
60 1.5 1.6 1.6 1.1 1.3 1.4 
80 1.5 1.5 1.5 1.4 1.4 1.5 

bottom 1.1 1.6 1.4 1.1 14 1.6 

Station 2 (S. Lake), 1982-1986 

Depth [m] Jan Feb Mar Apr May Jun 

	

0.5 	2.3 	1.8 	2.1 	2.1 	2.6 	2.9 

	

bottom 	2.3 	2.02.12.12.83.2 

E6 CHLOROPHYLL CONCENTRATION Lug 1 1 1 (7) 

Station 1 (N. Lake). 1982 1986 

Depth [m] Jan Feb Mar Apr Alay Jun 

0.5 2.8 2.3 2.5 1.7 4.7 2.5 
5 2.9 2.3 2.8 2.9 6.5 3.3 

10 2.9 2.22.82.9 1.2 3.6 
15 2.92.2 2.6 2.9 3.1 3.5 
20 2.9 2.1 2.7 2.9 2.6 3.1 
30 2.7 2.1 2.5 2.6 1.8 1.5 
40 2.52.02.5 2.6 1.5 1.0 
60 1.1 1.9 2.7 2.4 1.5 0.7 
80 0.5 1.7 2.7 2.4 1.9 0.8 

bottom 0.5 2.4 2.6 1.2 2.8 1.6 

Jul Aug SepOct Nov Dec 

2.62.3 2.6 2.3 2.0 1.9 
2.7 2.6 2.4 2.6 2.0 2.0 
2.5 2.32.42.3 2.0 2.0 
2.02.02.12.1 2.0 1.9 
1.8 1.8 1.8 1.8 1.9 1.9 
1.6 1.5 1.4 1.7 1.4 1.7 
1.4 1.4 1.3 1.6 1.4 1.5 
1.3 1.1 1.4 1.4 1.3 1.5 
1.4 1.4 1.3 1.5 1.4 1.5 
1.5 4.6 1.6 1.9 1.5 1.9 

Jul 	Aug Sep Oct Nov Dec 

2.6 	2.9 3.2 3.3 2.8 2.4 
2.6 	2.9 3.3 3.4 2.9 2.5 

Jul Aug Sep Oct Nov Dec 

7.2 4.8 4.4 6.3 5.6 6.4 
8.7 5.6 4.9 6.9 6.3 6.8 
8.6 9.7 5.6 7.1 5.9 6.3 
5.1 7.1 5.4 6.2 6.0 6.2 
3.0 3.9 3.8 1.1 5.7 6.() 
1.2 1.6 1.6 1.3 1.7 3.4 
0.7 0.8 0.9 0.7 0.7 1.0 
0.6 0.3 0.5 0.4 0.5 0.4 
((.6 0.4 ((.6 ((.4 0.4 0.3 
1.2 1.4 1.0 1.2 1.2 1.9 

Station 2 (S. Lake). 1982-1986 

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

	

0.5 	37 	34 	4 	6.5 	13.3 	9.7 	7.0 	7.9 	11.7 	17.2 	13.4 	12.8 

	

bottom 	.1.0 	3.6 	4.3 	7.2 	11.9 	10.9 	8.8 	8.5 	11.3 20.9 	14.2 	12.7 

E7 NITROGEN CONCENTRATION (7) 
NHN [mg 1] 



Depth [m] Jan Feb Mar 

0.5 0.01 0.01 0.01 
5 0.01 0.01 0.01 

10 0 01 0.01 0.01 
15 0.01 0.01 0.01 
2() 0.01 0.01 0.00 
30 0.01 0.111 0.01 
40 0.01 0.01 0.01 
60 0.00 0.111 0.01 

80 0. (0) 0.01 0.01 
bottom ((.00 0.01 0.01 

Station 2 (S. Lake), 1982 1986 

Depth [ml Jan Feb Mar 

	

0 . 5 	0.02 	0.02 	0. ((3 

	

bottom 	0.02 0.01 0. 

Apr May Jun Jul 

0.17 0.12 0.09 ((.06 0.02 
((.16 0.12 0.09 ((.06 ((.02 
0.17 0.13 0.10 0.07 11.03 
0.17 0.15 0.12 ((.11 0.09 

0.17 0.16 0.16 ((.16 ((.15 

((.17 0.18 ((.19 0.20 ((.21 
0.17 0.19 ((.20 ((.21 ((.22 
0.18 0.19 0.20 0.21 0.22 

((.19 ((.20 0.21 0.21 0.23 
0.19 ((.2)) 0.21 0.23 ((.25 

Sep Oct Nov Dec 

0.00 	0.02 
	

(1.1(6 	0.09 

((.01 	0.03 
	

((.06 	0.09 
((.02 	((.03 

	
0.05 	0.09 

((.11 	0.08 
	

0.06 	0.09 
0.17 	(1.17 

	
((.06 	0.09 

11.23 	((.23 
	

0.22 	0.18 
0.22 	0.23 

	
0.25 	0.21 

((.22 	((.23 
	(1.25 	0.26 

1.25 	((.25 
	

((.27 	0.27 
((.27 	((.27 

	
0.28 	(1.30 
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Station 1 (N. Lake), 1982 1986 

Apr May Jun Jul .\ug Sep Oct Nov Dec 

0.00 0.01 0.01 1.01 0.0(1 ((((1 0(((1 (1.01 ((.01 
((JO) 0.01 0.01 0.01 0.01 ((.01 0.01 0.01 0.00 
0.0)) 0.01 0.01 ((.02 0.01 000 (1.01 ((.00 0.01 
0.01 ((.01 (1.01 0.02 ((((1 ().01 ((((1 0.01 0.0)) 
0.0)) ().01 ((.01 0.01 (1.01 0.00 (1.01 ((.00 0.01 
((.01 0.01 0.00 (LOU ((((1 (LOU ((.0)) 0.00 0.0)) 
(1.01 0.00 0.00 ((.02 (LOu ((.00 0.0)) ((.00 ((.01 
((.01 0.00 ((.00 0.01 0.00 0.101 (LOu (LOU ((.0(1 
0.00 ((.00 0.0)) 0.00 ((.00 ((.00 (L011 0.01 0.00 
0.01 (1.00 ((.0)) ((.00 ((.111 ((.00 ((.01 1)01 ((.00 

May Sep Nov Dec Apr Jun Jul Aug Oct 

((.01 0.00 (L011 ((.0)) ((.00 0.((1 
0.0)) 0.00 0.01 ((.01 ((.01 ((.1(0 (.1)1) 000 0.01 

NO-N [mg 1 '] 
Station I (N. Lake). 1982-1986 

Depth [ml Jan Feb Mar 

0.5 0.11 0.17 0.18 
5 0.14 0.17 0.18 

10 0.14 ((.17 0.18 
15 0.11 0.17 0.18 
20 0.14 0.17 0.18 
30 0.14 9.17 0.18 
40 0.15 0.17 0.18 
60 0.22 0.18 0.18 
80 0.27 0.20 0.18 

bottom 0 . 27  (1.21) 0.18  

Station 2 (S. Lake). 1982 1986  

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

	

0.5 	0.17 	0.20 	0.21 	0.16 	0.11 	(1.1(3 	0.08 	((.01 	(LU)) 	0.03 	((.00 	0.01 

	

bottom 	0.17 	((.20 	0.24 	0.16 	0.11 	0.03 	((.1.18 	0.01 	0.00 	((.03 	0.0)) 	((.04 

Total-N [mg 1'] 
Station 1 (N. Lake), 1982 1986 

Depth [m] jan Feb Mar 

0.5 0.28 0.30 0.30 
5 0.31 0.30 0.34 

10 0.29 0.31 0.31 
15 0.31 0.32 ((.31 
20 0.31 0.31 ((.3)) 
30 0.33 0.32 0.3)) 
40 ((.29 0.30 0.31 
60 0.37 0.30 0.32 
80 0.39 0.33 0.30 

bottom 0.12 ((.33 0.34 

Apr May Jun Jul Aug Sep Oct No\ Dec 

0.31 ((.31 0.25 0.25 0.26 0.18 (1.19 0.21 0.24 
0.34 0.34 0.30 0.28 0.29 0.21 0.23 0.23 0.25 
0L34 0.31 0.31 028 ((.27 0.22 0.22 ((.22 0,25 
0.33 0.33 0.29 0.30 ((.33 0.30 0.27 0.21 0.26 
0.34 ((.32 0.31 0.33 ((.33 0.34 0.31 ((.23 0.24 
((.35 0.31 ((.31 0.32 0.37 0.36 0.34 0.33 0.32 
0.32 0.31 0.30 ((.30 0.35 0.35 0.33 0.35 0.37 
0.34 0.32 0.31 0.29 0.34 0.34 0.33 0.30 0.36 
0.33 0.32 0.31 0.30 0.35 0.37 0.35 0.37 0.39 
0.35 0.33 0.31 0.33 0.41 0.43 ((.47 0.39 0.46 
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Station 2 (5. Lake). 1982 	198)3 

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

0.3 	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 

E8 PHOSPHORUS CONCENTRATION (7) 

§ PO 4  P [/J0 mgI ] 
Station 1 (N. Lake), 1982 1986 

Depth [m] Jan Feb Mar Apr May ,Jun 

0.5 .002 .003 .004 .002 .002 .001 
5 .003 .005 .004 .002 .001 ((02 

1)) .002 .005 .001 .001 .002 ((02 
15 .003 .001 .004 .001 .001 .002 
20 .002 .004 .005 .001 .001 .001 
30 .002 .004 . ((01 .002 .002 .002 
1)) .002 .004 .001 .002 .003 .003 
60 .009 .001 .005 .002 .004 .001 
80 .1)21) .008 .005 .005 .006 .007 

bottolYl .022 .009 .004 ((((5 008 .011 

Jul Aug Sep Oct Nov Dec 

001 .001 .001 . ((01 .001 .001 
002 .001 .001 .001 .001 .001 
002 .001 .001 .001 .001 .001 
001 .001 . ((01 .001 .001 .000 
002 .001 .001 .002 .001 .000 
001 . 002 .002 .002 .002 .001 
005 .003 .002 .003 .005 . 003 
005 .008 .005 .008 .011 .012 
(108 .016 .015 .019 .02)) .020 
020 .026 .025 .031 .026 . 022 

Station 2 (S. Lake). 1982 19813 

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

	

0.5 	.002 	. 01)3 	.004 	.002 	.002 	.002 	.007 	.004 	.002 	.002 	.002 	.003 

	

bottom 	.003 	.002 	((04 	.002 	.01)3 	. 002 	.007 	.001 	.002 	.002 	.1102 	.004 

§ Total-P [mg 1 '1 
Station 1 (N. Lake), 1982 1986 

Jul Aug Sep Oct Nov Dec 

((118 .007 .1107 .007 .005 .1)1)6 
((11 .009 .009 .1110 .1)1)6 .008 
011 .009 .008 .1109 .1)1)6 .1)1)6 
009 .007 .010 .008 .007 .011 
007 .0116 .1)1)6 .1107 .1)1)6 .014 
0))5 .004 .005 .006 . 004 .005 
004 .005 .1)1)5 .005 .1)1)6 .005 

.005 .1)1)5 .006 .007 .007 
.1)1)6 .010 .009 .1)1(1 (Ill .1)1(1 
013 .016 .011 .018 .017 .024 

Depth [m] •Jan Feb Mar -  Apr May Jun 

0.5 .006 .007 .007 .005 .009 .007 
5 .006 .007 .008 .007 .010 .009 

10 .006 .006 .008 .007 011 .009 
15 .1)1)6 .1)1)7 .007 .009 .010 .008 
20 .1)1)6 .009 .008 .007 .008 .007 
30 .005 .007 .007 .006 .1106 .005 
4)) .1)1)5 .0117 .1)1)7 .007 .006 .006 
13)) .1)1)6 .009 .008 .1)1)6 .006 .1104 
80 .010 .1(1)8 .1)1)8 .007 .007 .1)1)7 

bottom .011 .1)11) .007 .1)1)9.012 .009 

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 	.017 

	

bottom 	.013 	.013 	.017 	.014 	.018 	.019 .018 	.022 	.024 	.024 	.018 	.018 
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E9 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 hvpoliinnion of Northern 
Lake (Station 3, depth 70m) immediately hefore the circulation period in 
late autumn (9). 
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Fig. ASI-I-7 	Distribution and time trend of BOD (7. 11, 2). 
1967, 1972 and 1977 : means of spring and fall observations for Northern 

Lake and means of four seasons for Southern Lake. 
1982 : means of monthly observations. 
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Fig. ASI-I-8 	Trend of 'l'-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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0. OSr 
Seta R. 

Southern Lake 

.06 
-Northern Lake 

.04 L 

.02 

I 	I 	I 	I ' 0 	____ 
1972 	73 	74 75 	76 	77 78 	79 	80 	81 	82 

11 



ASI-IL 

F. BIOLOGICAL FEATURES 
Fl FLORA 

Emerged macrophytes (13) 
Northern Lake : P/UY/gmltL's communis, P. iuonicu, Zriuniu /utzjoliu, Scirims vagara, curcx 

d?spa tutu. C/cu (a i irora. 
Southern Lake : Phragmi/cs coininuizis, Zizaniu lu/ito/ia, Jvplia ungustatu, iVe/umho 

nuciferu, Scirpus tubernuemontuni, S. vugura. 
Floating macropytes (on calm sheltered water surfaces) (15) 

Trupa juponica, H'droc1iaris (lob/u, Niniphoidus md/cu, N. pc/tutu, Spirodela JJOIVrhi2u, 
Lemnu paucicostuta, Eichhorn/u crassipes (15). 

§ Submerged macrophytes (13) 
Northern Lake : Elodeu jiultu//il 	IIvdril/a i'ertici//ata, Vu/i/sue i/u biwuensis * 

Potumogeton cr/spits, P. muaciz/unz's, Ego i/u (/01/sat 
Southern Lake : Cerutopiz v//urn dcmc)-sum. Egcr/u (1(1, ; iser, Vu/I/suer/u h/mucus/s 	V 

denscserru/utu, Hvdri//u zertici//utu, Potumogeton inulujunus. J\uias manila. 
§ Phytoplankton (14) 

N orthern Lake : Frugi/uria crotonensis, Urog/cnu amcricunu, Pluuil?tosplzuor/u ge/ul/izosu, 
Mo/os/ru so/u/u, ,S/uurus/ium dorsuleiztifcnum var. ornutum, Oocvstis submurinu, .Stephuiiodisczts 
carconensis var. pztsil/u. 

Southern Lake : Frugilunia crotonensis, Crvp/omouas sp.. Cc/otc//u glornerutu, Urug/enu 
umer/cunu, P/unktosphueriu gc/ut/onsu, Pod/us/rum hiuue*  Me/osira grunu/utu, D/izohrvon huron-
/cum. Chrvsosp/iue//a sp.. Pizoriniduim teizite. 

F2 FAUNA 
§ Zooplankton (15, 16) 

Northern Lake : Po!vun/hru trig/u, Co//othccu sp.. Aerate//u cuudrutu, Notommuta sp.. 
Eodiuptomus jupon/cus, Bosmina /ongiros/nis, Duphniu /o;igispinu. P. gu/eatu, Strom bid/urn sp. 

Southern Lake : Tin/in old/urn fluciuti/e, 'I/nt/;znops/s crutenu, Ep/s/ v/is sp., T/ortice//a sp.. 
Asleenasia co/cox, Diff/ugia bin c/co//u, Conochitus unicorn/s. Polvurt/i ru trig/u. 

§ Benthos (17) 
Northern Lake: 
Littoral zone (depth 5-10in) : Gastropoda (Heterogen /oiigispirut Sem/su/cospiru 

decipiens *, S. (1cc/p/ens reticu/utu*,  Radix aun/cu/a n/u /aponicu, R. oovch/u*,  Gyraulus 
pers tniatu /us *), Bivalvia ((Info doug/uszuc hiuuc*,  Anodoutu  cu/ipigos* , Conb/cu/u sanda/*), 
Crustacea (A nisogurninarus anizundulez, Pu/aemon puucidens, Mucrobrac/zizon nipponense), In-
secta (Gomphus ocu/atus, Epliemere/lu long/cauduta, (Juronornus p/umosus). 

Littoriprofundal zone (depth 20-40rn) : Gastropoda ( Vu/cutu p/sc/na/is b/mucus/s k,  Semis-
u/cospiru dec/p/ens ret/cu/a/u), Bivalvia (Pisid/urn kuwumztru l*) .  Oligochaeta (L/nino(Ini/us 
gnund/sctosus), Hirudinea, Crustacea (Pu/uemon puucidens). 

Profundal zone (depth 50-90rn) : Turbellaria (BdcI/occpizulu unnuodu/ed, Oligochaeta 
Tuhifex spp.). Crustacea (Pu/uemou puuc/de),is, Anisoguinmarus anizunda/ei). Insecta (C/i/n-

onomzts spp.). 
Southern Lake : Gastropoda (S/no/u/a cjuudrutu h/stn/cu. Scm/su/cosp/ru 1/he )-t/na, S. 

(lec/p/ens mu /1/grunosu *), Bivalvia (Corh/cu/a sunda/* , C. /eu;zu. Unio doug/us/a(?), Oligochaeta 
Tuhifex sp.. Bruuchiunu sou'ii'rhvi), Hirudinea (Hirudidae), Crustacea (Pa/uemon puuc/dcns), 

Insecta (Ch/ronomus p/umosus, ToIunuguv(suniIzu u/?urnus/). 
§ Fish (18) 

P/ecogtossus u/tire/is, Rhinogo h/its s/mi/is, Curuss/us uurutus cui'ieni 	C. aurutus 
grun docu//s *, Achei/ognuthus tunceo/utu, Chuenogohius /suzu *, Gnuthopogon cuenu lescens *, 
Pseudocrustoru punz'a, Zacco p/atvpus, Cyprinus curp/o, Opsu//chthvs zrncinostris , Oncon/zynchus 
rhodurus 1. rhodurus 

* : endemic taxa. 	I : exotic species. 
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F3 PRIMARY PRODUCTION RATE 

Fig. ASI- I - 10 Seasonal changes in gross primary production rate at three stations in 
Southern Lake. Net  and nanno-plankton were separated by a 25 ,urn-mesh 
screen (19). 
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F4 BIOMASS 
§ Biomass of submerged macrophytes in Southern Lake [metric tons, dry weight] (20) 

Year 	Egeria densa 	Elodea nuttallii 	Others - Total 

1964 	 30 	30 
1969 	 460 	 97 	557 
1974 	577 	 21 	 22 	620 
1979 	94 	 + 	 24 	118 

§ Biomass of Phragmites communis around the lake [g rn 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). 
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F6 PAST TRENDS 

Fig. ASI- I -I I Trend of phytoplankton hiornass in a surface 20m layer in Northern Lake, 
Station 3 (22). 

Bars indicate ranges of monthly observations. 
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Fig. ASI-I-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) 

1955 1960 1965 1970 1975 1980 

Fish total 2181 1926 2938 3105 3262 3514 

Oncorhvnchus riiodurus 68 30 37 23 22 11 

Piecoglossus alt/re/is 608 312 308 678 892 1345 

C vprinus cario 57 70 131 154 202 164 

Carassius 613 701 1104 615 616 791 
Tribolodoiz ll(thOilCnSiS 46 29 27 50 64 67 
Zacco hlatvus 11 13 33 37 10 39 

Anguilla ja,bonica 30 22 19 37 13 9 
Clzaenogohius isasa 10 5 436 473 377 411 

230 285 352 476 323 233 

Opsariicizthfs l(flCiOStuiS 200 87 122 162 100 134 

Others 308 372 369 400 613 310 

Mollusca total 8205 5287 2957 2836 1412 950 

(orhicala 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 area 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 
Sp/uzerocytzs sciiroeteri, 5tejlianodiscus carconensis, Surirella robuslus, etc. decreased in 

Southern Lake (14. 24, 25). Staurastriim dorsiden/zterum, Closterinin aciculare, fragilaria 
crotonensis, Crvp/omonas sp., etc. increased in Northern Lake, and Crv,btomonas erosa, 
.4 nahaena macros/rena, Lvn,ghva (imnetica. etc. did in Southern Lake (14, 15, 24. 25). 

The outbreak of "freshwater red tide", or the bloom of Uroglena (fine ncana, 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 Halter/a grandinella, 

Strombilidiiun SI).  and Askenasia roliox, increased in Northern Lake (15, 24, 25). 
Benthos 
An economically important endemic species, Corbicula sandal, decreased and almost 

disappeared in Southern Lake. ffeleronn lonis1ira and Senns'lcc.bira dec//dens also 
decreased in the southern area (28. 29). Siizotaia quadrata his/rica, 5enusulcosjnra i/bert/na, 
(orbicula leana, Radix aunicu/ania laponica, Sphaeniu;n iaponicum hinuense, etc. and also 
Oligochaeta and Chironomidae ('I7kunag(vusunika akamusi and Chironomus plumosus) also 
increased either temporarily or permanently (28. 29). 

Fish 
Such native species as Oucorhvnchus rhodurus f. rhodurus, 1-Iemigrammocv,bnis rasborella, 

Hvmenopjfvsa cur/a, etc. tended to decrease (18). Exotic species such as Channa macu/a/a, 
4ficropterns salmon/es, Lepomis macroe/urns, etc. increased (18). 
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G. SOCIO-ECONOMIC CONDITIONS 

Gi LAND USE IN SHIGA PREFECTURE*  (1979) (30) 

Vegetation and land use types Area [km 2 ] [%] 
Woody vegetation (2108.9) (63.2) 

Natural forests with little human disturbance (92.2) (2.8) 
Cool-temperate 	deciduous 	broadleaf 	forest 	(Fagus 

crenata, Acer spp.) 3 1.8 

Warm-temperate deciduous broadleaf forest (Zel/loca 5cr- 
rate, Carpinus spp.) 18.3 0.5 

Evergreen broadleaf forest (Castanopsis Ci(s/Edata. Pua 
f/ian hergii, Quo rcus spp.) 

. - 0 1 

Evergreen conifer forest (Ahies J7rina) 11.3 0.3 
Swamp forest (Salix ciiaenome/ou/es) 1.2  < 0. 1 

Secondary forest (1608.6) (48.2) 
Cool-temperate deciduous broadleaf forest (Quei -rzis 1)100 - 

go/ice var. grossese irate) olLi 15.3 

Warm-temperate 	deciduous 	broadleaf 	forest 	(Quercus - 
seiiata, 	Q. (1(11/ 1551/na) 144.6 4.3 

Pine forest (P/mis clensiflora) 817.0 24.5 
Scrub 135.3 4.1 

Others (408.1) (12.2) 
Evergreen 	conifer 	plantation 	(Creptomeria 	iajOnica, 

Cliamaecvparis oh/usa) . 395. 0 - 11.8 

Bamboo forest (Phvllostaclivs h(inhusoides) 13.1 0.4 
Herhaceous vegetation (69. 1) (2.0) 

Dwarf bamboo community ()asa spp.) 7.2 0.2 
Grassland (Miscan/Jius sine)isis) and weeds 51.6 1.6 
Swamp (P/irngmites comniunis) 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 5.6 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 93 1/,, 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 2 ] ( 7) 
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Paddy field Upland field Orchard Pasture Total 

1975 609 38.6 23.9 2.8 674 
1976 603 385 22.7 3.1 667 
1977 597 37.9 22.5 3.3 661 
1978 593 37.6 22.0 3.3 656 
1979 588 36.9 21.9 3.4 650 
1980 583 36.7 21.7 3:3 645 
1981 579 36.5 20.8 3.1 640 
1982 575 36.2 20.3 3.2 635 
1983 571 35.8 20.1 3.2 630 
1984 569 35.4 19.2 3.2 627 

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

Gross produc- Number of 	Nun her of 	Main products 
tion during persons 	establish- 	and main kinds 

the year engaged 	ments 	of industry 
[10 	ven]* (1980) 

Priniarv industry 
Agriculture 	 104.847 	58,300 N. A. 
Forestry 	 7,559 	1,100 N. A. 2 
Fisheries 	 4.836 	1,500 N. A. 3 

Secondary industry 
Manufacturing 	3 081 699 	167, 000 9.219 1 
Mining 	 N. A. 	500 58 5 
Others 	 N. A. 	40,700 7.205 6 

Tertiary industry 	 N. A. 	250. 600 11,367 7 
ca. 250 yen 	LS$ 1 in 1981. 
1 	Rice, tea, fruit, vegetables, flow ers, silk and domestic animals. 
2 ) 	Timber, charcoal, firewood, nmshroom. etc. 
3 ) 	Fish, shrimp, corbicula (mussel) and freshwater pearl. 
4 ) 	Electromechanical, 	mechanical, 	textile, 	chemical, metal, foodstuff and 	pottery 

industries. 
5 	Limestone, aplite and firebrick clay. 
6 	Construction. etc. 
7 ) 	Wholesale retail, service, transportation, banking, communication, public service. 

etc. 

§ Numbers of domestic animals in Shiga Prefecture : Cattle 26,500, swine 16.00)), poultry 124 x 1)). 
§ Trend in the relative numbers of residents engaged in different kinds of industry in Shiga Prefecture 

[%] (31) 

1955 1960 1970 1980 
Primary industry 51.1 43.5 27.6 11.7 

Agriculture 49.0 42.0 11.2 
Forestry 2.0 1.1 

27 
0.2 

Fisheries 0.4 0.1 0.3 0.3 
Secondary industry 20.5 25. 7 35.2 40.0 

Manufacturing 16.3 19.9 29.2 32.1 
1'vlining 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 48 3 

Total 100.0 100.0 100.0 100. 
(Actual number) (111,213( (427, 018) 186.220 (520, 211) 

Fig. ASI- I -13 Trend of industrial production in Shiga Prefecture (33 35). 
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G3 POPULATION IN SHIGA PREFECTURE (1985) (31. 3 -0 
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Fig. ASI- I 14 Trend of population increase in Shiga Prefecture (31 37). 
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H. LAKE UTILIZATION 

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

na V iga ti on. 

H2 THE LAKE AS WATER RESOURCE (1 1982) (38) 

Use rate [m 3  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 3  sect. 

for iiiilust ry 	 003 	for industry 	304 - - 
for agricult one 	 1 29 	for agriculture 	30.00 
for others 	 (.48 	for others 	8.70 	Lake Biwa 
for electric power 	16. 710 
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I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 

Ii ENHANCED SILTATION 
§ Extent of damage : Not serious. 

12 TOXIC CONTAMINATION 

§ Present status : Detected but not serious. 

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

Concentration [ppm] Name of Main 
contaminant Vv ater Other Bottom mud 	Fish source 

organisIis 

Methyl Hg - 	 0.013-0.79 	- Pesticide 
(1969) 

Total Jig 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) 

Sb 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 8. 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) 
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§ Accumulation of contaminants in bodies of organisms [ppm. wet weight basis] (39-53) 

Methyl Hg Total Hg Sb Pb Cu 

Fish 
I Plccoglossus al/icc/is 0 031 -0.051 0.045-0. 064 0.02-)) .27 0.49-5 .89 1.19 	2.24 

2 Cvïinus carp/a - 0.0-0.35 0.91-1.01 

3 Carassius (/lfllSSlUS 0.0-0.05 0.0 	1.98 1.26-2.53 
(suhsp. 	Clf/7/?) -1 	?) 

1 Triholodon lza1?o/ic/sis 0. 13-0 .23 0.25 0.40 - 

5 Parasi/urus variagatus 
- 0. 08-0. 12 0.63-0. 73 

(subsp. in/Clod/US ?) 
6 Cliaenogohius isaza - - - 

Shellfish 
7 Sinotaia quadrata his/iica - 0. 0-1 . 11 0 .0-8 .36 26.0-98. 3 
8 Laiio doug/asiac hi/cad 0.06 

Submerged macrophyte 
9 F/or/ca au//a//li - 0.0-0.07 0.0-1.72 0.65-2.71 

10 Potainoge/un ;na/aianus - - 0.02-0.08 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 - 	 03-2 
2 	0.0-0.006 	51.3-68.8 0.02-0.09 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 - - 

5 	0.009 	14.9-31.8 0.0 	0.01 - 

6 0.04 	0.018 0.03 0.8 tr-0.011 
7 	0.0-0.10 	25.3-126 0.0-1.98 - - 

8 	0.17 	35.4 0.01 - 

9 	0.0-0.06 	6.3-30.4 0.20-0.75 - 

10 	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 protection of human health 

Maximum permissible limits [ppm] 

Water Pollution More stringent Environmental 
Control Law * prefectural Pollution Control 

standards Ordinance (Shi ga )* 

Cd and its compounds 0.1 0.01 0.01 
Cyanides 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 0.05  
Total Hg 0.005 - 0.005 
Alkyl Hg compounds ND NG 
PCB 0.003 - 0.003 
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B. Items related to the protection of the environment 

1\'Iaximum permissible limits [ppm] 

Water Pollution More stringent Environmental 
Control Law * prefectural Pollution Control 

standards Ordinance (Shi ga )* 

Water discharge 
rate [rn 3  day] >50 30-50 	>50 30-50 	>50 

pH 5.8-8.6 6.08.5 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 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 

group [cells ml'] 3,000 3,000 3,000 

*J apanese  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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Fig. ASI -  1 - 16 Past trend of BHC concentration in the lake water (43). 
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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 II, the increased use of agricultural chemicals, especially 
organic P compounds and chlorinated hydrocarbons, poisoned fishes and sheilfishes extensively 
several times in the 1960's and 1970's. The most serious post-war event was the contamination 
of Southern Lake and Seta River with PCB which escaped froin 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 \vidclv applied to paddy fields 
since ten years ago, in the lake ecosystem is approaching an alarming level (Fig. ASI-1-18). 
Slight contamination of grounc] water with trichloroethylene found in a few cities seems to offer 
another source of future concern. 

13 EUTROPHICATION 
§ Nuisance caused by eutrophication 

Unusual algal bloom Urogieiia americana (1977-1985), Periclinium spp. (since 1972), 
Anabaena spp. (since 1965), etc. 

Overgrowth of exotic water weeds : Elodea nuttallii (1965-1970, 1980-) and Egeria densa 
(1971- 19 75). 

Disturbed filtration in cleaning beds 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. Anahaena. etc. 

§ Nitrogen and phosphorus loadings to the lake Lt yr 1 j (7. 26) 
ONE 

Industrial Domestic Agricultural Natural Total 

1960 405.5 1,021.3 2,047.7 1,986.9 5,461.4 
1965 677.7 1,313.7 1,783.9 2014.5 5,789.8 
1970 1,281.4 1,821.3 1,801.0 2,033.9 6,940.6 
1975 1,407.2 2,585.9 1,733.4 2,101.3 7,830.8 
1980 2,089.2 3,248.0 1,726.9 2,131.9 9,196.0 

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 
1980 371.1 497.4 120.7 75.8 1,065.0 

§ 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-14 
However, it was suddenly accelerated by the postwar industrialization of the lake's catchment 
area. The first clogging trouble in the sand filter of a city water supply to Kyoto took place as 
early as in 1959. Between 1960 and 1965, drastic changes in the hiomass and species composition 
of plankters and benthic animals became apparent. The plankton biomass increased almost 
tenfold since 1950 (Fig. AST-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 cuality 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 years, but the effect of the ordinance has been only marginal. 
To prevent further eutrophication, it seems urgent to take new measures at least until the 
completion of the sewerage network. 

14 ACIDIFICATION 
§ Extent of damage : None. 

U. WASTEWATER TREATMENTS 

J 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (dl Measurable pollution 
with limited wastewater treatment. 

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

- N[%] P[%] 

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 : I (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 

Ki 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 
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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 qua] itv 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 years. 

This 20-year project contains, among others, two important operations : 1) to increase the 
supply of water from L. Bi\va to downstream areas via Seta River by 40msec 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 frorn L. Bi\va 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 been construct-
ed. but the completion of the whole sewerage network may need many years. 

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

Water resource development 
Construct ion 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 \vorks, construction of several new dams 
afforestation on watershed mountains construction of roads for forestry 

Water quality improvement 
Construction of public sewerage systems : construction of sanitary facilities improve-

ment of waste\vater treatment for livestock farming construction of solid waste disposal 
facilities promoting water cuality 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 

Ml NATIONAL AND LOCAL LAWS CONCERNED (1. 38. 55-58) 
§ Names of the laws (the year of legislation) 

(1) Basic Law for Environmental Pollution Control (1 9t37 
2) Water Pollution Control Law (1971)) 
(3) Shiga Prefecture Environmental Pollution Control (I)rdinance (1969.  r evised in 1973) 
1 1  Ordinance Concerning the Prevention of the Eutrophication of Lake Biwa 0979) 

§ Responsible authorities 
1) and 2): National Government 

(3) and (1) : Shiga Prefectural Government 
§ Main items of control 

Toxic substances in the effluents from industries and facilities (Ccl. Pb, Cr, As, Hg, PCB). 
Pollutants in the effluents from industries and facilities IN, P. BOD, COD. SS, pH. mineral 

oil, fat. Cu, Zn, Cr, F, B. Sb, dissolved Fe, dissolved Mn. phenols, no. of coliform groLips) 
Use of phosphate-containing synthetic 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 
Shiga Prefectural Fisheries Experiment Station. Hikone 
Otsu Hydrohiological Station, Koto University. Otsu 
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(5) Laboratory for Control of Environmental NI icropollutants. Kvoto I niversity, Otsu 
(6) Institute of Lake Sciences. Shiga University. Otsu 
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LAKE SONGKHLA 

Fish culture on Thale Sap Songkhla 
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A. LOCATION 
§ Phatthalung, Songkhla and Nakhon Si Thammarat. Thailand. 
§ 7 08'-50'N and 10007'-37'E nearly 0 m 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 Thailanc) at its southeastern end .Agr andient 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 (La/es (7/canter). 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 2  consists mostly of lowland rice fields, rubber planta-
tions and forest-covered hills, and contains stich 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 2 ] 	 1,082 - 
Volume [10 9 m 3 ] 	 1.6 (MSL) 

Maximum depth [m] 
Mean depth [m]* 

Lu ang 
Sap Songkla 

Normal range of annual 
water level fluctuation (unregulat-
ed) [m] 

Residence time [vr] 
Catchment area [km 2 ] 

3.8 (1.5 in MSL 
2.0 
1.4 
1.8 
1.4 

0.62 

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. 1978) was 1.53 m (2). 
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D. PHYSIOGRAPHIC FEATURES 

Dl 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 MaR, Ko NoR; Mo Nu, Ko 

M aco. 
§ Outflowing rivers and channels (number and names) : 2 (channel connecting Thale Sap Songkhla 

with the Gulf of Thailand, and Ranot Canal). 

Fig. ASI-2-I 	Sketch map of L. Songkhla and surrounding areas, with isopleths of mean 
salinity (2). 
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D2 CLIMATIC 
§ Climatic data at Songkhla (Q, 2) (cf. Fig. ASI-22) 

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

Mean temp.* [°C1 	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 
Prec i pit ati on h* [mm] 	141 	39 	42 	56 	131 102 121 114 122 305 541 437 	3149 

*19511980 	**1951_197() 
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Fig. ASI-2-2 	Distribution of mean annual rainfall (1959-1983) in the catchment area (Q). 
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§ Number of hours of bright sunshine (Q) 2,625.0 hr yr 
§ Surface water temperature [°C] (Q, 4) 

Area Jan 	Feb 	Mar Apr 	May 	Jun 	Jul 	Aug 	Sep 	Oct 	Nov 	Dec 
Thale Noi* 26.9 31.8 	 - 

Thale Luang* 28.7 	28.1 	30.0 31.8 	31.1 	29.4 	30.0 	28.4 	29.8 	30.7 	27.4 	27.6 
ThaleSap** 27.3 	28.3 	29.6 31.0 	31.3 	29.8 	29.6 	29.4 	28.5 	30.4 	26.5 	27.0 

*May 1980 - Jan. 1981. 	**Oct 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 

El TRANSPARENCY [m], Oct. 1976-Sep. 1978 (2) 

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

	

Thale Luang 	0.5 	0.5 	0.6 	0.6 	0.5 	0.5 	0.6 	0.5 	0.4 	0.7 	0.6 	0.4 
Thale Sap 	0.6 	0.7 	0.8 	0.9 	0.9 	0.6 	0.9 	0.8 	0.7 	0.7 	0.4 	0.3 

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

	

Jan Feb Mar Apr May Jun 	Jul Aug Sep Oct 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 1] of surface water, May 1980 - Jan 1982 (4) 

Jan 	J'vIav 	Sep 

	

Thale Noi 	 26.2 	176.7 49.9 

	

Thale Luang (Kukut) 	35.1 	33.1 32.9 

E4 DO [mg 1'], 1978-1979, average at 0.3m depth (Q) 

	

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

5.9 	7.1 	6.8 	7.1 	6.9 	7.0 	5.3 	6.6 	7.2 	4.7 	5.3 	6.7 

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

E6 CHLOROPHYLL CONCENTRATION [jtgl'], 1978-1979, average at 0.3m depth (Q) 

	

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

1.65 	6.30 	2.58 	10.0 	- 	- 	 7.58 	0.77 	0.69 	2.27 

E7 NITROGEN CONCENTRATION [mg 1'] 
§ 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 3 -N, 1978-1979, average at 0.3m depth (Q) 

	

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

2.20 	1.96 	2.58 	2.59 	- 	 - 	1.95 	1,97 	2.29 	2.33 
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E8 PHOSPHORUS CONCENTRATION [mg I] 
PO 4 -P, 1978-1979, average at 0.3m depth (Q) 

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 

E9 	SALINITY [ppt], 1978-1979, average at 0.3m depth (Q) (ci Fig. 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 

Fl FLORA 
§ Mangrove plants : Kukut (Son nonitia caseolaris, Nia fiat/cans, Accost/chum aurewm) ; Thale 

Sap (Riilzophora ajiculata) (6). 
§ Emerged macrophytes : Thale Noi (Phiagmi/es comiminis,,c/c)is onzoIc/cs, (perus grosses and 

spp.. Eleocliaris du/cis) Kukut (Paspa/um sp., E/cocharis dulcis, Sci) - us 1)l1(c)O na/us, Cvperzis 
tegetformes and spp.. Phragm?tes coinmunis) (6). 

§ Floating macrophytes : Eic/iliornia crasszes (Q) Thale Noi (Ni' ihhoidcs indica, Sahinia cucu/ -
late) Kukut (Azo/la sp., Lemna sp.) (6). 

§ Submerged macrophytes Thale Noi (Chara sp.. BRx(I cchinos/cnna, L tl7cl(lal7a floxuosa, Cem10 
hV/iufl2 demeisum) : Kukut (Cliara spp., CeratolJiv/liini dcmcrsnm, Va/as marina) (6). 

§ Phytoplankton : Kukut (Phone/diem spp.. Oscil/ato) -ia spp ..4 nobeL/Ia spp.. Xztzciva spp., 
Navicula spp., Dia/oma spp.. Scene(Asmus spp.. Spirogera spp.) (6) Thaic Luang (Pedi(Istrum 
sp., Spiru/ina sp., Szmiret/a sp.) (2) Thale Sap (Chac/occros spp.. Nitzchia spp.. Rhizosolcnia 
spp., Coscin o(liscus spp.) (2). 

F2 FAUNA 
§ Zooplankton : Thale Noi and Kukut (Accede spp.. Dill/ag/a spp., Brach/onus spp., Lecane 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 (Polvchaeta (Nerds. Dendrone) -cis. Ncp/'tvs, Sahe/la, Meg/oin-
ma), Mollusca (itIelanoldeS, Idiopoma, Pile, C/ca, Co chico/a, ,liodio/us), Crustacea (Pa/aemo)? 
spp ..Macro/mrachium spp.. Gamma/us sp.) ); Thale Sap (Polvchaeta (Ncp/i/vs, Nereidae. Or-
biniidae, Lambrinereis, Arhcl/a), Crustacea (Upoge/?ia, Ceathura, .4psc?fdes. Gamma/us, Penaeus. 
MetapenaeuS) ) (2, 6). Arthropods are found at high density in the upper lake sstem, reaching 
the maximum level in dry season. Polvchaetes increase their density toward the sea, flourish-
ing in dry season. Nernatodes are found at high density near the end of each lake. while 
nernerteans are abundant in the middle lake system (Q). 

§ Fish (caught by fishing gears) : Thale Luang (Tech vsurus Spp.. Tivstus spp.. F/If/a sp.. Pu;z/ius 
spp.. Ophicephalus spp., Omnpox sp.) ; Thale Sap (Mugi/ dussumicri and spp.. La/es ca/carzfcr, 
Epinephelus spp., E/eut/icromema sp., Genes sp.. P/o/osus sp.) (2). 
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G. SOCIO-ECONOMIC CONDITIONS 

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

Vegetation and land use types Area [Lm 2 ] 

Forested area 1,726 24.7 
Undisturbed 1,084 15.5 
Disturbed 487 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 6,999 100.0 

Main types of woody vegetation (main species) : Tropical rain forest secondary forests at 
various stages of regeneration mangrove forest (Rhizopliora apicitlata, Sue aeratia caseolaris, 
N/p(,7 fruticans) ; rear mangrove (Me/a/coca leucaa'endro 17) brackish swamp forest ; fre-
shwater swamp forest (Alstoni(l spa/hula/a, Eugenia greta) scrub on limestone hills, etc. 
Main types of herbaceous vegetation : Grass swamps (Pa,pahun scrohiculatznn, Phragnzit's spp.. 
Civperus, Sc/rims, Sc/erie, 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) 

Land use types 1974 1978 1982 

Forested area 
Undisturbed forest 
- Tropical evergreen 19.7 16.2 15.3 forest 
- Mangrove and swamps - 2 .2 
- Scrub - - 0.2 
Disturbed forest 
- Old clearing area 5.9 - 2.7 
- New deforested area 4.2 
- Rubber plantation 

mixed with forest 8 - 

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 

F1 
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G2 INDUSTRIES IN THE CATCHMENT AREA AND THE LAKE (198-1) (1) 

Kinds of industry 	 Units No. of workers 
Rice mills 950 1,462 
Fishing industries (including ice) 89 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-metallic minerals including 

building and construction materials 62 816 

Metal products 57 375 
Machinery including repair 154 1,024 
Boat building and repair 6 150 
Others (umbrellas, etc.) 2 55 
Total 1.536 11.004 

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

Population density 	 - 	- I otal population 	 Main cities [km_- 1 
Hat Yai 

1,199,000 	 171.2 	 Songkhla 
Patthalung 

H. LAKE UTILIZATION 
Hi LAKE UTILIZATION (Q) 

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

H2 THE LAKE AS WATER RESOURCE (0) 

Use rate L10rn 3yr'J 
Domestic water 	 50 
Irrigation 	 450 
Industrial water 	 55 
Total 	 555 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 
Ii ENHANCED SILTATION (Q) 

§ Extent of damage Not serious. 
§ Rate of sedimentation (entering lake) : 500.000-600,000 [metric ton yr. 
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12 	TOXIC CONTAMINATION (Q) 
§ Present status 	Detected but not serious. 
§ 	Pesticide residues in Thale Noi area pplYl] 

Recorded 
Pesticide maximum Location Material 

level 

Gamma-BuG 0.03 
Ban Thale Noi, - Sediment Rhiong Mai 

Ileptachlor 0.03 
Thale Noi non- 

. 
- ater hunting area 

Dieldrin 0.10 B an Thale Noi,. Sediment Rhlong Mai 
p. p DDE 0.03 Khlong Mai Sediment 
p. p 1)DD 0.08 Rhlong NIai 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 \vt. 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 
Zn 29.0 88.6 

11 
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§ Draft water quality standards for freshwater sources (1) 

Characteristics [unit] 	 Percen- 
tile 

Water c l ass *** 

1 	2 	3 4 	5 
Physical 
Floating solids 
Colour 
Taste & odour 
Temperature [C] 
pH 
DO 
BOD S  (2OC) 
Coliform bacteria 

Total coliforms [MPN 100rn1 1>] 

Faecal coliforms [' 
NO 3  as N 1mg 1 1 1 
NH 3  as N ['] 
Phenols [i] 
Cu [1 
Ni [] 
1\n [ 
Zn [j 
Radioactivity 	Alpha 
[picocuries 1 - '] Beta 

Toxic substances 
As [rng 1'] 
Cd [] 

Cr [] 

Cu [] 
Pb [ 
Hg [';] 
Pesticides L'] 

n n n n 
n ii ii n 
n n ii n 

- 	 n n' n' n 	n' 
- 	 6-8 6 8 6-8 6-8 	6-8 

80> 	 n 6 4 2 
80< 	Less than 2 1.5 2.0 4.0 

80> 5,000 	20,000 20,000 	- 

- 1000 	4,000 4,000 	- 

100 5.0 

0.5 
0.005 

0.1 
- 0.1 

1-U 1-. 
3) 

- 1.0 
100 0.1 
100 1.0 
100  3) 

(101 
0.005 k  
(l . 05* 
0.05 Z 

11.005 
0.05 
1)002 
0.05 

n : Natural condition. 
n' : Natural condition± 3 C. 
* In water having hardness less than 100 rng 1' as CaCO. 

In water having hardness higher than 100 mg l as CaCO 3 . 

***TT a ter  class 
Very clean water, utilized for 

drinking and other consumption water treatment may be not necessary but 
disinfection required, 
- conservation of freshwater ecology and natural growth of aquatic plants. 

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 
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- drinking and other consumpt ion special water treatment is necessary, 
- industrial water supply, 
- other activities. 

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

§ Industrial wastewater quality standards (1) 

(U 	pH Between SM and 9.0 
Permanganate value [mg 1 -  ] 60 
Dissolved solids [mg 1'] 

3. 1 Discharge into water-courses 2,000 or more but not exceeding 5,000, 
depending upon discharge point 

3. 2 Discharge into sea or estuar- - a,000 higher than dissolved solids in sea ies (salinity not higher than 2, 
000 rug L I or estuary waters 

- 

Sulfide as H 2 S [mg 1'] 1.0 
5) 	Cyanide as IICN [mg 1] 0.2 

)6) 	1-leavy metals [mg 1 	'] 
6.1 Zn 5.0 
6.2 Cr 0.5 
6.3 As 025 
6.4 Cu 1.0 
6.5 Hg 0005 
6.6 Ccl 0.03 
6.7 Ba 1.0 
6.8 Se 0.02 
6.9 Ph 0.2 
6.10 Ni 0.2 
6.11 Mn 5.0 

Tar Nil 
Oil and grease [mg 1 - ] 5.0 (except 	for 	crude 	oil 	refinery 	and 

lubricant blending plant 	less than 15) 
Formaldehyde [mg 1 - 1 1.0 
Phenols and cresols [mg 1'] 1.0 

(I S 	Free chlorine [nig 1 1 ] 1.0 
Insecticides and 	radioactive Nil substances 
Suspended solids [mg 1 . ] 30 or more depending on dilution ratio as 

shown below 
Dilution ratio 	8-1511 Allowable suspended solids 	30 

151-300 80 
3(1-501) 150 

BOD, 5 day, 20C [mg 1 '] 20 or more but not exceeding 60, depend- 
ing upon discharging point, except for 
industries shown below 

11.1 Fish canning New process as in (14) 
14.2 Tapioka starch Old process 100 
11.3 Noodle factory, using less 100 

than 500kg of rice per day 
14.4 Tanneries 100 
14.5 Pulp mills 100 
14.6 Seafood processing 100 

(13) Temperature [ C] Less than 40 

Color and c)dor Not objectionable when mixed in receiv- 
ing water 

11 



\Vatcr class 

2 3 1 5 
n ii' n' n' 

6 - 8 6 - 8 6 - 8 6.8 
6 4 2 - 

1.5 2.8 4.0 - 

	

5,000 
	

20,000 

	

1,000 
	

4,000 
5.0 
0.5 
0.005 
0. 1 
0. 1 
1.0 
1.0 
None 

0.01 
005* (((5** 

0.05 
0.005 
0.05 
0.002 
0.05 
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§ Inland freshwater quality standards (1) 

Characteristics [unit] 
1 

Temperature ['C] 	 - 	 ii 
pH 	 68 
DO [rng 11 	 80> 	ii 
BOD [mg 1 1 ] 	 80< 	Less than 2 
Coliform bacteria [MPN 100 m] - '] 

Total coliforms 	 80 	 - 
Faecal coliforms 	 - 	 - 

NO 3  as N [mg 1 - '] 	 100 
NH as N ['i] 
Phenols [u] 

Cu [1 
Ni [1 
Mn 
Zn [] 
Radioactivity [curie] 	 100 
Toxic substances [wig L'] 	 100 

As 
Cd 
Cr 
Cu 
Pb 
Hg 
Pesticides 

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

Percen- 
tile 

13 EUTROPHICATION (1) 
§ Nuisance caused by eutrophication : Unusual algal bloom blooms of Aostoc sp. and Eit'glc'na sp. 

were observed in Thale Luang in the past. 

§ Nitrogen and phosphorus loadings : Songkhla Basin Planning Study (U shows forecasted nutrient 
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 	20,194 	5,526 
1986 	27.809 	21,365 	5,717 

14 ACIDIFICATION (Q) 
§ Extent of damage: None. 

J. WASTEWATER TREATMENT(Q) 

J 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (c) Limited pollution with 
some wastewater treatment. 

J2 APPROXIMATE PERCENTAGE DISTRIBUTION OF POLLUTANT LOADS: Nonpoint 
sources 90%,  point sources 10%. 

12 
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J3 SANITARY FACILITIES AND SEWERAGE 
Percentage of municipal population provided with adequate sanitary facilities (on - site treatment sys-

tems) : 100%. 
§ Percentage of rural population provided with adequate sanitary faciIites 
§ Municipal wastewater treatment systems : Septic tank and cesspool. 
§ Industrial wastewater treatment systems Biological treatment required by law for organic 

pollutants in all industrial plants. 

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 harrier under study (Q). 

M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR 
UPGRADING LAKE ENVIRONMENTS 

Ml NATIONAL AND LOCAL LAWS CONCERNED (Q 
§ Names of the laws (the year of legislatioiì) 

Factory Act (1969) 
National Environmental Quality Act (1975) 
Public Health Act 

§ Responsible authorities 
i'vlinistrv of Industry 
National Environment Board 
Ministry of Health : local authorities and municipalities. 

§ Main items of control 
1) Industrial effluent standards 

Establishment of standards and environment impact assessment 
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. 

National Environment Board established in 1975 ; the monitoring of the lake environ-
ment has been kept since 1978 in collaboration with Songkhla University. 

Department of Industrial Works. Ministry of Industry ; occasionally undertakes 
mnng. 

M3 RESEARCH INSTITUTES ENGAGED IN THE LAKE ENVIRONMENT STUDIES (Q) 
Prince of Songkhla University. hat Yai. 
National Institute of Coastal Aquaculture. Songkhla 
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. 

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 Liniversity, National Environment 
Board and LANDSAT). 

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

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

Information from National Environment Board of Thailand. 
Ecological Research Division, Thailand Institute of Scientific and Technological Research 

(1981) Ecological Studies for Conservation of Shore Birds in Songkhla Lake. Vol. 1. 559pp. 
Office of the National Environment Board of Thailand, Bangkok. 

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

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 

Pnoto:D B. Swar 
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A. LOCATION 

§ Karnali Zone, Mugu District, Nepal. 
§ 2924N, 8205'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. It is a warm, oligotrophic lake with a monomictic type 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 (kholastream). Khater Khola forms a deep 
gorge at about 7 km downstream from the outlet and finally ioins 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 th' 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 2 ] 	 9.8 
Volume [10 9 m 3 ] 	 0.98 
Maximum depth [m] 	 167 
Mean depth [m] 	 100 
Length of shoreline [km] 	 14.3 
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL (2 
Bathymetric map (Fig .ASI-3-l). 

§ 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 2.1 9.3 8.6 14.4 13.2 15.5 16J0 14.1 9.2 	7.0 3.9 	9.6 

Precipitation [mm] 41 94 34 	63 	23 	201 189 337 316 216 	0 	12 	1,556 

Fig. ASI-3- I 	Bathymetric map (2). 

'1 

kin 

Water temperature Cl (2) 
Station 2, May 2)), 1983 

Depth [ni] Jan Feb Mar Apr May Jun 

5uriace ())  
8 

II) 	 11 .0 
') 

- 	 -- 	 [1 

32 	 - 	 9.2 	- 
60 	 8.3 	- 

120 	- 	 8.3 
160 	-- 	 - 	8.3 

§ Freezing period None. 
§ Mixing type Monomictic. 

Jul Aug Sep Oct Nov Dec 

E. LAKE WATER QUALITY (2) 

El TRANSPARENCY rn] 
Station 1-7, May 16, 1983 

Stn. 2 - Stn. 3 	Stn. 4 	Stn. 5 	Stn. 6 	Stn. 7 

16.6 	16.6 	16.2 	15.9 	13.0 	15.0 



E2 pH 
Station 2, May 20, 1983 

Depth [m] 	jan 	Feb 	Mar Apr Ma\ Jun Jul Aug Sep Oct Nov 	Dec 
0 	- 	 - 8-18 
8 	 - 8:52 - 

16 - 8.56 - - 	- 
32 	- 8.60 - 
60 	- 	- 8.40 - - 

120 	 - 8.36 
160 	- 	 - 8.30 - 

E4 DO [mg 1 	1 
Station 2, May 20, 1983 

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

0 	 - 7.50 - 
8 - 7.59 - 

16 	 - - 7.93 - 
32 8.06 - 
60 	 - - 6.91 - - 

120 - 6.58 - 
160 - 6.32 - 
167 4.84 - 

E6 CHLOROPHYLL CONCENTRATION Lug 1'] 
Station 2, May 20, 1983 

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

0 	 - - 0.061 - 
8 	- 	- - 0.125 - 

16 	 - 	- 0.160 - 
32 	 - 0.381 - 
60 0.465 - 

160 - 0.036 - - - 

E7 NITROGEN CONCENTRATION 
§ Total-N [mg 1 	], Station 2, May 20, 1983 

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

8 0.030 
16 0.027 - 
32 0.027 - 
60 - 0.024 - 

120 - 0.018 - 
160 	 - - 0.021 - 	- 

E8 PHOSPHORUS CONCENTRATION 
§ PO 4 -P [mg 1 1],  Station 1-7, May 1983 

Depth [m] 	Stn. 1 	Stn. 2 	Stn. 3 
	

Stn. 1 	Stn. 5 
	

Stn. 6 	Stn. 7 

0 	0.010 	0.007 	0.007 
	

0.003 	0.003 
	

0.003 	0.010 

ASI- 
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F. BIOLOGICAL FEATURES 

Fl FLORA 
Phytoplankton : C /7//i1t1.o Iiiiu;idiiic//a, .L)iiiohr'ci cf. /io'i. 

F2 FAUNA 
Zooplankton : Rotifera (Conorliiloidcs coenobasis, Kora/olla qua(Ira/a, K. ouch/oar/s. LCCaIIr Spp.. 

Fl/in/a uo/iciisiS) Claclocera (DaJ11 )iia /oiigis/Ciia. Ho/o/vdium spp.) : Copepoda 
(S/iodiap/omzts stean/jensis, Jvclops Iiu/( .huioiii). 
Fish : .Scliiwtlwrax ra)a(usis, S. iiiacrophtlia/nius S. mia/iiIsis, .ScJiiuthoraiclitIivs 	SQCII1IfS 

(1, 5). 
§ Supplementary notes on the biota 

Fig. ASI-3-2 	Annual change in the individual number of total zooplankton ( 	- 
Diiiohroon c'/in(1ricuni cf. boigci ( 	. 	). (tuvtiuui hHiou/iiu/la 

- 	), C'uiioclii/ ides iocnobusis ( -- - 	). [i/lain /e/ii iris ( 	- 
• - 	) and Copepods including naupi ii ( 	- 1 (2). 
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F3 PRIMARY PRODUCTION RATE [mg 02 1' day 1]  
Station 2, May 24, 1983 

Community respiration 	 0.018 0.058 
- Gross production 	- 	0. 020-0.045 

G. SOCIO-ECONOMIC CONDITIONS 

Gi LAND USE IN THE CATCHMENT AREA (6) 
§ Main types of woody vegetation A h/cs s?c/ahi/i5 forest, Pious exco/ra forest, Qucrcus semi-

carpifo/in forest, P/con smitliiana forest. Bc/u/a it/i/is forest. 
§ Main types of herbaceous vegetation : Alpine grassland, moist herhosa. 
§ Types of other important vegetation Water Plant vegetation. 

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



ASI-3 

H. LAKE UTILIZATION 
Hi LAKE UTILIZATION 

Sightseeing and tourism (number of visitors in 1981 : ca. 5,1)00) (Q). 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS (Q) 
Ii ENHANCED SILTATION 

§ Extent of damage : Not serious. 
§ Supplementary notes : The sedimentation rate averaged 0.42 0.80g dry weight m dav 'in May 

and 0.75-1 .00g dry weight m day - ' in September. 1983, and tended to decrease with depth. 

12 TOXIC CONTAMINATION 
§ Present status : None. 

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

14 ACIDIFICATION 
§ Extent of damage : None. 

J. WASTEWATER TREATMENTS 
J 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: a) Pristine lake environ-

ments (Q). 

N. SOURCES OF DATA 
(Q) Questionnaire filled by Mr. Deep B. Sw - ar, Fisheries Development Centre, Pokhara, based on 

the data from the following sources. 
Ferro, W. (1978/1979) Some limnological and biological data from Rara, a deep Himalayan 

lake in Nepal. J. Nepal Res. Centre, 2/3 : 211-261. 
Okino, T. & Satob, Y. (1986) Morphology, physics, chemistry and biologY of Lake Rara in 

\vest Nepal. Hvdrobiologia. 140 : 125-261. 
Swar, D. B. (1979) Report on a single species of Cladocera from Rara Lake, Nepal. I. Inst. 

Sc.. 2: 185-190. 
1) Terashiina, A. (1981) Three new species of cyprinid genus .'vliiot/wrex from Lake Rara, 

northwestern Nepal. ,Jap. J. Ichthyol.. 31 (2) : 122-135. 
Shrestha, J. (1978) Fish from Rara. J. Inst. Sc., 1: 157-158. 
Tabata. H. (personal communication). 

6 
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LAKE PHEWA 

Fish culture in the coastal area 
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A. LOCATION 
§ Gandaki Zone, Kaski District, Pokhara, Nepal. 
§ 28J0'N, 8355'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 (kholastream) 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 very low 
electrical conductivity. 

Lake Phewa is very young 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 Valley (1, 2, 3). 

C. PHYSICAL DIMENSIONS (4, 5) 

Surface area [km 2 ] 5.0 
\T o lune  [10 6 m 3 ] 39 
Maximum depth [m] 21 
Mean depth [m] 8.6 
Normal range of annual water 
level fluctuation (regulated) [rn] 1 

Length of shoreline [km] 18 
Catchment area [km 2 ] 110 
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL (6, 7. 8) 

§ Bathymetric map (Fig. ASI4W (4). 
§ Main islands (name and area) : Baraki Temple (5 x 10 m°). 
§ Outfiowing rivers and channels (number and names) : 1 (Patale Chhango). 

D2 CLIMATIC 
§ Climatic data at Pokhara, 1977-1978 

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

Mean temp. 	[C] 	12.6 15. 71 20.5 20.8 21.6 23.9 26.1 25.3 21.7 20.6 18.1 13.8 	20.3 

	

Precipitation [mm] 23 	1165 278 	321 460 718 1,118 332 	332 	101 	54 	3,814 

Fig. ASI-4- I 	Bathymetric map 4. 

N 
0 4 lce 
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6 . 	
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drj since bern broke 

§ Water temperature LC1 
Station 1, 1977-1978 

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

Surface 16 17 20 23 27 28 27 27 22 20 18 
4 16 16 19 22 26 25 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 
18 16 16 16 17 18 19 20 21 21 20 18 

§ 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) 

El 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 	1.3 	2.6 	2 
	

2.4 	1.8 

E2 pH. Sep. 10, 1984 

Depth [m] jan Feb Mar Apr May jun Jul Aug Sep Oct Nov Dec 

2.5 	 8.0 
5 	 6.9 	- 	- 	- 

10 	- 	- 	 6.4 	- 

15 	 6.9 

20 	 6.9 

E4 DO [mg 1 ']. 1977 1978 

Depth [m] jan Feb Mar Apr May jun jul Aug Sep Oct Nov Dec 

0 9 10 10 9 9 8 8 8 8 8 8 
4 9 9 9 9 6 6 6 7 $ $ 8 

8 9 9 5 (1 (1 1 2 1) 5 2 8 

10 9 9 3 0 0 0 0 0 4 1 8 
12 9 9 2 0 0 I) 0 0 4 3 8 
14 9 9 2 0 0 1) 0 0 1 0 8 

16 9 9 2 0 (1 0 0 0 0 0 8 
18 9 9 2 0 0 0 0 0 0 0 8 

EG CHLOROPHYLL CONCENTRATION [jig 1 - 1. Sep. 10, 1984 

Depth [m] jan Feb Mar Apr May Jun jul Aug Sep Oct Nov Dec 

0 
1 	- 	- 	- 	- 	- 	- 	- 	5.6 
2.5 	- 	 - 	- 	6.5 	- 	- 	- 
S 	- 	- 	- 	- 	 15:3 	- 	- 	- 

10  
15  

20  

E7 NITROGEN CONCENTRATION 
TotaI-N [mg 1 1],  Sep. 10, 1981 

Depth [m] jan Feb Mar Apr May jun Jul Aug Sep Oct Nov Dec 

0 	- 	- 	- 	 ().117 - 	- 	- 
2.5 	 0.197 

5 	- 	- 	- 	 0.163 

10 	- 	- 	- 	- 	- 	- 	- 	- 0.326 	- 	- 

15 	- 	- 	- 	- 	- 	- 	- 	- 1.010 

20 	 - 1.202 	- 	- 

* Total-N is estimated from PON and DTN concentrations 

4 
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E8 PHOSPHORUS CONCENTRATION 
Total-P [mg 1 ]. Sep. 10. 1984 

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

0.011 
2.3 	- 	 0012 
3 	 0.011 

10 	 0.011 
Li 	 - 	- 	- 	0.01 
20 	 0.026 

Oct Nov Dec 

F. BIOLOGICAL FEATURES 

Fl FLORA 
§ Phytoplankton 	lhiliiioJi tha c Ia1/s .,'lJiciocv./is spp ., 8/111(1/I c tc o'c liii, Diaohiro;i dir ;gcns. 

M(I/Ion/O)/ac spp., '\aiicu/a ihv;/CoCEfala. \a/iC/f/a spp.. (/1/0/c I/a spp.. Tabc hal/a Jc )/c'S/)a/a. 
Diatomc//a spp., Stc//I/cli?odlcu. C(WCO)20/ill, Xi/zciiia (lCiC/(/aiis . lcI0S/)W g)m/u/a/a, Al. i/a//Ca. 
M. spp ., .8 v//cc! ia ((C/f, . . lHl) -c I//I rohus/a, Riloicoshi/enia C/fl/a/a, BOt)1\OCOCCILS  1/ia/fill?, 
Cciitritrac/us bc/one/il/was, (cia/i/fill 1/07(1//h//c I/a, Gt'nu/oila/uf a spp.. Pcridin lam spp.. 
C'llt'P/oiiwaas ( ,01/?/)) isa, C. spp., (;oi/ vos//In//(1l2 5/ /1/5)1, C. spp., h/am a//i7f)1/  
(1)/a.0f11/. S. (IOl5?(Icll1ltc 2/fill ,.i.C/1ll'/I/l(lI/ 	S. spp., Ai thioilc Sill/f/i /1/a i/f/f/(1l/i, A. ia/fill. 
Aiti/lodc 5101(5 spp.. Eliastropsis )c1/tc)i. (osmanli 01 coll/illctlf 10. C. 	1010)0/c. C7,nariiaiz spp.. 
$o)?c1i oS/li 11/ spp,, C/c's/coIl? iii spp. Qocvstis /acus/ii., 0. spp.. Vc'/)iHoCv/ilfm spp.. 01w cc/ac 111/111/ 

Iei/c/slc rgc'lian/fn/, Tc/iac (1101/ 101st/It/f/Il, C11(w/fc 1/i/i tc thu/c (ha, (,a/c 1/I/il/i/I iiidia/ct, Car/c rio 
(0) (h/ohm//i, CI?lalI//7100/OilaS oc uusiI, Di /vosjilic 171/11/ (1/) £ i/bc i/flaIl/f/if. D. /f IC//c /71(11/, Gone!-
05//fe)? J)i/OSlf)i2 (7. 9). 

F2 FAUNA 
§ Zooplancton : Rotifera ( ('el/cc/Inca sp., Coned/i/u /11//CO 17/is, IICxarII/ia n/ira. Kcrah 7/a COd//( (1)-

is, K. t/oica, Brad/in//us pat/f/ifs, ThEmE ia cv/imhica, T.similis) Cladocera (Dial/anoson/a 
xdis/fnl, Dapluila /oiiglspiiza. D. llfn/i/oI/ci. CE iio/iah1/ia Ic I/C/f/a/a. (. coil//f/a, .ciu/oCJ/1/aII(S 
/'c'tu/us c/iSahc ti/ac, Be/in/lila longirostris. Euhosmilla con gem. iloimia mnidrzfra) Copepoda 
(Kc'odiapto))/lfs s/iigihi15cs, PhYflodiaplowies hla)/C/, Jlcsocvclops Ic /fd/Iarti. il/c )7i/'C\dlo/S Cm1s/fs. 
Tio//o(vdloj/s (0/it/I/is, (J/ail/Oi/f'i i) (32, 13, 34, lo, 16, 17). 

ASI-4-2 	Seasonal abundance of Crustacean zooplankton in Lake Pheva, Jan. Dec.. 
1977. Numbers represent the aninials m' and histograms represent the per-
centages of different groups (1)1. 
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l\lunths 	 I 

Jan 116,900 	1.200 5,60) 	5,50) 	200 77,0) 0,1(00 6.W)0 .20 
Feb 54,200 	1,101) 84 	700 	4.100 	3110 56, 701) 2, 7(10 6.000 241(1) 
Mar 15,400 	2,701) 157,201) 	33,900 	6,200 48,00 ,-00 23,20  
Apr 4.300 2,200 	2.10 22 	100 15,600 7.50)) 200 
May 41,100 1,200 	.300 12. 100 9.200 5. 100 0 
Jun 900 1, 300 	 12200 8 400 1,501) :;,9( 0 1,200 
Jul 2,40) 100 	1,300 	 7,200 0,300 1,900 1,900 91W 
Aug 5.100 00)) 	 10)) 	3,60() 5,300 3,0)1(1 2,10)) 1 	.61)(1 
Sep 31.300 2,300 	35,400 	85,300 	10,600 23.100 600,600 130,300 1 	71W 
Oct 1.400 	1 	100 58,50)) 	1, 200 	100 14,000 21,1)00 4.10)) 2 	91)0 
Nov 11,800 	300 oOO 	13.000 	700 3,000 9,000 6,600 2,1101 
Dec 26,300 	200 19,101 	1 	000 6 t.30)1 , 70)) 1.00)) 

Fish : Bail/las 	bariza, B. bcvdL leusis, 	Cin'luizas 	) 	u'a, Lahc o 1ojzzzI *, L. 	rohlla*  Pzoztiu 
sarnza * .  P. so,bho Ia, Tar for 	, T. pzdl/ora*. 	4 ('rosaz'll/efz( /o'xa4oi1o/ /Wi0 	. -4 agio//a h age/cools. 
X1 neiito/O;i canz'iI/a. ChaiH)a gUl'hzUl. ,lI(IOtüW'))Ihl /1(0 aI')Il(lIl(W A) it?Chtli\'.c univ/is , IIVJ)OJ)h1Jl(1/ 
rn/c/i/his rnoIitrlX*. Cfrnop/zargodoa u/u 1/us , Ciprinus carp/a (* econom i ca ll v  important) (1 
19). 

F3 PRIMARY PRODUCTION RATE* [kg 0 2  iii yr 1],  1977 197s 6) 

Annual total 

Net production 	 0.33 
Dark respiration 	 1.85 
Gross production 	 2.2 

* Estimated by a modified light dark oxygen method. 

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

G. SOCIO-ECONOMIC CONDITIONS (Q) 

Gi LAND USE IN THE CATCHMENT AREA (1984) 

Area [km] [0] 

Natural landscape 
\oody vegetation 30 27 

Herbaceous vegetation 10 9 
Swamp 2 2 
Others $ $ 

Agricultural land 
Crop field 20 18 
Pasture land 20 18 

Residential area 20 18 
Total 110 100 

6 
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§ 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 (1981) 

Gross product per year 
[US S] 

Fisheries 	 75 000 

G3 POPULATION IN THE CATCHMENT AREA (1984) 

Population density 
Population 	 Main cities 

Urban 	ca. 	10 (1(10 	 Pokhara 

Rural 	ca. 	5,000 	 -- 

Total 	ca. 	15,000 	 136 

H. LAKE UTILIZATION (Q) 

H 1 LAKE UTILIZATION 
Sightseeing and tourism (number of visitors in 1984 : 50.000), recreation (swimming, si:ort 

fishing, yachting), fisheries and source of water. 

H2 THE LAKE AS WATER RESOURCE (1984) 

Use rate 

Domestic water 10 m day 1  

Irrigation 10 m 3  sec 

Power plant 10 m sec 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS (Q) 

11 ENHANCED SILTATION 
§ Extent of damage : Serious. 
§ Supplementary notes : The lake is receiving heavy silt loads every year during the rainy season 

due to the deforestration on the northern belt of the watershed area. 

13 EUTROPHICATION 
§ Nuisance caused by eutrophication None. 

14 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 hr Mr. Deep B. Swar, Fisheries Development Centre, Pokhara, Nepal, 
based on the data obtained from the following sources. 

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

Gurung. H.. (1970) Geomorphologv of Pokhara Valley. Himalayan Review, 2:3 37-49. 
Yamanaka, H., Yoshida. M. & Arita, K. (1982) Terrace landform and cluaternary  deposit 

around Pokhara Valley, central Nepal. Journal of Nepal Geological Society, 2 : 1 13-142. 
Ferro, W. & Swar. D. B. (1978) Bathymetric maps from three lakes of the Pokhara Valley 

(Nepal). J. Inst. Sc. Tribhuvan Universit, Kathmandu. Nepal, 1 177.188. 
Swar, D. B. (1980) Present status of limnological studies and research in Nepal. 'Proceed-

ings of the First \Vorkshop on the Promotion of Limnologv in the Developing Countries" (ed. 
Mon. S. & Ikusirna. I.). pp. 43-47. XXI SIL Congress. Kyoto. 

Ferro, W. (1981 1982) Limnologv of the Pokhara Valley lakes (Himalayan Region. Nepab 
and its implication for fishery and fish culture. journal of Nepal Research Centre, Kathmandu, 
Nepal. 56: 27-52. 

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

)8) Swar, D. B. & Fernando, C. H. (198))) Some studies on the ecology of lininetic crustacean 
zooplankton in Lakes Begnas and Rupa. Pokhara Valley, Nepal. Hvdrobiologia, 70 : 235-215. 

Nakanishi. M. (1986) Limnological study in Phewa. Begnas and Rupa Lakes. "Studies on 
Distribution. Adaptation and Evolution of Microorganisma in Nepal Himalaya (Second Report)' 
(ed. ishida, V.), pp. 1-13. Kvoto Univ., Kvoto. 

Nakanishi. M., Terashima A.. \Vatanahe. M. & Misra. P. (1984 	Preliminary report on 
liinnological survey in lakes of Pokhara Valley (Nepal) in November-December. 1982. "Studies 
on Distribution, Adaptation and Evolution of Microorganisms in Nepal Himalaya (Preliminary 
Report)' (ccl. Kaclota, II. ), pp. 31-41. Kvoto Univ.. Kvoto. 

Kato. K. & Hayashi. H. (1982) Limnological presurvev of Lake Phe\va, Nepal, J.  Fac. Sc. 
Sinshu Univ.. 15 : 27-29. 

(11) Swar, D. B. & Fernando. C. H. ( 1979a) Seasonalitv and fecundity of Daplinia Iuialwl!.1 Sars 
in Lake Phewa, Nepal. Hvdrobiologia. 64: 261 -268. 

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

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

A northward view over the whole lake 

Photo:A. Kurata 
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A. LOCATION 

§ Tochigi Prefecture, Japan. 
§ 3644'N, 13929E : 1269 in above sea level. 

B. DESCRIPTION 

Lake ChQzenji is located close to NikkO, one of the most familiar sightseeing places in Japan. 
about 12() km north of TOkyO. 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 TOshOgU 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 he caught. The 
transparency is generally around Ym. but is becoming lo\ver as compared with the values in the 
1930's. 

In these several years, f ruglcoa ameicanz 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 ChQzenb and water quality improvement 
countermeasures are also being promoted in u-no-ko, a small lake in the upstream of its drainage 
basin. The Tochigi Prefectural Government enacted in May 196 the Lake Water Quality 
Management Plan and the Water Quality Protection Countermeasure Ordinance for Lakes COfizen-
ji and \u-no-ko (Q). 

C. PHYSICAL DIMENSIONS 

Surface area [km 2 ] 	 - - 	 11.5 
\olume [11 9 m 3 ] 1.16 
Maximum depth [m] 163 
Mean depth Imi 94 .6 
N ormal range of annual water 
level fluctuation (regulated) [in] - 

Length of shoreline [km] 21 
Residence time [yr] 6. 1 
Catchment area [kmJ 	-- 	 - - 121 - 	 - 
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D. PHYSIOGRPHIC FEATURES 

Dl GEOGRAPHICAL (Q) 

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

Fig. ASI-5- I 	Bathymetric map (8). 

N 

- 

D2 	CLIMATIC 

§ Climatic data at Chfigfishi. NikkO, 1983-1985 

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

Mean temp. ['Cl 	-5.6 -5.1 	-2.5 	5.1 9.8 12.7 	17.5 	19.1 	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 (ChOgUshi. NikkO, 1983-1985) : 2.058 hr vr. 
§ Water temperature [Ci 

Station 1. 1985 

Depth [m] 	jan 	Feb 	Mar 	Apr May jun 	Jul 	Aug Sep Oct Nov 	Dec 

0 	 4.0 8.0 15.6 	18.5 	22.2 22.0 15.3 8.6 

§ Freezing period : None. 
§ Mixing type Mom)mictiC. 

E. LAKE WATER QUALITY 

El TRANSPARENCY Em], 1985 (2) 

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

Station 1 	 9.4 	9.7 	6.2 	5.3 	13.5 	11.5 11.0 	10.2 

E2 pH, 1985 (2) 

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

0 	- 	- 	7.2 	7.8 	8.2 	8.5 
	

7.8 	8.3 	7.9 	7.7 	- 
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E3 55 [mg 1'], 1985 (2) 

Depth [m] Jan Feb Mar Apr May Jun Jul 

0 	 1 	<i 	<1 	< 1 

E4 DO [mg 1], 1985 (2) 

Depth [m] Jan Feb Mar Apr May Jun Jul 

0 	- 	- 	- 	11 	11 	9.6 	9.2 

Aug Sep Oct Nov Dec 

- 1 	1 	1 	<ci 

Aug Sep Oct Nov 	Dec 

8.0 8.3 9.0 10 	- 

E5 COD [mg 1-'],  1985 (2) 
Determined by KMnO method. 

Depth [m] Jan Feb Mar Apr May Jun Jul Aug Sep_-_Oct Nov Dec 

0 	 0.7 	0.6 	0.7 	1.0 	1.0 	0.8 	1.3 	1.2 

E6 CHLOROPHYLL CONCENTRATION [,ug 1'], 1985 (2) 

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

0 	- 	- 	- 	2.0 <2.0 <c2.0 <2.0 	2.0 <2.0 	2.0 	2.0 

E7 NITROGEN CONCENTRATION 
§ Total-N [mg 1 1],  1985 (2) 

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

0 	- 	((.21 	0.19 0.14 	0.19 0.12 	0.16 0.12 	0.10 

E8 PHOSPHORUS CONCENTRATION 
§ Total-P [mg 1 1 ], 1985 (2) 

Depth [m] Jan Feb Mar Apr May Jun Jul Aug 5ep Oct Nov Dec 

).001 	L03 	0.003 	0.003 	),(C3 	i(3 	.ct04 

E9 PAST TRENDS 

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

C 

1972 73 	74 	75 	76 	77 	78 	79 	80 	81 

4 
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F. BIOLOGICAL FEATURES 

Fl FLORA 
§ Submerged macrophytes : Elodea nut/a/lu, Polamogeton crisjnis (3). 
§ Phytoplankton : ikielosira italica. Li'ogleua americana, Cera/ium lzirundinella, Quadrigula 

cliodati, Fragilaria crotc aensis (2). 

F2 FAUNA 
§ Zooplankton : Nauplius, ulcantliodiaptomus pac?f?cus, Daplinia /ongisina (2). 
§ Benthos Stictochironomus spp.. Prodiamesa sp., Chironomus nzponensis (3). 
§ Fish Oncorhvnchus nerka, Sn/mo ,gairdneri (Q). 

F3 PRIMARY PRODUCTION RATE* [mg 0 2  1 hr 1 ] ( 5) 

Station 1, 1985 

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

Net 	 - 	 ( 10) 	d\).l) 	1 017 	IL RIl17 	_Il 	 (19II 	- 
production 
Dark 
respiration 
Gross 
production 	 - 	- 

	II. 0076 0. 0733 00158 	00033 0.0070 0.0175 	0.0333 -0.0016 	- 

* Tank method at 8,000 lux. 

F5 FISHERY PRODUCTS 

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

G. SOCIO-ECONOMIC CONDITIONS (Q) 

G 1 LAND USE IN THE CATCHMENT AREA (1986) 

Area [km 2 ] [%] 
Natural landscape 119.7 99.1 
Agricultural land 0.35 0.3 
Residential area 0.33 0.3 
Others 0.35 0.3 
Total 120.7 100.0 

§ Main types of woody vegetation (main species) : Deciduous broadleaf forest (Pagus crenata, 
Quci -cus mongolica var. grossesermata, (irons jao;uca) ; evergreen conifer forest ( Tsuga direr-
sitilia, Tiiufopsis  do/abram, A h/es homolehis) ; deciduous conifer plantation (Larix kaemj5teri) 
(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. 

- 	- 	-(.0076 I) 0233 0.0267 	00275 -0. 0101 0.0108 	0. (1708 0 0101 
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G2 INDUSTRIES IN THE CATCHMENT AREA AND THE LAKE 

Gross product 	No. of 	No. of 	Main products or 

	

per year 	persons 	establishments 	major industries 

	

(US$) - 	engaged 

Primary industry 
Crop production 	

N.A. 	 32 	 N.A. 
Animal husbandry 
Fisheries 	 69 x 1()3 	 88 	 N A. 
Others 	 N.A. 	N.A. 	N.A. 

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

G3 POPULATION IN THE CATCHMENT AREA (1987) 

Radish, lettuce 

On corIi'nchu 	nrI'a, 
.aImo gau(/m17 

	

Population 	Population density 
[kin- 2]  

Urban  
Rural 	1.366 	 11.3

()  

Total 	1366 	 ii 	 - 

H. LAKE UTILIZATION (Q) 

Hi LAKE UTILIZATION 
Tourism (number (If  visitors in 1984 : 4,000,000), recreation (sport-fishing, yachting), fisheries 

and source of water. 

H2 THE LAKE AS WATER RESOURCE (1982) 

Use rate [m 3  sec '] 

Domestic water 	 0.027 
Power plant 	 1.32 
Others 	 0.86 

1. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS (Q) 
I 1 ENHANCED SILTATION 

§ Extent of damage None. 

12 TOXIC CONTAMINATION 
§ Present status No information. 

13 EUTROPHICATION 
§ Nuisance caused by eutrophication : Algal bloom (Urog/ena) and foul smell of tap water, 
§ Nitrogen and phosphorus loadings to the lake (1982) [kg yr'] (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 phvtoplankton 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 Quatitv 

6 
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Protection Countermeasure Ordinance for Lakes Chfzenii and Yu-no-ko. 

J. WASTEWATER TREATMENT (Q) 

U 1 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) 

M 1 NATIONAL AND LOCAL LAWS CONCERNED 
§ Names of the laws (the year of legislation) 

For national laws see "Biwa-ko". 
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 
*pr i nt ed in Japanese. 

(Q) Questionnaire filled by Prefectural Government of Tochigi. 
Utsunomiya Regional Weather Office (1983, 1984, 1985) Annual Report of Weather. lochigi 

Prefecture. Utsusomiva.* 
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 Chzeni-ko and Yu-no-ko. Ut sunom i va. * 
Tochigi Prefectural Government (1986) Lake Water Quality Management Plan, Tochigi 

Prefecture. Utsunomiya.* 
Tochigi Prefectural Institute for Pollution Control (1985) Annual Report of Tochigi 

Prefectural Institute for Pollution Control, No. 9. Ut sunom iva. * 
Environment Agency (1981) The 2nd National Survey on the Natural Environment (Vegeta-

tion), Actual Vegetation Map, Tochigi Prefecture. Japan Wildlife Research Center, TOk y O.* 
Department of Public Health and Environment, Tochigi Prefecture (1983) Report of Water 

Quality Survey of Chftzenji-ko and Yu-no-ko. 127pp. Utsunomiya.* 
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 

I 	H 	i 

1a - 

1° 

AW 

beoka 	 010204060 	BO 	100120 Kdometres 

Copyright 9 John Bartholomew & Son Limited MCMLXXXII. Reproduced with permission. 



ASI-6 

A. LOCATION 
§ KOchi Prefecture, Japan. 
§ 3342'N, 13352'E ; 196 in 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 2  wide, is one of the areas 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 nf sec together with the hydroelectric power of about 111 x 10 KWH. The Prefectural 
Government of KOchi is now responsible for the management of this reservoir. 

The catchment area of the reservoir (295 km 2 ) 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 1_1,  though the bloom of flagellate 
algae. Peridinium spp.. has occurred in May-September annually in recent years. The dnsitv of 
algal population usually ranges from 10 3 to I 0 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 ] 2.1 
Volume [10 6 m 2 J 38.8 
Maximum depth [rn] 67. 0 
Mean depth [m] 28. 2 
Normal range of annual water 

26 level fluctuation (regulated) [m] 
Residence time [yr] 0.056 
Catchment area [kin 2 ] 295.2 -- 
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL 
Sketch map (Fig. ASI-6-1 and 2). 

§ Main islands : None. 
§ Outfiowing rivers and channels (number and names) : 1 (Monobe R.). 

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

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

Mean temp. ['Cl 	2.5 3.5 7.6 14.9 19.6 22.5 27.7 27.7 24.2 17.4 11.0 5.3 	15.3 
Precipitation [mm] 54 89 211 276 259 413 249 208 290 150 	46 	55 	2.300 

§ Number of hours of bright sunshine : 14)) hr month (summer). 

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

Fig. ASI-6-2 Sketch map of the catchrnent area (U. 

N. 

Dam 

/ 

0 	 1Ok. 
L. 	 I 
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§ Water temperature [ C] (Q) 
Station A, 1983 1985 

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

6.4 
011-1) 

7.4 10.4 14.9 18.8 19.6 23.1 25.5 25.0 18.5 13.8 9.0 

10 	6.3 7.0 8.7 11.6 14.8 14.2 16.2 18.9 19.5 16.1 13.5 9.0 
20 	6.2 6.3 7.0 9.6 7.5 6.4 13.4 15.0 7.9 15.5 8.9 7.5 
30 	5.8 5.8 6.1 6.7 5.5 5.4 6.3 6.7 6.5 9.1 6.8 7.0 
40 6.0 6.0 5.5 5.3 6.1 6.3 6.5 6.7 6.8 7.0 

§ Freezing period : None. 
§ 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 

El TRANSPARENCY [m] (Q) 
Station A, 1985 

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

1.0 	0.4 	3.0 	2.0 	2.0 	1.7 	2.8 	1.8 	4.5 	1.8 	3.8 	4.0 

E2 pH (Q) 
Station B. 1982 1983 

Jul Aug Sep Oct Nov Dec 

8.0 9.3 9.3 8.5 8.0 8.2 
8.0 8.9 8.1 7.9 8.0 8.0 
7.8 8.2 8.2 7.9 8.0 8.2 
7.7 8.1 7.9 8.1 8.0 8.1 
7.9 7.3 

Depth [m] Jan Feb M a r 	Apr 	May Jun 

0 7.6 8.1 7.9 	8.5 	8.9 9.2 
10 7.0 8.0 7.8 	7.7 	7.8 8.1 
20 6.9 8.1 7.8 	7.2 	8.2 8.0 
30 6.9 8.0 7.7 8.0 
40 7.6 8.2 

E3 SS [mg 1 1 1(0) 
Station B, 1985-1986 

Depth [m] Jan Feb Mar Apr May Jun 

0 	 2 	<1 	3 
10 	 <1 	2 
20 	- 	- 	- <1 	- 	3 
30 	 2 
40 	- 	- 
45 	 <1 

Jul Aug Sep Oct Nov Dec 

4 	3 	2 
5 	5 

- 	5 	- 	6 	- 
3 	- 	3 	- 	- 

E4 DO [rng 1'] (Q) 
Station B, 1982 1983 

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

0 - 	- 	12.2 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 8.6 	10.3 
40 10.2 8.2 - 
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E5 COD [nig 1 '1(0) 
Determined by KMnO, method 
Station B, 1985-1986 

Depth [rn] Jan Feb Mar Apr May Jun 

O 	 1.0 	1.4 	1.3 
10 	- 	- 	0.8 	1.1 
20 	 0.8 	- 	0.5 
30 	 - 	- 	0.6 
.10 	- 	 -- 
46 	 - 	0.6 	- 

Jul Aug Sep Oct Nov Dec 

- 	3.1 	- 	1.5 	0.6 
1.5 	1.1 	- 
0.8 	- 	0.7 	- 
1.1 	- 	0.7 	- 
- 	0.7 	- 

E6 CHLOROPHYLL CONCENTRATION [,ug 1'] (Q) 
Station B. 19821983 

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

0 	2.4 	3.0 6.1 7.7 6.5 4.1 37.6 4.3 9.3 5.9 4.2 2.2 
10 	1.4 	1.7 0.6 2.3 6.5 2.1 0.9 1.6 3.6 6.3 1.4 1.8 
20 	1.5 	1.5 0.8 2.1 0.1 1.0 0.3 1.2 2.3 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 0.1 
40 0.9 0.5 0.1 0.4 - 

E7 NITROGEN CONCENTRATION (Q) 

§ TotaLN [mg 1'] 
Station B, 1982-1983 

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

0 	0.20 	0.18 0.52 0.34 1.41 0.45 1.15 0.16 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 	0.22 	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 0.23 - 0.51 0.37 0.29 0.36 0.26 0.21 0.29 
10 	- 0.29- -0.340.35 -- 0.96 -  - - 

E8 PHOSPHORUS CONCENTRATION (Q) 

§ Total-P [mg 1 	'j 
Station B. 1982-1983 

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

0 	0.006 	0.012 0.027 0.020 0.011 0.023 0.183 0.010 0.011 0.011 0.008 0.014 
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) 

Fl FLORA 
Station A 

§ Emerged macrophytes None. 
§ Floating macrophytes : None. 
§ Submerged macrophytes : None. 
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§ Phytoplankton : Spring (Mar-May) (PIhIi;/iu;1? pcnardii, Su€/i sp.) summer (Jun - Aug.) (P. 
dunnzg/onii, P. ajricanuai, Pandrina zuia) autunm (Sep. - N ov.) (Crc/old/a sp.. P. 
atncanum) winter (Dec-Feb.) (P. penardli). 

F2 FAUNA 
§ Fish : Cvpiioits carplo, Carassius spp.. Z'icco l(iflh)lH/cIi. 

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

G. SOCIO-ECONOMIC CONDITIONS 

G 1 LAND USE IN THE CATCHMENT AREA (1979) (1) 

Area [km2] 	[°1 
Natural landscape 	

291 	 98.6 Woody vegetation 
Agricultural land 	 4 	 1.4 
Total 	 295 	1U0. U 

§ Levels of fertilizer application on crop fields : Light. 

G2 INDUSTRIES IN THE CATCHMENT AREA AND THE LAKE )19$Ii (Q) 
§ Number of domestic animals in the catchment area : Cattle 60. 

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

Population 	Population density 
[km1 

Rural 	5000 	 16.9 
Total 	5000 

Main cities 

N one 

H. LAKE UTILIZATION 

H 1 LAKE UTILIZATION (Q) 
Generation of electricity and source of irrigation water. 

H2 THE LAKE AS WATER RESOURCE 

Use rate 

Irrigation 	 N. A. 
Power plant -- -30  113 sec (106.4 x 10K\VH 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS (Q) 
Ii ENHANCED SILTATION 

§ Extent of damage None. 

12 TOXIC CONTAMINATION (Q) 
§ Present status : None. 

6 
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13 EUTROPHICATION (Q) 
§ Nuisance caused by eutrophication : Unusual algal bloom (PL') -idIi?IlHIi). 

§ Nitrogen and phosphorus loadings to the lake [kg day -1 ] (1981) 

Industrial 	Domestic 	Agricultural 	Natural 	Total 

T-N 	- 	 18 	 73.6 	 188.7 	280.3 
TP 	 6.1 	 0.8 	 11.2 	 21.1 

14 ACIDIFICATION 
§ Extent of damage : None. 

J. WASTEWATER TREATMENTS (Q) 

U 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (b) No sources of signifi-
cant pollution. 

L. DEVELOPMENT PLANS (Q) 

No lie. 

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

Ml NATIONAL AND LOCAL LAWS CONCERNED 
§ Names of the laws (the year of legislation) 

(1) See Biwa-ko" concerning national laws. 
§ Responsible authorities 

(1) N ational Government and Kôchi Prefectural Government 

M3 RESEARCH INSTITUTES ENGAGED IN THE LAKE ENVIRONMENT STUDIES 

(1) 1I)epartment of Agriculture, Kôchi University, Nangoku-shi 
2) Kôchi Prefectural Environmental Pollution Prevent ion Center, Kôchi 

N. SOURCES OF DATA 

(Q) Questionnaire filled by the Prefectural Government of Kôchi. 
(I) Hata, S. (ed.) (1984) Report on the mechanism of occurrence of algal bloom by Pciidiieizuio 

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

ri 
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CHAO-HU 

A lakeside view 

Photo: Chince Research Academy of E i rocme al Sc ence 
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A. LOCATION 

§ Anhui Province, P. R. China. 
§ 3025'-31_ t3'N, 11T17z117  52'E. 

B. DESCRIPTION 

Lake Chao is located 15 kin southeast from Hefei City, the capital of Anhui Province. It is 
one of the five largest freshwater lakes in China, and is the largest lake in the Province. The life 
of the lake is 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 outfiowing 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 silting in recent years 
(Q). 

C. PHYSICAL DIMENSIONS (Q) 

Surface area [krn2l 	- - 	 - 	 756 .2 
\olume L1Om1 1.7 
Mean depth [m] 7.5 	7. 
Water level Regulated 
Length of shoreline [km] I5 
Catchment area [km] - - 	 Ui, 430 
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL (Q) 
§ Main islands (name and area) : Laoshan Island (0.86 km 2 ). 

§ Outfiowing rivers and channels (number and names) : 1 (Yuxi R.). 

D2 CLIMATIC 
§ Climatic data, 1980-1984 

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

	

Mean temp. [C] 	2-3 - 	 28 - 30 	- 	- 	15-16 

	

Precipitation [mm] 	( 121 	( 	308 	) 	( 	429 	) 	( 	231 	) 	1,100 

§ Water temperature [C], 1982-1984 

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

Surface 	5.2 	- 	24.4 	 32.1 	- 	19.1 

§ Freezing period : None. 

E. LAKE WATER QUALITY (Q) 

El TRANSPARENCY [m]. 1982-1981 

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

- 	0.133 	- 	0.153 	0.18 	- 	0.179 - 

E2 pH. 1982-1984 

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

Surface 	- 	7.57 	- 	7.81 	 8.09 	 8.18 	- 

E4 DO [mg 11],  1982-1984 

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

Surface 	- 	12.12 	- 	- 	7.93 	 6.09 	- 	10.13 	- 

ES COD [mg 11. 1982-1984 	- 

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

Surface 	- 	3.75 	- 	4.38 	- 	4.36 	- 	- 

E6 CHLOROPHYLL CONCENTRATION [,u  11].  1982-1984 

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

Surface 	- 	3.75 	- 	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 [irig 1 '1 
§ Total-P, 1982 1984. 

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

Surface 	- 0. 155 	- 	0.114 	 0097 	 0.144 	- 

F. BIOLOGICAL FEATURES (Q) 

Fl FLORA 
§ Phytoplankton : Winter spring I jl/CrO(\S1l2 	(Ie)71g11/o.((I 	.11. 	tl)s-cqlt(1( 	A 11(112(76 1/11 SJO/1 ((7(h 27. 

4p1wn1woo no;z flos-mjuae) Summer fall (Cvc/oleI/a Con/Ill, .1A /0(7/71 l(la/l(1u71, Eiulori,ui 
/c'gans). 

F5 FISHERY PRODUCTS 
§ Annual fish catch in 1980 3,01)0 [metric tons]. 

G. SOCIO-ECONOMIC CONDITIONS (Q) 

Gl LAND USE IN THE CATCHMENT AREA (198-1) 

Area [kni2] [I)] 

Natural landscape 1,836 17.6 
\Voodv vegetation 706 6.27 
Herbaceous vegetation 1, 1301 10. 

Agricultural land 6,480 62. 1 
Crop field 6,48)) 62. 1 

Others 2.115 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 Main cities Population 	 [km 2] 

Urban 970 >K 10 
Rural 4.36 X 140' 
Total 13.33 X 10 

H. LAKE UTILIZATION 

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

H2 THE LAKE AS WATER RESOURCE: No information. 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS (Q) 
Ii ENHANCED SILTATION 

§ Extent of damage : Serious. 

Hefei 

383 

4 
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12 	TOXIC CONTAMINATION 
§ Present status : Detected but not serious. 
§ 	Main contaminants, their concentrations and sources 

Range of concentrations [ppm] in Main Name of 
contaminants 	 - 	 Other Vv ater 	Bottom mud 	Fish 

Sources 
organisms  

(1982) 
Hg 	- 	0.132 	 - Weathering of rock 
As 	 11.21 	 - Industrial sewage 
Cu 	 19.04 	 - 

Zn 	 76.65 	- 1 

P1) 	 - 	34.51 	- 	 - 

13 	EUTROPHICATION 

§ 	Nitrogen and phosphorus loadings to the lake [t yr 	'] (1982) 

Sources 	Industrial 	Domestic 	Agricultural Natural 	Total 

T N 	N. A. 	3540.5 	N. A. 275.88 	N. A. 
T-P 	N. A. 	 177 	 N. A. 15.05 	N. A. 

14 ACIDIFICATION 
§ Extent of damage : No information. 

J. WASTEWATER TREATMENTS (Q) 

U 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (e) 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 are being planiied. 

1 ) For soil erosion control, the whole catchment will be divided into several subregions which 
are to he managed by different technological, biological and agricultural schemes. 
The total pollutant loads to the lake will he controlled. 
Necessary rules and regulations for euvironniental protection will be strengthened. 

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

M 1 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. 
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MIYUN RESERVOIR 

An overview of the lake 
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A. LOCATION 

§ Mivun County, Beijing, P.R. China. 
§ 4013'-4048'N, 11640' 11730'E 75 in 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 catchrnent is about 15.788 km, consists of mountains 
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 Mivun 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 pbytoplankton 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 (Q) 

Surface area [km 2 ] 	 188 
\olume [10 m 3 ] 	 4.375 
Maximum depth [m] 	 43.5 
Catchment area [kin] 	- 	- 	15.788 
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D. PHYSIOGRAPHIC FEATURES (Q) 

Dl GEOGRAPHICAL 
Outfiowing rivers and channels (number and names) 2 (Chaohaihe R. and a canal). 

02 CLIMATIC 

§ Climatic data at Mivun Station, 1980-1983 

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

Precipitation [mm] 	1 	5 	7 27 	28 	95 	121 162 43 19 6 	3 	520 

§ 	Number of hours of bright sunshine (Miyun Station, 1980-1983) 2,861.8 hr vr'. 
§ Solar radiation (Miyun Station, 1980-1983) : 15.5 MJ cm 2  day -1 . 

§ 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 18.2 	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 - 	15.9 	- 26.0 17.9 	- 

Bottom (16) 	- 	 - - - 16.6 

§ Freezing period From Dec. to Mar. 

E. LAKE WATER QUALITY (Q) 

El TRANSPARENCY [m] 

Lake center, 1985 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
- 	- 	1.25 	- 	1.72  

E2 pH 

Lake center, 1985-1986 

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

	

0.5 	- 	 8.2 	8.2 	8.3 	8.2 	8.5 	8.3 	8.2 	8.2 

	

1.5 	- 	- 	- 	- 	8.34 	- 	- 	- 	- 	- 	- 

	

3.0 	- 	 - 	- 	8.1 	 - 	- 	- 	- 	- 

	

5.0 	- 	- 	- 	 7.65 	- 	- 	- 	 - 	- 

	

7.5 	 - 	- 	- 	7.33 	 - 	- 	- 	- 	- 

	

10.0 	- 	- 	 - 	7.15 	- 	7.9 	- 	 - 	- 

	

15.0 	- 	- 	- 	- 	- 	- 	8.0 	- 	- 	- 

3 
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E3 SS [mg 1 1],  1986 

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

	

0.5 	- 	4.5 

	

1.5 	 - 

	

3.0 	 - 	- 	 2.8 	 -- 

	

5.0 	- 	 4.0 

	

l.a 	- 	 - 

	

10.0 	 - 	- 	 2.0 	- 	 - 	- 

E4 DO [mg I ], 1986 

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

	

0.5 	- 	- 	10.8 	7.7 	- 

	

1.5 	- 	-. 	10.5 	7.1 	- 	- 

	

3.0 	 - 	- 	10.9 	6.9 	- 

	

5.0 	 - 	10.7 	7.0 	- 

	

7.5 	 8.6 	6.3 	- 

	

100 	 - 	9.3 	- 	6.2 

	

15.0 	 - 	 6.5 	- 

E5 COD [mg 1 ']. 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 

ES CHLOROPHYLL CONCENTRATION [,ug 1 - '], 1986 

Depth [m] 	Jan Feb Mar Apr May Jun Jul 

	

0.5 	 2.77 	4.11 

	

1.5 	- 	2.82 	5.11 

	

3.0 	 - 	- 	3. 10 	6.00 

	

5.0 	 3.33 	5.71 

	

7.5 	 - 	3.21) 	5.36 

	

10.0 	- 	- 	 2.92 	1.65 

	

15.0 	 - 	- 	5.09 

ug Sep Oct Nov Dec 

E7 NITROGEN CONCENTRATION 
§ Total-N [rng 1 '], 1986 

Depth [m] 	Jan Feb Mar Apr May Jun 

0.5  

	

3.0 	 - 	- 

	

16.0 	- 	- 

Jul Aug Sep Oct Nov Dec 

	

0.06 	- 	1)05 

	

0.06 	- 	((. 1)7 	- 

	

0.16 	- 	- 	((.05 

4 
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E8 PHOSPHORUS CONCENTRATION 

Total-P [mg 1], 1986 

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

	

0.5 	- 	- 	- 	0.025 	-- 	0.022 	 - 

	

1.5 	- 	- 	0.013 	0.028 	- 	- 

	

3.0 	 - 	0.011 	- 	0.027 	-- 

	

0.025 	0.030 	 - 	- 	- 

	

7.5 	- 	- 	0.008 	0.028 - 	- 	- 

	

10.0 	- 	- 	 0.012 	0.029 - 	- 	- 

	

15.0 	 - 	- 	0.038 

F. BIOLOGICAL FEATURES (Q) 

Fl FLORA 
Phytoplankton : Spring (Cycle/ella, Bimuclearia) summer and autumn (Cycle/ella, Scenedesmus). 

F2 FAUNA 
Zooplankton C'onochilus, Kero tel/a coclilea;s, Polvarlhra trig/a. 
Benthos : Oligochac'ta. 

§ Fish .TIboPh/halmicli/kvs ne/uris, .4 ristichtliys nohils. 

F5 FISHERY PRODUCTS 
§ Annual fish catch in 1980 : 1360.5 [metric tons]. 

G. 50010-ECONOMIC CONDITIONS (Q) 

Gi LAND USE IN THE CATCHMENT AREA (1984) 

Area [ha] [%] 
Natural landscape 129086.2 85.3 

Vvoodv vegetation 41953.5 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 	 Main cities [km -] 

Urban 	None 	 - 	 None 
Rural 	130,000 	8.2 
Total 	130.000 	 8.2 
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H. LAKE UTILIZATION (Q) 

Hi LAKE UTILIZATION 
Sources of water, fisheries. 

H2 THE LAKE AS WATER RESOURCE: No information. 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS (Q) 

Ii ENHANCED SILTATION 
§ Extent of damage : Not serious. 

12 TOXIC CONTAMINATION 
§ Present status : None. 

13 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. 

U. WASTEWATER TREATMENTS (Q) 

J 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (b) No sources of signifi-
cant pollution. 

U2 SANITARY FACILITIES AND SEWERAGE: No treatment system. 

K. IMPROVEMENT WORKS IN THE LAKE 

No information (Q). 

L. DEVELOPMENT PLANS (Q) 

Since Mivun Reservoir will he one of the most important water sources for Beijing City, 
fishery may he 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 
Mivun Environmental Monitoring Station, Mivun County (mission : monitoring and control 
of water quality and restoration of the environment) 
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 
Chinese Research Academy of Environmental Sciences, Beijing 
Beijing Environmental Monitoring Station 

N. SOURCES OF DATA 

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

6 
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LAKE KINNERET (SEA OF GALILEE) 
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A. LOCATION 
Israel. 

§ 32 50'N. 35 35'E 209 in below sea level. 

B. DESCRIPTION 
Lake Kinneret (The Biblical Sea (if 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 knY. a 
maximum depth of 4)) in and a mean depth of 21 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. (1ates. 
cotton). Lake Kinneret serves as the major reservoir for Israel's National Water Carrier System 
and supplies approximately one third of the couiitrvs annual water requirements. It is also an 
important tourist and vacation urea, 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 yields of 1.500- 2.000tons. 

Over the past t\ventv years, extensive linmological 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 (Qi). 

C. PHYSICAL DIMENSIONS ((. 1) 

Surface area [kin] 170 
Volume [10 m] 
Maximum depth [m] 43 
Mean depth [m] 25.3 
Length of shoreline [km] 53 
Residence time [yr] 4. 
Catchment area [km] 2 , 73 
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL 
§ Bathymetric map (Fig. ASI-9-1). 
§ Outfiowing rivers and channels (number and names) : 1 (.Jordan R.) (QI ). 

02 CLIMATIC 
§ Climatic data at Deganya. 1945-1970 (Qi. 2) 

jan Feb Mar Apr May Jim Jul Aug Sep Oct Nov Dec Annual 

Mean temp. LC1 	12 	13 	15 	18 	22 	21 	2829 	28 	20 	18 	14 	20 

Precipitation [mm] 	96 	74 	58 	23 	6 	0 	0 	0 	1 	14 	47 	89 	408 

§ Snowfall : None. 
§ Average solar radiation : 1.7-24.3 MJ m 2  day - '. 

Fig. ASI-9-I 	Bathymetric map (1). 
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§ Water temperature [ C C] (Q3) 
Station A, 1969 1983 

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

Surface 13.7 	14.7 16.0 19.1 23.2 26.7 27.9 28.6 28.1 26.3 22.3 18.0 

5 	13.7 	11.7 15.1 18.7 22.6 25-9 27A 28-:') 2.2 26.2 22.3 18.0 

10 	15.7 	14.7 13.0 17.7 21.5 21.7 27.1 28.1 28.1 26.2 22.3 18.0 

15 	15.7 	14.6 14.7 16.7 19.2 21.5 24.6263 27.3 26.)) 22.3 18.0 

20 	15.7 	14.6 14.5 15.9 17.1 17.1 17.7 1.6 20.4 21.8 20.8 17.6 
25 	15.6 	14.3 14.1 15.4 16.4 16.1 16.1 16.3 10.8 17.1 17.7 17.5 
30 	15.1 	14.5 14.3 15.0 15.7 15.1 15.4 15.8 16.1 16.1 15.9 16.2 
35 	15.4 	14.5 11.3 11.8 15.4 15.1 15.2 15.5 15.)) 15.9 15.6 15.8 
40 	15.1 	14.5 14.3 11.2 15.3 15.0 15.1 15.5 15.9 15.8 15.5 15.5 

§ Freezing period 	None. 
§ 	Mixing type : ]\Ionomictic. 
§ 	Notes on water mixing and thermocline formation : Strong stratification trom Nlay until mid-end 

November. 	Hvpolimnion strongl V observed. 

Fig. ASI -9 2 	Average monthly light ext iilct ion coefficient Lm 	mea sured with a 
\Vhiteney photometer without filters in relation to chlorophyll standing 
crop (Q1). 
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E. LAKE WATER QUALITY 

El TRANSPARENCY 

Fig. ASI-9-3 	Seasonal change in transparency, Station A (3). 
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E2 	pH, 1969 -1986 (01) 

Depth [m] 	an Feb Mar Apr 	May Jun jul 	Aug Sep 	Oct 	Nov 	Dec 

0 -12 	8.0 8.3 8.6 8.7 	8.8 8.9 8.7 	8.6 8.6 	8.5 	8.3 	8.0 
12-22 	8.0 8.1 8.1 7.9 	7.9 8.0 8.0 	7.9 7.9 	7.9 	7,9 	8.0 
22-32 	7.9 8.1 8.0 7.7 	7.7 7.6 7.6 	7.5 7.5 	7.5 	7.7 	7.7 
32-it) 	7.8 8.0 7.9 7.7 	7.6 7.6 7.5 	7.5 7.5 	7.4 	7.! 	7.5 

E3 SS [mg 1'], 1967 1982 (1) 
620-669 (0-16 m), 650-702 (16-40 m), 674 (mixed). 

E4 	DO [mg 1'], 1969-1986 (Q3) 

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

0 -12 7.3 	9.1 10.9 11.9 10.1 8.1 7.6 	7.6 	7.7 	7.1 	6.9 6.4 
12-22 7.2 	8.3 7.5 5.2 2.0 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 (1 	() 	1 	1) 	1.2 2.3 
32-40 5.3 	6.8 5.52.2 0.3 0 1) 	0 	0 	(1 	0 1.1 

EG CHLOROPHYLL CONCENTRATION Lug 1'i.  1986 (1) 

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

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 14.1 48.0 15.0 3.4 8.6 5.6 5.0 2.6 5.2 4.6 4.4 
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 11.2 140 96.0 14.4 6.0 7.2 5.2 1.5 5.6 4.8 5.2 
5 6.4 6.4 9.6 29.0 16.8 9.)) 7.2 5.4 3.0 5.6 4.6 5.2 
7 6.6 7.2 9.6 27.5 9.4 7.2 2.4 6.4 3.6 5.2 3.4 7.2 

10 5.0 3.2 8.8 28.5 10.7 7.4 2.0 6.2 3,5 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 

* Therm oc line. 
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E7 NITROGEN CONCENTRATION (Qi) 
§ Total-N [rng 1'], 1969-1986 

Depth [m] Jan Feb Mar Apr 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 0.5 76 0.563 0.630 0.787 
12-22 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 0.714 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 (Qi) 
§ Total-P [rng I ] 1969-1986 

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

0 -12 0.017 0.024 0.028 0.028 0.026 0.016 0016 0.015 0014 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 
32 10 0.033 0.029 0.023 0.019 0.023 0.024 11.021 0.031 0.044 0.057 0.071 0.060 

E9 CHLORINE ION CONCENTRATION (Qi) 
Chlorine ion concentration in Lake Kinneret declined from 100 mg 1' to 210-210 mg 1' 

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 

12/01/86 

Fl FLORA 
§ Emerged macrophytes : Pliragnii/es aus/ralis, Arundo donax. /u;icus ac/us (Q1 , 4). 
§ Submerged macrophytes il/Ivri0Jlvlluln s/ncaiuin. Najas mania (Qi). 
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§ Phytoplankton Perithnium cu1t1u02, (oc/astiu;n spp.. Cios/Lru!m ucicz(iarc var. suhpronum, 
Cvcioteiia spp.. Microcvstis spp., Oocvstis spp., C smarium (3). 

F2 FAUNA 
§ Zooplankton : 11.Iesocyc/ops louckarli. Cyclops agi/is, Diaplianosoma brachyzirum, Asplauchna 

brightwelli, A. priodonta. Coriodaph n/a reticulata (3). 
§ Benthos Ivan nokus pa/us/sir. N. pa/ustris tiheriadis, Pseudohraclva harroisi. I\TiIora  incerta, 

Tephiocaris ga/i/eu. Unio semugatus. Me/anopsis jraeznoisum. Th uloxus jordani (5). 
§ Fish Mirogrex teriaesan c/ac. Mug/i rep/ia/us Sarotherodon gali/aezis, S. aureus, Barhus ion - 

gicej5s (3). 

F3 PRIMARY PRODUCTION (Qi) 

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). 

500.0 I 

400.0 

300.0 
C 

-c 
0 

0 
200.0 

100.0 

0.01 	I 	I 	I 	I 	 I 	I 	I 	I 	I 	I 	I 	I 	I 	I 	I 

70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 

Year 

(I-xJI) 	0 	(I-el) 	• 	(vlI-.xII) 



ASI-9 

Fig. ASI-9-7 	Annual averages of zooplankton biomass (wet weight) (Q). 
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F5 FISHERY PRODUCT (Qi) 
Annual fish catch in 1968-1980 : 1800 [metric tons. 

F7 NOTES ON THE REMARKABLE CHANGES OF BIOTA IN THE LAKE IN RECENT YEARS 
(Qi) 
During the years 1973 1978, there was a period of lowered fbiidinizim biomass and some 

increases of nannoplankton (mostly Chlorophvta). Also there has been some tendency to an 
increase in Cvanobacteria in the fall. These changes may 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 
215mg 1'. 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 
Pendinwm) 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 zoopl ankt on. 

With the completion of hydrological projects in the watershed aimed at optimizing recycling 
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. 
Sarotherodon gali/aens) to the less desirable "sardine" (Mirqg) ,ex ha'saIlL't(7e). The research 
team at the Kinneret Limnological Laboratory is presently formulating a five year plan to assess 
the impact of changes brought about by the new management policies. 

8 
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G. SOCIO-ECONOMIC CONDITIONS 

Gi LAND USE IN THE CATCHMENT AREA (1982) (02) 

Area [km 2 ] [ 0o 1 
Natural landscape 

Voodv vegetation 100 3. 7 
Herbaceous vegetation 1,160 33. 4 
Others 70 2.6 

Agricultural land 
Cr01) field 1,050 38.5 

Residential area 50 1.8 
Total 2,730 100.0 

§ Main types of woody vegetation : Lov trees (QuercLis. Pis/acia, Prio,as, Rate) : water trees (Salix). 
§ Main types of herbaceous vegetation : Low and high grassland with scattered low bushes, high 

water bushes (N(iium. Vite.v. Mci/us). 
§ Main kinds of crops Irrigated field crops (cotton, vegetables, forage grass, wheat, citrus, 

avocado, apple and pear) (181 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 5)) % in 

northern catchment area. Increase in reservoirs for water storage and recycling. 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 500h0 fisheries 
§ Main agricultural products Cotton, vegetables and fruits. 
§ Main industrial products : Optics, electronics, metallurgy, textile and plastics. 
§ Tertiary industry : 'Tourism and recreation facilities. 

G3 POPULATION IN THE CATCHMENT AREA (1983) (02) 

Population 

Total 	255.000 

Popul at ion ciensit\ 
krn 2 ] 

93.1 

Main cities 
(population) 

Tiberias (21,000), 
Kirvat Shemona, Zefat. 

H. LAKE UTILIZATION 

Hi LAKE UTILIZATION (Q2) 
Fisheries, navigation, tourism and recreation (swimming, sport-fishing, yachting). 

H2 THE LAKE AS WATER RESOURCE (1981) (02 

Use rate [nf sec 'I 
Domestic and industrial 

	
6.3 

Irrigation 	 9.5 

III 
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I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 
Ii ENHANCED SILTATION (03) 

§ Extent of damage : Not serious. 

12 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 years. Such compounds (usually 
agricultural chemicals such as pesticides) were extracted and analysed subseciuentiv 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 vaterwavs entering 
the lake was mainly due to accidental spraying and :or the washing of spray containers. These 
sources of pollution have now been largely reduced due, part iallv, to increased awareness of this 
problem through our monitoring programme. 

Accidental (and deliberate) poisonings of fish continue to he one of the major problems in 
this field, although suspected cases have also dropped over in recent years. In general. Kinneret 
St. Peter's fish (Saroljie) -odoii i(i/cum) 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. Our programme will 
therefore become of increasing importance in the near future. 

13 EUTROPHICATION 
§ Nuisance caused by eutrophication 

Occasional problems in National Carrier System because of the increase of nanoplanktonic 
algae (e.g. Cvc/otella) 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 (1985) (Qi) 

Annual (Oct-Sep.) River Jordan yield and nutrient input [tons] from the northern Lake 
Kinneret watershed, 1968- 1984 

Year Jordan yield lotal Organic Ammonia Nitrate Dissolved Total 
[106  rn3 ] N N P P 

1968/69 1,096 3,480 632 54 2.738 27 186 
1969/70 574 1,257 356 31 748 9 71 
1970/71 650 1,837 573 33 1.205 4 195 
197172 491 1.171 411 11 708 7 75 
197211"73 270 700 237 26 426 7 58 
1973/74 480 2,118 447 61 1,58() 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 59 799 14 126 
1977/78 575 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 22 161 
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 11/1 
Average (S.D.) 527 (189) 1.651(829) 486 (183) 58 (30) 1.098(713) 15 (8) 129 (54) 

10 
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14 ACIDIFICATION 

§ Extent of damage : None. 

J. WASTEWATER TREATMENTS 

J 1 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 Authorit which is responsible for 
monitoring and regulating development in the region (Q3). 

J2 APPROXIMATE PERCENTAGE DISTRIBUTION OF POLLUTANT LOADS (Q3) 

Percent age 

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 system) or public sewerage : 100. 

§ Percentage of rural population with adequate sanitary facilities : 90. 
§ Municipal wastewater treatment systems 

Number of tertiary treatment systems: 1. 
Number of secondary treatment systems : 5, oxidation ponds. 
Number of primary treatment systems : 5. 

K. IMPROVEMENT WORKS IN THE LAKE (Qi. Q2) 

Ki 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 1960'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 heachs, 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. Agrotechnical methods in the cultivated land of the 
watershed are aimed at lowering sediment and nutrient inputs. 

L. DEVELOPMENT PLANS (Q3) 

Possible construction of large pump-storage facility for generation of peak hour dcc-
tricitv. 

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 early winter lake levels to maxim-
ize reservoir. 

M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR UPGRADING 
LAKE ENVIRONMENTS 

M 1 NATIONAL AND LOCAL LAWS CONCERNED (02) 
§ Names of the laws (the year of legislation) 

(1) Water Law (1959) 
§ Responsible authorities 

(1) \\rater  Commissioner, Agricultural Ministry. Kinneret Auth )ritv and Local 
1\lunicipal ities 

§ Main items of control 
(1) Water quality (management of vatershecl and lake) 

M2 INSTITUTIONAL MEASURES (Q3) 
Kinneret Authority (established in 1972 by the Water Commissioner). 
The Yogal Alon Kinneret Limnological Laboratory of the Israel Oceanographic and 

Limnological Research Ltd. (Ministry of Energy and Infrastructure, established in 1968) 
3) Mekorot Water Company (\Vatershed 1\Ionitoring Team, since 964) 

M3 RESEARCH INSTITUTES ENGAGED IN THE LAKE ENVIRONMENT STUDIES (03) 
(1) The Yogal Alon Kinneret Liinnological 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 many other institu-
tioris. 

.§ Supplementary notes 
In 1987. International Centre for Warm Freshwater Research will be established at the 

Kinneret Laboratory. 

N. SOURSES OF DATA 

(Qi) Questionnaire filled by Dr. T. Berman, Kinneret Limnological Laboratory. Israel. 
Questionnaire filled by Dr. M. Gophen, Kinneret Limnological Laboratory, Israel. 
Questionnaire filled by Dr. D. Wnne, Kinneret Limnological Laboratory, Israel. 

Serruva, C.. Edelstein, M.. Follingher. U. & Serruva. 5. (1 974) Lake Kinneret sediments 
nutrient composition of the pore water and mud water exchanges. Lininol. Oceanogr.. 19(3) : 189 

Stanhill. C. & Neuman, J. (197$) The general meteorological background. "Lake Kinneret" 
(ed. Serruva. C.). pp. 49 58. Dr. \V. junk Publishers, The Hague-Boston-London. 

Berman, T. (ed.) (1973) Lake Kinneret Data Record. Israel National Council for Research and 
Development. 

Serruva. C. (197$) General background. Lake Kinneret' (ed. Serruva. C), pp. 123-146. Dr. W. 
junk Publishers, The Hague-Boston-London. 

Serruva. C. & Pollingher, U. (1983) Lakes of the \Varm Belt. 56)) pp. Cambridge University 
Press, London. 

12 
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DANAU TOBA (LAKE TOBA) 

A bird-eye view of the lake 

Photo: H. Haerumen Jo 
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A. LOCATION 
§ North Surnatera Province, Indonesia. 
§ 221'32"-2'56'28"N, 9826'35"-9915'40"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 100 1,200 in 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. Toha is 905 m above sea level and about 1.100 km 2  wide. The total 
area of the lake, including the areas of Sarnosir and Paraclapur Islands. amounts to 1.780 knf. 
The mountains around the lake are called Batak Highlands. The only draining river from L. 
Toba, the Asahan, flows southeastwards dissecting the gentle slopes of the pvroclastic plateau. 

C. PHYSICAL DIMENSIONS (Q) 

Surface area [km 2 l 1 . 100 
Volume [I 0 9 rn3 ] 1 25 
Maximum depth [in] 529 
Normal range of annual water 
level fluctuation (unregulated) [rn] - 1 

Catchment area [km 2 ] 3. lie 

Fig. ASI-IO-I Sketch map (altitude in ft.) (14). 
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D. PHYSIOGRAPHIC FEATURES (Q) 

Dl GEOGRAPHICAL 
Sketch map of the lake (Fig. AST-1))- I). 

§ Main islands (name and area) : Samosir (611) km). Paraclaptir (7 km). 
§ Outflowing rivers and channels (number and names) : I (Asahan N.). 

02 	CLIMATIC 
§ 	Climatic data at Parparean 	1961-198)).  

jan Feb Mar Apr May 	jun 	jul 	Aug 	Sep 	Oct 	Nov Dec Annual 

Mean temp [C] 	19.319018.9 19.3 19.4 	19.1 	19.0 	18.8 	19.0 	19.1 	19.1 	19.1 	19.1 
Precipitation [mm] 	1011 	105 	115 	132 124 	102 	83 	110 	148 	174 	182 	178 	1.732 

§ 	Solar radiation (Parparean. 1961 	1980) : 	]5.7 MJ in 	clay 
§ Water temperature IC] 

Station Surface 

Haranggaul 27 
Tigaras 27 
lolYlOk 26 
Siinaiundo 27 
Pangururan 27 
Nainggolan 27 
Prapat 27 
Porsea 26 

§ 	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 30)) in depth on january 
23. 	1976 (13). 

E. LAKE WATER QUALITY (Q) 

E2 pH, 11119 

station Surface 

Lottmg 8.4 
Situmeang 7.9 
Bukit 8.1 
Tongging 1 7.() 
Tongging 11 7.9 
Onan Runggu 7. 6 
Prapat  

E4 DO [mg 11, 1979 

Station Surface 

Lotung 6 . 7 
Situmeang 6 . 8  
Bukit 9.3 
bugging I 6. 
bongging II 7.0 
Onan Runggu  
Prapat 8.0 

I 
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E5 COD [rng 1'], 1979 
Determined by KMnO 4  method. 

Station Surface Station Surface 
Haranggaol 2.30 Hasinggahan 1.30 
Prapat 2.80 Tomok 1.33 
Mogang 2.24 Sahulan 1 . 72 
Orian Runggu 2.15 Muara 1.36 
Porsea 2.06 Balige  1.24_- 

E8 PHOSPHORUS CONCENTRATION 
Total-F [mg 1'], 1979 

Station 	 Surface 
Haranggaol 	0.31 
Hasinggahan 	0.32 
Tomolc 	 0.66 

E9 CHLORINE ION CONCENTRATION [mg 11].  1979 

Station Surface - Station Surface 
Haranggaol 8.6 Hasinggahan 11.8 
Prapat 8.3 loinok 11.0 
Mogang 10.1 Sabulan 9.2 
Onan Runggu 10.4 Muara 9.6 
Porsea 10.3 Balige 9.3 

F. BIOLOGICAL FEATURES (Q) 
Fl FLORA 

Emerged macrophytes : Voluioho ;lia7toia, Vyi;ipliaca sp. 
§ Floating macrophytes : Eiclilzornia cassies. I.E/ni/a iii ior, 4n0l/a i;ina/a, Spirorklia o/\rl/iza. 
§ Submerged macrophytes Po/ani gL'toIl malaiaiizts. P. J)ot7ii//to/i/I5, iJ/)/oli v/Iitm sica/ztni. 

(_eratophllzt;n (lC/i/H15l(Ifl, JJ'diilla t'citicil/ala. (.'liani sp. 
§ Phytoplankton : 4niJliora. C0LLoilellia, 4s(oiionol/a, . nc/;n, Gomph o ncma, Qitliosira, Nailcula, 

Illastoglo/a, Pl€urosiçona. Nitcsclul, (7tnica/aria, BoIno(occlts, ,njicchococcus, A nabacwt, ()scil 
latoria. 

F2 FAUNA 
§ Zooplankton : Cyclops, Clac]ocera. 
§ Benthos : Macrobrachiuin siitallkei/sis. Brolia cjtula, Tliiara scabra Ale Ial/Oidt's tuherculala. 

A4Ela)zoi(ics gia;iijeia. A iientoiiie helena, Lvoinaa h/isp/la, L. ruhiginosa, Phirsastra 
sit matrana, Co ebicitla tohae. 

§ Fish : Ti/up/a iaossamhica, 4p/uchei/us J)ac/lax, L his/cs i 'lieu la/us. ()sphironemus gOiaiIi/', 
irichogaster trichiopterus, Chiaiiva s/na/a, C. gadiva. c/arias hafrachius. C. niouhofi, C. sp.. 
Aeinachi/us tasca/us. Crpninits caiplo P/Il/tilts /ü/'ü)//CltS, P. hniotatits, ()sleochii/us nasse/ti, 
Lissochi/us sp., Laheoharhi's sora, Rashora sp. 

F4 	BIOMASS [g (wet \vt.) rn -2 ] 

§ Biomass of submerged macrophytes 

Station Pofamoge/oo sp. Mvrcphvllinii s/rca/urn - Others Total 
Lotung 2,470 130 <25 2,600 
Onan Runggu 2,800 150 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 

4 
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F5 FISHERY PRODUCTS 
§ Annual fish catch in 1978 : 2820 [metric tons]. 

F5 PAST TRENDS 
§ Annual fish catch 

Year 
i 001 )flO.001)flbi('(f 

1967 	1.039 
1976 	 - 
1977 
1978 	2,175.1 

Production Imetric ton vr '1 
C'vprin us carplo 	Others 	lotal 

	

207.8 	 831.2 	2,178 
2,211 

	

1.6 	640.2 	2.820 

F7 NOTES ON THE REMARKABLE CHANGES OF BIOTA IN THE LAKE 
Increasing iilaJia oiossanzhuu. Decreasing C'prious (71io. 

G. SOCIO-ECONOMIC CONDITIONS (Q) 
Gi LAND USE IN THE CATCHMENT AREA (1981) 

Area [ha] [Oz] 

Agricultural land 51,208 21 .8 

Plantation 2,088 0.9 
Grass (alang-alang) 95,500 40.6 
Scrub 5,924 2.5 

Natural forest 15.966 6.8 
Reforestation 38,87)) 16.6 
Regreening 22,828 9.7 
Others 2,356 1.1 

Total 234 , 750 100 

§ Main 	types 	of 	woody 	vegetation : Tropical 	high 	mountain forest : 	Pious 	1)101110511 	forest 
4100(1(l(1))1id hildchl(11l(1i 	forest. 

§ 	Main types of herbaceous vegetation : 	Iolcr1ito cr101(Iru'a with Rhudonn'itzis tOUlCOtOSIl, iic/astooia 
sp. and GicicIlco 10 fi000ris. 

§ 	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 (1980) 

District Area Population b amilv 
Population 

Lkm ., i density [km - ] 

Tapanuli Utara 2. .120.5 309,111 66,741 12$ 
Tanah Karo 63.0 3,901 731 62 
Dairi 15.0 9,011 1,810 200 

Total 2,528.5 322,023 69.285 127 
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H. LAKE UTILIZATION 
Hi 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 : -11.623), recreation (yachting), fisheries. 

H2 THE LAKE AS WATER RESOURCE No information. 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS (Q) 
Ii ENHANCED SILTATION 

§ Extent of damage : Not serious. 

12 TOXIC CONTAMINATION: No information. 

13 EUTROPHICATION : No information. 

14 ACIDIFICATION 
§ Extent of damage : None. 

U. WASTEWATER TREATMENTS (Q) 
Ui GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (1) Measurable pollution 

without wastevater treatment. 

J3 SANITARY FACILITIES AND SEWERAGES 
§ Percentage of municipal population in the catchment area provded 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 
N one. 

L. DEVELOPMENT PLANS (Q) 
(U Integrated management on Toba Lake catchment area. 
(2) Hydroelectric power plant under construction. 

M. LEGISLATEVE AND INSTITUTIONAL MEASURES FOR UPGRANDING 
LAKE ENVIRONMENTS (Q) 

M 1 NATIONAL AND LOCAL LAWS CONCERNED 
§ Names of the laws (the year of legislation) 

Act of the Republic of Indonesia No 1 concerning Basic Provisions for the Management 
of the Living Environment (1982) 

State Regulation of the Republic of Indonesia No. 29 on Environmental Impact Assesrnent 
(1986) 

§ Responsible authorities 
(1) & (2) The State Minister for Population and Environment. Ministry of Home Affairs. 

Ministry of Public Works. Nlinistrv of Forestry and Local (Provincial) Governments 

M2 INSTITUTIONAL MEASURES 
(1) The State Minister for Population and Environment responsible for coordinating environ-

mental managements 

6 
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(2) Ministry of Public \orks responsible for lake utilization 
3) Ministry of Home affairs responsible for regional development 
1:4) Ministry of Forestry responsible for forest management and soil conservation 

M3 RESEARCH INSTITUTE ENGAGED IN THE LAKE ENVIRONMENT STUDIES 
Centre of Environmental Studies (University). 
Institute of Hydraulic Engineering Agency of Resources and Development. 

N. SOURCES OF DATA 

((4) Questionnaire filled by Dr. herman hlaerumen js, Ministry of State for Population and 
Environment. Indonesia, based on the following literature 

1) Abdullab Angaedi (19801) Studi Perencanaan Perbaikan Keaclaan Danau Joba, Sumatera 
Utara, PT. Indah Karva & Ministry of Public Works. 

2) Asahan Development Authority (1984) Laporan Penvelesaian Peiaksanaan Pembangunan 
ProveR Asahan. 

3)Directorate of Forest Planning & Programme (1981) Pola Pengelolaan Catchment Area 
Danau Toba, Sumatera Utara. Ministry of Agriculture. 

1) Hehanussa P. E. (1982) Tefra Toba. National Geology & Mining Institute. National Insti-
tute of Sciences. 

(5:1  hlehanussa P. E. (1982) Penanggalan Radiometri Formasi Samosir Tefra Toba. National 
Geolog\ -  & Mining Institute, National Institute of Sciences. 

Hehanussa P. F. (1983) Tefra Toba disekitar Danau Toba. Sumatera litara. National 
Geolog\ & Mining Institute, National Institute of Sciences. 

Hehanussa P. F., Fujii, S. & okovama. T. (1983) New dates of fluvio-lacustrine deposits 
from Lake Toha. Indonesia. 

(ft Ibnu Fajar (1983) Laporan Penvelidikan (jeologi Lingkungan Daerah Tadah Danau Toba, 
Sumatera Utara. Directorate of Environmental Planning of Geology. 

Ihnu Fajar (1981) Laporan Penveliclikan Geologi T ata Lingkungan Daerah Aliran Sungai 
Asahan, Sumatera Utara. Directorate of Environmental Planning of Geology. 

University of Indonesia & Ministry of Public Works (1979) Survai Ekologi Danau loba. 
University of Sumatera Utara & The Office of State Minister for Development Supervision & 

Environment (1 979) Komunitas, Lingkungan Perairan & Kehidupan Biologis Danau Toba, 
Sumatera Utara. 

Yusron Loebis (1982) Penelitian Neseimbangan Tata Air Danau Toha. Institute of 
Hydraulic Engineering. Ministry of Public Works. 

(11 Mizuno, T. (1977) Water temperature and some other environmental factors in inland waters 
of tropical Asia. Suion no KenkyU, 21 (1) 12-19 (in Japanese). 

(14) Mizuno, T. (1980) Lakes and Forests of iropical Asia. 232pp. TOkai Univ. Press. Tkvô 
(in Japanese). 
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DONGTING-HU 

On the Yueyang Bay, East Lake 
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A. LOCATION 
§ Hunan Province, People's Republic of China. 
§ 2830'-3020'N, 11F40'-llTlO'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 140x 106  m 3yr 1  on average. 

One hundred and fifty years ago, the lake was much bigger (6,200 km 2 ) than it is now (2.740 
km 2 ), 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 about 3,900 km 2  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 
Yuevang directly into the Chang Jiang again. The annual range of water level fluctuation in 
normal years ranges between 6.5 m (W. Lake) and 17.8 in (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 [km2]* 	 2,710 
Volume [10 9 m 3 ] 	 17.8 
rvlaximum depth [m] 	 30.8 
Mean depth [m] 	 6.7 
Nomal range of annual water 
level fluctuation (unregulated) [m] 
Catchment area [km 2 ] 	 259.130 

* At the low water level. 
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D. PHYSIOGRAPHIC FEATURES 

Dl 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 Yucyang. 

D2 CLIMATIC 
§ Climatic data at Yuanjiang, 1980-1982 

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

Mean temp. [C] 	4.5 	5.7 10.3 16.2 22.3 	25.0 	28.8 27.2 22.5 	180 	18.2 	7.3 	16.7 
Precipitation [mm] 	77 	78 	176 	149 162 	170 	123 177 48 	91 	116 	11 	1,369 

Fig. ASI - I I - I 	Sketch map of Dongting Lake area. 
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§ Water temperature LC] 
Chenglingji, 1982 

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 28.1 25.3 23.3 18.3 17.9 

E. LAKE WATER QUALITY 

El TRANSPARENCY [m] 
Chenglingji, 1982 

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

	

0.24 0.25 0.12 	0.16 0.11 0.21 0.20 0.24 0.22 0.26 0.26 

E2 pH 
Chenglingji, 1982 

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

	

0.5 	7.9 	7.9 	8.0 	7.9 	8.0 	7.8 	7.8 	7,9 	7.9 	8.1 	8.0 	8.0 

E4 DO [mg 1'] 
Chenglingji, 1982 

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

	

0.5 	 7.7 	 7.9 	 8.4 

E5 COD [mg 1 1]  
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 

E7 NITROGEN CONCENTRATION [mg I 
0.5m depth, Chenglingji, 1983 

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

NH 4 -N 	- 	- 	 0.12 	 0.38 	 0.3 	- 
NO 3  N 	 0.30 	 0.35 	- 	0.43 	- 

E8 PHOSPHORUS CONCENTRATION 
§ Total-P [mg 1 1]* 

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 

Converted from the original P 2 0 5  values. 

4 
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F. BIOLOGICAL FEATURES 

Fl FLORA 
§ Emerged macrophytes : PJzragmites conirnioiis, Iolgonuni Iiydropiper, etc. 
§ Floating macrophytes : Lefrnna minol, P1st/a stratiotcs, etc. 
§ Submerged macrophytes : 17allisoeria spiral/s. Potainogeton crisus, etc. 
§ Phytoplankton : Chroococcus sp.. Ceratium sp.. etc. 

F2 FAUNA 
§ Fish : Coil/a ectenes, Mv/ophorvngodon pieces, Ctenopluiryngodon ide/Ins, Hvpophthalinicii lii vs 

inoiitrix, (.hrinus canJ)io, A ristichthvs nohilis, Me,ga/obrama spp...in ipera spp., A ngui i/a 
lai)onica, etc. (total number of fish species 114). 

F4 BIOMASS 
§ Phytoplankton : 48-164 [cell no m1 1 ] 
§ Zooplankton : 1.9-5.7 [cell no ml 1. 
§ Aquatic macrophytes : 66 [g rn']. 
§ Benthos 78 [g rn -2]. 

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 

Gi LAND USE IN THE DONGTING-HU AREA* 

Area [krn 2 ] 	[%] 
Natural landscape 

Woody vegetation 	 7,990 	25.9 
Ilerbaceous vegetation 	 2 , 120 	6.9 
Swamp 	 1,938 	16.0 

Agricultural land 	 8,900 	28.8 
Settlement area 	 4 1 559 	13. 2 
Others 	 2.837 	9.2 
Total 	 31,344 	100.0 

The lowland area around Lake Dongting, encircled 
by the 33.5 rn 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 (Pterocarve stenofera, .aiix 
babylon/ca, Cedrela sinensis. Pope/us canadensis, etc.) pine (Pines inassoniana) forest and 
plantations of pine and some other trees 011 low hills. 

§ Main kinds of crops Rice, cotton, ramie, jute. rapeseed, tobacco, sugar-cane, tea, citrus, 
mulberry, etc. 
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G2 INDUSTRIES IN THE DONGTING-HU AREA AND THE LAKE (1982) 

Gross product No. of No. of Main products 
during the persons establishments arid main kinds 

4y year [10 	uan] engaged of mdustrv 
Primary industry 32.2 4.725.000 N.A. 

Agriculture 23 N.A. N.A.  
Fisheries 0.6 N.A. 
Others 8.6 N.A. 

Secondary industry 25 640,000 2,280 
Manufacturing N.A. N.A. N.A.  
Mining N.A. N.A. N.A.  

Tertiary industry N.A. N.A. 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 	Population density 	Mai 1km21 	 n cities (population) 

11.754,000 	 381.0 	 Changsha (Ca. 800.000), 
Yueyang. -- 

H. LAKE UTILIZATION 

Hi 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 
13 EUTROPHICATION 

§ Nuisance caused by eutrophication Not apparent. 

J. WASTEWATER TREATMENTS 
J 1 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: I (activated sludge. 60,00() m 3  dav 

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 X 10 t yr 1 . About 147 million trees have been planted for erosion control 
during the last 30 years. 

6 
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M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR 
UPGRADING LAKE ENVIRONMENTS 

M 1 NATIONAL AND LOCAL LAWS CONCERNED 
§ Names of the laws (the year of legislation) 

Environment Protection Law (1979 tentative) 
Ordinance for Environment Protection of Hunan Province (1981. tentative) 

§ Responsible authorities 
Bureau of Environment Protection, Ministry of Urban & Rural Construction and 

Environment Protection, National Government 
Managing Office for Environment Protection, Committee for Basic Construction and 

Environment Protection, Provincial Government of Hunan 
§ Main items of control 

(1) DO, pIT. SS. COD. BOD. NH 4 -N. NO 3 -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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DONG-HU 

A view from the survey boat on the lake 

1 

Copyright (j John Barthoiomew & Son Limited MCMLXXXII. Reproduced with permission. 
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A. LOCATION 

\Vuhan City, Hubei Province, People's Republic of China. 
30 33'N, 114 23'E : 2023 m above sea level. 

B. DESCRIPTION 

Doug )east)-hu (lake) is a small lake in the \Vuchang \Vard of \Vuhan City, the capital of Hubei 
Province. It obtained its name from being located at the eastern end of this big city. Doug-hu is 
a natural dammed lake formed in the early Holocene as a so-called 'lateral lake" attached to the 
right hank of the Chang ,Tiang which flows through \Vuhan. and is only five kilometers away from 
the river. 

The lake area, especially the northwestern coast, is a park and recreation area for the citizens 
of \Vuhan, with museums, a botanic garden. observation towers, restaurants, sanatoria, beautiful 
groves of exotic swamp cypress, swimming sites and sightseeing boats. The \Vuhan Institute of 
Hydrohiology established by the Academia Sinica in 1954   is located on the westernmost shore of 
the lake. Its research activity macic Dong-hu one of the most familiar lakes of China to world 
I imn ol ogi St s. 

It is also intensively utilized for fish production. \lnuv small bays are separated fr rn the 
main lake by causeways for artificial stocking of fish. Introduction of such planktophagous fishes 
as the silver carp and the highead carp, increased the fish production by more than four times in 
a seven-year perird. The increasing density of fish as well as the inflow 4 waste water from the 
city and industrial factories, however, has caused a rapid change in the lake's hiota. Accelerated 
eutrophication 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 
\Vuhan )Q). 

C. PHYSICAL DIMENSIONS 

Surface area [km 2 j 27.9 
\olume [10f3 m 3 ] 62 
Maximum depth [m] 4.75 
Mean depth [m] 2.2 
Normal range of annual water 
level fluctuation (regulated) [m] - 

Length of shoreline [kiii]  
Residence time [vr]  
Catchment area [km 
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D. PHYSIOGRAPHIC FEATURES (5) 

Dl 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) 

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

Mean temp. LC] 	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 ii 152 9 53 54 35 	1 .450 

§ Number of hours of bright sunshine (Wuhan, 1982) : 1,624 hr yr (2). 
§ Solar radiation (Wuhan, 1982) 12.53 MJ m 2 dav 1  (2). 

Fig. ASI-12-1 Bathymetric map (Q). 
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§ Water temperature [ C] (Q) 
Mid-lake sampling station, 1982 

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

Surface 	6.1 	5.3 	10.6 16.6 23.1 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 therrnocline 

formation. 

E. LAKE WATER QUALITY (Q) 

El TRANSPARENCY [mj 
Mid-lake sampling station, 1983 1985 

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

2.87 2.12 	3.17 2.13 	1.97 	1.63 	1.07 0.62 0.35 0.62 0.98 2.25 

E2 pH 
Mid-lake sampling station, 1983 1985 

Depth 	jan Feb Mar Apr May jun Jul Aug Sep Oct Nov Dec 

	

0.5 	7.97 8.30 8.21 8.30 8.48 8.78 1.07 0.62 0.55 0.62 0.98 2.23 

	

3.5 	8.12 8.34 8.21 8.38 8.55 8.69 9.29 8.97 8.69 8.66 8.36 8.13 

E3 TDS[mgl' 
Mid-lake sampling station, 1983 1985 

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

	

0.5 	166.3 137.3 196.5 258.0 236.3 200.5 195.5 142.2 129.0 121.2 152.5 150.0 

	

3.5 	152.2 184.8 183.8 222.5 261.5 189.7 133,0 136.8 121.5 119.0 144.2 138.8 

E4 DOIrngl 1  

Mid-lake sampling station. 1983 1985 

Depth 	Jan Feb Mar Apr May Jun jul Aug Sep Oct Nov Dec 

	

0.3 	10.94 11.78 9.17 7.25 8.39 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. 

E5 COD [02 mg 1 '] 
Determined by KMn0 1  method 
Mid-lake sampling station, 1983 1985 

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

	

0.5 	5.89 5.21 	1.58 	157 3.22 2.58 457 	6.38 4.68 4.91 4.73 3.02 

	

3.5 	5.81 5.15 	1.03 	1.72 3.04 2.96 422 * 5.65 5.32 4.87 	1.88 3.02 

* Mean for 1983 & 1985. 
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E6 CHLOROPHYLL CONCENTRATION [mg m 
Mid-lake sampling station. 1982 

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

	

0.5 	6.12 	1.45 	3.27 	6.85 	3.21 	12.58 28.41 35.40 38.19 45.18 10.25 0.70 

	

3.5 	3.06 	1.00 	1.36 	5.59 	4.60 	12.02 28.41 38.66 13.78 40.52 13.97 0.70 

E7 NITROGEN CONCENTRATION 
§ NO3 	N [rng 1-i] 

Mid-lake sampling station, 1983 1985 

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

0.5 	0.241 	0.263 	0.323 	0.489 0.175 0.138 0.024 0.013 0.007 0.021 0.060 0.156 
3.5 	0.253 	0.262 	0.359 	0.455 0.242 0.173 0.024 0.020 0.007 0.020 0.066 0.121 

§ NH 	N [mg 1'] 
Mid-lake sampling station, 1983 1985 

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

0.5 	0.32 	0.24 	0.32 	0.35 0.47 0.18 0.09 0.50 0.10 0.06 0.67 0.35 
3.5 	0.32 	0,25 	0.35 	0.29 0.57 0.17 0.19 0.29 0.09 0.03 0.39 0.32 

E8 PHOSPHORUS CONCENTRATION 
§ PO4 - P [mg 1_i] 

Mid-lake sampling station. 1983 1985 

Depth 	jan 	Feb 	Mar 	Apr May Jun Jul Aug Sep Oct Nov Dec 

0.5 	0.010 	0.007 	0.010 	0.016 0.004 0.006 0.004 0.023 0.030 0.002 0.014 0.021 
3.5 	0.011 	0.008 	0.015 	0.021 0.008 0.007 0.001 0.037 0.037 0.003 0.009 0.012 

§ Total-P [mg 1 1]  
Mid-lake sampling station, 1982 

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

0.5 	0.108 	0.058 	0.040 	0.013 0.015 0.016 0.032 0.040 0.027 0.034 0.015 0.027 
3.5 	0.094 	0.020 	0.022 	0.016 0.017 0.014 0.036 0.020 0.048 0.040 0.058 0.029 

E9 PAST TRENDS 

Fig. ASI-I2--2 Trend of transparency at 0.5 m depth. Mid-lake sampling station. 
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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 3 -N of the depth 0.5 m, Mid-lake sampling station. 
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Fig. ASI-12-5 Trend of NH 1 -N in the depth 0.5 m, Mid-lake sampling station. 
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Fig. ASI-12-6 Trend of PO4 -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 niacrophvtes and benthos, during 1972 

-1978, except for submerged macrophytes (recorded in 1964) ((). 

Fl FLORA (4, 5) 
§ Emerged macrophytes : Phiagmites cOmmuflis, Echinochloa crus-galli, Lcersia laponica, T''p/ia 

angustifo ha JVe ía m bo a uctb ra. 
§ Floating macrophytes : Trapa na/ails, i\Tvmphaea  te/cagona, Eich/iomnia crasszes, Liinnanthem.um 

inchicuin, Lein na inino r. 
§ Submerged macrophytes : 3/alas major, Mmnophy/hinz spicatum. Ceratoph'hluin deinersum, 

Potoinoge/on inuakianus, Jlvdrihla 1cr/ic//la/a. 
§ Phytoplankton :Microcys/is, 1l/J'erzsniopedia. ii nahae;m, Cvclotella, Melosira, Crvi5 tomonas, 

Chrooinonas, S?ncdesmus, Sc/i roederia, C/i/amvdonionas, C rue/ge n/a. Osci/latoria, Aphan - 
izomenon. 

F2 FAUNA (4. 5) 
§ Zooplankton : Askenasia. Cvclidiuin, Did/alum, Ha/lena, Tintinnidium, Tintinnopsis, Strom-

hidium, T7ortice/la, Diane//a, Po/varthra, Trichocerca, Asplanchna, Brachionus, Conochi/us, 
Filinia, Pompholvx, Svnchaela, Pedal/a, Daphnia, Cvc/ops, Mesocvciops, Mechiap/omus, 
ATeu trodiapto m us. 

§ Benthos : A/ocinma long/corn/s. Bel/amya aeruginoSa, Pancifossaru/us  sty/a/u/a, Anodonta 
woodiana, Limnodri//us hofimeisteni, Brachiura sou'erhvi, Chironomidae (Pc/op/(1, Procladius, 
Fin Ic Idia). 

§ Fish : Ilvop/z/hahinich/hvs mo/i/nix, .4 nislic/ilIi's no hi/is, Cpninus cai -plo, C'arassius aura/us, 
/tlega/obramma amhlvcepha/a, (.lenopharvngodon ide//us. 

§ Supplement note: See F7. 

F3 PRIMARY PRODUCTION RATE 
§ Phytoplankton production rate 1mg 02  m 2day 1 1 

Mid-lake sampling station, 1981 

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

Net 
rod 1.51 0.37 0.20 5.32 3.99 4.63 6.88 9.49 5.56 1.91 1.50 0.26 3.49 

Dark 1.05 0.57 1.14 3.54 2.99 2.55 2.79 4.09 7.67 0.82 1.99 1.93 2.61 

Gross 2.56 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 1' (wet weight, average 

value) (3). 

F5 FISHERY PRODUCTS (Q) 
§ Annua' 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 fishery significance here. 

Stocking of the mitten crab (Eriocheir 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 02 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 (CfenopJiaryngodon ide//us) fingerlings. This was especially the case with 
Potarnogeton 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 phvtoplankton, 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 Phyrrophvta 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 (Hvpopthalmiclithvs inolitrix) and bighead 
carp (Aristichthys ncbths) has increased the annual fish yield of the Lake 1.4 times in a seven-year 
period. Stocked silver carp and highead 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 

Gi LAND USE IN THE CATCHMENT AREA (1981) (Q) 

Area 

[km 2 ] 	[%] 
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). 

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 	Main cities (population) Population 	
[km2] 

Total 	More than 200.000 
	

>2,062 
	 Wuhan * (3,900.000) 

* Not all the city area is included in the catchment area. 

H. LAKE UTILIZATION 

Hi 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) : 300-350x 103  m3dav1. 

Over one million m3 	y_t of cooling water used by a steel plant is recycled in the lake. 

1. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 

Ii 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. 

12 TOXIC CONTAMINATION: No information (Q). 

13 EUTROPHICATION (Q) 
§ Nuisance caused by eutrophication 

Unusual algal bloom : Microcyslis tlos-aquae, M. aerefginosa, A nabaena spiroictes, .4phaiz-
1 zomenon flos-aquae, Oscil/atoria 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 yr 1 ](19791980) (7) 

Total dissolved nitrogen (N) 	 Total dissolved phosphate (P0 4 3 ) 

536.3 t yr or 19.22 g m 2 yr 1 	 87.8 t vr' or 3.15 g rn 2vr 

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. 

14 ACIDIFICATION (Q) 
Extent of damage : None. Acid rain has been 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 
..J 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA (Q): (d) Measurable pollu-

tion with limited waste\vater 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 Charig 
Jiang (Q). 

L. DEVELOPMENT PLANS 
No information (Q). 

M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR UPGRADING 
LAKE ENVIRONMENTS 

M 1 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, Huhei 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) 
Bureau of Environmental Protection, Provincial Government of Hubei. Luojiashan, Wuhan. 
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) 
Provincial Institute of Environmental Protection of Huhei, established in the early 1970s. 

Luojiashan. Wuhan. 
Institute of Hydrohiology, Academia Sinica, moved from Shanghai to Wuhan in 1954. 

Luojiashan, Wuhan. 

10 



A SI -12 

N. SOURCES OF DATA 

* In Chinese, with English summary. 
(Q) Questionnaire filled by Dr. Liu Jiang-Kang, Institute of Hvdrobiology, Academia Sinica. 

Wuha n. 
Tokyo Astronomical Observatorv(ecl.) (1987) Chronological Scientific Tables (in Japanese). 

916pp. Maruzen, Tokyo. 
Provincial Hydrographic Station of Hubei, according to the questionnaire. 
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 Ilvdrobiologica Sinica, 8(3) : 345-
358. * 

Jan, C. and Zhang, Z. (1980) Ecological changes of phvtoplankton in Lake Doug Hu, Wuhan, 
during 1956-1975 and the eutrophication problem. Ibid., 7(1) : 1.17 . * 

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. 

Liu, J.K. (1984) Pollution studies on three Chinese lakes. Proceedings of Shiga Conference 
'84 on Conservation and Management of World Lake Environnient. pp. 73-80. Shiga Prefectur-
al Government, Otsu. 

Zhang, S., Liu, Q. & Huang, Y. (1981) The main sources of nitrogen and phosphorus in Lake 
Dong Hu, \Vuhan. Oceanologia et Limnologia Sinica, I 5(3) : 203.213 . * 
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A. LOCATION 
§ Rizal and Laguna Provinces. Luzon, Philippines. 
§ 1402'-1105'N, 12F0' 12F05'E : 1.8 rn 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. Talirn, and two peninsulas jutting out a 
long way from the north coast. The lake is considered to have once been a branch of Manila Bay 
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 Bay 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 for 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 (Qi). 

C. PHYSICAL DIMENSIONS (1) 

Surface area [km 2 ] 
	 Ca. 900 

\Tolume [10 9 m 3 ] 	 Ca. 	3. 2 
Maximum depth [m] 	 7. 3 
Mean depth [m] 	 2.8 
Water level 	 Regulated 
Length of shoreline [km] 	 ca, 	220 
Catchment area [knv] 	- 	 Ca. 3,820 
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL (1) 
§ Sketch map (Fig. ASI-13-1). 
§ Outfiowing rivers and channels (number and names) 1 (Rasig R.). 

D2 CLIMATIC (2) 
§ Climatic data at Manila 

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

Mean temp.['Cl' 25.0 25.5 26.828+328.627.9 27.1 27.0 26.9 26.7 25.9 25.2 	26.7 
Precipitation [mrn]" 	23 	11 	17 	32 - 128 	253 	114 	137 	353 	195 	138 	68_ 2,069 

61-year average. 	*2 30-year average. 
§ Number of hours of bright sunshine (Manila, 1931-1960) : 2.103 hr yr'. 
§ Solar radiation (Manila. 1986) : 22.5 MJ m dav. 

Fig. ASI- 3-I Sketch map of the lake (I). 

O KM 
-J 

§ Water temperature [C] (3) 
Station 1. 1976 

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

0.5 	24.6 24.6 26.5 28.2 30.3 28.6 30.6 29.2 30.0 3(1.2 28.4 25.6 
20 	24.4 25.0 26.3 28.1 29.6 28.3 30.2 28.9 29.0 29.8 28.3 25.4 

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 normalv \Vell-mixed and 

the thermocline formation is not seasnnal but diurnal. 

E. LAKE WATER QUALITY 

El TRANSPARENCY [ml (1) 
Station 1. 1976 

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

0.1 	0.2 	0.1 	0.2 	0.6 	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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E4 DO [mg l] 

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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DO [my 1 -1 ] 

E5 COD [mg 1'] (Q2) 
Determined by K 2 CrO, method whole lake average. 1986. 

jan Feb Mar Apr May jun 	Jul Aug Sep Oct Nov Dec 

9.90 	32.72 14.25 16.72 22.01 14.31 12.38 	7.57 	10.12 	5.27 

E7 NITROGEN CONCENTRATION 
§ NO-N 

Fig. ASI-13-6 NO R -N (average for whole lake, 1973-1977) (1). 
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§ Total-N [rng 1'],  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 	- 
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E8 PHOSPHORUS CONCENTRATION 

lnorg-P [,ug 1 - '] 

Fig. ASI- 13-7 Inorg-P (average for whole lake, 1973-1977) (1). 
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E9 CHLORINE ION CONCENTRATION [mg 1-'],  1984 (Q2) 

jan Feb Mar Apr May jun 	Jul Aug Sep Oct Nov Dec 

- 	50.76 44.27 75.40 164.66 88.07 85.86 82.77 11.91 76.71 

F. BIOLOGICAL FEATURES (1) 

Fl FLORA 
Floating macrophytes : Eichhornia crassz/es. 

§ Submerged macrophytes : Vallisneria gigantea, Najas glen/inca, J-IvdrilIa iciLiciliala. 
§ Phytoplankton : il/iicroc\'stis, A nahaena, Oscillatoria, Cisterizim, Scz?iedes n/us, Melosira. Ste-

pliaziocliscus. 

F2 FAUNA 
§ Zooplankton : Cyclops, Di!pto;nl(s, Ler;zaea cvrinacea, Bosmina, Diapluiziosoina, Moina, Keratel-

La, Brad/nouns, Fl/lain. 
§ Benthos : Branc/ziura, Li;nuuodrilus, Tzthifcx. 
§ Fish : Tizerapon plzanbezis, Glossogohius giumus, Chauios clianos, ilIega/ops CVJ)I7ul0UJeS, A ia -i has 

test udeneits, Henziraunphzts sp., Mugil sp. 

F3 PRIMARY PRODUCTION RATE 
May-Sep., 1977: 4.1-12.0 gC 111

2  day' 

1000 

800 
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F4 BIOMASS 

Fig. ASI- 13-8 Phvtoplanktoii biomass (average for whole lake, 1 973 1 977) (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] (QI). 

F7 NOTES ON THE REMARKABLE CHANGES OF BIOTA IN THE LAKE (Q2) 
N otable increase of Tilapia spp. Significant increase of pathogenic microorganisms along 

shore 1 me. 

G. SOCIO-ECONOMIC CONDITIONS 
Gi LAND USE IN THE CATCHMENT AREA (Q1. Q2) 

Area [knYl [9] 

Natural landscape 
Woody vegetation 908.6 23.8 
Ilerbaceous vegetation 617.0 16.2 
Swamp 25.3 0. 7 
Others 12.9 11.3 

Agricultural land 1,984.6 52.111 
Residential area 248.3 6.5 
Total 3,796.7 99.4 

§ Main kinds of crops : Rice, maize, sugarcane, other diversified crops and coconuts. 
§ 	Levels of fertilizer application on crop fields : vloclerate. 
§ 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. 4) 

Number of 
persons engaged Main products 

Primary industry 
Agriculture 109.065 Rice, maize, vegetable, fruits 
Fisheries 32,828 Milkfish. white gohy, therapon 
Forestry 2,943  

Secondary industry 
Manufacturing 376,457 Textile, garment 
Mining 5,612 

Tertiary industry 951,487 

8 
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G3 POPULATION IN THE CATCHMENT AREA (1980) (QI) 

Population density I otal population 	 - 	Main cities (population) 

San Pablo  
2,381,300 	112.71 	 a1amha, Los Banos 

H. LAKE UTILIZATION 

Hi LAKE UTILIZATION (Qi) 
Source of water, navigation and transportation, sightseeing and tourism, recreation (swim-

ming and sport-fishing) and fisheries. 

H2 THE LAKE AS WATER RESOURCE (1977) 01 

Use rate [m sec] 

	

Industrial water 	 8.91 
Power plant 	 46. 30 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 

12 TOXIC CONTAMINATION : No information (Q2). 

13 EUTROPHICATION 
§ Nuisance caused by eutrophication : Unusual bloom of 111c)1 crsIi 
§ Nitrogen and phoshorus loadings to the lake [t yr']. 1976 (3). 

Sources Industrial 	Domestic 	Agricultural 	Livestock 	Others 	Total 

190 	1,400 	772 	1,132 	448 	3,942 

'F -P 	40 	197 	172 	453 	80 	942 

§ Supplementary notes : Algal blooms in the 70's not as serious in the 80's, perhaps due to intensive 
aquaculture which harvests N and P from the lake (02). 

14 ACIDIFICATION 
§ Extent of damage : Not serious 

U. WASTEWATER TREATMENTS 

J 1 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 (02) 
Percentage 

Non-point sources 
Agricultural, natural and 	 60 dispersed settlements 

Point sources 
Municipal 	 25 
Industrial 	 15 

Total 	 10()00  

J3 SANITARY FACILITIES AND SEWERAGE (Q2) 
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 systems N one. 
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 : 40 140 (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 195 by \JP\VH. Manggahan 
Floodway 80° completed. 1\IP\VH Lake Zoning and Management Plan. ongoing implementa-
tiOn by LLDA. 

M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR UPGRADING 
LAKE ENVIRONMENTS 

M 1 NATIONAL AND LOCAL LAWS CONCERNED 
(1) National Pollution Control Decree, P. D. 984 (1976) N ati nal Pollut ion (ontrol Commission 

M2 INSTITUTIONAL MEASURES 
(I) Laguna Lake Development Authority (1966, as amended by P. 1). 813 in 1975). Lniv. of Life 

Complex, Pasig, Metro Manila 

M3 RESEARCH INSTITUTE ENGAGED IN THE LAKE ENVIRONMENT STUDIES 
Institute of Chemistry, IJniversitr of the Philippines at Los Banns (UPLB) 
Institute of Biological Sciences Limnological Research Station, LPLB 

(3) SEAFDEC. Binangonan Station 

N. SOURCES OF DATA 

(Qi) Questionnaire filled by Dr. Teocloro B. Bactuilat, Laguna Lake Development Authority. 
1\ I ani 1 a. 

(Q2) Questionnaire filled by Dr. Marlito Lanzona Carcliiias, Institute of Chemistry, University of 
the Philippines at Los Baños. 

(1) World Health Organization & Laguna Lake De\ elopment Authority(1978) Final Report. 

10 



A SI -13 

Comprehensive Water Quality Management Program Laguna de Bay. Vol. 1 (Suininai -v Report). 
231 pp. Laguna Lake Development Authority, Manila. 

Muller, M. J. (1982) Selected Climatic Data for a Global Set of Standard Stations for 
Vegetation Science. 106 pp. Dr. W. junk Publishers, the Hague. 

Vvorld Health Organization & Laguna Lake Development Authority) 1978) Final Report, 
Comprehensive Water Quality Management Program Laguna de Bay. Vol. 7(Limnologv of 
Laguna de Bay). Appendix 2. 37() pp. Laguna Lake Development Authority, Manila. 

4) National Census and Statistics Office( 1975) Integrated Census of the Population and its 
Economic Activities. Manila. 

Fernandez, A. L. (1981) Fundamental Study on \lultiohjective Water Resources Planning. 
238 pp.  In partial fulfillment of the requirements for Master's degree in engineering, Osaka 
University, Osaka. 

Annual Report, College of Engineering and Agro-inclustrial Technol(gy, Vol. 21(1982) 
Department of AgromeLeorologv, University of the Philippines at Los i4años, College Laguna. 

Annual Report, College of Arts and Sciences, V(l. 28(1986) Institute of Chemistry. Depart. 
ment of Analytical and Environmental Chemistry. University of the Philippines at Los BaiSos, 
College. Laguna. 
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INAWASHIROKO (LAKE INAWASHIRO) 

A bird -eye view of the whole lake from the south 

Photo Fukoshirna Prefectural Government 
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A. LOCATION 
§ Fukushima Prefecture, Japan. 

3728'N, 140 06'E 514 rn 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 outfiowing 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 KSrivama Basin was completed to give rise to about 301) km of newly 
reclaimed rice fields. One additional channel was constructed in 1915. parallel with the old, to 
supply the city of KOriyama with water for drinking and industrial use. Since the lake surface is 
higher than the land surface of the two basins by about 301 m. many hydroelectric power plants 
have been made along the outflowing river and channels, the electricity being supplied to the 
TOkyo area, 

The lake water is slightly acidic. with a pH value of approximately 500. 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 he 20 m or more in the early 1930's, but recent measure-
ments revealed its diminishing trend. However, the decrease of transparency is not likely to he 
caused by the increase in photosynthetic production, since the concentration of chlorophyll-a has 
maintained a lo\v level around 1 mg m (1). 

C. PHYSICAL DIMENSIONS (Q) 

Surface area [km 2 ] 104.8 
\olume [10 9 rn 3 ] 3. 86 
Maximum depth [m] 91 . 0 
Mean depth [m] 37 
Normal range of annual water 1 o level fluctuation (regulated) [m ]  . 

Length of shoreline [km] 55.3 
Residence time [yr] 3.8 
Catchment area [km 2 J 711 



Depth [ff1] i'vIav 

Surface 11.1 (0.;) 
10 7.1 

20 6.9 

50 5.2 

.Jun 	Jul 	Aug 

12.7 	16.7 	27.6 

12.4 	17.0 	21.2 

11.9 	11.5 	12.1 
6.8 	6.9 	6.5 

Oct 	Nov 

	

17.6 
	

11.5 

	

17.1 
	

11.4 

	

13.7 
	

11.3 

	

6.5 
	

6.7 

Sep 

24.8 

24.1 

13.6 

6.8 
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D. PHYSIOGRAPHIC FEATURES(Q) 

Dl GEOGRAPHICAL 
§ Bathymetric map (Fig. ASI-14-1). 
§ Main islands (name and area) : Okina jima (0.07 1cm 2 ). 

§ Outfiowing rivers and channels (number and names) : 3 (Nippashi R,, Asaka Canal and New 
Asaka Canal). 

02 	CLIMATIC 
§ Climatic data at Inawashiro, 1979-1983 

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

Mean temp. flCl 	-2.1 -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] 	73 	77 	77 102 	106 	106254 150 	109 	110 	97 	81 	1,404 

§ 	Number of hours of bright sunshine (Inawashiro, 1979-1983) : 	19 7 4. 9 hr 

Fig. ASI- 4-I Bathvnietric map (2). 

0 	1 

§ Water temperature [C] 

Station 1, 1985 

§ Freezing period : Not freezing. 
§ Mixing type Monomictic. 
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E. LAKE WATER QUALITY (Q) 

El TRANSPARENCY [m] 
Station 1, 1985 

	

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

	

7.8 	5.3 	10.0 	10.5 	8.0 	8.0 

E2 	pH, Station 1, 1985 

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

0.5 	 - - 	 4.9 4.9 4.8 1.8 1.7 4.9 5.0 
10 	- 5.0 4.9 1.8 1.8 4.7 4.9 5.0 
20 	- - 	 - 	 5.0 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 

E3 	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 1 	- 

20 	- - 	 <1 	<1 1 <1 <1 <1 1 	- 

50 	- 	 - - 	 <1 	<1 <1 <Si <1 <1 <1 	- 

E4 	DO [mg 1 - '], Station 1, 1985 

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

0.5 	- 	 - 	 - 10 10 9.5 8.7 8.5 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 ii 11 11 11 11 

E5 	COD [mg 1'], Station 1, 1985 
Determined by KMnO 4  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 <0.5 <0.5 <0.5 
50 	- 	 - 	 - <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

E6 CHLOROPHYLL CONCENTRATION [,ug 1'], Station 1, 1985 

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

0.5 	-- 	- 	- 	- 	<1 	<1 	<1 	3.0 	2.0 	1.0 	- 	- 

4 
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E7 	NITROGEN CONCENTRATION 

§ 	Total-N [mg 1'], Station 1, 1985 

Depth [m] 	jan 	Feb 	Mar 	Apr May - Jun jul 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 1-'],  Station 1, 1985 

Depth [rn] Jan Feb Mar Apr May Jun 

0 . 5 	 - 	- 	- 	- 
10 	-. 

20 	 - 	- 	 - 

50 	- 	 - 	 -  

Jul Aug Sep Oct Nov Dec 

003 	<0.003 0.005 <0.003 	- 
<0.003 	<0.003 0.005 <0.003 	- 	- 
<U 003 	<0.003 0.005 <.003 

(I0 3 	3.003 0.005 <0.003 	- 	- 

E9 PAST TRENDS 

Fig. ASI-14-2 Trend of transparency at the lake center (3). 

11 

8 

3 
1974 	75 	76 	77 	78 	79 

F. BIOLOGICAL FEATURES 

Fl FLORA(Q) 
§ Emerged macrophytes : PI/ragmites coinmuizis, Zizazzia latifolia, Sen us laClISti7S, S. ifll(CrOnaI/Oe 
§ Floating niacrophytes ,\Stplzar japolucum, IvrVznphozdes  pc/fr/ta, 'I'rapa incise, Brasenia sclirehen. 
§ Submerged macrophytes : Pota;ogcton perloliatus, Hvdrilla zerticillata, Mvrioplz v/lain verticil- 

latuin. 
§ Phytoplankton : Se rue/la roberta, .Svnedra u/na, Horniudium Sn h/i/c. 

F2 FAUNA 
§ Zooplankton Borinina longurostrus, Ploesoina truncates, Lecane sp.. Cyclops sp. (4). 
§ Benthos Cizironoinus /zluinosiis, C/i. hathophilits, Limnodri/us sp. (4). 
§ Fish : Caassius gibe/jo. Leucisczis haP nonsis, Salcelizius leuconuzenis (5). 

F5 FISHERY PRODUCTS (Q) 
§ Annual fish catch in 1985 : 56 [metric tons]. 

11 
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G. SOCIO-ECONOMIC CONDITIONS 
Gi LAND USE IN THE CATCHMENT AREA 	- 	- - 	

Area [km 2 ] 	[%] 
Natural landscape 

Woody vegetation 	 620.0 	87.2 
Agricultural land 

Crop field 	 69.8 	9.8 
Others 	 210 	3.0 
Total 	 710.8 	100.0 

Main types of woody vegetation : Deciduous broadleaf forest (Fagus creilata, Quercus moogolica 
var. grosseserrala, Q. serrata) : subalpine conifer forest (4bies mariesi, Tsuga (ficersilolia) 
pine forest (Pious (kns?Ilora) conifer plantation (Crepiw/icria lapoli/ca, Pious (Iensiflora, Larix 
kaempferi) (6). 

§ Main types of herbaceous vegetation : Glasslanci 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) (Q) 
§ Numbers of domestic animals in the catchment area Cattle 2,829 and swine 560. 

G3 POPULATION IN THE CATCHMENT AREA (1983) (Q) 

Total population 

30,332 

Population density 
- 	[km 2 ] 

42.7 

H. LAKE UTILIZATION (Q) 
Hi LAKE UTILIZATION 

Source of water, sightseeing and tourism (number of visitors in 1983 : 2.285 x I0), recreation 
(swimming, sport-fishing, yachting) and fisheries. 

H2 THE LAKE AS WATER RESOURCE (1983) (0) 

Use rate [in 3  day] 
Domestic water 	 112.896 
Irrigation 	 1 .471.997 
Industrial water 
Power plant 	-- 	 5.832, 000 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 
Ii ENHANCED SILTATION (Q) 

§ Extent of damage : None. 

12 TOXIC CONTAMINATION (Q) 
§ Present status : No information. 

6 
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13 EUTROPHICATION (Q) 
§ Nuisance caused by eutrophication Not any nuisance. 
§ Phosphorus loadings to the lake [kg day - '], 1983 	 - - 

Sources 	Industrial 	Domestic 	- Agricultural and natural 

T-P 	0.441 	1.714 _) •__ ) D_  3. /  

Total 

14 ACIDIFICATION (Q) 
§ Extent of damage : None. 
§ Past trends 

Fig. ASI-I3-3 Past trend of pH (Q). 

Legend 

	

7 	 • Station 1 

	

CL 
6 	 o Tenjin hama 
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	 £ Funazu harbor 

4 

9713 	77 	78 	79 	8C 	81 	•%2 	83 	84 	85 (Fiscal year) 

U. WASTE WATER TREATMENTS (Q) 

U 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (c) Limited pollution with 
wastewater treatment. 

U2 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. 

Hone, S. (1953) A study of the lacustrine terraces of Lake Inawashiro. Geogr. Rev. jap., 26 
550-562 (in Japanese). 
japan Map Center (ed.) (1982) Collection of Maps. on Japanese Lakes (Technical Data of 

National Geographical Institute, L). 1-No. 221). National Geographical Institute, Tsukuba (in 
Japanese). 

Fukushima Prefectural Government (1979) Report of Lake Survey. 208pp. Fukushima (in 
Japanese). 

Research Group of Fukushima University (1980) Study on Nature of Lake Inawashiro, No. 1. 
Fukushima (in Japanese). 

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 \egetation Map, Fukushima. Japan Wildlife Research Center, Tokyo On 
Japanese). 
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TASEK BERA (SWAMP LAKE TASEK BERA) 

On an open water near Pos Iskander 
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A. LOCATION 
§ Pahang State, Peninsular Malaysia. 
§ 305'N, 10238'E ; >30 m above sea level. 

B. DESCRIPTION 
Tasek Bera is an alluvial hlackwater 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 Pei?da;zus shrub or sedges (mostly 
Leironia), 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 ( tncularia in open waters and 
the occurrence of the other insectivores, Necnt1zes 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 catchrnent 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 years, they were given a chance to go beyond their traditional 
subsistence economy by growing rubber trees and wetland rice, which may gradually affect the 
lake environment. 

An integrated ecosystem research on Tasek Bera was carried out during 1970-1971 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 type, 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 phvsiognonw of Tasek Bera as 
a nature reserve (Editor). 

C. PHYSICAL DIMENSIONS (1) 

Surface area [km2 ] 	 61.5 
Maximum depth [in] 	 7 
Mean depth [m] 	 22.5 
Normal range of annual water 	 1 level fluctuation (unregulated) [m] 
Catchment area [krn2 ] 	 ca. 550 
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL 

§ Sketch map (Fig. AS1-15J). 
§ Outfiowing rivers and channels (number and names) : I (Sungai (River) Bera). 

D2 CLIMATIC Q. 2) 
§ Climatic data at Pus Iskander, 1973 (temperature average of several readings during daytime 

on a few days per month) ; 197)) 1972 (precipitation). 

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

Mean tem LCI 	24.6 26.2 27.1 26.1 27.5 27.4 27.4 25.8 25.3 28.3 240 23.9 	26.2 
Precipitation [mm] 	 - 	- 	- 	- 	- 	- 	 2.522 

§ Seasonal distribution of rainfall (1970) (Fig. ASI-15-2), 
§ Solar radiation (Pos Iskander, Jun. 1972Mar. 1973) : 13.6 : MJ m 2 dav' (1). 

Fig. ASI-I5-I Map of the lake and catchment area p. 
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Fig. ASH 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 LCI (2) 
JFMA.4J J 	ASOND 

Pos Iskander (open water), 1971 

Depth [ml 	Jan 	Feb Mar Apr Max Jun Jul Aug Sep Oct Nov Dec 
Surface 23.9 	24.5 25.5 26.7 25.9 25.9 26.6266 25.7 26.3 25.8 2.1.1 

1 	23.8 	21.4 25.3 26.0 25.7 25.7 25.8 25.5 25.2 26.3 25.1. 24.1 
2 	23.7 	21.1 25.3 25.)) 25.7 25.6 25.6 25325.5 26.2 25.)) 24.4 
3 	23.7 	24.3 25.2 -. . -- 25.0 24.1 

- (bottom) 	.6 

§ 	Freezing period 	None. 
§ 	Mixing type : 	Polvmictic. 

E. LAKE WATER QUALITY 

El TRANSPARENCY [ml 
Pos Iskander (open water), 1971 (2) 

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

1.2 	1.5 	1.6 	1.7 	2.0 	1.9 	2.1 	1.8 	2.7 	2.5 	2.2 	2.1 

E2 pH, Pos Iskander (open 

Depth [m] jan Feb 

1.9 
1 	-. 	4.9 
2 	 4.9 
3 	 49 

water). 1971 2) 

Mar Apr May Jun 

4.7 	5.0 	4.9 	5.0 
4 7 	5.0 	4.8 	5.0 
1.7 	5.0 	48 	5.0 
4.8 	- 

Jul Aug Sep Oct Nov Dec 

5.1 	5.0 	1.7 	4.8 	4.8 	4.8 
5.1 	5.1 	4.8 	.4.9 	.1.9 	4.8 
5.1 	5.)) 	4.8 	4.9 	4.8 	4.8 
- 	 1.8 	4.8 

E4 	DO [mg 1 	l. Pos Iskander (open water), 1971 (2) 

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

0 1.36 1.46 1.41 1.31 1.49 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 2.18 2.02 2.23 1.75 
2 1.08 1.15 1.64 1.22 1.88 1.81 2.16 2.41 2.26 2.11 2.07 1.62 
3 1.03 0.93 1.46 -. -- - - 2.41 1.78 
4.5 0.95 - - - - 
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E6 CHLOROPHYLL CONCENTRATION Lug 1 - 1, Sep.- Oct., 1973 
Average and range for open and forest-covered waters : 1.32 (0,70-1.91). 

E7 NITROGEN CONCENTRATION 
Pos Iskander (open water), 1970 1972 [mg 1'] (1) 

Average (range) 	Total-N : 1.12 (0.50 - 2.38) 
NON: 0.11 (0.02-0.29) 
N07-N: 0.008(0.000 - 0.059) 
NH 4 -N: 0.33 (0.00 - 0.77) 

- 	

Organic N : 0.58(0.06-1.53) 

E8 PHOSPHORUS CONCENTRATION 

§ pO.-P [g 1]. Pos Iskander (open water). 19 7 0- 1972 (1) 
Average (range) : 0.021 (0.00-0.065). Nearly depleted in summer and fall. 'I'hc ratio of 

reactive to unreactive phosphorus. 1 21 on an average. 

F. BIOLOGICAL FEATURES (1) 

Fl FLORA 
§ Emerged macrophytes : Pau/anus /zclicobur, LcJl/ronia aiicu/ala, Elcocharis ocIimlachs. 
§ Floating macrophytes : A' 2I)l2oicIcs indira. 
§ Submerged macrophytes : L.'tnicularia (lcxuosa, Cr 	griffith/i. 
§ Epiphytic algae Diatoms (F're'istu/ia rhomboides var saxonic(I, Euro/ia nacgclii) green algae 

(Bu/bochacte J)racIcIi(7f la/a, C1O5/c17u))1 spp., Xaiithidiiuin spp.. SIalut)aStil(nl spp., Dcs)nidium 
spp.) blue-green algae (S/igo)ema j5annitormc, Hapalosi,bhon stub/man;??). 

§ Phytoplankton : Diatoms ( 7ibc//aria feneshata, Eunotia grad/is, F. lunaris, E. robes/a, Erits/u/ia 
rhombo u/cs, Pin ne/aria ma jo;) desmids (Cosmarium woiliformc, C/os/crier; diarae, C. 
grad/c, C. 1/hr//u/a, Hva/olhcca dissi/irns, H. u/ic/u la/a, Micras/eri(ls (u//aria). 

F2 FAUNA 
§ Zooplankton : Claclocera (Alcoa all/air, il gut/ala, Chvdorus spp.. Macrothrx spinosa) ; Rotifera 

(Euch/a;iis di/atata. Co/uurn/a co/eras, Aria/c//a cocl;/narnd : Protozoa (Eugliplia brad; ia/a, 
Diff7ugia spp., ilrcc/1a spp.. Lentrojr'xis ace/ca/a). 

§ Benthos : (In U/rica/a) -ia cnmunitv) chironomicis, Cladoccra, Ostracoda, Ephemeroptera, 
il/Jacrohlachium trompi, Car/dma /hamhild//ai ; ( Bottom) larvae of Diptera (chironomids), 
Ephemeroptcra, Trichoptera and Odonata : Cuslacea (Decapoda), Oligochaeta, Nernatoda. 

§ Fish (relatively abundant near Pos Iskander) : A'otoptnrus no/op/crus, Oxgastnr oxvgas/roidcs, 
Rasbora c/orsicclla/a. Lvc/ociiciiicli I/irs apogon, Pun tuu tctraona, P. fasciatus, Rrvptoptcrus 
hicirrhis, P; -iz/o/c,bis lu/cia/us, A7ui;dus nchu/osus, Be/la Jngnax. Lahioharhus Ju/slira. Tor c/our-
cm is, Botia hvmenojhvsa, Krvptoptcrus Iim/oh. 

§ 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 recorder! from Tasek Bera. Almost all the species 
seem to be indigenous to Peninsular Malaysia. 
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F3 PRIMARY PRODUCTION RATE (1) 
§ Phytoplankton production. Pos Iskander, 1973 

Open water Flowing channel (still) 

Net production [mgC 1'day '] 	0.02-0.07 	 0.01 
Dark respiration [rngO 2  I'day'l 	0.08075 	0. 12-0.64 
Gross production [rngC 1 'day] 	0.07-0.25 	 0.19 

§ Submerged macrophyte production [g (dry vt. ) m 2 dav'] 
Net production rate L117c11(aria f/L'Xlwsa 12 Cnptocorvic giiffith/i 5. 

§ Emerged macrophyte production (LcPironia articulate) [g (dry wt.) rn 2 day ] 
Net production rate 2.24 ; dark respiration rate 2.65 gross production rate 4.89 

F4 BIOMASS 11) 

Open 
water 

U/rica/aria 	Lepironia 
mat 	zone 

Swamp 
forest 

198 110 	- 124 
105 	 - 

0.9 19.9 
477• - 

1.5 

Average biomass 

I'hytoplankton [cell no. 1] 
Utricularia flcxuosa [g (wet \vt.) 1112] 

Crvptocorvne grifiithii [g (dry wt.) 1n 2 ] 

Lc/zroaia (il/ic/f la/a [ ii 

Shrimp (Macrob)-achium & Caridina) 
[g (dry wt.) rn 2] 

G. SOCIO-ECONOMIC CONDITIONS 

Gi LAND USE IN THE WHOLE CATCHMENT AREA (1970's) 1) 

	

Area [km 2 ] 	[%] 

Natural landscape 
Upland forest vegetation 	 ca. 550 	90 
Swamp 	 61 	10 
Open water 	 0.75 	0.1 

Others 	 - 

Total 	 614 	100 

§ Main types of upland forest : Lowland rain forest (mixed Shorca-Dipterocarpus forest), secondary 
forest (produced by shifting cultivation and logging). 

§ Main types of swamp vegetation : Tall swamp forest (ElgL'nia, Elacocarpus, Alstonia, etc.), 
Panclanus lie/icopus thicket, reed (Lepironia articulate) 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 paddy cultivation were recently introduced on a small scale. The 
watershed forests have been cut for commercial timber since 1975, mostly from near the 
swamp. 

6 
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G3 POPULATION IN THE CATCHMENT AREA (1970's) (1) 

Population density 

	

Population 	 Main cities [km -.. ] 

Urban 	 - 	 None 
Rural 	Ca. 700 
Total 	Ca. 700 	 1.3 

* The population consists of aborigines (Sernalai) living on shifting cultivation, collecting 
natural products and fishery. A small number of domestic animals (goats and poultry) 
are also raised. 

H. LAKE UTILIZATION 

Hi LAKE UTILIZATION 
Fisheries and navigation. 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 

Ii ENHANCED SILTATION 
§ Extent of damage : Not serious. 

12 TOXIC CONTAMINATION 
§ Present status : No information. 

14 ACIDIFICATION 
§ Extent of damage : No information. 

J. WASTEWATER TREATMENT 

U 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (a) Pristine lake environ-
ments. 

N. SOURCES OF DATA 

(U Furtado, J. I. & Mori, S. (ed.) (1982) Tasek Bera 	the Ecology of a Freshwater Swamp. Dr. 
W. junk Publishers, The 1-lague-Boston-London. 

(2) The Malaysian IBP (PF) Subcommittee (1972) Data on Malaysian-Japanese IBP (PF) 
Research at Tasek Bera, Malaysia. No. 1. Kuala Lumpur (Mimeograph). 
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SHIKOTSU-KO (LAKE SHIKOTSU) 

Looking southward across the lake 

..... 	.-..... .'Y. 	 ..-. .. 	. 	
.._..._; 	........ 
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JII_. - _- 	'- 	. 

0•.'_._ 

Photo: Hokkaidb Prefectural Government 
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Misi 
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Copyright © John Bartholomew & Son Limited MCMLXXXII. Reproduced with permission. 
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A. LOCATION 
Hokkaidô, Japan. 

§ 42C45CN, 141 - 17'E 248.0 rn 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. Tarurnai. The lake has a mean water depth of 266 in and the 
water volume (21 km 3 ) is so large for its surface area that it rarely freezes in winter, despite an 
average temperature of 5CC.  Thus L. Shikotsu and neighboring L. TSva represent the northern 
boundary of distribution of non-freezing lakes in Japan. 

The lake is typically oligotrophic. A transparency value of 25 in 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 (CLecoriivucliiis ecika) transplanted from L. Akan. Between 
1973 and 1979, however, the maximum and average transparency still amounted to 38.5 m and 20 
m, respectively, indicating that the water quality has been fairly stable during the past 50 yeir s. 

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-TOya National Park. 

C. PHYSICAL DIMENSIONS (Q) 

Surface area [km 2 ] 7 (S . 8 
Volume [10 rn 3 ] 20.95 
Nlaxirnurn depth [iii] 360.1 
Mean depth [m] 266 . 0 
Length of shore line [krn] 10.3 
Residence time [yr] 51.2 
Catchment area [km 2 ] 223 
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D. PHYSIOGRPHIC FEATURES 

Dl GEOGAPHICAL (Q) 

§ Bathymetric map (Fig. ASI-16-1). 
§ Main islands None. 
§ Outfiowing rivers and channels (number and names) : 1 (Chitose R.). 

Fig. ASI-16-I Bath metric map 1). 

0 	1 	2 	3KM 

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 

Meantemp.[°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 1767 

§ Number of hours of bright sunshine (Tomakornai, 1973-1982): 	1,982 hr vr. 

§ Water temperature 1°C] (Q) 
Station 1, 1981-1983 

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

0 	 - 	- 5.5 12.0 20.1 	- 12.4 7.7 5.8 

20 	- 	 - 5.0 9.3 	- 10.0 12.1 7.8 5.1 

§ Freezing period : Not freezing. 

E. LAKE WATER QUALITY 

El TRANSPARENCY [m], Station 1. 1981-1983 (Q) 

Jan Feb Mar Apr May Jun_-  Jul Aug Sep Oct Nov Dec 

- 	- 	- 	- 	15.5 17.8 	- 	21.3 	- 	12.8 19.8 21.3 
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E2 pH, Station 1, 1981-1983 (Q) 

Depth [m] Jan Feb Mar Apr May Jun Jul 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 

E3 SS [mg 1'], Station 1, 1981-1983 (Q) 

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

<1<1<1 
20 	 - 	1 	<1 	1 	<1 <1 <1 

E4 DO [rng I ], 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 	Ii 	- 	10 	10 	11 

E5 COD [mg 1], Station 1. 1981-1983 (Q) 

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

0 	 0.5 	0.6 	0.6 	0.9 	0.6 	0.6 
20 	- 	- 	- 	0.5 	0.7 	0.7 	0.9 	0.6 	0.7 

E7 NITROGEN CONCENTRATION 
§ Total-N [rng 1], Station 1, 1981-1983 (Q) 

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

0 	- 	- 	- 	- 	<0.05 <0,05 	<0.05 	<0.05 <0.05 <0.05 

E8 PHOSPHORUS CONCENTRATION 
§ Total-P [mgi'], Station 1, 1981- 1983 (Q) 

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

0 -- 	- 	- 	- 	- 	<0.005 <0.005 	- 	p0,005 	- 	:0.005 <0.0050.005 

E9 PAST TRENDS 

Fig. ASI-16-2 Trend of transparency (3). 
46 
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F. BIOLOGICAL FEATURES 

Fl FLORA 
Phytoplankton : Cyclote/fri spp., l,'/zaerocstis schroeteri. 

F2 FAUNA 
§ Zooplankton Acanthodiaptomus paciffrus, Daphnia longispina. 
§ Benthos: Ephemeridae spp.. Chironomidae spp.. Phrvganeidae spp. 
§ Fish : Salz'e/inzis ieucoinaenzs, Oncorhvnchus nerka, Cottus noiu'ae. 

F5 FISHERY PRODUCTS 
§ Annual fish catch in 1983 : 36, 575 individuals vr' 

G. SOCIO-ECONOMIC CONDITIONS 

Gi LAND USE IN THE CATCHMENT AREA (Q) 

Area [km 2 ] 	[%] 
- 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 (Beta/a ermanil, Quercus mongo/ica 
var. grosseseurata, Acer mono, Ti/ia japonica) ; evergreen conifer forest (P/eec jeoensis, Abler 
sacha/inensis) mixed evergreen conifer/deciduous broadleaf forest scrub (Qeercus moo- 
go/icc var. undulatifolui) evergreen conifer plantation (P/eec je2oeiisis, Abler sachalineisis) (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 
[yen] 	establishments 	main kinds of industry 

Primary industry 

Fisheries 	 N.A. 	 N.A. 	Kokanee salmon,  rainbow trout 
Secondary industry 

Mining 	 3.4x 10 	 N.A. 	Gold, silver 
Tertiary industry 	- 	N.A. 	 44 	Hotels, souvenir shops 

G3 POPULATION IN THE CATCHMENT AREA (1982) Q) 

Population density Population 	 Main cities [km] 

Total 	 340 	1.53 	None 

H. LAKE UTILIZATION 

H 1 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 

Ii ENHANCED SILTATION: No information. 

12 TOXIC CONTAMINATION: No information. 

13 EUTROPHICATION: No information. 

14 ACIDIFICATION: No information. 

U. WASTEWATER TREATMENTS 

U 1 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 : I. 

M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR 
UPGRADING LAKE ENVIRONMENTS 

M 1 NATIONAL AND LOCAL LAWS CONCERNED 
For national laws see Biwa-ko". 

N. SOURCES OF DATA 
*Pr inted in Japanese. The title are tentatively translated into English. 

(Q) Questionnaire filled by the Prefectural Govenment of I Iokkaiclo. 
Japan Map Center (ed.) (1982) Collection of Maps on Japanese Lakes (Technical Data of 

National Geographical Institute, Drn1-No. 221). National Geographical Institute, T suk uha. * 
Uchida, E.. Asakura, T. & Kawamura. T. (ccl.) (1983). Meteorological Data of Japan. 

1060pp. TOyO-keizaishinpO-sha, TôkO . * 
Imada, K., Ito, T., Yoshizurni, Y., Awakura, T. & Yonekawa. T. (1980) Fluctuations of 

transparency, COD and several dissolved ions in Lake Shikotsu (1973 1979). Sci. Rep. Hokkaido 
Fish Hatchery, 3)3 : 21 24 . * 

Environment Agency (1981) The 2nd National Survey on the Natural Environment (Vegeta-
tion). Actual \egetation Map. Japan Wildlife Research Center. Tôkyô. 

6 
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TOYA-KO (LAKE TOYA) 

Western part of the lake with Usu Volcanos 

Ptioto: A. Kurata 

110 ,  
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A. LOCATION 
§ Hokkaidô. Japan. 
§ 236'N, 14051'E; 84 m above sea level. 

B. DESCRIPTION 
Lake Ta is a caldera lake in the western part of Shikotsu-Tôva National Park in southern 

HokkaidO. There are TOva 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 sediment s. 

There are some 30 inflowing streams, but their discharge rates, are very small except that of 
R. Horobetsu. R. SOhetsu is the sole outfloving river. Since 1937. however, P. Oru became a new 
outlet through the diversion of the lake water for hydroelectric power generation and flood 
Control. 

The lake water became acidic since 1937 owing to the inflow of mining \vastewater until pH 
5 is 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 (Q) 

Surface area [km 2 ] 

\olume [1 0m] 
1\Iaximum depth [in] 
Mean depth [m] 
Water level 
Length of shoreline I kinj 
Catchment area [km 2 ] 

76. 4 
8.19 

1 7 9 
116 

Regulated 
36 

173 
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL (Q) 

§ Sketch map (Fig. ASI-17-1). 
§ Main islands Naka-jima, Kannon-jima. 
§ Outfiowing rivers and channels (number and names) : 2 (Sôhetsu R., Water Intake). 

D2 CLIMATIC (Q) 

§ Climatic data at Otaki, 1982-1983 

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

Mean temp. [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 

Precinitation ImmI 	113 	69 	71 	177 	79 	128 	58 	162 	119 	219 	124 	94 	1,413 

Fig. ASI-17-I Sketch map of the lake (Q). 
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§ Water temperature rd 
Station 1, 1981-1983 

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

0.5 	 4.7 	7.8 	11.4 22.4 	- 	20.8 15.2 	- 	- 
5 	- 	- 	4.2 	7.3 	11.8 19.7 	20.5 14.7 	- 

§ Freezing period : Not freezing. 
§ Mixing type : Dimictic. 

E. LAKE WATER QUALITY (Q) 

El TRANSPARENCY [m], Station 1, 1981-1983 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
- 	- 	10 	11 	13 	20 	13 	8 

E2 pH, Station 1, 1981-1983 

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

0.5 	- 	- 	- 	6.5 	6.5 	6.6 	6.6 	- 	6.8 	6.4 
5 	 - 	6.4 	6.6 	6.7 	6.6 	6.7 	6.5 	- 	- 

E3 SS [mg 1-1 Station 1, 1981 1983 

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

0.5 	 - 	<1.0 	1.0 1.0 	1.0 	- 	1.0 	3.0 	- 
5 	 1.0 <1.0 1.0 	<1.0 	1.0 	2.0 	- 

E4 DO [mg 1 - '], Station 1, 1981-1983 

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

0.5 	 - 	12 	11 	10 	8.4 	- 	9.3 	9.8 	- 	- 
5 	 - 	12 	11 	11 	9.8 	9.3 	9.8 	- 

E5 COD [mg 1 - '], Station 1, 1981-1983 

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

0.5 	- 	- 	- 	<0.5 <0.5 <0.5 0.7 	0.7 	1.1 	- 	- 
5 	- 	-<0.50.60.70.7 	- 	0.9 	1.0 	-- 	- 

E7 NITROGEN CONCENTRATION 
§ Total-N [mg l]. 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 	- 	- 



V(/oodv vegetation 
Agricultural land 
Residential area 
Others 
lotal 

333.1 92.1 
19.9 5.5 
2.8 0.8 
5.8 1.6 

361.9 100.0 
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E8 PHOSPHORUS CONCENTRATION 

§ Total-P [mg 1_I], Station 1, 1981-1983 

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

0.5 	 -- 	<0.005<0.()5 K0.005 <0.005 	<0.005 <0.005 	- 

F. BIOLOGICAL FEATURES 

F2 FAUNA 
§ Fish Sahno ;2erI?(/, Salmo mvkiss. Zacco pla/J)z(s, Cvprinus carpio, Caiassius gbe1io 1(lngsdorfi, 

Louciscus (Triboloc/on) czou. Hjonzcsus olidus. 

G. SOCIO-ECONOMIC CONDITIONS 

Gi LAND USE IN THE CATCHMENT AREA (1983) (Q) 

Area [km2] 	[0/] 

M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR 
UPGRANDING LAKE ENVIRONMENTS 

M 1 NATIONAL AND LOCAL LAWS CONCERNED 
For national laws see Biwa-ko'. 

N. SOURCES OF DATA 

(Q) Questionnaire filled by the Prefectural Government of HokkaidO. 
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SAGAMI-KO (SAGAMI RESERVOIR) 

A lake view from the eastern shore 
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A. LOCATION 

Kanagawa Prefecture, Japan. 
3536N, 139 11'E 167 in above sea 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 HonshU. The drainage basin of the lake is 
therefore large for its size, having more than 301 times the surface area of the lake itself. \Vith 
an effective storage of some 18 million tons, water for city 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 hydroelectric 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 observed at depths corresponding. respectively, to the 
bottom of normal mctalimnion and the level of subsurface outlet. The inflowing river water 
forms a continuous density current leading to the subsurface discharge between these two thermo-
dines. Most of the inflo\ving nutrients may therefore not be available for biological production 
during this period. 

In spite of such hvdrographical constraints, the large amount of nutrient loading from the wide 
drainage basin has furthered the progress of eutrophication in .agami-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 \vater. To suppress the bloom of 
AJzcrocvIzs, which has appeared every summer since 1967, a device for vertical water mixing and 
aeration is being tested, together with other measures (1). 

C. PHYSICAL DIMENSIONS 

Surface area [km] - 
\olume [1( ) 3 m] 
Maximum depth [m] 
Mean depth [m] 
Normal range of annual water 
level fluctuation (regulated) [m 
Length of shoreline [km] 
Residence time Lyr 
Catchment area [lini 2 ] 

3.26 
(iS. 2 

It-) 

S iloloyl 1985 

31.1 
S 

1.e64 
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL 
§ Bathymetric map (Fig. ASI-18-1). 
§ Outflowing rivers and channels (number and names) : 1 (Sagami R). 

02 CLIMATIC 
§ Climatic data at Tsukui (temp.) and Sagami-ko (precipitation), 1983 1985 (Qk. 3). 

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

Mean temp. [C] 	0.6 0.9 5.1 12.6 19.9 19.6 24.0 26.5 22.0 15.1 8.9 1.8 	12.9 
- Precipitation [mm] 32116 104 144 	87 	274 138 228 132 100 	63 	23 	1,441 

§ Number of hours of bright sunshine (Ehina. 1983-1985) : 2,235.7 hr vr 	(Qk, 3). 

Fig. ASI-18-I Bathymetric map (2). 

§ Water temperature [C] 
Station 1, Apr. 1983-Mar. 1986 (Qk) 

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

6.1 
5.9 

6.6 
6.2 

8.7 	12.8 
7.)) 	9.2 

18.1 
11.1 

19.8 
12.8 

24.1 
11.4 

25.1 
14.7 

20.7 
15.6 

16.7 
15.1 

12.0 
11.3 

8.7 
8.5 

§ Freezing period : None. 
§ Mixing type 1'vionc)mictic. 
§ Thermocline formation : jun-Oct 

E. LAKE WATER QUALITY 

El TRANSPARENCY [m], Station 1, Apr. 1983 Mar. 1986 (Qk) 

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

3.1 	1.7 	1.6 	1.8 	1.2 	1.8 	1.6 	1.5 	1.3 	1.9 	2.6 	2.7 
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E2 pH, Station 1, Apr. 1983-Mar. 1986 (Qk) 

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

Surface 	7.6 	7.3 	7.5 	8.0 	9.0 	8.1 	9.7 	8.7 	8.9 	8.1 	7.6 	7.6 

E3 SS [mg 1'], Station 1, Apr. 1983 Mar. 1986 (Qk) 

Depth 	jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Surface 	2 	2 	4 	4 	7 	8 	3 	5 	6 	3 	3 	2 
Bottom 	3 	3 	5 	7 	8 	6 	4 	15 	11 	10 	4 	3 

E4 DO [mg 1], Station 1, Apr. 1983 Mar. 1986 (Qk) 

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

Surface 	9.7 	9.8 	9.6 	10.8 12.9 12.1 13.7 11.1 	13.3 	9.9 	9.7 	9.5 
Bottom 	9.6 	9.4 	7.7 	9.4 	3.2 	2.8 	4.0 	3.1 	2.2 	7.1 	9.3 	9.5 

E5 COD [mg 1H,  Station 1, Apr. 1983 Mar. 1986 (Qk) 

Depth 	Jan Feb Mar Apr May Jul) Jul Aug Sep Oct Nov Dec 

Surface 	2.1 	1.9 	2.1 	2.7 	3.6 	4.2 	4.4 	3.2 	5.4 	2.4 	1.9 	1.6 
Bottom 	2.1 	1.8 	2.2 	2.0 	1.9 	2.3 	1.6 	2.2 	2.1 	2.1 	1.7 	1.4 

E6 CHLOROPHYLL CONCENTRATION {mg m 3],  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 	58 	9.7 	9.9 	1.3 

E7 NITROGEN CONCENTRATION 
§ Total-N [mg 1 '], Station 1, Apr. 1983 Mar. 1986 (Qk) 

Depth Jan Feb Mar Apr Nlav Jun Jul Aug Sep Oct Nov Dec 
Surface 1.5 1.4 1.5 1.3 1.3 1.3 1.1 1.3 1.1 1.2 1.4 1.4 
Bottom 1.5 1.6 1.5 1.3 1.4 1.4 1.3 1.3 1.4 1.5 1.3 1.4 

E8 PHOSPHORUS CONCENTRATION 
§ Total-P [mg 1 '], Station 1, Apr. 1983 Mar. 1986 (Qk). 

Depth jan Feb Mar 	Apr 	May jun Jul Aug Sep Oct Nov 	Dec 

Surface 0.110 0.120 0.110 0.085 0.076 0.081 0.067 0.056 0.077 0.065 0.096 0.100 
Bottom 0.110 0.120 0,097 0.071 0.065 0,068 0.078 0.072 0.078 0.078 0.093 0.110 

-1 
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E9 PAST TRENDS 

Fig. ASI- 18-2 Trend of transparency and pH (annual mean, Station 2) (Qk. 
pH TransparenCy 

0 	
.-----* Trarnspsronot 	-. p11 Upper layer 	 - 	pH I..er layer 

2,0 
10.0 

4.0 

8.0 

512 
0.0 

4.0 .1 80 . 0  

1976 	77 	78 	79 	97 	81 	87 	83 	94 	65 

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) 

Fl FLORA 
§ Emerged macrophytes None. 
§ Floating macrophytes : None. 
§ Submerged macrophytes : None. 
§ Phytoplankton : Microcvstis at) /1/os(/. SIcp/ai odiscus hantz,ohii. FragiI(iIia ,rotono;zsis, vmdra 

iCiIS, Crc/ole/la spp. 

F2 FAUNA 
§ Zooplankton : Acllzcot?a loiigisjaaa, Dapli;iia /gisJi;ia. 8vachacta spp.. P/otsoma sp. 
§ Benthos : Fuhificids, Chironomids ( i7airpus sp., C7i/roaoa71(., 57 ota 
§ Fish : JIrboiaesus fibs, Carassiiis citcieri, Zacco lI"l7P'(. 1.17(c/s(wy Iia/oi;iis. 

F3 PRIMARY PRODUCTION RATE 

Fig. ASI- 18-5 Primary production rate (i\lav, 978-Mar,. 1979) (6). 

2 3 4 	
Production or respiration rate [g02m 3 day 1 ] 

3 rB. R. 

P. 

C.R. Community respiration 	P Gross production 
Sacterial respiration r 1 

0 	N D 	
F 

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 

Gi LAND USE IN THE CATCHMENT AREA (1983) (Qk. Qv) 

Area 1kiii 	[ 0 ] 

Natural landscape 	 931 	87.5 
Agricultural land 	 19 	4.6 
Residential area 

7 . 9 
Others 	

84 

Total 	 1.064 	100.0 

§ Main types of woody vegetation : Deciduous broadleaf forest Qucrcus scirafa, Q. acutissinla, Q. 
)noni2l107 var. grosscscrrala, Caslane(I (') -ena/a) pine forest (Pinus dc;zsitlora) : conifer planta- 
tion (Pinzs bensiflora. Crr,ttoincria iaonica. CIza/naec'inn7s oh/nsa. Larv J'aempferi) (7. 8). 

§ Main types of herbaceous vegetation Grasslands and \veeds (7, 8). 
§ 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 (1980) (9. 10. 11) 

Gross precinct 	No. of 
per year Iveni 	persons 	No. of 

(160\ en 	Si 00) 	eng iged 	establishments 

Primary industry - 
Crop plTOdUCtiOfl N.A. 5,039 N A. 
Animal husbandry N.A. N.A. N.A. 
Fisheries N.A. N.A. N.A. 
Others N.A. 449 N.A. 

Secondary industry 1, 558 < 10 30,547 6,590 
Tertiary industry N.A. 46,602 9,303 

Numbers of domestic animals in the catchment area (1983) : Cattle 1,60)), swine 4.300, poultry 276,000 
(Qk. Qv). 

G3 POPULATION IN THE CATCHMENT AREA (1985) (Qk. 12. 13 

Population 	Population density 	 Main cities 
[km -] 	 (population) 

Urban 	122,900 	 Fujiyoshida (5/1 .800) 
Rural 	77,400 	 Ohtsuri (34 900) 
Total 	200,300 	188.3 	 Tsuru (33200) 

H. LAKE UTILIZATION 

H 1 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 (1985) (Qk) 

Doniestic water 
Irrigat 0)11 

Industrial water 
Power plant 

Use rate [m 3 sec] 

10.34 
4.16 
2.15 

85 (31.000 k\v hr -) 

I, 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 13.4110,0)))) 

iii (21 percent of total pondage). The sedimentation rate is estinìatecl to he ahout 350 ni kiii 2  
yr 

P1 
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12 TOXIC CONTAMINATION 
§ Present status : None. 
§ Main contaminants, their concentrations and sources 

Station 1. 1985 (Qk) 

N arne of Range of C( )ncentration [ppm] 

contaminant Water - 

Cd <0.002 
CN. Organic P. 

ND 
PCB, A1kYI-Hg 
Pb <0.02 
Cr (III) <0.05 
As <0 . 02 
Total Hg <0.005 
CNP <0.00()01 

§ Environmental quality standards for contaminations in the lake 
Cd: <0.01 mg U', CN: ND (<0.1 mg 1), Organic P: ND (<0.1 rng U'), Pb: <0.1 mg U'. 
Cr (IV): <((.05 mg 1 - '. As: <03)5 mg U'. Total Hg: <((.1)1)5 mg U. 
Alkvl Hg: ND (<0.0005 mg 1'), PCB: ND (<0.001)5 rng U '). 

13 EUTROPHICATION 
§ Nuisance caused by eutrophication : Unusual algal bloom ) .iIc) -o( , Iis aiuginosa), disturbed 

filtration in cleaning beds, foul smell of tap water. 
§ Supplementary notes : To suppress the bloom of JIicrocstis. a device for intermittent aeration 

and vertical water mixing is being tested. 
Records of Microcys/is bloom in Lake Sagami. 

Year 	Blooming period 	Max. cell no. [ml- 1]* 	 Note 

1967 	Aug-Sep 	 2,200 	 First observation 

1968 	Aug 	 380,000 

1969 	Aug-Sep 	 1 .500 

1970 	Aug 	 380 

1971 	May-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 	 18)). 000 	 A floating fence was built to 
prevent algal dispersion 

1976 	jun-jul 	 1,200,001 

1977 	jul-Aug 	 2,000,000 

1978 	Jul Sep 	 130,000 

1979 	Jul Oct 	 2,500,000  

* Surface \Vater. 	 (Compiled from the data of Kawasaki Municipal \\aterworks  Bureau) 

14 ACIDIFICATION 
§ Extent of damage : None. 

J. WASTEWATER TREATMENTS 

U 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (c) Limited pollution with 
vaste\vater treatment. 

8 
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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 S stems I (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 

M 1 NATIONAL AND LOCAL LAWS CONCERNED 
§ Names of the laws 

For national laws see "Biwa-ko". 
12) Kanagawa Prefectural Pollution Control Ordinance (1978) 
(3) Yamanashi Prefectural Pollution Control Ordinance (1975) 

§ Responsible authorities 
0 Kanagawa Prefectural Government 
(3) Y amanashi Prefectural Government 

§ Main items of control 
Permit system for construction of industrial premises, control of fluegas and \vastewater 
Permit system for construction of industrial premises, control of smoke and soot, and 

Wa stew at er 

M2 INSTITUTIONAL MEASURES 
Water Quality Preservation Section, Department of Environment, Kanagawa Prefectural 

Government, Yokohama 
Public Nuisances Control Center of Kanagawa Prefecture, Yokohama 
Preservation of Environment Section, Department of Livelihood, Yamanashi Prefectural 

Government, Kôfu 

N. SOURCES OF DATA 

* All printed in Japanese. 
(Qk) Questionnaire filled by Kanagawa Prefectural Government. 
(Qy) Questionnaire filled by Yamanashi Prefectural Government. 

Mon. K. (1970) On the depth of inflowing layer of river water in the Sagami Reservoir. Jap. 
J. Ljl., 31: 111-128. 

Ishihashi, T. (1978) A research on sediment and its contents in Lake Sagarni. J. Waterworks, 
3. 

Yokohama Local Meterological Observatory (1986) Monthly Report of Meteorology in 
Kanagawa Prefecture (1983-1985). 

Shiraishi, H. & Fukushima, S. (1949) Report of the Studies on Sagami-ko (a Man-made Lake), 
I. Freshwater Fisheries Research Laboratory, Fisheries Agency. 

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-
ies Agency. 

Maeda, S. (1982) The bacterial mineralization of organic matter in Lake Sagami. Jap. J. 

9 
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Limnol., 43 : 88-95. 
Mivawaki. A., Suzuki, K., Okuda, S., Fujiwara, K., Mino\va, P., Tlarada, H., Sasaki, Y., 

Nakamura, Y., Ohyama, H., 1-lotta, K., Kimura, M., Oga\va. V. & Yamada. Al. (1977) Vegeta-
tionskarte der Präfektur Yamanashi. Yamanashi Prefectural Government. Kôfu. 

Environment Agency (1982) The 2nd National Survey on the Natural Environment (Vegeta. 
tion), Actual Vegetation Map, Kanagawa Prefecture. Japan Wildlife Research Center, Tokyo. 

Research and Statistics Department, Minister's Secretariat, Ministry of International Trade 
and Industry (1985) Census of Manufactures for 1983, Report by Cities, Towns and Villages. 

(11) Statistics Bureau, Prime Minister's Office (1982) Population Census of Japan for 1980. Vol. 3, 
Part 2 14, Kanagawa Prefecture ; 19,Yamanashi Prefecture. 

Statistics Bureau, Prime Minister's Office (1982) Establishment Census of Japan for 1981. Vol. 
2, Results for Prefectures (Cities. Wards, Towns, Villages). 

Statistics Bureau, Prime Minister's Office (1986) Population Census of Japan for 1985, Vol. 2. 
Part 2 19, Yamanashi Prefecture. 

Statistics Bureau, Prime Minister's Office (1986) Population Census of Japan for 1985, Vol. 2. 
Part 2 11, Kanagawa Prefecture. 
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BUNG BORAPHET (BORAPED RESERVOIR) 

Fishing boats on the lake 

- 	

- 

	

9 	Dan 	 phun
Phan 

B 4'hrom 	 B 
°NakI4 Thai --) 	7unhawap 	B. Na BaR 

P.  Miung \ 	rD 
-  2,I6' 	 B.raaong UB4i)Taj2a a  

	

g 	 mPhonIç 

	

aeng 	. Phe(chbi&- 	Chu-PJa 	r;L 
SRI  

hic t C 	aen 	
0 IChon K cry 

f
0/B
i Rc  

	

vain 	Tha Rong, j Chalyaphu 	 Cha T 

Phayuh:khiri 	
amfl 	

B Ph4 	
n'Jong Waen 

iar 	 _ —Chatiurat 

flao f8uaCIpa 	- —. - 	 ha 	Dodg Phroyo C  
- aan 	YW fl 	akto 

Heinz &y 	laurglJ41g 	 - 	
¶1 BnTt 	 ''''" 	1 aSai 

lenzeIs? 	lISo 	 Suphan 	 - 	 ar But 	
Ban Bum 	DaengMut 

9 ule 	sokThong0 	Ratch 	Ytt h Nayok  _ g amuZanaE J  

naue IV'M 	 n wut 
Kawrnnvn 	0 	50 	100 	ISO 	200 	250 	300 KIometres 

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



ASI-119 

A. LOCATION 

§ Nakhon Sa\van Province, Thailand, 
§ 15 50'N, 10)) DYE 23, in above sea level. 

B. DESCRIPTION 
Bung ( big pond) Borapeci is a half man-made reservoir originating from a natural retarding 

basin situated close to the city of Nakhon Sa\van. where the tw rivers ,\Iae Nam Nan and Mae 
Nam Ping, unite into Mae N am Chao Phrava (sometimes err()ne(uslv called the Menam River. 
The lake area had been a vast retarding basin km wn as the B raped F\vamp. which formed a big 
lake of 600 km 7  in seasons of high water level while turning into a grass-covered plain with 
scattered ponds and swampy depressions during the dry season  -\dam was built at the head of 
the main outflotving channel (Klong Boraped) by the Fishery Department of Thailand in I926 :u 
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 U (6 k111 7  at the spill level, but ii 
varies extensively owing to the water level fluctuation, amounting to as much as km 7  in time 
of floods. 

The majority of some 3)),()0(( pe pIe living ar und the lake gain their livelihood from b tb 
farming and fishing. Since the lake is the largest s urce f fishery pn ducts for central 'I'bai land. 
the Nakhon Sawan Fishery Station was established at Klong Boraped for the study of fish biology 
and for stockmg the lake with artificially grown fry. Bung B()raped and surrounding vampv 
areas form one of the non-hunting nature reserves established by the Royal Thai Forest Depart-
ment. Two development projects have been drafted for t lurism develi ipment, upgrading 
aquaculture and utilizing the lake as sources of irrigation and di mestic water supply Q, 1. 2. 5 

C. PHYSICAL DIMENSIONS 

Surface area Lkini 
\olume [10 ,3 1111 

Maximum depth [m] 
Mean depth Lmi 
N ormal range of annual water 
level fluctuati in ) Regulatec) [ml 
Length of shoreline [km] 
Ca tchment a re I k nU ] 

156 - 

j 

I L5 

Max. 6 1  5. mm. 5? 
1 - 
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL 
§ Sketch map (Fig. ASI-19-1). 
§ Outflowing rivers and channels (number and names) : 1 (Kiong Boraped). 

D2 CLIMATIC (Q) 
§ Climatic data at Nakhon Sawan, 1951-1970 

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

Mean temp. [CI 	24.9 27.7 30.2 31.4 30.5 29.4 28.9 28.5 28.0 27626.3 24.4 	28.2 
Precipitation [mm] 	12 	25 	43 	72 	141 	134 	144 	167 	264 	152 	30 	6 	1,187 

Fig. ASI-19-I Sketch map of Bung Boraped and its drainage basin (1>. 

\' 

14 

Nakhon 
Sawan 

8ungBoraped 	 rai 

) 	
pai sail 

2 
Phayuha Khiri 	) ) 	 N 

\) 	 I 

• 	Darn and Fisbery Station 

• 	Meteorological station 	 0 	3 lOKU 

Drainage basin boundary 

§ Water temperature LC] (2) 
Open water area. 1975 

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

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 Polvmictic. 
§ Thermocline formation Not formed. 

E. LAKE WATER QUALITY 

El TRANSPARENCY [ml 
Open water area, 1975 (2) 

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

1.4 	1.7 	1.2 	1.8 	1.5 	1.3 	1.3 	1.1 	1.1 	1.3 	1.2 	1.2 

3 
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E2 pH, 1975 (2) 

	

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

	

Surface 	7.6 	7.4 	7.47.07.47.07.27.3 	6.7 	6.6 	7.0 	6.9 

E3 SS [mg 1 - '] 
SS of surface water, average of five sampling points. 1981 : 14.8 (Jul.),  2.0 (Aug.) (1). 

E4 DO [rng 11],  1975 (2) 

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

	

Surface 	8.0 	8.0 	8.0 	6.0 	8.0 	7.0 	9.0 	8.0 	3.0 	8.0 	8.0 	7.0 

	

Bottom 	7.0 	5.0 	7.0 	6.0 	6.0 	6.0 	9.0 	7.0 	3.0 	8.0 	7.0 	7.0 

E5 COD [mg 1'] 
Determined by KMnO 4  method. 
COD of surface water, average of five sampling points, 1981 : 10.5 (Jul.). 22.4 (Aug.) (1). 

E6 CHLOROPHYLL CONCENTRATION: No information. 

E7 NITROGEN CONCENTRATION 1mg l - 'J 
Surface water, average of five sampling points, 1981 (1). 

§ NH 4 -N : 0.50 (Jul.),  0.01 (Aug.). 
§ Org-N: 1.5 (Jul.),  1.0 (Aug.). 

E8 PHOSPHORUS CONCENTRATION 
§ PO 4 -P [mg l'], 1975 (2) 

	

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

	

Surface 	0.07 0.10 0.13 0130.07 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) 

Fl FLORA 
§ Emerged macrophytes : Plzraginile.s' karka, Colocasia esculc;i/a, Nc/zimho nucifera, Coix aquatica, 

Isachne globosa, Leesia hexancira. 
§ Floating macrophytes : Sa/vinia cucu/lata, Eichliornia cassiLs, Pistia stmatiote,s, Nvmphaea s/e/ 

lata. 
§ Submerged macrophytes : Utricularia fleximosa, Potamogeton sp.. Hvdri//a rertici//ala, Na jar 

gralnin ea, Ceratoph v//urn de;nersum. 
§ Phytoplankton : .Sphaerozosma vertebra/urn, Oedogonium sp., Micras/cnias .fo/zacea, Svnedra u/ma. 

Volvox auivus. 

F2 FAUNA 
§ Zooplankton : Bosmina excisurn, Bo.sminopsis deitersi, Ileliodiaptomus kikuchii, Keratella va/ga 

(5). 
§ Benthos : Chironomids, Oligochaeta, Mollusca (Ensidens inga//sianus, ('nio thaiensis, Corhicula 

larnaudieri, C. petiti, It[ekongia hainesiana), Crustacea (including a big prawn, Macro hiachiu)11 
rosenbergii) (5). 

§ Fish : Prislo/epsis fasciatus, Noto,bterus notobterus, Os/eochei basset/i, Ham pa/a micro /epidota, 
A rnbasis siamensis, Cvciochcilichthvs arma/us, Mvstus ri/ta/us, Opluocephalus s/na/us, C/upeoicle,c 
hypse /oso ma, Lahio ha rhus tin ia/us (5). 

4 
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F3 PRIMARY PRODUCTION RATE: No information. 

F4 BIOMASS [gm](Q) 
Wet weight 	Dry weight 

Phvtoplankton 	 146.0 x 10 	 0.143 
Zooplankton 	 215.3 \ I 0 	 0.104 
lotal Biomass 	 0.247 

§ Population density (open water area, Sep-Nov.. 1981) (1). 
Phvtoplankton 4,847.5 [1- 1]  zooplankton 76.5 [1_ 1 ] benthos 248 [rn1. 

F5 FISHERY PRODUCTS 
§ Annual fish catch in 1975 : 723,01 [metric tons] (2). 

G. SOCIO-ECONOMIC CONDITIONS 

Gi LAND USE IN NAKHON SAWAN PROVINCE* (1980) (1) 

Area [knY] 	1%1 
Natural landscape 

Woody 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, soybean, 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) 

Number of persons Number of Main Products 
and main kinds engaged establishments of industry 

Primary industry - - 	 - 

Agriculture 521,800 N.A. 
Secondary industry 

Manufacturing 114.900 831** Sugar, cement, 
matches 

Mining 6,437* N A 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 PROVINCE (1980) 

Population density Population 	 [krn2] 

979,200 	 92 . 19* 	-- 

Main cities 
(population) 

Nakhon Sawan (86,000) 

* Population density for the subdistricts around Bung Boraped 153.8 km 2  

H. LAKE UTILIZATION 

Hi LAKE UTILIZATION (Q) 
Sources of water, fisheries, navigation and tourism. 

H2 THE LAKE AS WATER RESOURCE(Q) 
Domestic : 300 m 3  dav 1  (1980). 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 

Ii ENHANCED SILTATION (Q) 
Extent of damage : Not serious. 

§ Supplementary notes : Heavy rainfall in the later part of the year and resultant soil erosion 
cause high turbidity of water and reduction of plankton, benthos and fish populations. 

12 TOXIC CONTAMINATION: No information. 

13 EUTROPHICATION (Q) 
§ Nuisance caused by eutrophication : Foul smell of tap water. 

14 ACIDIFICATION: No information. 

J. WASTEWATER TREATMENT (Q) 

U 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (f) Limited pollution with-
out wastewater treatment, 

U2 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). 

6 
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M. LEGISLATIVE AND INSTITUTIONAL MEASURES 
FOR UPGRADING LAKE ENVIRONMENTS 

Ml NATIONAL AND LOCAL LAWS CONCERNED (Q) 
§ Names of the laws (the year of legislation) 

(I) Fisheries Act HE 2490 
 Land Law 
 Forestry Law 
 Environmental Act 

§ Responsible authorities 
 Department of Fisheries 
 Land Department 
 The Royal Forestry Department 
 National Environment Board 

§ Main items of control 
(U Conservation of fishery resources and control of fishing gears 
(2) 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 N akbon S w an F1her\ 'mtation Dcpai tm nt of F i-hei ies Elong Boi aped 

N. SOURCES OF DATA 

(Q) Questionnaire filled by the Office of the National Environment Board of Thailand, Bangkok. 
(1) Asian Institute of Technology (1982) Rehabilitation and Development of Hung Boraped and 

Mong han. Vol. 1. Hung Borapeci. 196pp. Office of the National Economic and Social 
Development Board, Bangkok. 

2) Suras\vadi, Plodprasop (1976) Newly covered grass as a habitat for fish in Hung Boraped, 
Thailand. Ph. D. Thesis, DepartTnent of Zoology, University of Manitoba, Canada. 

(3) Dobias, R. J. (1982) The Shell Guide to the National Parks of Thailand. 1371)1). The Shell 
Company of Thailand. Ltd., Bangkok 

4) The editors' observation. 
(5) Mizuno, T. & Mon. S. (1970) Preliminary hvclrobiological survey of Southeast Asian inland 

waters. Biol, J. Linn. Soc., 22: 77-117, 
k6 Departmcnt of Fishcrie (1985) Lai r 	amps inland Fisher ies Pi oect (LSIFP). B mgkok 
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AKAN-KO (LAKE AKAN) 

Near the southeastern end of the lake 
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A. LOCATION 
§ HokkaidO, Japan. 
§ 4327'N, 144M6'E 420 rn above sea level. 

B. DESCRIPTION 
Lake Akan in eastern HokkaidO is a dammed lake formed approximately 6.000 years ago by 

volcanic activity in a caldera depression that dates back to the middle Pleistocene. Its cornpli-
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, i-lmgagropi/a ceutcri, 2-13 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 h me 
of kokanee salmon t0ncorh caches ncrJ?a). 

Transparency in the early 1930' s was -9 m throughout the year, but the lake has recently been 
eutrophicated 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. Iubificiclae. Chaubcrus 
and Pi,sidium in its deepest bottom According to the result of a general limnological survey macic 
in 1973, however, the dissolved oxygen concentration in bottom water was only around 3 of 
saturation and no organisms were observed beyond a depth of 3)) m (1. 2. 3). 

C. PHYSICAL DIMENSIONS (Q. 4. 5) 

Surface area [krn 3 ] 13 . 0 
\olume [10 9 nr] ca. 	0.23 
Maximum depth [m] Ii 	. 
Mean depth [m] 17. 
Length of shoreline [km] 25.9 
Catchment area [knY] 1 l 
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D. PHYSIOGRAPHIC FEATURES 

Dl 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 May Jun Jul Aug Sep Oct Nov Dec Annual 

Mean temp. [C] 	-10.4 -12.2 -5.4 	3.2 	8.9 	9.7 	14.8 18.0 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 vr. 

Fig. ASI-21 - I Bathymetric map (4). 

/ 
§ Water temperature [C] (Q) 

Station 1, 1981-1983 

Depth 	jan Feb Mar Apr May jun Jul Aug Sep Oct Nov Dec 

() 	 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) 

E 1 TRANSPARENCY [m]. Station 1, 1981 1983 

Jan Feb Mar Apr NIav jun Jul Aug Sep Oct Nov Dec 
- 	- 	- 	-- 	 I l 	

i
IT 

d. 	ii 	.) 	.c 	3.1 	2.1 

E2 pH. Station 1, 1981 1983 

Depth 	jan Feb Mar Apr May jun Jul Aug Sep Oct Nov Dec 
0 	 7.7 	7.9 	8.3 	8.2 	8.0 	7.7 
5 	 7.8 	7.9 	8.2 	8.2 	8.1 	7.7 	- 

E3 SS [mg 1 1],  Station 1, 1981 1983 

Depth 	jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

0 	- 	 1 	1 	2 	1 	1 	3 
5 	 - 	2 	1 	2 	1 	1 	3 

E4 DO [mg 1 ']. Station 1 1981 1983 

Depth 	jan Feb Mar Apr Mavjun Jul Aug 5ep Oct Nov Dec 

0 	- 	- 	9.9 	8.8 	9.3 	8.1 	0.1 	8.2 
5 	- 	9.4 	8.7 	9.0 	7.2 	8.3 	8.1 

E5 COD [mg 1 - ']. Station 1, 1981 1983 

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

0 	 2.1 	2.3 	3.0 	2.8 	2.9 	3.1) 
5 	 2.4 	2.3 	3.0 	2.7 	3.4 	3.1 	- 

E7 NITROGEN CONCENTRATION 

Total-N [mg l 
I],  Station 1 1981 1983 

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

0 	- 	 - 	 (Lii 0.13 0.11 0.17 0.15 0. 38 
5 	 0. 12 	0.18 0. 15 0.31 	0.15 	0.44 

E8 PHOSPHORUS CONCENTRATION 

§ Total-P [mg 1 '], Station 1, 1981-193 

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

0 	 0.036 0.024 0.0250.035 0.054 0.049 
5 	 0.041 0.029 0.015 0.032 0.035 11.052 
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E9 PAST TRENDS 

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

: 

F. BIOLOGICAL FEATURES (Q) 

Fl FLORA 
§ Emerged macrophytes : Phmgmi/es 	;iinizwis. 
§ Floating macrophytes: .Vufthar sp. 
§ Submerged macrophytes : I !an!o,gc/o] ens/ms. Jkdni/Ia ienIici/lata .lI.Vl/HJ'hJ11l(JJ1 /{ui/c 1/a/mn 

1 a//ccneria 7/g(71l/Ca. 
§ Phytoplankton : .TIc/osina i/a/I a , :-Is/( 	 ) n((ila SI). 

F2 FAUNA 
§ Zooplankton : r)apli /11(1 1il.IflflhjS, B,iina eOle))1li, Eanteni on attuiis. 
§ Benthos Chin 11 11115 plunuisas, Tuhificiclae. 
§ Fish 	Vii rhiachin iieIi1a, CV/)17111(S (o/ne, (maSs/ifs Sp., Br/)H)I1LSlfS 0/il/ifS. LLif iinifs hal?oi0 ii-  - 

515. 

F5 FISHERY PRODUCTS (Q) 
§ Annual fish catch in 1979 : 139 [metric tonsi. 

G. SOCIO-ECONOMIC CONDITIONS (Q) 

Gi LAND USE IN THE CATCHMENT AREA 

Area [kni 2 j 	L 00i 

N atural landscape 	 - 	- 
\\oocly  vegetation 	 147 	99.3 

Residential area 	 1 	0.7 
tal 	 148 	100.0 

§ Main types of woody vegetation : Deciduous hroadleaf forest (Be/li/a erinani , Qiarcis i)longO/iCa 
var. roSsese'nra/a. A eec mono. Cereu/iJh1/ztm faponicani) evergreen conifer forest (Piiea 
eoeiisis ..4hies sae/ln//iieils/s) (8). 
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G2 INDUSTRIES IN THE CATCHMENT AREA AND THE LAKE (Q) 

No. of 	Main products and 
establishments 	main kinds of industry 

Primary industry 

Fisheries Kokanee salmon, 
smelt and carp 

Tertiary industry Several facilities 
for tourists 

G3 POPULATION IN THE CATCHMENT AREA (1982) (Q) 

Population density Population 	 [km] 	- 

Rural 
	

2,100 
Total 
	

2,100 
	

14.4 

H. LAKE UTILIZATION 
H 1 LAKE UTILIZATION 

Tourism, recreation (sport-fishing, yachting) and fisheries. 

M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR UPGRADING 
LAKE ENVIRONMENTS 

M 1 NATIONAL AND LOCAL LAWS CONCERNED 
For national laws see "Biwa-ko". 

N. SOURCES OF DATA 
* Printed in Japanese. The titles are tentatively translated into English. 

(Q) Questionnaire filled by the Prefectural Government of Hokkaidf. 
Imada, K., Ito, 1'., Yoshizurni. Y. & Yonekawa, T. (1981) Fluctuations of transparency, COD 

and several dissolved ions in Lake Akan (1973-1980). Sci. Rep. Hokkaido Fish Hatchery, 36 
335fl * 

Miyadi, D. (1932) Studies on the bottom fauna of Japanese Lakes VII. Lakes of Hokkaiclo. 
Jap. J. Zool., 4 223-252. 

Kitagawa. (1976) Studies on the benthos facies of four lakes (Kussharo, Akan. loro. Shikari-
betsu) in the eastern part of Hokkaido. Jap. J. Limnol . ,37 : 37.41 . * 

Japan Map Center, (ed.) (1982) Collection of Maps on Japanese Lakes (Technical Data of 
National Geographical Institute, D. 1-No. 221). National Geographical Institute, T su k uba. * 

Hone, M. (1956) Morphometry of Japanese lakes. Jap. J. Limnol.. 18 : 1-28. 
Uchida, E., Asakura, T. & Kawamura, T.. (ed.) (1983) Meteorological Data of Japan. 1060 

pp. TOvO-keizaishinpO-sha. TOk v O . * 
Yoshizumi, Y., Ito, T, Imada, K., Awakura, T. & Okamoto. M. (1976) Water quality of Lake 

Akan and inflowing rivers (1972-1976). Sci. Rep. Hokkaido Fish Hatchery, 31: 113154.* 
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MASHU-KO (LAKE MASHU) 

Overlooking the lake from the west 

Photo:A. Karata 
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A. LOCATION 
§ Hokkaidô, Japan. 
§ 4T35'N. 11432'E 355 m above sea level. 

B. DESCRIPTION 
Lake Mashu is located in the eastern part of Akan National Park and is known as a misterious 

scenic spot. The "mystery" is attributed to the fact that the lake can be rarely seen in the summer 
tourist season due to frequent heavy fog. The Environment Agency prohibits entry to the lake-
shore area and allows only viewing from observation towers. 

It is a beautiful crater lake with its steel) encircling wall in complete shape. There is a 30() 
meter high overhanging cliff in the western part of the crater wall. In the center of the lake there 
is an oval-shaped small island, Benteniima (Kamuisshu in Aiiiu language), 7() flIX'50 rn in size. 
The central portion of the island stands 25 in above the water surface. The maximum depth of 
the lake is 211.5 m and the lake bottom is almost flat and covered by pumice deposits. 

There are two inflowing streams, but no observable outlet from the lake exists. It is believed 
that the lake water seeps out through porous bottom sediments, since the water level remains fairly 
constant. The lake is oligotrophic and the lake water appears indigo-blue. The transparency of 
41.6 m measured in August 31, 1931 was said to he the highest in the world, surpassing that of Lake 
Baikal at that time (40.5 m). The transparency has, however, decreased substantially in recent 
years (Q). 

C. PHYSICAL DIMENSIONS (Q) 

Surface area [km] 19 	1 
Volume [ 10'in] 2. 7 
Maximum dept h [mj 211 - S 
Mean depth [m] 141 .3 
Length of shoreline [km] 19. 
Catchment area [km'] 33 
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D. PHYSIOGRAPHIC FEATURES (Q) 

Dl GEOGRAPHICAL 
§ Bathymetric map (Fig, ASI-22-1). 
§ Main islands (name and area) : Bentenjima (70 rn x 50 rn). 
§ Outtlowing rivers and channels None. 

D2 CLIMATIC 
§ Climatic data at Teshikaga (alt. 250 m), 1982-1983 

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

Mean temp. [Ci 	-7.6 -9.1 - 3.95 3.55 8.65 9.5 14.5 17.95 14 7.9 2.05 -4.05 	4.45 
Precipitation [mm] 	41.5 13 52.5 	74 63.5101 .5 96 200 92 87.5 86 31 	938 

Fig. ASI-22--I Bathymetric map (1). 

Water temperature ['Cl 
Station 1, 1984-1985 

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

0 - 	 - 	 - 	 5.5 - 	 19.1 16.0 12.7 	- 	 - 

30 - 	 - 	 - 	 4.2 7.1 8.0 10.5 	- 

§ Freezing period: Dec. Apr. 

E. LAKE WATER QUALITY (Q) 
El TRANSPARENCY [m] 

Station 1, 1984-1985 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
- 	- 	- 	- 	- 	25.4 	23.3 22.0 23.3 	- 	- 

3 
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E2 pH 
Station 1, 1984-1985 

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

0 
	

7.2 	- 	7.4 	8.0 	7.4 
30 	- 	- 	- 	- 	7.2 	7.3 	7.6 	7.2 	- 	- 

E3 SS [mg 1'] 
Station 1, 1984-1985 

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

0 	- 	- - 	- 	- 	<1 <1 <1 <1 
30 	-- - 	- 	<1 <1 <1 <1 	- 

E4 	DO [mg 1il 
Station 1, 1984-1985 

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

0 	- 	- - 	- 	12.0 9.3 9.2 10.1 	- 
30 	- 	- - 	- 	- 	12.2 12.8 10.8 12.5 	- 

E5 COD[mg 11 ] 
Station 1, 1984-1985 

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

0 -- 	 - 	- 	<0.5 	- <0.5 <0.5 0.8 
30 <0.5 	- <0.5 <0.5 0.8 	- 	- 

E6 CHLOROPHYLL CONCENTRATION Lug 1' 
Station 1, 1984-1985 

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

0 	- 	- 	- 0.26 0.35 0.32 	0.22 	- 	- 

E7 	NITROGEN CONCENTRATION 
§ Total-N [mg 1'] 

Station 1, 1984-1985 

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

0 	- 	- 	- 	- - 	<0.05 <0.05 <0.05 	<0.05 	- 	- 
30 	- 	- 	- 	- - 	<0.05 <0.05 <0.05 	<0.05 	- 	- 

E8 PHOSPHORUS CONCENTRATION 
§ Total-P [mg 11 

Station 1, 1984-1985 

	

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

	

0 	- 	- 	- 	- 	- 	<0.003 - 	0.003 <0.003 <0.003 - 	- 

	

30 	- 	- 	- 	- 	- <0.003 - <0.003 <0.003 <0.003 - 	- 

4 
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F. BIOLOGICAL FEATURES 

Fl FLORA 
Phytoplankton : 1/1elosira spp ..Svnedra sp. 

F2 FAUNA 
§ Zooplankton : DaOJi fl161 longispuza, Bosmina coregolu. 
§ Fish : Set/mo gairdncri. Oncorhvnclius ncr/ta. 

G. SOCIO-ECONOMIC CONDITIONS 

Gi LAND USE IN THE CATCHMENT AREA 
Natural landscape 100%. 

§ Main types of woody vegetation : Evergreen conifer forest (P/ecu jezoetzsis, Abies sachalinensis) 
birch forest (Betula e rman ii). 

G2 POPULATION IN THE CATCHMENT AREA: None. 

H. LAKE UTILIZATION 

H 1 LAKE UTILIZATION: No direct uses: sightseeing. 

J. WASTEWATER TREATMENTS 

J 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (a) Pristine lake environ-
m ents. 

M. INSTITUTIONAL MEASURES 

M3 RESEARCH INSTITUTES ENGAGED IN THE LAKE ENVIRONMENT STUDIES 
HokkaidO Research Institute for Environmental Pollution. Sapporo 
National Institute for Environmental Studies, Tsukuba 

N. SOURCES OF DATA 
* Printed in Japanese. The title is tentatively translated into English with the original title in 

romanized Japanese in parentheses. 
(Q) Questionnaire filled by Hokkaidô Research Institute for Environmental Pollution. 
(1) Geogr. Survey. Inst., Ministry of Construction (1986) 1: 10,000 Map of Lake Mashu (1: 10,000 

Kosho zu, Mashuko).* 
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TOWADA-KO (LAKE TOWADA) 

An aerial view of the whole lake 

Pnoto: Aomori Prefecura1 Government 
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A. LOCATION 

Akita and Aomori Prefectures. Japan. 
§ 4028'N, 140153'E 401 m above sea level (1). 

B. DESCRIPTION 

Lake Towada is located in 'I'o\vada-lIachimantai National Park, which occupies a mountain-
ous area on the border between the two Prefectures, Aomori and Akita. It is known as a typical 
double caldera of volcanic origin, encircled by sommas ab ut 800 m in altitude. The lake water 
drains from the northeastern part via Oirase River and eventually to the Pacific Ocean. A small 
town on the southern shore, Yasumiva, is the tourist center with Towada Science Museum, hotels 
and shops. 

Though L. Towada remains oligotrophic, the local governments are trying to maintain and 
increase fish production by the artificial hatching and breeding of fry since the first success with 
sockeye salmon (OncurJln?chus )frn/'a) in 1903. The salmon has recently been decreasing, while 
Japanese smelt (H\ponlisus 1li/o1lL:;ri.) and comm m brackish gobby (Acaatligo/aus f/a c/macas) 
are increasing since 1984 (Q). 

C. PHYSICAL DIMENSIONS (1, 2) 

Surface area [km] 
\olume [ 10 9m1 
Maximum depth [ml 
Mean depth m] 
Normal range of annual water 
level fluctuation (regulated) [m] 
Length of shoreline [km] 
Residence time [vr] 
Catchment area [km 2 ] 

59 
4.2 

33) 
71.0 

1 . 7 

27.5 

129 
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D. FHYSOGRAPHIC FEATURES 

1 GEOGRAPHICAL (Q) 
§ Bathymetric map (Fig. ASI-23-1). 
§ Main islands None. 
§ Outflowing rivers and channels (number and names) 1 (Oirase R.). 

Fig. ASI-23- I Bath metric map Imi (C). 

D2 CLIMATIC 
§ Climatic data at Yasumiva. 1977 1981 (9) 

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

Mean temp. [C] 	-4.6 	4.7 	-0.9 1.1 11.0 15.5 19.6 19.6 15.6 10.4 	1.3 	-0.2 	7.4 
Precipitation [mm] 	81 	81 	127 126 120 169 176 264 152 152 	137 	140 	1, 725 

§ Number of hours of bright sunshine 1,690.7 hr vr 	(9). 
§ Water temperature [C]. 1985 (3. 10) 

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

0.5 	- 2.8 4.0 7.9 17.5 23.5 21.0 11.5 	11.5 

5 	- 3.0 1.0 8.1 16.0 22.5 20.7 15.0 	11.0 

§ Freezing period 	Dec-Mar. 
§ Mixing type 	Dimictic. 

E. LAKE WATER QUALITY 

El TRANSPARENCY [m] 
Station A, 1985 (3. 10) 

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

- 	 8 	 11 	11 
	

12.5 	16.5 	11 	1.1 	14 

E2 pH 
Station A, 1985 (3, 10) 

Depth [m] Jan Feb Mar Apr May Jun 

0.5 	 - 	7.8 	7.8 	7.7 
5 	 7.8 	7.8 	7.7 

Jul Aug Sep Oct Nov Dec 

	

7.9 
	

8.1 
	

8.1 	8.0 	7.9 	- 

	

8.0 
	

8.2 
	

8.1 	8.0 	7.9 	- 
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E3 ss [rng l] 
Station A. 1985 (3. 10) 

Depth [m] 	Jan 	Feb 	Mar 	Apr May jun Jul Aug Sep Oct Nov Dec 
0.5 	 < 1 1 1 1 1 1 1 
5 	 '1 <1 1 1 1 1 

E4 DO [mg 1 	] 
Station A. 1985 (3, 10) 

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

0.5 	 13 12 12 9.? 7.9 8. 9.0 10 
5 	 13 13 12 9 8 .2 8.7 9.2 10 

E5 COD [mg 1'] 
Determined by KMnO method. 
Station A. 1985 (3, 10) 

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

0.5 	-. 	 0.5 1.0 0.5 0.9 lL 0.5 1.1 0.8 
5 	 07 1.0 0.5 1.0 1.0 0.5 1.2 1.1 - 

E6 CHLOROPHYLL CONCENTRATION [,ug 1 1 
Station A. 1985 (3, 10) 

Depth [m] 	jan 	Feb 	Mar 	Apr May Jun Jul Aug Sep Oct Nov Dec 
0.5 	- 	1.1 0.6 0.5 ILS (LI 0.5 ((.1  

E7 NITROGEN CONCENTRATION 
§ Total-N [mg 1 	1]  

Station A. 19813 (3. 10) 

Depth Im] 	Jan 	Feb 	Mar 	Apr 	May jun jul Aug Sep Oct 	Nov Dec 

((.5 	 0.05 ((.1() LaO ((((5 	((.1(5 PL05 

E8 PHOSPHORUS CONCENTRATION 
§ Total-P [mg 1 '1 

Station A, 1985 (3, 10) 

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

().5 	 (.01(3 	LOOl 	< 0.1(03 	0.005().1)u4 	(((((3 	0.00I 	0.003 

F. BIOLOGICAL FEATURES 
Fl FLORA 

§ Emerged macrophytes F'Jiraginit , conloiitoi, (10). 
§ Submerged macrophytes : Po/aoiogc/on laO!id1/es. P. Ia u/inatu,c. T. Jo / roplivl/us. P. (11/J)i(S/(. 

1Iv;7oJi1 ,111n I s/)icatzIIn (10). 
§ Phytop(ankton : Spring (Fragi/acia .Srn 1ia. .l bit Leo//a, 44 iim flu) rummer I F/yiLilaria. .\ o( -  

dra, ibougotza) autumn (Ast ) -ioaella) (4, 1(1). 
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F2 FAUNA 
§ Zooplarikton Kcratc//a iJ/uu/m/a. Dapliiiia /uiigisiiiii. ;i(7/)?/! )(/uI/ito;u(is i)(IC1. /l(1fS, Fl/ui/a ijuad-

iL/a Pu Riir/h iii / ri/a (4 1)). 
§ Benthos Tubificinae, chironomid larva, F'isidhinii /ananhio7u (in 1985. larvae of E/hcin(ra and 

those of two species of Phvgaiioidea were also collected) (1). 
§ Fish : ()ucorliyuclius ULtha, 0. u/are/i masozi. 1-Ivlmuicszts iilJ)o)2c12Yir, CvJaiuiir carp/u, Cararriiir, 

(lark r1cus acti/catar (Iculca/ur. C/iacnggohius zirotacizia (1, 11)). 

F4 BIOMASS 
§ Plankton biomass (precipitated) [my m ]. summer average of 10 stations (4). 

1981 	1982 	1983 	1984 	1985 

5.61 	1.81 	2.10 	1.26 	((.56 

F5 FISHERY PRODUCTS 
§ Annual fish catch in 1985 : 88.2 [metric tons]. 
§ Fishery products other than fish: 450 [1g yr ] (1985). 

F7 NOTES ON THE REMARKABLE CHANGES OF BIOTA IN THE LAKE IN RECENT YEARS 
The amount of zooplankton was a bit smaller in 1985 than the average for past several 

years. H'pumcsur nipponcnrir. Gas lcroslrlt zcu/ca/ur and Acan/Jio,gohiur f!aiiniao ifs are increas-
ing since 1981. while (ei -licuchzr ui/ia tends to decrease (4). 

G. 50010-ECONOMIC CONDITIONS 

Gi LAND USE IN THE CATCHMENT AREA (15) 
Natural landscape nearly I 

§ Main types of woody vegetation : Deciduous broadleaf foiest ( Pagitr crc;ia/(t dominant, with 
Plcroca) - Iw rizoito/j(/, etc.). 

G2 INDUSTRIES IN THE CATCHMENT AREA AND THE LAKE (1981) (5. 6) 

Gross product - N umber of i\lain products per year 
- persons Number 01 

- and main kmcls 
[1)) - 	yen I establishments - 

- 	 - 	 - 	 .., engaged of industry 
(laO vei 	CSi 	1) 

Priniarv industry 
Fisheries 	 15,859 NA. N.A. 

Teritary industry 	 N.A. 108 43 Hotel business 

§ Number of domestic animals in the catchment area : Cattle 2 

G3 POPULATION IN THE CATCHMENT AREA 
Number of permanent residents 263 ; population density 2.0 [lni 2]  

H. LAKE UTILIZATION 

Hi LAKE UTILIZATION 
Tourism and recreation (swimming, yachting, sport-fishing) (number of visitors in 1985. 1.59>: 

10 6 ) and] fisheries (8). 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 

12 TOXIC CONTAMINATION (3) 
§ Present status : None. 
§ Main contaminants and their concentrations [ppm] in water, 1986. 
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Name of 
C ont aIfli nan t 

Con c entr at i n 

'F Hg 	Cd 	Cr (VT) 

<.0.0005 	< 0 ((05 	0.02 

CN 	P1) 

N fl. 	((.005 

As PCB 

((.02 N.D. 

Pesticide 
(orgP 

N.D. 

13 EUTROPHICATION 
§ Nuisance caused by eutrophication : None. 

14 ACIDIFICATION 
§ Extent of damage : None. 

J. WASTEWATER TREATMENTS (Q) 

U 1 GENERATION OF POLLUTANTS IN THE CATCHMEN1' AREA: (b) No SOUCS of signifi-
cant pollution. 

U3 SANITARY FACILITIES AND SEWERAGE 
§ Percentage of rural population with adequate sanitary facilities (on site treatment s\ stems) : 100° 0 . 

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

M 1 NATIONAL AND LOCAL LAWS CONCERNED 
§ Names of the laws (the year of legislation( 

For national laws see Biwa-ko. 
Akita Prefectural Pollution Control Ordinance(1972)   
Aomori Prefectural Pollution Control Ordinance (1972) 

§ Responsible authorities 
21 Akita Prefectural Government 
(3) Aomori Prefectural Government 

M3 RESEARCH INSTITUTES ENGAGED IN THE LAKE ENVIRONMENT STUDIES 
(fi Center for Environmental Iechnics. Akita Prefecture. Akita (established in 197(0 
2) Inland Water Fishery Station. Akita Prefecture. Hachirgata (established in 1957) 
0 Enuironmental Pollution Control Center of Aomori Prefecture 

N. SOURCES OF DATA 

)Q) Questionnaire filled by the Prefectural Goverments of Akita and Aomri. 
(1) Tsuda, M. (ccl.) (1975) Diagnosis of Japanese Lakes : the Present Conditions of F.utrophica-

tion. KvOritsu Shuppan, Tôkvô (in Japanese). 
(2) Ministry of Construction (197) Report of River Surveys. '[kô (in Japanese). 
(T Data supplied by Akita Prefectural Government. 
() Lake To\vada Hatchery Station : Report on Resource Conservation in Lake Iovada (in 

Japanese). 
Data supplied by the town office of Kosaka chô. 
Enterprise Statistics for 1986. 

)7 Data supplied by the town office of Kosaka chô. 
)8) Data supplied by the Tourism Section, Akita Prefectural Government, 

Takahashi, K. (ccl.) (1983) Meteorological Data of Japan. 157pp. 	lovo-keizaishinpo-sha. 
TOkyO (in Japanese). 

Data supplied by Aornori Prefectural G )verlllnent. 

6 
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OGOCIHII-DAMU-KO (OKUTAMA RESERVOIR) 

A bird-eye view of the reservoir 

Photo: TokyO Metropolitan Government 
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A. LOCATION 
'IôkvO Metropolis, Japan. 
33 40 N 139 03 E 550 in ahoxe s ea le\ el 

B. DESCRIPTION (Q) 

Ogochi-darnu-ko, or Okutarna-ko, was formed by the construction of Ogôchi Dam in the 
upstream of Tama River to serve as a reservoir of drinking water for T5kvô metropolitan area. 
It extends for 4 kni in east-\vest direction, is 1.5 km wide (north-south), and has a water surface of 
1.25 km 2 . The lake is said to be the world's largest among the reservoirs used solely for city water 
supply. The construction work needed 19 years from N \ ember 1 93 to November 1957. 

Twenty percent of the lake's catchment area beb nigs to 'l'Ok S Metr pol is and the rest to 
Yamanashi Prefecture. The catchment is mostly mountainous, ranging in altitude from 2,0 18 in 
on the top of Mt. Kumotori to about 350 in at the lake surface. Flat lands are limited only to the 
immediate vicinity of the lake. Mountain slopes are mostly covered by mixed beech-fir forests 
and evergreen conifer ( Cirploiocric) plantations (((. 

C. PHYSICAL DIMENSIONS (Q 

Surface area [km] 	 - 25 
Volume rie"i l9. 	1 
Maximum depth [ml 142.3 
Mean depth [m] Li 1 
Normal range of annual water 
level 	fluctuation (regulated) [ni] 
Length of shoreline [km] 45.4 
Residence time [yr] . 

Catchment area Lkm j 	- 239 



§ Water temperature [C] 
Near the clam. 1982 1984 

Depth Imi 	Jan 	Feb Mar Apr May Jun 

0 	8.8 	7.2 7.0 10.2 16.9 20.4 
Middle 	8.5 	6.9 6.2 6.2 6.4 6.5 
Bottom 	7.9 	6.8 6.2 6.1 6.3 6.5 

Jul Aug Sep Oct 	Nov 

22.6 24.9 22.2 17.8 	14.7 
6.6 8.2 11.0 12.1 	12.2 
6.5 7.7 7.6 7.6 	7.7 

Dec 

IZ () 
11.4 
7,8 

A SI -24 

D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL (0) 
§ Bathymetric map (Fig. ASI 24 1). 
§ Outflowing rivers and channels (number and names) : I (Tama R). 

D2 CLIMATIC (0) 
§ Climatic data at the control office site, 1982-1981 (temp.). 1911 1984 (precip.). 

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

Mean temp. [°C] 	1.4 1.5 5.1 13.1 18.5 19.9 22.8 25.7 21.2 11.8 10.8 5.4 	13.4 
Piecipit tion [mm] - 39 	53 	71 	101 	122 	181 	222 	281 	225 	18376 	39 	1,597 

§ Solar radiation (1974-1980): 11.4 MJ m 2  dav. 

Fig. ASI-24- I Bathymetric map [m] (Q). 

§ Freezing period : None. 
§ Mixing type : Monornictic. 
§ Notes on water mixing and thermocline formation : Thermocline is formed at about 73 m depth. 
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E. LAKE WATER QUALITY (Q) 

El TRANSPARENCY [mJ 
Near the clam, 1982-1981 

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

1.4 	2.7 	3.6 	3.9 	5.1 	6.7 	8.0 	3.7 	1.5 	1.2 	1.7 	1.5 

E2 pH 
Near the clam, 11 )82-1981 

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

0 	7.1 
	

7.1 	7.2 	7.7 	8.2 	8.2 	8.2 	8.2 	8.3 	7.3 	7.1 	7.1 
Middle 	7.0 

	
7.1 	7.1 	7.1 	7.0 	7.1 	7.0 	6.9 	6.9 	7.0 	7.1) 	7.0 

Bottom 	6.8 
	

7.0 	7.0 	6.9 	6.8 	6.7 	6.6 	6.6 	6.6 	6.6 	6.6 	6.6 

E3 Turbidity 
Near the darn. 1982-1984 

Depth [m] 	Jan Feb 	Mar 	Apr 	May Jun Jul 	.-\ug Sep Oct Nov 	Dec 

0 	7.2 4.3 	2.8 	2.1 	1.3 ((.8 1.7 	7.4 2.2 10.3 25.6 	9.7 
Nliddle 	9.9 5.8 	3.9 	2.7 	2.1) 1.7 1.2 	65 97 1-6 15 	13 
Bottom 	25 12 	7.8 	21 	II 9.8 9.3 	14-1 109 61 36 	35 

E4 DO [rng I 
Near the darn. 1982-1984 

Depth [m] 	Jan Feb 	1\Iar Apr May Jun Jul Aug Sep Oct Nov Dec 

0 	9.3 10.1 	10.8 11.3 9.9 9.1 8.7 8.5 8.8 8.2 8.1 8.7 
Middle 	9.2 9.9 	10.3 10.2 10.0 9.7 9.2 8.1 7.9 8.2 8.1 8.3 
Bottom 	6.1 8.5 	111.1 8.8 6.93.2 1.5 3.1) 4.3 3.2 2.1 2.2 

E5 	COD [mg 1] 
Determined by K MnO 	met P )d. 
Near the darn, 1982-1984 

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

0 	1.4 1.2 	1.2 1.1 1.6 1.5 1.5 2.1 2.2 1.9 1.9 1.5 
Middle 	1.4 1.2 	1.2 1.1 1.1 1.1 1.2 1.0 1.0 3.3 1.6 1.6 
Bottom 	1.9 1.4 	1.3 1.8 1.7 1.9 2.2 6.6 4.7 3.4 2.7 2.8 

E6 CHLOROPHYLL CONCENTRATION Leg 1'l 
Near the darn, 1982-7984 

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

0 	2.8 	9.2 	23.6 55.8 68.9 87.7 77.2 57.2 74.5 31.1 	13.8 	8.0 
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E7 NITROGEN CONCENTRATION 
§ NO:N [rng 1 	] 

Near the darn, 1982-1931 

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

1) 	0.68 	0.37 	0.47 0.53 0.35 0.38 0.38 042 0.50 045 0,43 0.38 
Middle 	Dii 	((.42 	0.47 (Lou 0Th 0.38 0.45 0.63 0.33 ((.17 0.53 0.2$ 
Bottom 	(LOu 	((.45 	0.45 0.57 0.38 0.48 0.58 0.70 0.32 0.17 0.63 0.72 

E8 PHOSPHORUS CONCENTRATION 
§ Total P [mg 11 

Near the dam, 1982- 1934 

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

1) 	0.008 	0.007 	0.005 1.005 0.003 0.100 0.002 0.006 (1.028 0.020 11.018 0.011 
Middle 	0.009 0.006 1)0(15 0.104 0.1103 0.001 0.001 0.020 ((.055 0.033 0.012 0.013 
Bottom 	0,018 ((.012 	0.006 0.1)21) 0.011 0.118 (1.1(11 0,1119 ((.055 0,050 0.030 0.031 

F. BIOLOGICAL FEATURES (Q) 

Fl FLORA 
§ Emerged macrophytes None. 
§ Floating macrophytes : None. 
§ Submerged macrophytes None. 
§ Phytoplankton : C'c1o5]la, KirL'IimricI/a, C''/tonioiie., Rhio,m5;2ia, 5V)2c/)v, 4/ciioii'l1a. 

F2 FAUNA 
§ Zooplankton : D'i/th;iie. Ba/ac. 
§ Fish : * OacorhcncIiu, )OU,O1( )aaSoi(, * 8a11)/() ('7f'(i1/)7 	C5'pr/;iie. (71iiO, * H\'/)OTh S?d J1/0fli)/- 

si, Ca'a,siu, Zacco pIaR'pcs. 751*//odo;1 JiaI'onoia Microho'us ,sa/moaidiv ) * economically 
ifl'ipoi'tant). 

F3 PRIMARY PRODUCTION RATE [g CO m 2  dayi 
Near the dam. Apr. 1984-Mar. 1985 

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

Net 	 0 41 	0 34 	3.22 (53.2) (1 17 	247) I 	7 * 1.85 	1.66 	1.32 	0.150 	0.64 
)iI UU LU.. 111)11 

Dark 	 0.22 	2-1 2.00 	- respiration 	. -- 0 

Gross 
- product ion 	0.83 	17 8 5.21 

1 ) Estimated from chlorophyll concentrati( )n 

- 	1.66 0.59 0.67 0.97 0.135 0.38 

2.33 	2.11 	2.34 	2.29 	11.85 	1.02 

* Unusual value. 

F7 NOTES ON THE REMARKABLE CHANGES OF BIOTA IN THE LAKE IN RECENT YEARS 
Bloom of Microcvs/is was first observed in 1984.   .iiicrotcrus sa/mo;?olts has newly appear-

ed in the lake. 

III 
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G. SOCIO-ECONOMIC CONDITIONS (Q) 
Gi LAND USE IN THE CATCHMENT AREA (1989) 

	

Area 	F%1 
Natural landscape 

%oody vegetation 	 245 	94.6 
Others 	 0.08 	0.03 

Agricultural land 
Crop field 	 4.5 	1.7 

Settlement area 	 0. 11 	0.0 
Others 	 8.9 	3.5 
lotal 	 259 	100 

§ Main types of woody vegetation : Evergreen conifer plantation (Crrploimria faponica) mixed 
frest ( Fagus creiiata, A hics ho;nolcpis). 

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

No of 	Main products or 
main kinds of esta Diisnments 

111(1 U st rv 

Secondary industry 	 5 	 Concrete mixing 
Tertiary industry 	 85 	 Hotel services 

§ Numbers of domestic animals in the catchment area : small numbers of sheep, goat, rabbit, poultry. 
etc. 

G3 POPULATION IN THE CATCHMENT AREA 

P o pu I at ion 

Rural 	3,258 
Total 	3.258 

Population density 
[knr 2 ] 

12.1 

H. LAKE UTILIZATION (Q) 

Hi LAKE UTILIZATION 
Source of water, sightseeing and tourism (ca. 770 X 10 visitors in 1083) and recreation (sport-

fishing). 

H2 THE LAKE AS WATER RESOURCE (1986) 

Use rate 

Domestic water 	672,210 m dav' 
Irrigation 
Industrial water 
Power plant 	 662,934 m clav 

6 
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I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS (Q) 

11 ENHANCED SILTATION 
§ Extent of damage : None. 

12 TOXIC CONTAMINATION 
§ Present status : None. 

13 EUTROPHICATION 
§ Nuisance caused by eutrophication : Unusual algal bloom (I- eiidiaieui, Micioci'sIis and f 
§ Nitrogen and phosphorus loadings to the lake [kg dav1 (1981) 

oui es 	1ncluti iii 	Domet ic 	Agricultural 	Natural 	Fotal and fish culture 

T-N 	 () 	17.59 	9.52 	188.7 	215.81 
T-P 	 1.92 	3.58 	 7.23 	12.73 

§ Supplementary notes : Bloom of IficrocYsti'S first appeared in 1981. Sewage treatment plants for 
two villages in Yamanashi Prefecture are now under construction. 

14 ACIDFICATION 
§ Extent of damage : None. 

J. WASTEWATER TREATMENTS (Q) 

J 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (c) Limited pollution with 
wastewater treatment. 

J2 APPROXIMATE PERCENTAGE DISTRIBUTION OF POLLUTANT LOADS: Non-point 

sources 100 00 . 

J3 SANITARY FACILITIES AND SEWERAGE 
§ Percentage of rural population with adequate sanitary facilities (on site treatment systems) or public 

sewerage : 8.9 °(. 
§ Number of industrial wastewater treatment systems :5(primarv treatment : precipitation). 

L. DEVELOPMENT PLANS (Q) 

Facilities for camping and sport-fishing and a barbecue restaurant are offered. Further plans 
for utilizing the lake area for recreation and nature observation are being developed by 1okvo 
Metropolitan Government. 

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

M 1 NATIONAL AND LOCAL LAWS CONCERNED 
§ Names of the laws (the year of legislation) 

For national laws see "Biwa-ko". 
Pollution Control Ordinance, T6kv5 Metropolis 
Pollution Control Ordinance, 't'amanashi Prefecture 

§ Responsible authorities 
TSkvS Metropolitan Government 
Yamanashi Prefectural Government 

M2 INSTITUTIONAL MEASURES 
Bureau of Environmental Protection, TOkyO Metropolitan Government 
Bureau of Water \\orks. TOkyO  Metropolitan Government 
Yamanashi Prefectural Government 
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N. SOURCES OF DATA 
(() Questionnaire filled by Tôkvô Metropolitan Government. based on the following data 

sources. 
Annual Report on the Management of Ogôchi Rservoir for 1982, I 3 and 191 (in Japanese). 
Report of survey for Determining Environmental standards for Okutama-Ro (195) Bureau 

of Environmental Protection, TOkyO Metropolitan Government. TOkyO (in Japanese). 
Report of Survey for Reducing Pollution Loads to Okutama-ko 1t)6). Bureau of Environ- 

mental Protection, TOkyO Metropolitan Government, TOkO (in .Tapanesc). 
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KAWAGUCHI-KO (LAKE KAWAGUCHI) 

Mt. Fuji and the lake 

Photo : A. Kurata 
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A. LOCATION 
Yamanashi Prefecture, Japan. 

§ 3531'N, 13845'E 832 m above sea level. 

B. DESCRIPTION 

Lake Kawaguchi is one of the five lakes surrounding Mt. Fuji. These lakes were formed as 
a result of barrage formation by volcanic debris and solidified magma spewed out of Mt. Fuji and 
the off-spring volcanic outlets nearby. The lake is the oldest of the five and it is at least ii) 60 
thousand years old. There are scores of underwater springs at the lake bottom. There is no 
discernible surface flow into or out of the lake. Major flows of water appear to take place 
underground. In 1912 a sluicewav was constructed to discharge a maximum flow of 7.79 m sec 
(named Usobuki River). Artificial regulation of flow has been made possible by flow augnienta-
tion from Lake Sai, one of the remaining four lakes, for supplementing water for power generation. 
The number of visitors to the five-lake area exceeds ten million annually. Lake Kawaguchi, 
directly linked to Tokyo Metropolitan urban districts through a major artery highway and closest 
to the terminal of the Fuji Suharu scenic route, is a center of tourist attraction in this area. 

The transparency of the lake was 4-7 m some 6() years ago, but the 1972 measureillent 
indicated only 3 4 m. A regional sewerage project was initiated in 1971 and the provision of 
service to portion of the area has begun in 1986 (Q 

C. PHYSICAL DIMENSIONS 

Surface area [km 2 ] 	 - - 	 5.96 	1 
\olume [1 0 	m] 05 . 5 	1 
Maximum depth [m] 16. 1 	1 
Mean depth [m] 9 . 3 	1 
Normal range of annual water  
level fluctuation (regulated) [ml ') 	- 

Length of shoreline [km] 2)) .9 	3. 
Residence time [vrj .31 	4 
C'itchment area Lkm j  4 	3 
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL (Q) 
§ Bathymetric map (Fig. ASI-25-1). 
§ Main islands Uno-shima. 
§ Outflowing rivers and channels (number and names) : 1 (Usobuki R.). 

D2 CLIMATIC (6) 
§ Climatic data at Kawaguchi-ko, 1951-1980 

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

Mean temp. ['C] 	-1.2 -0.4 2.9 	8.8 13.3 16.9 20.9 21.6 17.7 11.7 6.8 	1.7 	10.6 
Precipitation [rnml 	53 	62 	87 	115 	129 	182 	171 	205 	209 	165 	79 	51 	1,506 

§ Number of hours of bright sunshine : 2,039.5 hr yr. 
§ Average depth of maximum snow accumulation (1951-1980) 0.33 rn. 

Fig. ASI-25- I Bathymetric map (Q). 

§ Water temperature ['Cl (Q) 
Station 1, 1981-1985 

Depth [m] Jan Feb Mar Apr N/lay Jun Jul Aug Sep Oct Nov Dec 

0.3 	4.0 	4.6 	6.5 	14.4 17.9 20.6 23.9 24.6 20.7 	15.7 11,9 	7.5 

§ Freezing period From January to March (Q). 
§ Mixing type : Dimictic (Q). 

E. LAKE WATER QUALITY (Q) 

El TRANSPARENCY [m] 
Station 1, 1981-1985 

Jan Feb Mar Apr May Jun 

3.6 	3.7 	3.5 	2.9 	3.3 	3.0 

Jul Aug Sep Oct Nov Dec 

2.8 	2.4 	2.8 	2.2 	2.6 	3.0 

E2 pH 
Station 1, 1981-1985 

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

0,3 	7.6 	7.5 	7.6 	7.9 	8.1 	8.5 	8.7 	8.3 	7.9 	7.6 	7.7 	7.6 
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E3 SS[mgl'] 
Station 1, 1981-1985 

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

	

0.3 	1.6 	2.1 	1.7 	2.2 	2.0 	1.8 	2.0 	4.2 	1.9 	3.3 	2.7 	2.3 

E4 DO [mg 1'] 
Station 1, 1981-1985 

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

	

0.3 	11.5 	11.1 	11.1 	10.2 	9.6 
	

9.7 	9.1 	8.2 	8.1 	8.2 	9.2 	10.0 

E5 COD [ing 1 ] 
Station 1, 1981-1985 

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

	

0.3 	3.1 	2.9 	2.8 	2.9 	3.6 	3.5 	3.4 	3.8 	3.1 	2.9 	2.9 	2.9 

E6 CHLOROPHYLL CONCENTRATION [,ug 1 '] 
Station 1, 1981 1985 

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

	

0.3 	 - 	- 	- 	6.6 	- 	7.4 	7.1 	 8.2 

E7 NITROGEN CONCENTRATION 
§ Total-N [mg 1 1]  

Station 1, 1981-1985 

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

	

0.3 	0.57 0.46 0.38 0.37 0.44 0.34 0.34 0.52 0.44 0.50 0.49 0.45 

E8 PHOSPHORUS CONCENTRATION 
§ Total-F [mg l] 

Station 1, 1981 1985 

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

	

0.3 	0.012 0.010 0.011 0.09 0.011 0.017 0.012 0.018 0.017 0.013 0.013 0.012 

ElO PAST TRENDS 

Fig. ASI-25-2 Past trend of transparency at Station 1. 
D 	J 	F 	M 	A 	M 	J 	J 

0 

C 	1972-78 

- 	 - 1933- 36 

E 2 	 1937-1.0 
1941 - 

A 	S 	0 	N 

4 



A SI -25 

Fig. ASI-25-3 Past trends of total nitrogen and total phosphorus. 
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F. BIOLOGICAL FEATURES 

Fl FLORA 
Phytoplankton Anabaena solitana t. /1cznctonica, Molosira (reiliflata, LI!. giniiitata, Ficigi/aria 
ero/oaenszs, S nea1ra u/na, Mougeotia sp. (7). 

F2 Fauna 
§ Zooplankton Ploesonia hudsoni, P. triuzeitum, Rosmuzopsis deitersi, Bosmina /ongirostris (8). 
§ Benthos : Chironoznus fujitertius, G/y,btotendipes tokunagai, Pen Iupedilunz sordeiis, Tan vtarsus 

oyamai (3, 9). 
§ Fish : * Hvpomes,sus olidus, * Cvprinus carpiO, * carassius /angsdorfi, A ngu1Ia laponica, Zacco 

platypus, Triholodon hakonensis hakonensis (* econom i ca ll y  important) (10). 

F3 PRIMARY PRODUCTION RATE [g 02 m 2dav'] (Q) 

Station 1, 1981 

Jul 

Net production 	 3.23 
Dark respiration 	 0 . 98  
Gross production 	 4.21 

F5 FISHERY PRODUCTS (10) 
§ Annual fish catch in 1982 = 24 [metric tons]. 

F7 NOTES ON THE REMARKABLE CHANGES OF BIOTA IN THE LAKE (Q 
Population of Japanese smelt (Ilvpomessus olidus) decreased in 1985 and 1986. 
Large-mouth bass (Micropterzts salmozcles) increased in recent years. 

5 
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G. SOCIO-ECONOMIC CONDITIONS 
Gi LAND USE IN THE CATCHMENT AREA (1984) (Q) 

Area [km] [%] 

Natural landscape 
Woody vegetation 	 96.2 	79.9 
1-Terbaceous vegetation 	 1 . 1 	0.9 

Agricultural land 	 6.8 	5.6 
Settlement area 	 8 .5 	7. 1 
Others 	 7.8 	6.5 
Total 	 120.4 	100 

§ Main types of woody vegetation : Evergreen conifer forest (Abies homolepis, A. ivitchii, Tsuga 
diversifolia, Pinus densiflora) ; deciduous broadleaf fore.t (Quercus spp., Castanea crenata, 
Betula ernwnii) ; evergreen and deciduous conifer plantation (Larix kaempferi, Pinus densi-
flora, Abies hofl2olepiS) (11). 

§ Types of important herbaceous vegetation : Grassland and weeds (11). 
§ Main kinds of crops : Vegetables, maize (12). 
§ Levels of fertilizer application on crop fields : Moderate (Q). 

G2 INDUSTRIES IN THE CATCHEMENT AREA AND THE LAKE (1980) (Q) 

Gross produc- 
tion per year 

[106  yen] 

No. of 
persons 
engaged 

No.of 
establishments 

Primary industry 10 
Crop production 
Animal husbandry 1,130 

Fisheries 12 
Others 53 

Secondary industry 400 2,710 353 
Tertiary industry 202 6,096 1,481 

§ Numbers of domestic animals in the catchment area Cattle 320, swine 221. poultry 33,400. 

G3 POPULATION IN THE CATCHMENT AREA (1985) (Q) 

Population 	Population density 
[km 2 ] 

Rural 	20,654 
Total 	20,654 	 171.5 

H. LAKE UTILIZATION (Q) 
Hi LAKE UTILIZATION 

Source of water, sightseeing and tourism (number of visitors in 1983 : 5.140,000). recreation 
(sport-fishing) and fisheries. 

6 
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H2 THE LAKE AS WATER RESOURCE 
- 	 Use rate [m 3 sec'] 

Irrigon 	 2.53 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS (Q) 

Ii ENHANCED SILTATION 
§ Extent of damage : None. 

12 TOXIC CONTAMINATION 
§ Present status : None. 

13 EUTROPHICATION 
§ Nitrogen and phosphorus loadings [t yr 1 ] 1975 

Sources 	Industrial 	Domestic 	Agricultural 	Natural 

T-N 	2.1 	50.7 	 24.2 	 48.3 
T-P 	0.1 	10.5 	 4.3 	 1.3 

Total 

125.3 
16.2 

§ Supplementary notes 
The annual means of measurements for a period between 1982-1985 were 2.6 3.4 m for 

transparency, 4.08-9.92 ug 1_I for chlorophyll a. 0.35-0.56mg l for total nitrogen, and 0.011-0. 
016 mg 1 for total phosphorus, indicating a trend from mesotrophic to eutrophic state. The 
Lake Kawaguchi Water Quality Protection Committee was formed by the municipalities 
concerned and it has been undertaking collaborative water quality management activities. 
including the promotion of the use of grey-water solid separation units. A local sewerage 
project has also been undertaken in Yamanashi Prefecture for part of the northern slope of Mt. 
Fuji. 

14 ACIDIFICATION 
§ Extent of damage : None. 

U. WASTE WATER TREATMENTS (Q) 
J 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (h) No sources of signifi-

cant pollution. 

J2 APPROXIMATE PERCENTAGE DISTRIBUTION OF POLLUTANT LOADS 

Forests 8.8 
Agricultural fields 19.7 
Households 42.7 
Tourists 16.9 
Livestock 12.5 
Total 100 

.J3 SANITARY FACILITIES AND SEWERAGE 
§ Percentage of rural population with adequate sanitary facilities (on site treatment systems) : 39 %. 
§ Number of industrial wastewater treatment systems : 40 (biological treatment). 

7 
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K. IMPROVEMENT WORKS IN THE LAKE (Q) 

Ki RESTORATION 
Sewerage discharge has been diverted from the catchrnent area. 

L. DEVELOPMENT PLANS (Q) 

A sight-seeing highway (Subaru Line) was constructed in 1961-1964 by Yamanashi Prefectural 
Government (cost: Y1,700,000,000). 

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

M 1 NATIONAL AND LOCAL LAWS CONCERNED 
§ Names of the laws 

Yamanashi Prefecture Anti-Pollution ordinance 
Lake Kawaguchi Grey Water Regulation Ordinance 

§ Responsible authorities 
Yamanashi Prefecture 
Kawaguchi-ko Town 

§ Main items of control 
Establishment of locally pertinent effluent standards 
Promotion of the use of household grey-water solid separation units 

M2 INSTITUTIONAL MEASURES 
(1) Monitoring and regulatory measures; Environmental Protection Section, Livelihood 

Division, Yamanashi Prefectural Government. 

M3 RESEARCH INSTITUTE ENGAGED IN THE LAKE ENVIRONMENT STUDIES 
(1) Yarnanashi Prefectural Institute of Publilc Health and Anti-pollution 

N. SOURCES OF DATA 

* Printed in Japanese. The titles are tentatively translated into English with the original 
titles in romanized Japanese in parentheses. 

(Q) Questionnaire filled by Economic Welfare Bureau, Environmental Protection Section, Yamana. 
shi Prefectural Government. 
Shimizu, G. (1980) Annual Report of the Yarnanashi Institute for Public Health and Anti-
pollution (Yamanashi-ken Eisei Kogai Kenkvü-sho NenpO), 24: 3032 . * 
Kasai et al. (1976) Journal of Water and Waste (Yôsui to Haisui), 18 : 25 . * 
Geographical Survey Institute, (1975) Lake shoreline Statistics (Kogansen Shtikei-hvo) 
Digital National Land Information (Kokudo SQchi JOhO). 
Yamanashi Prefectural Government (1984) Survey on Limnological Aspects of the Lakes 
(Koshô no Shogen ni kansuru Chosa), K o fu. * 
Land Bureau, National Land Agency (1982) Water Usage Map of Yamanashi-Shizuoka 
Regional Watersystems (Yamanashi-Shizuoka Chiiki ShuyO Suikei Risui GenkyO Zu), Ko fu. * 
Kôfu Regional Meteorological Station (1982) Tables of Climatic Data in Yamanashi Prefec-
ture (Yamanashi-ken Kishô Heinenchi HvO). K o fu. * 
Yamanashi, T., Oshima, K. & Watanahe, M. (1982) Memoirs of the National Science Museum 
(Kokuritsu Kagaku Hakubutsu-kan Senpô), 15: 91.97 . * 
Yoshida, Suginome & Tanaka. (1974) Bulletin of Freshwater Fisheries Research Laboratory 
(Tansui-ku Suisan KenkyQ-sho Kenkyfi Hôkoku), 24(1): 19 . * 
Sasa, M. (1985) Research Report from the National Institute for Environmental Studies, 
Japan, 83: 106-160. 
Fish Hatchery Center of Yamanashi Prefecture. 
Yamanashi Prefectural Government (1977) Vegetation Map of Yamanashi Prefecture 
(Yamanashi-ken Shokusei-zu), Kôfu.* 
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(12) Yamanashi Prefectural Government (1986) Yarnanashi Prefecturel Annual Statistics 
(Yanianashi-ken Tokei Neiikan). Kofu. 
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TAI-HU 

An evening view on the lake near Wuxi 

Photo:M. Akiyama 
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A. LOCATION 
jiangsu Province, Peoples Republic of China. 
30 56 -31 34 N 119 54 120 h F 	I in abo e sea le\ el 

B. DESCRIPTION 
Tai(great)-hu(lake) is the third largest freshwater lake of China, below in size Lakes Povang 

and Dongting, situated about 100 km from the east coast of the Chang Jiang delta in central China. 
The whole lake is under the administration of jiangsu Province, though its southern coast belongs 
to the neighboring province, Zhejang. It is located in the densely populated fertile plain of the 
delta known for its complicated network of small lakes, ponds. streams and man-made canals, 
including the Grand Canal built in the 7th century to connect ISeijing with Hangzhou in Zhejang. 

The inflowing water comes mainly from mountains to the west and southwest of the lake, 
while the draining rivers start mostly from the cast coast of the lake. Several rivers and channels 
connect the lake with Chiang Jiang, but the water flux is controlled by dams to maintain the lake 
water level within a range of fluctuation of 2-3 meters, 

The lake is famous for its abundant production of fishes and crabs, and the aquaculture farms 
on the coast that apply skillful techniques. In addition to supporting heavy boat traffic, Tai-hu 
provides some of the best known \vater.side scenery in China for (lomestic and foreign sightseeing 
visitors. 

Tai-hu and its effluent rivers are important sources of water for the inhabitants and rapidl 
increasing industrial factories in Shanghai, \Vuxi, Suzhou and other neighboring cities, so that the 
pollution of the lake is a serious social concern. The pollutants originate mainly from borne 
sewage of the vast number of inhabitants, agricultural pesticides applied over fields in the drainage 
basin, and the industrial sewage of more than 700 factories and mines. The Film Studio, Tanshan 
Ore Dressing Plant. \Vesthill Mines and the Wuxi No. 3 Instrument and Metal Plant discharge 2,750 
tons per day of waste water directly into the lake. Phenol, mercury, chromium etc. are widely 
detected over the lake, but at fairly low concentrations. The lake water is also highly eutrophic, 
with frequent blooms of blue'green algae even in late autumn (1, 2). 

C. PHYSICAL DIMENSIONS (1, 2) 

Surface area [km2] 	 - 2,427. 
\olurne [10 9 rn 3 ] 	 4.3 
Maximum depth [m] 	 2.6 
Mean depth [rn] 	 1.9  
Residence time lyrl 	 Less than 0. 79 



20 30 40 50 KM 

A51 - O 

D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL 
§ Bathymetric map (Fig. ASI-26-1). 
§ Outfiowing rivers and channels (number and names) : Dapu R., Wusong R., etc. 

D2 CLIMATIC 
§ Climatic data at Suzhou, 1956-1958 (1) 

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

Mean temp. LC] 	2.9 3.7 8.1 15.1 18.7 24.7 29.9 27.3 22,8 16.7 11.3 6.3 
	

16.2 

Precipitation [mm] 38 61 51 	91 	99 	156 152 104 	93 	42 	48 	40 	974 

Fig. ASI-26-I Bathymetric map (1). 

§ Water temperature flC] (1) 
Dapu, 1959 

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

Surface 	2.5 	5.8 	11.0 15.1 20.0 24.8 29.9 30.2 24.2 19.5 12.4 	7.2 

§ Freezing period : None. 
.§ Notes on water mixing and thermocline formation Not formed ; surface water temperature may 

rise very high on calm summer days with strong sunshine. 

3 
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Fig. ASI-26-2 Vertical distribution of water temperature LC] on summer days (near 
Sanshan Island) (1). 1: 21: 00 on 10 july 1960. 2: 17: 00 on 9 July 1960. 
3: 11: 30 on 2 july 1960. 
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E. LAKE WATER QUALITY 

El Transparency: 0.15-1.00 m (July-August)  (1). 

E2 pH of surface water: 8.0 (annual mean) (2). 

E3 SS (suspended mud): 50 mg l' (1). 

E4 DO: 9.56 mg 1' (annual mean) (2). 

E5 COD : 1.04-5.21 mg l (2). 

E7 NITROGEN CONCENTRATION 
§ NH 4 -N: 0.108 mg 1' (annual mean) (2). 

F. BIOLOGICAL FEATURES 

Fl FLORA 
§ Emerged macrophytes : Phragmites communis, Zizania latifoiia, Allernanthera phi/oxeroides (4). 
§ Floating macrophytes : Eichhornia CraSSies, Trapa incisa var. quac/ricaudata, Euryaie ferox (4). 
§ Submerged macrophytes : Val/isneria spiralis, Potamogeton ma/a/anus, Nw/ri//a verticiliata (4). 
§ Phytoplankton :Microcvstis .flos-aquae, M. aeruginosa, Anahaena Jlos.aquae, Aphanizornenon 

.flos-aquae, Melosira Spp. (3). 

F2 FAUNA (3) 
§ Zooplankton : Difflugia spp., Tintinnopsis Spp., Polvarthra sp.. Brachionus spp., Keratelia spp., 

Bosmia fata/is, B. longirostuis, Ceriodaphnia corn ala, Diaphanosoma sarsi, D. brachyururn. 
§ Benthos: Corhicula fluminea, Stenothvra giabra, Viviparus guadratus. 
§ Fish : (economically important species): Coil/a brachygnatizus, Protosalanx hvaiocranius, 

Neosalanx lanka/the/i taihuensis, Mylopharvngodon j5iceus, Ctenopharyngodon ide//us, Hypophth. 
aimic/hys molitrix, A ristichthys nob//is, c'yprinus carpio, Carassius aura/us auratus, Megaiobrama 
Spp., Parabramis pekinensis, Erythrocuiter Spp., Hemiharhus macu/a/us, Eleotris fusca, Sinipera 
spp., Ophiocephalus argus, Anguilla japonica, etc. 

F5 FISHERY PRODUCTS 
§ Annual fish catch in 1979 : 13,696 [metric tons]. (Converted from the local weight unit [un] at a 

rate of 1 jin=0.5 kg) (1). 

4 
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G. SOCIO-ECONOMIC CONDITIONS 

Gi LAND USE IN THE TAI-HU PLAIN* (3) 	 -- 

Area [km 2 ] 	[%] 

Natural landscape 	 - 	- 
Woody vegetation 	 Very limited N. A. 
Herbaceous vegetation 	 1' 

Swamp 	 N. A. 	I' 

Agricultural land 
Crop field 	 14,400 	39.6 

Residential area 	 N. A. 	N. A. 
Total 	 36355 	100.0 
*Da ta  for the drainage basin proper were not available. 
"Tai-hu Plain" includes, in addition to plain part of the 
drainage basin, the area drained by the effluent rivers 
of Tai-hu as far east as Shanghai. 

§ Types of important forest (main species of trees) : Pine forest (Pinus massonu2na) bamboo forest 
(Phvliostacliys pubescens) mixed evergreen-deciduous scrub (6). 

§ Types of important herbaceous vegetation : Swampy grassland of reeds and other emerged water 
plants on the lake shore and along water courses (5). 

§ Main kinds of crops Rice (single or double cropping), wheat, rapeseed, tea, mulberry, fruit trees 
(peach, orange, loquat, rnyrica, plum, Japanese apricot (Prunus mume), jujube) (1, 5). 

G2 INDUSTRIES IN THE CATCHEMENT AREA AND THE LAKE 
§ Agricultural production [t yr'] : Grain (11.5 million), cotton (125,000), rapeseed (290,000), fruits 

(60.000), pig (10 million heads), silkworm cocoon (50.000) (5). 
§ Fisheries production : 13,696 t yr 	(fish, crab, shrimp) (1). 
§ Number of industrial factories : About 700 (Film studio, ore dressing plant, instrument and metal 

plant, traditional handicraft (embroidery, silk, etc.)) (2). 
§ Tertiary industry Hotels, sanatoriums, etc. (2). 

G3 POPULATION IN THE TAI-HU PLAIN (1983) 
- 	

Population density 
Population 	 [krn2] 	- 	Main cities (population). 

Shanghai (5,900.000)*, 
Fotal 	Ca. 30,000,000 	ca. (877) 	 Wuxi (810,000)*, 

Suzhou (600,000)* 

*Approx ima te  number for urban areas only. 

H. LAKE UTILIZATION 

Hi LAKE UTILIZATION 
Fisheries, navigation and tourism. 

N. SOURCES OF DATA 

* Printed in Chinese; tentatively translated into English. 
Nanjing Institute of Geography, Academia, Sinica (1982) Lakes of Jiangsu Province. 220 pp. 

Jiangsu Science and Technology Publisher. Nanjing.* 
Liu, Hongliang (1982) The pollution state of four big freshwater lakes in China. Mimeo-

graphed manuscript. 
Personal communication from the staff of the Nanjing Institute of Geography, Academia 

Sinica, Nanjing, China. 
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Dai, Quanyu (1983) Monitoring of heavy metals in macrophvtes and assessment of lacus-
trifle environmental quality of Taihu Lake. Acta Scientiae Circumstantiae, 3 (3): 213-221 (in 
Chinese with English summary). 

She, Z., Chen, Y. & Tanag, Z. (1983) Land use on the Lake Taihu Plain. Land Resources 
of the People's Republic of China Resource Systems Theory and Methodology (ed. Ruddle, K. 
& Wu, C.), pp. 31-36. The United Nations University, Tokyo. 

Botanical Institute, Academia, Sinica (1979) Vegetation Map of the People's Republic of 
China. Map Publisher, Beijing. * 
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A. LOCATION 
Burvat A. S. S. R. and Irkutsk, L. S. S. R. 

§ 51 29'- 55 10' N, 103 40' -109 )OF. i6 m above sea level. 

B. DESCRIPTION 
Lake Baikal is the deepest lake in the world. The bottom of the lake lies 1285 in below sea 

level, and is the deepest continental rift on the earth. Its water volume is approximately equal to 
the total volume of the Great Lakes of North America, or to about 20° c, of the total freshwater on 
the earth. It is also known as one of the most ancient in geological history, and there are few 
lakes in the world to compete with this lake in bioric diversity. As many as 52 species and 233 
varieties of algae and 1,550 species and varieties of animals have been known to inhabit L. Baikal. 
The world-famous Baikal seal, the only mammal living on the lake. is found throughout the whole 
area of the lake to this cia'. 

The lake is completely surrounded by mountains, and there are 22 small islands over the lake. 
The lake water is fed by some 300 inflo\ving rivers, and is drained through the single outlet, the 
Angara River. The climate of the drainage basin is extremely continental with long, very cold 
and dry winters and short cool summers. The climax vegetation under the climate is the conifer-
ous forest largely dominated by larch. The nutritional level of the lake water is typically 
oligotrophic as indicated by the highest transparency in the world, though an industrial pulp 
complex built in the earls- 1 960's near the lake's southern end is said to have caused considerable 
pollution. 

C. PHYSICAL DIMENSIONS (1. 2) 

Surface area [km'] 31 , Sc a 
Volume [1 0' 2 m] 23 
Maximurn depth [m] 1.741 
Mean depth [m ] 74> 
\Vater level Unregulated 
Length of shoreline [km] 2.000 
Catchrnent area [km-i - 569. 000 -- 
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL 
§ Bathymetric map (Fig. ASI-27-1). 
§ Main islands (name and area) : Olkhon (Ca. 730 km 2 ) and Greater Ushkany (9.4 kin 2 ) (2). 
§ Outflowing rivers and channels (number and names) : 1 (Angara R.) (1). 

D2 CLIMATIC (2, 4) 
§ Climatic data at Irkutsk, 1951.1980 

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

Mean temp. ['Cl 	-19.7 -17.6 -8.4 1.0 8.9 15.4 17.7 15.2 8.5 0.8 	9.4 -17.1 -0.4 
Precipitation [mm] 	15 8 11 19 27 69 109 86 46 27 	17 20 453 

§ Number of hours of bright sunshine 2,046 hr vr'. 
§ Solar radiation : 11.96 MJ m 2day'. 
§ Average depth of maximum snow accumulation : 0.28 m. 

Fig. ASI-27-I Bathymetric map [in] (3). 
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Fig. ASI-27-2 Depth / season isotherms [C] at Boishive Koty, 1948 (a cold year) 
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§ Water temperature 

Fig. ASI-27-3 Depth / season isotherms I C] at Bolshiye Kotv, 1954 (a warm year) (2). 

0.30.3 	 I 1  1 

iFllhiii j j ft[J1 ft 	cl IIJJ 

§ Freezing period : Jan-May. 
§ Mixing type : Dimictic. 
§ Notes on water mixing and thermocline formation : Usually the thermocline is formed from July to 

August; the water tends to be homothermv at all depths in June and November. 

E. LAKE WATER QUALITY 
El TRANSPARENCY 

Fig. ASI-27--4 Transparency [m] 1.5 km offshore of Bolshiye Koty, 1956 (2) 
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E2 pH (1) 
Surface water : 7.2 7.8 (open area), 7.3-8.5 (Malove More), 6.8-8.3 (Posolskv Sor). 

E4 DO [rng 1 - '] (2) 
Bolshiye Koty, 1952 

Depth [m] Mar Apr Aug Sep 

0 12.76 12.90 10.83 11.14 
25 12.94 12.98 10.97 11.30 
50 11.55 11.70 10.67 10.86 

100 10.78 10.83 10.78 10.96 
250 10.59 10.51 10.43 10.42 
500 10.48 10.46 10.30 10.30 
600 10.04 10.10 - 

750 - 10.20 10.17 
800 9.92 9.87 - - 

1.000 9.71 9.77 10.14 10.08 
1.200 9.62 9.71 10.03 10.00 
1,350 9.56 9.63 

ElO PAST TRENDS 

Fig. ASI-27-5 Trend of DO [mg 1], open water at Boishi e Koty (2). 

F. BIOLOGICAL FEATURES 

Fl FLORA(2) 
§ Emerged macrophytes Phragrnites, Scirpus, Sparganiurn, Sagiltaria. 
§ Floating macrophytes : Lemna. Nuphar, Nvmphaea. 
§ Submerged macrophytes : Potaniogeton, Myrioph v//urn, Ceratophl1um. 
§ Phytoplankton Peridiniurn baicalense, Gvnnodiniurn baicalense, G. coeruleum, Ceratiurn hirun-

dine/la, Glenodiniurn. sp., Mallornonas spp.. Uroglena sp., Dinobrvon cylinciricurn, A nabaena 
f/os-a quae, A. lirnrnermannii. Aphanizornenon t7os-aquae, G/oeotrichia echinulata, Epichrysis 
me losirae, Fragi/laria crotonensis, Me/osira baicaiensis, Aster/one I/a formosa, Tabe 1/aria fenes-
trata, Ceratoneis arcus. Stephanodiscus hinderanus, Cyclote i/a baicalensis, C. minuta, Synedra 
u/na var. danica. 

F2 FAUNA (2,5) 
§ Zooplankton : Epischura baica/ensis, Macrohectopus branickii, Diaptomus graciloides, Heterocope 

appendiculata, Cyclops kolensis, C. baicalensis, His/opia placoides, Daphnia longispina, Bosmina 
longirostris, Keratella quad rate, K. cock/ear/s. Keilicotia /ongispina Filinia term/na/is, Col/otheca 
sp., Conochilus sp., Vorticeila sp. 

5 
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§ Benthos Spongia (Swartsclzewskia bapviacca, Lunihomiikia haica/ensis), Polychaeta (Manavun-
k/a hazcalensjs). Oligochaeta (Pelosco/ex in/lotus), Mollusca (Benedictia baica(ensis, Baicalia 
angarensis, Pseudanc_viastrum sihiri(um, I/a/la/a baicalensis. Choanomphalus inaackn), Turhel-
lana (Baicalarctia guto, Sorocelis nigrofasciata, Blellocephala angarensis, Thvsanoplana papa/i -
iosa), Crustacea (Bath ynelia baicalensis, B. inogna. Ascilus anquaticus, A hvssogrammarus sar-
ma/us, Crvpturopus pachytus) Insecta (Sergen flu 1. koschou'i, Diamesci baicalensis) (2). 

§ Fish : Cornephorus baicaiensis, Procottus jcttelesi, Co//ocomephorus grewingki, Asj5rocottus kozh-
owl, Paraco/tus kneri, P. kessieri, A hvsscottus paiiidus, Coregonus autumnaiis !nigratorius, C. 
lavaretus baicalensis, Thpnaiius arcticus baicalensis, T arcticus breiipin nis, Macho ta/men, 
Saivelinus alpinus eri/hrinus Brachvm vs/ax ienok, Rut//its rut//us locus/ri_c, Leuciscus leuciscus 
baicalensis, L. idus (2). 

§ Mammal : Phoca sihirica (2). 

F3 PRODUCTION RATE 
§ Annual productivity of pelagic organisms (1) 

Production rate 	Productivity biornass 
[mg m 2 vr ] 	 ratio (P'B) -- 

Phytoplankton 2.100 301 
Bacteria 748 32 
Zooplankton. phytophagous 178 13.5 
Zooplankton, carnivorous 10 11 
Fish, non-commercial 4.1 0.8 - 1 

(golomyanka, gobbv) 
Fish, commercial 0.15 0.2 

(omul. grayling) 
Seal 0.1)1 0.12 

§ Primary production rate 

Fig. ASI-27-6 Photosynthetic activity of the phvtoplankton in different parts of Lake 
Baikal during August 1964 (after Kuznetsov, Romanenko, and Glazunov) 
[mg C m 2day t ] (6). 
1) 20-40 2) 40-60 3) 60-80 1) 80-100 5)100-150 6)150 200 7)200-260 
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F4 	BIOMASS 

§ 	Biomass of benthic animals (Chivyrkui Gulf. 1)32) [g fresh wt. 	11-1 -2 ] 	 (2) 

I.it to ra I Sublittoral and 
sup ra - abyss a I 

Substratum 	Sand -, Sand Sand with Black Brown 
Sand 

. 
Silt Silt black silt silt silt 

Depth [m] 	- 	1 10 10-20 6-17 2-10 1.5 	4 20-30 40-50 20-250 
Gammaridae 	4.24 3.78 15.60 12.20 5.80 0.85 5.65 2.01 
Oligochaeta 

5.89 Po lv c h act a 4.26 22.10 7.90 0.60 0.86 20.13 3.21 

Mollusca 	16.81 21.15 10.11 9.30 2.50 10.50 0.10 0.03 
Turbellaria 	2.13 0.09 0.20 0.30 0.40 0.88 
Hirudinea 	0.04 1.30 3.20 2.20 0.08 0.04 
Insecta 	0.16 0.38 0.80 0.50 - - 
Total 	29.27 29.96 50.10 33.70 12.00 12.29 26.79 5.28 

§ Faunal biomass [metric tons per lake] 	Zooplankton 162,000, zoohenthos ca. 700,000, fish ca. 23)). 
000 (7). 

§ 	Mean 	perennial 	indeces of 	biomass, production and 	fish catch 	(B. 	K. Moskalenko and 	A. 	NI. 
Marnontov et al, 1978) (8) 

Biomass Production Catch 

10 3 t % 	kgha 10 3 t % 	kg ha l0t % kg 'ha 

Omul 30.0 13.4 	9.7 10.) 5.1 	3.2 7.3 55.7 2.3 
Sor fish 20.0 8.9 	6.5 8.0 4.1 	2.6 4.0 30.5 1.3 
Other food-fish 4.0 1.8 	1.3 1.2 0.6 	0.1 1.0 7.6 0.3 
Bottom bullheads 10.)!) 1.5 	3.2 10.0 5.1 	3.2 - - 
Pelagic bullheads 10.1) 4.5 	3.2 15.0 7.7 	4.8 0.8 6.1 0.3 
Golomyanka 150.0 67.0 	48.4 150.0 77.3 	48.0 

lotal 224.0 100 	72.4194.2 100 62.4 13.1 100 4.2 

F5 FISHERY PRODUCTS (2) 
§ Annual fish catch in 1946-1955 : 12,000 13,000 [metric tons]. 
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F6 PAST TRENDS 
Perennial dynamics of phytoplankton (spring survey, maximum, 25 m layer) (8) 

Southern Baikal Central Baikal Northern Baikal 
Year -- 

mg/11-1 3  mg/rn 2  mgni mg: flY -- mg/nY mg/ni 2  

1964 2,830.5 70,762.5 1,972.3 49,307.5 250.8 6,270.0 
1965 1,277.7 31,942.5 236.0 5,900.0 467.8 11,690.0 
1966 84.0 2,100.0 2,425.0 6,062.5 29.2 730.0 
1967 31.3 782.5 846.1 22,152.5 1,561.9 39,047.5 
1968 4,163.4 104,085.0 1,859.1 46,477.5 894.6 22,365.0 
1969 828.1 20,702.5 109.8 2.745.3 22.3 556.3 
197(1) 46.0 1,150.5 70.8 1,770.5 13.7 341.3 
1971 204.0 5,100.0 574.4 14,360.0 245.0 6,125.5 
1972 426.0 10,650.3 148.8 3,720.8 338.1 8,453.5 
1973 67.7 1,691.5 491.8 12,294.8 3,075.0 768.8 
1971 2,379.5 59,487.5 311.4 7,785.0 97.4 2,435.8 
1975 370.6 9,263.8 717.0 17,923.8 127.8 3,194.3 
1976 1,575.3 39,381.8 687.7 17,193.8 778.2 19,456.0 
1977 512.6 12,812.8 486.5 12,162.0 106.6 2,666.0 
1978 226.3 5,657.5 551.5 13,788.0 103.3 2,581.3 
1979 2,365.8 59,146.0 11,809.0 29,523.5 1,222.1 30,552.5 
1980 628.8 15,720.5 602.0 15,048.8 52.8 131.9 
1981 58.2 1,454.0 434.5 10,863.3 23.0 396.5 
1982 1,394.3 34,857.5 2,341.8 58,543.8 176.4 4,409.5 

Xlean 
peren nial 1,024.7 25618.3 729.7 18,243.3 344.3 8,608.3 

Fig. ASI-27-7 Past trend of the raw hiomass of phvtoplankton [mg m] in the 0-50 m 
layer of open water (average) . After Antipova (2). 
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G. SOCIO-ECONOMIC CONDITIONS 

Gi LAND USE IN THE SURROUNDING TERRITORIES (9) 

Area [ha] 

Agricultural land 	 544. 24' 
Crop land 	 14, 504 
Hay land and Pasture land 	 414,044*2 

Areas of B-UI, U-L, NB and Ud are included. 
*2 Areas of U-L, NB and Ld are included. For ab-

breviations see the below map. 

Fig. ASI-27-8 Industrial development areas of Siberia and the Far East (cross-hatched 
squares designate total area : black squares in lower right the area in 
agricultural land use). B-UI : Bratsk- Ust'- Ilimsk territorial-production 
complex. U-L : Upper Lena territorial-production complex. NB : North 
Baikal territorial-production complex. UcI : Udokan economic node. 
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Numbers of domestic animals in B-UI, U-L, NB and Ud areas : Cattle II 0(h), poultry 15033(h). 
Trends of change in land use 

Siberia and the Soviet Far East are currently the scene of ambitious resource development 
programs : territorial-production complexes are being built op as the nuclei for the intensive 
industrial development of what were until recently virtually uninhabited areas, and a region 
rich in raw materials is to he opened up in the east by the construction of the Baikal-Amur 
Mainline. Manpower is being shifted to these pioneering areas, and new towns are rising in 
the taiga and in the wooded steppe. 

An increasingly urgent issue that arises in connection with the growth of population in the 
eastern regions is the provision of food, especially perishables such as potatoes. vegetables. 
milk and meat. 

The situation is to he remedied, especially with regard to the continuing growth of 
population, through implementation of the Soviet lnions l'ood Program, whose objectives 
have been outlined through the year 1990. 

G3 POPULATION OF BURYAT ASSR, CHITA OBLAST AND IRKUTSK OBLAST (1985) 1101 

Population Population density 
[km 2 1 Names of major cities 

	

Trban 	3, 655, 000 
	

lrkutsk (597,(100), 
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ot i-il 
	

060. 000 
	

LI an- Bator 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 

13 EUTROPHICATION 
Nuisance caused by eutrophication : None (11). 
Nitrogen and phosphorus loadings [t yr 1] :  T N 286,000, '1' P 62,001) (12). 

J. WASTEWATER TREATMENTS (12) 

J3 SANITARY FACILITIES AND SEWERAGE 
Number of Industrial wastewater treatment systems : 1. 

N. SOURCES OF DATA 
* Printed in Japanese with the original titles in romanized Japanese in parentheses. 

(1%1 Limnological Institute of the Siberian Branch, Academy of Sciences of the USSR (1979) Lake 
Baikal-Guidebook. 76pp. Publishing Office "Nauka". Moscow. 

2) Kozhov. M. (1963) Lake Baikal and Its Life. 3-41 pp. Dr. \V. Junk Publishers, The Hague. 
lIutchinson, G. E. (1975) A Treatise on Limnologv. Vol. 1. Part 1. Geography and Physics of 

Lakes. 51)) pp. \Viley-Interscience, New 'ork. 
Tokyo Astronomical Observatory (1 986) JironologicaI scientific Tables (Rika Nenpvô). 31)1(7 

pp. Maruzen Co., l o k vo. * 
5) Okamoto, K & Hone. S. (1983)    On the Zooplankton of Lake Baikal A Preliminary Report. 

,Jap. J. Limno!., 44(1) : 59-61. 
Kuznetsov, S. I. (1970) The \Iicroflora of Lakes and its Geochemical Activity (ed. Oppen-

heimer, C. H.). pp.503. University of Taxas press, Austin and London. 
Galazv. G. I. (1980) Lake I3aikal and Its protection. Abstracts of the 21st Congress of 

International Association of iheoretical and Applied Limnologv : 10-1. 
Galazv. G. 1. & Linevich, A. A. (1988) Ecosystem of Lake Baikal. Report to the IJNCRD 

ILEC: LJNEP Expert Group Workshop on River Lake Basin Approach to Environmentally 
Sound Management of Water Resources. Otsu and Nagoya. February 1988. 18 pp. 

\Vein, N. (1981) Agriculture in the Pioneering Regions of Siberia and the Far East Present 
Status. Problems and Prospects. Soviet Geography. 25(8) 592-620. 

10) H iusl iden G. (1987) Recent Fiends in Siberian F iban Ci o th Ibid 28)2) 	1 bY 
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(11) Ghilarov, A. M. (1983) Report on Eutrophication Studies in the U. S. S. R. Water Res., 17(6): 
607.611. 

(P) Olga Kojeva (1983) Present condition of environmental protection of Lake Baikal and other 
Siberian lakes (include reservoirs) (Baikaru-ko o hajimeto suni shiberia no koshO (chosuichi o 
fukumu) no kankyo hogo no genjO). Water Purification and Liquid Wastes Treatment. 24(11) 
889.893. * 
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TEGA-NUMA (LAKE TEGA) 

Little stationary nets in the lake 
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A. LOCATION 
Chiba Prefect ure. Japan. 
35 iON. I 11)31. 

B. DESCRIPTION 
Tega-numa derived from a valley eroded into the cleluvial plateau during the last glacial 

period about 20.000 years ago, which became invaded by the sea in the hvpsithermal period (5,00) 
years B. P.) and further left as an isolated freshwater body owing to the recession of the sea and 
the blocking by river \vashouts. 

The lake is regarded as a great asset for the residents of Chiba Prefecture, since it provides 
afl annual 2iinount 1. million cubic meters for irrigati In. industrial and city \y (  besides 
serving as the fields for fisheries and recreation. The influx of immigrating population from the 
Iokyo metropolitan area, however, resulted lit the rapid eutrophication ()f the lalce since the early 
1970 1 s, though the water quality tended to remain 011 re or less the same during the last several 
years. The eutrophication caused frequent blooms of blue-grccii algae 1 .111 io  and reduced 
fish catch. Rice plants irrigated with the nutrient-rich lake water i)ecitiile liable to fall on the 
ground at harvest time due to excessive vegetative growth. 

Only 34 	of the total population of 1011,01111 in the catcilmellt area (130 Icili I are provided with 
sewerage facilities, and unregulated (lischarge of househ Id gril\ water became a major source It 
pollutant loads carried into the lake. The qua] itv of effluents from industrial plants is regulated 
by setting limitation standards. Sewerage systems are being extended, while other measures for 
improving inflowing water quality are promoted. e.g, the purification of stream water by gravel 
filters, removal of nutrients by water hyacinth cultivation and contact filters, introduction if 
Ic itchen drain filters for reducing organic waste load discharged fri un individual househelds. etc. 

C. PHYSICAL DIMENSIONS (Q) 

Surface a rca  
\olume [Ii 	m 

] Ills); 

Maximum depth [m] 3.5 
Mean depth [in I 1). SI) 

Water level Regulated 
Length of sh reline 	kml . 	 to 
Residence time [vr] () . H T 

Catchment area [lcim] 150.2 
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ASI-28 

D. PHYSIOGRAPHIC FEATURES (Q) 

Dl GEOGRAPHICAL 
§ Bathymetric map (Fig. ASI-28-1). 
§ Main islands : None. 
§ Outfiowing rivers and channels (number and names) : 1 (Tega R.). 

D2 CLIMATIC 
§ Climatic data at Abiko. 1981-1985 

jan Feb Mar Apr May jun Jul Aug Sep Oct Nov Dec 

Mean temp. [CC] 	2.6 3.4 6.6 12.5 17.5 19.6 24.1 26.5 21.5 16.0 10.4 5.3 
Precipitation [mm] 23 68 110 122 	90 	192 102 105 167 149 	78 	22 

§ Number of hours of bright sunshine (Ahiko, 1981 1985) : 2,37)) hr yr - . 

Fig. ASI-28- I Bathymetric map (1). 

- 

	

U 	 0.5 	II,,, 

§ Water temperature [C] 
Center of the lake. 1981-1985 

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

	

0.2 	3.7 	5.4 	8.2 	16.8 19.6 22.3 	26.2 28.4 25.1 	19.9 12.0 	6.6 

§ Mixing type I'olymictic. 
§ Notes on water mixing and thermocline formation : Thermocline formation is not observed. 

E. LAKE WATER QUALITY (Q) 

E2 pH 
Center of the lake. 1981-1985 

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

	

0,2 	9.2 	9.111 	9.0 	9.4 	8.8 	8.4 	8.9 	9.0 	9.1 	9.0 	9.1 	9.2 

E3 SS [mg 1 1 1 
Center of the lake, 1981-1985 

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

	

0.2 	43 	40 	48 	53 	66 	59 	42 	56 	73 	50 	52 	53 

E4 DO [mg M] 
Center of the lake. 1981-1985 

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

	

0.2 	16 	17 	16 	14 	9.6 	8.6 	11 	9.3 	11 	12 	14 	14 
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E5 COD [mg 1 1 ] 

Determined by KM nO (acid) method. 
Center of the lake, 1981 1985 

DLpth [m] Jan Feb Mar Api May Jun Jul Aug Sep Oct Nov Dec 

	

0.2 	24 	26 	25 	23 	22 	21 	18 	23 	26 	19 	20 	22 

E6 CHLOROPHYLL CONCENTRATION [jig 1 - ] 
Center of the lake, 1984-1985 

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

	

0.2 	430 	370 	270 	400 	470 	150 	200 	220 	450 	340 	440 	390 

E7 NITROGEN CONCENTRATION 
§ Total-N [mg l] 

Center of the lake. 1981- 1985 

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

	

0.2 	7.50 8.34 7.70 5.73 5.52 5.33 3.96 3.49 5.17 	1.79 5.74 5.90 

E8 PHOSPHORUS CONCENTRATION 
§ Total-P [mg 1'] 

Center of the lake. 1981-1985 

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

	

0.2 	0.74 0.93 0.62 0.32 0.53 0.48 	L37 0.68 0.71 0.44 0.35 046 

E9 FAST TRENDS 

Fig. ASI-28-2 Trend of COD at the center of the lake. 
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ASI-28 

Fig. ASI-28-3 Trend of chlorophyll-a at the center of the lake. 
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Fig. ASI-28-4 Trend of nutrients at the center of the lake. 
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F. BIOLOGICAL FEATURES (Q) 

Fl FLORA 
§ Emerged macrophytes : Plzragmi/cs coinuni,, Zi2ania latitolia, TvPIia angitstifidia. ",ieleanho 

a ucife ra. 
§ Floating macrophytes : Trapa nataus var. IaJonica, 
§ Phytoplankton 

Spring : green algae (Chlazvdomonas). 
Summer : blue-green algae ( It1icro(5'tic). 
Autumn and winter : diatoms (Cvclotclla). 

F2 FAUNA 
§ Fish : Jseudrashora pan'a, Rodc'us ocollalus ocella/tts, Cvprinus car,bio * , C'arassius üUYZtliS, 

IJvI)opht1iainzcl1t1/1.'s molitrix, A guil1a japonica (* ecomom i ca ll y  important). 

F5 FISHERY PRODUCTS 
§ Annual fish catch in 1985 : 440 [metric tons]. 
§ Fishery products other than fish in 1980 8 [metric tons]. 
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ASI-28 

F6 PAST TRENDS 

Fig. ASI-28-5 Trend of annual fish catch. 
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G. SOCIO-ECONOMIC CONDITIONS (Q) 
Gi LAND USE IN THE CATCHMENT AREA (1985) 

Area [ha]  
Natural landscape 	 3.960 	26.4 
Agricultural land 	 5,159 	34.4 
Settlement area 	 5,897 	39.3 
Total 	 15.016 	100 

§ Main kinds of crops : Rice. 

G2 INDUSTRIES IN THE CATCHMENT AREA AND THE LAKE (1980) 

No. of 
No. of persons establishments engaged 

Primary industry 7,917 
Crop production 7,819 
Fisheries 74 
Others 24 

Secondary industry 50,069 	 2,270 
Tertiary industry 101,560 	 9,844 

Numbers of domestic animals in the catchment area : Cattle 686. swine 3,615, horse 161. 

6 
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G3 POPULATION IN THE CATCHMENT AREA (1985) 

Population den sity Populatinu 	 ., 	 Main cities 
km]  

Urban 	345,610 	 Kashiwa, Abiko, 
Rural 	 53,440 	 Matsudo, Nagareyama, 
Total 	399,050 	 2,657 	Karnagava 

H. LAKE UTILIZATION (Q) 

H 1 LAKE UTILIZATION 
Source of water, fisheries, sightseeing and tourism (number of visitors in 1980 : 240,000), and 

recreation (sport-fishing). 

H2 THE LAKE AS WATER RESOURCE (1985) 

Use rate [mday'] 

Irrigation 	 138,000  

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS (Q) 

Ii ENHANCED SILTATION 
§ Extent of damage : Serious. 
§ Supplementary notes : Heavy siltation occurs at the mouths of Obori 1iver and Otsu River 

flowing through urban areas. 

13 EUTROPHICATION 
§ Nuisance caused by eutrophication : Algal bloom (dominant species of algae, Mic cocv,ctis spp.) 
§ Nitrogen and phosphorus loadings to the lake (1985) [kg day'] 

Sources Industrial Domestic Agricultural 	Natural Total 

T-N 433 1,436 496 2,369 
'F-P 69.6 213.7 - 	 23.2 306.5 

14 ACIDIFICATION 
§ Extent of damage None. 

U. WASTEWATER TREATMENTS (Q) 

,J 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (f) Severe pollution with 
limited wastewater treatment. 

U2 APPROXIMATE PERCENTAGE DISTRIBUTION OF POLLUTANT LOADS 

COD [kg day ] 	[% I 
None-point sources 
(agricultural, natural and 6,231 	 94.21  
dispersed settlements) 

Point sources 
Municipal 142 	 2.1 
Industrial 242 	 3.7 

Total 6,615 	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 : 68 % (nightsoil treatment for the rest 32 %)• 
§ Percentage of rural population with adequate sanitary facilities (on site treatment systems) Nearly 

10)) %. 
§ Municipal wastewater treatment systems 

Number of secondary treatment sYstems -. 2. 
§ Number of industrial wastewater treatment systems : 114. 

K. IMPROVEMENT WORKS IN THE LAKE (Q) 
Ki RESTORATION 

Dredging is carried out mainly at the mouths of inflowing rivers. Ohori River and Otsu 
River 

K3 OTHERS 
Harvest of Microcvslis, planting and recovery of water hyacinth. 

M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR 
UPGRADING LAKE ENVIRONMENTS 

M 1 NATIONAL AND LOCAL LAWS CONCERNED 
§ Names of the laws (the year of legislation) 

For national laws see "Biwa-ko" 
Ordinance for Determining Effluent Standards on the Basis of Water Pollution Control 

Law (1976) 
Chiha Prefecture Environmental Pollution Control Ordinance P971) 

§ Responsible authorities 
Chiha Prefectural Government 
Chiba Prefectural Government 

§ Main items of control 
HOD, GUI) 
BUD, COD 

M3 RESEARCH INSTITUTE ENGAGED IN THE LAKE ENVIRONMENT STUDIES 
1) Chiba Prefectural Laboratory of Water Pollution, Chiba 

N. SOURCES OF DATA 
*Pr i n ted in Japanese. 

(Q) Questionnaire filled by Chiba Prefectural Government. 
(1) Kobayashi, S. (1982) Journal of Water & Waste (Yôsui to Haisui), 24 : 96F976 . * 
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ASI-29 

INBA-NUMA (LAKE INBA) 

A lake view on the artificial bank 
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ASI-29 

A. LOCATION 

Chiba Prefecture, Japan. 
32 tiN. 14 	'F.. 

B. DESCRIPTION 

This lake and Tega-numa (AS12) are shallow sister lakes which are more or less the same 
in their geological origin, phvsiographic conditions and recent environmental changes. Tuba-
numa had been a \V-shaped lake (f about 25() ha until the 92()'s. but was completely reformed by 
the reclamation project which was started in 1963 and completed in 1969 for the purpose of flood 
control, We field improvement and water resource development. The present lake ci insists f two 
parts North and \Vest Lake. ci nnected with each other by creeks, measuring 1,155 ha in the 
summed area. 

The lake is extensively utilized as a source of \ ater for irrigation and industrial and urban 
vaterworks. It serves as one of the prefectural nature parks providing Ii ir fisheries arid re-
creational activities. 

'I'his lake experienced progressive eutrophicati In since the beginning of the I 97i)'s when the 
population in its catchment area also began to increase rariidlv. This was associated with the 
blooms of blue-green algae, overgrovvth of water chestnuts, unpleasant d r of tap water, and 
other troubles Although the domestic wastewater fr rn an increasing number of households is the 
main cause of eutrophication, some ho of the total 24.009 inhabitants uf the catchcment area 
have not vet been covered by the existing sewerage system. Therefore, together with educational 
campaign to the public, various measures similar to the case of Tega-riurna are being taken to 
reduce nutrient loads carried into the lake. 

C. PHYSICAL DIMENSIONS (Q) 

surface area [km I 	- 	 - - 11 - 52 
\olume [1(Ym] Ii, 277 
Maximum de)tli [n -i] 2.2 
Mean depth ImI 1 .7 
Normal range of annual water 

0 level fluctuation (regulttecI) knj - 

Length of shi irel me 1km! 26 . 1 
Residence time [vr] Li - 08 

Catchment area [kin] t7. 	I 



ASI-29 

D. PHYSIOGRAPHIC FEATURES (Q) 

Dl GEOGRAPHICAL 
Sketch map (Fig. ASl-291). 

§ Main islands : None. 
§ Outfiowing rivers and channels (number and names) : I (Nagato R.). 

D2 CLIMATIC 
§ Climatic data at Sakura, 1981-1985 

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

Mean temp. [C] 	2.2 3.1 	6.4 12.3 17.3 19.4 23.7 12.8 21.3 15.9 10.2 	4.9 12.5 
Precipitation [mm] 	29 71 	114 126 81 190 91 87 194 127 76 	40 1,226 

§ Number of hours of bright sunshine (Sakura, 1981 1985) : 2370 hr vr 1  

Fig. ASI-29-I Sketch map of the lake (Q). 

§ Water temperature [C] 
Station 1, 1981-1985 

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

	

0.2 	4.3 	5.2 	8.1 	14.9 	19.8 22.5 26.329,225.8 	19.6 13.0 	7.5 

§ Mixing type Polymictic. 

E. LAKE WATER QUALITY (Q) 
E2 pH 

Station 1, 1981-1985 

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

	

0.2 	8.0 	8.3 	8.6 	9.0 	8.6 	8.3 	8.6 	8.7 	8.6 	8.1 	8.0 	8.() 

E3 SS [mg 1] 
Station 1, 1981-1985 

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

	

0.2 	17 	33 	26 	20 	18 	10 	12 	16 	21 	25 	17 	13 



E9 	PAST TRENDS 

Fig. ASI-29-2 Trend of COD. 
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ASI-29 

E4 DO [mg l] 
Station 1, 1981-1985 

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

	

0.2 	14 	15 	15 	13 	10 	10 	13 	10 	12 	10 	12 	14 

E5 COD[mgl'] 
Determined by KMnO. 1  (acid) method 
Station 1, 1981-1985 

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

	

0.2 	11 	12 	12 	12 	11 	10 	10 	14 	14 	11 	9.6 	11 

E6 CHLOROPHYLL CONCENTRATION [g 1 ] 
Station 1, 1981-1985 

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

	

0.2 	93 	125 	141 	186 	130 	113 	127 	129 	157 	170 	162 	198 

E7 NITROGEN CONCENTRATION 
Total-N [mg 11 

Station 1, 1981-1985 

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

	

0.2 	2.25 	2.92 	3.05 2.63 	1.79 	1.97 	1.64 	1.56 2.00 2.41 2.73 2.96 

E8 PHOSPHORUS CONCENTRATION 
§ Total-P [mg 1 - 1 

Station 1, 1981-1985 

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

	

0.2 	0.12 	0.13 	0.13 0.13 	0.12 	0.12 	0.10 	0.14 	0.14 	0.13 0.098 0.11 

1976 	'77 	'78 	'79 	'80 	'81 	'82 	'83 	'84 	'85 

Fiscal year 
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Fig. ASI -29 -3 Trend of chlorophyll-a. 
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F. BIOLOGICAL FEATURES (Q) 

Fl FLORA 
§ Emerged macrophytes PJ2regmits commiois, Zi.'uiiia /?11t111 .a, Tvp/w (InglIs/ito/ja, 	c/unh(; 

nucifera. 
§ Floating macrophytes : !VvnzpI2oides indian, N peltala, l) , ipa inc/sn, T. na/ans var. /aonica. T. 

na/ans var. ntheo/a, Iljydroclians dub/a. 
§ Submerged macrophytes : Ceratoplivllum demersum. Potamogafo;i ma/a/anus, T T zllisneria ggante'a, 

V. denseserrulala, IVajas marina, Caboniha caroliniana, Elodea na//al/il. 
§ Phytoplankton : Blue-green algae (Microcvs/is), diatoms (Cvclo/ella), green algae (Cli/amv(io-

inonas). 

F2 FAUNA 
§ Fish CrinuS Car/no Achczlognatlzus morlo/at, (/natllo,bogon elongatus clongatus, Misgurnus 

anguillicaudatus, Hy8omesus olidus Heinira;nphus salon, .Salangicliihvs microdon, A uguilla 
jaonica, Sarcoclze/ichtlivs i'ai -iegatus, O,bsaniicli/hi's uncirostris, Zacco platypus, Pungtungia hersi, 
Pseudogobio rii'ularis, Canassius * Gob/us (* econom ica ll \  important). 

F5 FISHERY PRODUCTS 
§ Annual fish catch in 1985 851 [metric tons]. 
§ Fishery products other than fish in 1980 : 31 [metric tons]. 

F6 PAST TRENDS 

Fig. ASI-29-5 Trend of fish catch. 
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G. SOCIO-ECONOMIC CONDITIONS (Q) 
Gi LAND USE IN THE CATCHMENT AREA (1980) 

Natural landscape 
Agricultural land 
Settlement area 
Total 

Area [ha] [26] 

16,395 33.7 
20.716 42.5 
11.577 23.8 
48,718 100.0 

Main kinds of crops Rice. 

G2 INDUSTRIES IN THE CATCHMENT AREA AND THE LAKE (1980) 

No. of No. of persons establishments engaged 

Primary industry 17,559 
Crop production 17,459 
Fisheries 85 
Others 15 

Secondary industry 41 .375 2,099 
Tertiary industry 92,014 9,945 

§ Numbers of domestic animals in the catchment area : Cattle 12,911, swine 15,164, horse 125 

G3 POPULATION IN THE CATCHMENT AREA (1985) 

Population density Population 	[krn2] 

Urban 	434,380 
Rural 	105,790 
Total 	540, 170 	 1,109 

i'Vlain cities 

Sakura, Yachiyo, 
Chiha, Funabashi, 
Narita, Yotsukaid5, 
Kamagaya 	- - 

H. LAKE UTILIZATION (Q) 

H 1 LAKE UTILIZATION 
Source of water, sightseeing and tourism (380,000 visitors in 1980), recreation (sport-fishing) 

and fisheries. 

H2 THE LAKE AS WATER RESOURCE (1985) 

Use rate [10 m yr] 
Domestic water 	 136 
Irrigation 	 488 
Industrial water 	 490 
Power plant  



ASI-29 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS (Q) 

12 TOXIC CONTAMINATION 
§ Present status : No information. 

13 EUTROPHICATION 
§ Nuisance caused by eutrophication : Algal bloom (Microcvstis), disturbed filtration in cleaning bed, 

foul smell of tap water. 
§ Nitrogen and phosphorus loadings to the lake (1980) [kg day'] 

Sources 	Industrial 	Domestic 	Agricultural 
	

Natural 
	

Total 

T-N 	 588 	 1,833 
	

1,612 	4,033 
T-P 	 82.4 	 239.8 

	
71.2 	393.4 

14 ACIDIFICATION 
§ Extent of damage : None. 

U. WASTEWATER TREATMENTS (Q) 

J 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (ci) Measurable pollution 
with limited wastewater treatment. 

J2 APPROXIMATE PERCENTAGE DISTRIBUTION OF POLLUTANT LOADS: 

COD [kgdav'] 	[%1 
None-point sources 
(agricultural, natural and 
dispersed settlements) 

Point sources 

Municipal 
Industrial 

Total 

	

9,638 	 95.9 

	

117 	 1.2 

	

297 	 3.0 

	

10,052 	 100 

J3 SANITARY FACILITIES AND SEWERAGE 
§ Percentage of municipal population in the catchment area provided with adequate sanitary facilities 

((n-site treatment systems) or public sewerage :55 % (nightsoil treatment for the rest 45 %). 
§ Percentage of rural population with adequate sanitary facilities (on-site treatment systems) : Nearl 

100 %. 
§ Municipal wastewater treatment systems 

Number of secondary treatment systems : 1. 
Other types : 2. 

§ Number of Industrial wastewater treatment systems : 113. 

K. IMPROVEMENT WORKS IN THE LAKE 

Ki RESTORATION 
Dredging is carried out at mouths of the inflowing rivers. 
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M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR 
UPGRADING LAKE ENVIRONMENTS 

M 1 NATIONAL AND LOCAL LAWS CONCERNED 
§ Names of the laws (the year of legislation) 

For national laws see "Biwa-ko' 
Ordinance for Determining Effluent Standards on the Basis of Water Pollution Control 

Law (1976) 
3) Chiba Prefecture Environmental Pollution Control Ordinance (1971) 

§ Responsible authorities 
(2) Chiba Prefectural Government 

Chiba Prefectural Government 
§ Main items of control 

BOD. COD 
hOD, COD 

M3 RESEARCH INSTITUTE ENGAGED IN THE LAKE ENVIRONMENT STUDIES 
(1) Chiba Prefectural Laboratory of Water Pollution, Chiha 

N. SOURCES OF DATA 

(Q) Questionnaire filled I)v Chiba Prefectural Government 
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IKEDA-KO (LAKE IKEDA) 

A lake view with Mt. Kaimon in the background 
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ASI-30 

A. LOCATION 

Kagoshima Prefecture, Japan. 
311 IN. 130 34'E 88 m above sea level. 

B. DESCRIPTION 

Lake Ikeda is a caldera lake, located 10 km south of Kagoshirna city. It has a surface area 
of 11 km 2  and a shoreline length of 15 km. The maximum depth amounts to 233 in. Together 
with Mt. Kaimon on its south side, it forms one of the most scenic spots of Southern Kvushu tourist 
zone. Kirishima-\'aku National Park. 

The lake water quality was excellent until some years ago, but has been deteriorated due to 
the development of the surrounding areas since around 1955. The traiisparencv of the lake 
measured 26.8 in in 1929, but decreased to about 5 111 in recent years. Freshwater red tides have 
also been observed. There are resort facilities in the northeastern part of the lake, which attract 
2.8 million tourists annually. The lake also serves for fish culture and irrigation. An irrigation 
project for 6,000 ha of agricultural field and 103000 households was initiated in 1965 and the c urses 
of three nearby rivers were diverted into the lake. The irrigation system has been in operation 
since 1982, resulting in a considerable aineliorat ion of the lake water quality QI. 

C. PHYSICAL DIMENSIONS (1) 

Surface area [kin 2 ] 
\olume Firm] 
Maximum depth 11111 

Mean depth [m] 
Normal range of annual water 
level fluctuation (regulated) [m] 
Length of shoreline [kml 
Residence time [vr] 
Catchment area [km 2 l 

10.95 
1. 47 

135 

15.1 
1.7 

10.73 



A SI-3D 

D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL (Q) 
§ Bathymetric map (Fig. ASI-30-1). 
§ Main islands None. 
§ Outfiowing rivers and channels (number and names) 1 (Shin R.). 

D2 CLIMATIC 
§ Climatic data at Ibusuki, 1971-1980 (2) 

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

Mean temp. ['Cl 	8.7 9.4 12.1 16.6 20.0 23.7 27.3 27.8 24.9 20.4 15.3 10.5 	18.1 
Precipitation [mm] 98 134 179 249 291 459 243 182 244 128 	77 114 2,439 

§ Number of hours of bright sunshine 2,411 hr yr'. 

Fig. ASI-30-I Bathymetric map (Q). 

0 	0.5 	1KM 

I 
Water temperature [C] (3 4) 

Station 1, 1986 

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

0.5 - 	 10.4 - 	 15.6 - 	 23.0 -29.3 23.3 14.2 
15 10.2 - 	 13.0 - 	 13.9 	- - 	 22.9 22.9 14.2 
30 10.2 10.8 - 	 11.0 11.5 11.5 -. 	11.0 

100 10.2 10.1 - 	 10.2 	-- 10.1 10.2 10.3 
200 10.2 10.1 10.2 - 	 10.4 10.2 - 	 10.3 

§ Freezing period None (Q). 
§ Mixing type Monomictic (Q). 
§ Notes on water mixing and thermocline formation The lake is thermally stratified between April 

and December. The stratification is especially remarkable between June and November. 
The thermocline is situated at 10-20 m depth (Q). 
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E. LAKE WATER QUALITY (3, 4) 

El TRANSPARENCY [ml 
Station 1, 1985 

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

8.6 	7.0 	4.3 	8.2 	7.3 	- 	9.4 

E2 pH 
Station 1, 1986 

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

0.5 7.2 7.9 8.8 -- 	8.6 8.1 - 	 7.4 
15 7.2 7.8 7.6 7.8 8.0 - 	 7.3 
30 7.2 7.1 	- 7.1 -- 	7.0 7.1 -- 	6.8 

100 - 	 7.2 7.2 	- 7.1 7.0 7.1 6.9 
200 7.3 - 	 7.1 7.1  7.1 6.8 

E3 SS [mg !] 
Station 1, 1986 

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

0.5 	- <1 1 2 <1 1 <1 
15 <1 1 2 - 	 - 	 1 1 - 	 1 
30 	- <1 - 	 <.1 - 	 <1 - 	 - 	 <1 <1 <1 

100 <1 - 	 <1 <1 - 	 <1 <1 <1 
200 	- <1 - 	 <1 <1 <1 <11 <1 

E4 DO [rng 1'] 
Station 1, 1986 

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

0.5 - 	 7.7 - 9.0 - 	 7.8 8.9 9.7 
15 7.3 10.8 10.4 - 	 6.9 8.9 9.7 
30 - 	 7.0 10.5 7.7 - 	 6.7 6.0 4.7 

100 7.6 8.6 7.4 7.2 7.8 - 	 6.5 
200 - 	 6.8 7.6 7.1 - 	 - 	 6.6 6.2 - 	 5.8 

E5 COD [rng 1 ] 
Determined by KMnO method. 
Station 1, 1986 

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

0.5 - 	 1.1 - 	 1.9 - 	 2.7 - 	 - 	 2.5 2.8 - 	 2.2 
15 - 	 1.2 - 	 1.3 -- 	2.6 - 	 - 	 2.9 2.7 - 	 2.4 
30 - 	 1.2 - 	 1.0 - 	 0.9 - 	 - 	 1.0 0.9 - 	 1.2 

100 - 	 1.2 - 	 0.9 - 	 0.8 - 	 -- 	0.8 0.9 - 	 0.8 
200 - 	 1.1 - 	 0.8 - 	 0.8 - 	 - 	 0.8 0.7 - 	 0.8 

4 
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E6 CHLOROPHYLL CONCENTRATION [,ug I 
Station L  1986 

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

0.5 - 	1.7 3.6 2.4 	- - 	0.5 2.6 - 	2.7 
15 2.0 - 	1.9 11.0 2.2 2.7 - 	2.2 
30 - 	2.4 - 	0.9 - 	0.5 - 	1.1 1.0 - 	1.9 

100 - 	0.2 0.1 0.1 0.1 0.1 
200 1.8 0.3 0.0 0.2 0.1 0.1 

E7 	NITROGEN CONCENTRATION 
§ 	Total-N [rng l] 

Station 1, 1986 

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

0.5 0.22 0.25 0.25 0.38 0.36 0.33 
15 0.23 0.22 0.35 0.55 0.35 0.32 
30 0.23 	- 0.22 - 	0.23 	-- - 	0.26 0.26 0.30 

100 	- 0.23 	- 0.23 0.24 	- - 	0.26 0.23 	- 0.24 
200 0.24 0.24 0.26 0.27 0.26 0.26 

E8 PHOSPHORUS CONCENTRATION 
§ Total-P [rng 11 

Station 1, 1986 

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

0.5 - 	0.004 	- 0.007 - 	0.008 	- - 	0.003 0.005 0.006 
15 - 	0.004 0.005 - 	0.007 	- 0.008 0.005 - 	0.007 
30 - 	0,004 0.003 0.002 0.002 0.002 0.003 

100 - 	0.004 0.002 0.002 0.003 0.002 0.002 
200 0.003 0.003 0.002 0.003 0.003 0.003 

E9 CHLORINE ION CONCENTRATION [ing I 
Station 1, 1986 

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

0.5 8.7 7.9 7.9 7.8 8.1 7.9 
15 8.7 7.9 8.0 7.9 8.0 - 	7.9 
30 - 	8.8 - 	7.9 	- 7.9 - 	7.8 8.0 - 	7.9 

100 8.7 7.9 7.9 7.8 8.1 7.9 
200 8.8 7.8 7.9 - 	 8.0 8.0 7.9 

3 
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ElO PART TRENDS 

Fig. ASI-30-2 Past trend of COD. 
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Fig. ASI-30-3 Past trend of T-N concentration. 
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Fig. ASI-30-4 Past trend of 'f-P concentration. 
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F. BIOLOGICAL FEATURES (I) 

Fl FLORA 
§ Phytop)ankton : Spring (Cvclotc/Ia sp.. Svncdra sp.) summer (Crc/old/a sp.. Mougeotia sp.) 

autumn (A auhuena sp.) winter (.-luahacna sp ., Microcvslis sp.). 

F2 FAUNA 
§ Zooplankton Spring (Bosmina /ongmslr?s, Bosminopsis (kitcisi) : summer (Conochilus hippocre-

pis) autumn (C. luppocrepi.c, B. longiros/ris) winter (B. 10n2710S111s, Nauplius). 
§ Benthos Palaen?on paucidens, Pisidiuin parcum, Proc/ad/us sp. 
§ Fish : /1 ngui//a marmorala, * A. iaponica, * Cvprinus curpio, fJvpomesus Ira ns1hac?tzcus uipponen-

P/ccog/ou allicelis (* eConomica ll y  important). 

F5 FISHERY PRODUCTS (0 
§ Annual fish catch in 1980 379 [metric tons]. 

G. SOCIO-ECONOMIC CONDITIONS 

Gi LAND USE IN THE CATCHMENT AREA (1980) (6) 

	

Original basin 	Newly added basin 
Area [km] 	- 	 Area [km 2 ] 	 [%] 

Natural landscape 	8.95 	72.5 	19.51 	68.7 
Agricultural land 	 1 .36 	11.0 	5.59 	19. 7 
Settlement area 	 0.14 	3.6 	0.37 	1.3 
Others 	 1.59 	12.9 	2.92 	10.3 
Total 	 12.34 	100 	 28 . 39 	100 

§ Main types of woody vegetation : Evergreen broadleaf forest (Pasani(i (Willis, Caslanopsis 

cus/n data). pine forest (Pinus thunbc)gii), pine plantation (P. Ihunhergi ) (5). 
§ Main types of herbaceous vegetation : Grassland and weeds (5). 
§ Main kinds of crops : Rice, sweet potato, radish and tea (5). 

G2 INDUSTRIES IN THE CATCHEMENT AREA AND THE LAKE (1980) (Q> 

(;ross prcduct 	No. of 
per year 	 persons 
[10 6 ven]' 	 engaged 

Primary industry 	- 	- 	8,900 	- 	8,127 
Secondary industry 	 10, 100 	 4,45 7 

 

- Tertiary industry 	 40300 	 13.613 

Data compiled from the statistics of the municipalities in the catchment area. 
§ Numbers of domestic animals in the catchment area : Cattle 2.015. swine 947 and poultry 913,100. 

G3 POPULATION IN THE CATCHMENT AREA (198))) (Q) 

IN 
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H. LAKE UTILIZATION 

Hi LAKE UTILiZATION (6) 
Source of water, sightseeing and tourism (number of visitors in 198)) : 2,870,000), recreation 

(sport-fishing) and fisheries. 

H2 THE LAKE AS WATER RESOURCE (6) 

Use rate [m 3dav'] 

	

Irrigation 	 19,233 

I. DETERIORATION OF LAKE ENVIRONMENT AND HAZARDS (Q) 

12 TOXIC CONTAMINATION 
§ Present status : None. 

13 EUTROPHICATION 
§ Nuisance caused by eutrophication : Lnusual algal bloom )Pcricjiniu;n sp.). 
§ Nitrogen and phosphorus loadings [kg day'], 1983 

Sources 	Industrial 	Domestic 	Agricultural 	Natural 	Fisheries 	Total 

T-N 	 18 	 14 	 19 	 35 	 48 	164 
T-P 	 5.1 	 3.5 	 2.1 	 0.6 	14 	 25.3 

14 ACIDIFICATION 
§ Extent of damage : None. 

J. WASTEWATER TREATMENTS 

Ui GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (f) Significant pollution 
without wastewater treatment (Q). 

J3 SANITARY FACILITIES AND SEWERAGE (10) 
§ Percentage of municipal population in the catchment area provided with adequate sanitary facilities 

(on-site treatment systems) or public sewerage : 0 °. 
§ Percentage of rural population with adequate sanitary facilities (on site treatment systems) : 10 96. 

K. IMPROVEMENT WORKS IN THE LAKE 

K3 OTHERS (Q) 
The area is expected to have a sewerage system in the near future under the special 

legislation. 

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

M 1 NATIONAL AND LOCAL LAWS CONCERNED 
§ Names of the laws (the year of legislation) 

Guidelines for promotion of grey water treatment. Kagoshima Prefecture (1983) 
Guidelines for water quality protection for the field irrigation project in Nansatsu 

District (1982) 
Rules of the Committee for Lake Ikeda Water Quality and Environmental Protection. 

§ Responsible authorities 
Kagoshima Prefectural Government 
Kagoshima Prefectural Government 

8 
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(3) Offices of Ibusuki City, Yamakawa Town, Ei Town and Kairnon Town, Kagoshirna 
Prefecture 

M3 RESEARCH INSTITUTES ENGAGED IN THE LAKE ENVIRONMENT STUDIES 
(U Kagoshirna Prefecture Environment Centre, Kagoshima 
(2) Association for Prevention of Pubhc Nuisances, Kagoshima 

N. SOURCES OF DATA 

* Printed in Japanese. The titles are tentatively translated into English with the original 
titles in romanized Japanese in parentheses. 

(Q) Questionnaire filled by Kagoshirna Prefectural Government. 
Kagoshima Prefectural Government (1983) Lake Ikeda Water Quality and Environmental 

Management Plan (Ikeda-ko Suishitsu KankyO Kanri K e ik aku ) . * 
Kagoshima Prefectural Weather Bureau, Monthly Agricultural Weather Report (Nôgyo KishO 

Geppô. ShOwa 4656 nen Ban), 19711981.* 
Kagoshima Prefectural Government (1986) Water Quality Measurement Data in Public 

Water Bodies (Shôwa 60 Nendo Kôkvô Yosui-iki no Suishitsu Sokutci Kekka). 1985.* 
Data obtained from Kagoshima Prefecture Environment C entre. * 
Environment Agency (1987) The Second Natural Environment Protection Baseline Survey 

(Vegetation Survey), Existing Vegetation Map, Kagoshima Prefecture (Dai 2 kai Shizen Kan 
kvô Hozen Kiso Chôsa (Shokusei Chôsa), Genzon Shokusei Zn, Kagoshima-ken). Japan Wildlife 
Center 

Kagoshima Prefecture Water Quality Council, Lake Ikeda Committee (Kagoshima-ken Suishi 
tsu Shingi-kai Ikeda-ko Bukai) (1985) On the Setting of Water Quality Standards for lotal 
Nitrogen and Total Phosphorus (Ikeda-ko no Zen-Chisso oyobi Zen-Rin ni kakawaru Kankv 
Kijun no Ruikei Kijun ni tsuite).* 
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SUWA-KO (LAKE SUWA) 

A look down view from the northeast with Suwa City in the foreground 

IRE- In 

Copyright ® John Bartholomew & Son Limited MCMLXXXII. Reproduced with permission. 
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A. LOCATION 
§ Nagano Prefecture, Japan. 
§ 36 3'N, 1385'E 759 m above sea level. 

B. DESCRIPTION 
Lake Suwa is a tectonic lake located on the central highland of Honshu at an altitude of about 

760 m above sea level. A single stream, Tenrvu River. drains the lake water into the Pacific 
Ocean. The lake surface remains frozen for 2-3 months during winter. Long straight rows of ice 
ridge locally called 'Omiwatari' sometimes traverse the frozen lake surface in the winter morning 
after a cold night. 

The lake has been filled with sediments transported by rivers from its relatively wide drainage 
basin to become a typical eutrophic lake with an average depth of about 3 nI. Nearly 30 of the 
drainage basin are covered by forest vegetation, while the greater part of the population is 
concentrated in a few cities near the lake shore. The spectacular gn wth of industrial act ivitv 
around the lake since the 1960's caused a very rapid hvpertrophicati ii of the lake as indicated by 
heavy blooms of Miciocvstis (blue-green algae) that take l)laCe every summer. 

C. PHYSICAL DIMENSIONS (() 

Surface area [knY] 13.3 
\olume [ 10 9m] .063 
Maximum depth [m] 7.2 
Mean depth [m] 7 
Water level Regulated 
Length of shoreline [km] 13.9 
Residence time [vr]  
Catchment area [knY] 513. 3 



ASI-31 

D. PHYSIOGRAPHIC FEATURES 
Dl GEOGRAPHICAL 

§ Bathymetric map (Fig. ASI-31-1). 
§ Main islands : None (1). 
§ Outfiowing rivers and channels (number and names) : 1 (Tenrvu R.) (Q). 

D2 CLIMATIC 
§ Climatic data at Suwa, 1951-1980 (2. 3) 

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

Mean temp. ['C] 	-2.0 -1.2 2.6 9.3 	14.3 18.3 22.2 22.9 18.6 12.1 	6.4 	1.3 10.4 
Precipitation [mm] 	17 55 84 120 	117 205 	219 	141 179 112 	67 	41 1,386 

§ Number of hours of bright sunshine (Suwa, 1951-1980) : 2,246,2 hr vr 
§ Solar radiation (Matsumoto, 1973-1982) : 14.1 Mj 111 2day. 
§ Average depth of maximum snow accumulation (1954-1980) 0.2 m. 

Fig. ASI-31-I Bathymetric map (1). 

0 	CO 	1KM 

§ Water temperature [C] (8) 
Station 1, 1983-1985 

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

0.5 	- 	- 	3,7* 11.4 16.6 19.7 23.2 26.7 22.5 15.8 10.9 	3.6 
5 	- 	 3,5* 	9.5 14.5 18.5 19.8 21.7 21.4 14.8 	7.7 	3.6 

* 1984-1985. 
§ Freezing period jan-Feb. (8). 
§ Mixing type Dirnictic. 
§ Thermocline formation From May to Aug. and from Jan. to Feb. (8). 

3 



A SI -31 

E. LAKE WATER QUALITY 
El TRANSPARENCY [m] (8) 

Station 1, 1983-1985 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1.5* 	1.6 	1.5 	1.4 	0.80 0.60 0.52 	0.74 	1.2 	1.5 

* 1984-1985. 

E2 pH (8) 
Station 1, 1983-1985 

Depth [m] Jan 	Feb 	Mar Apr 	May jun Jul Aug Sep Oct Nov 	Dec 
0.5 - 	- 	8.3* 8.1 	8.2 7.4 9.6 9.4 8.6 8.4 8.0 	7.9 
5 - 	- 	8.2* 7.7 	7.7 7.1 8.0 6.7 6.8 7.6 7.5 	7.9 

* 1984-1985. 

E3 SS [mg 1'] (8) 
Station 1, 1983-1985 

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

0.5 	- 11 	7 	5 7 21 19 25 15 10 8 
5 7* 	5 	5 8 9 12 17 14 11 9 

* 	1984-1985. 

E4 	DO [rng 1_l]  (8) 
Station 1, 1983-1985 

- Depth [m] 	Jan 	Feb Mar 	Apr 	May Jun Jul Aug Sep Oct Nov Dec 
0.5 12* 	11 	9.7 9.4 13.7 12 8.7 9.0 9.5 11 
5 	- -- 13* 	9.7 	7.0 5.2 6.1 2.6 4.5 7.6 9.4 11 

* 	1984-1985.  

E5 COD [mg 1'] (8) 
Determined by KMnO method. 
Station 1, 19831985 

Depth [m] jan Feb Mar Apr May,  Jun Jul Aug Sep Oct Nov Dec 
0.5 	- 	- 	5.6* 	3.6 	3.8 	4.4 	8.4 	8.1 	11.9 	6.5 	4.2 	4.4 
5 	 3.6* 	2.7 	3.6 	3.7 	3.7 	4.8 	6.9 	4.5 	4.2 	4.4 

* 1984-1985. 

E6 CHLOROPHYLL CONCENTRATION [,ug l] (8) 
Station 1, 1983-1985 

Depth [m] Jan 	Feb 	Mar Apr May jun Jul Aug Sep Oct Nov Dec 
0.5 
5 

- 	- 	59* 

- 	- 	41* 
33 
17 

24 
32 

23 
14 

90 
26 

193 
18 

101 
28 

39 
25 

36 
38 

54 
45 

* 1984 1985 
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E7 NITROGEN CONCENTRATION 
§ Total-N [mg I_I] (8) 

Station 1, 1983-1985 

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

0.5 	- 	- 	0 . 69* 1.5 	1.0 	0.80 1.8 	2.8 	1.4 	1.5 	0.94 0.59 

5 	 1 . 2* 	1.4 	1.2 	0.94 0.98 	1.4 	0.97 	1.3 	1.0 	0.76 

* 1984-1985. 

E8 PHOSPHORUS CONCE 
§ Total-P [mg 1] (8) 

Station 1. 1983-1985 

Depth [m] Jan Feb 

0.5 	 - 
3 	 - 

194-193b. 

E10 PASTTRENDS 

NTRATION 

Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

0 . 097* 0.047 0.053 0.062 0.10 	0.19 	018 0,090 0.059 0.059 
0.10 	0.050 0.066 0.070 0.064 0.091 	11.15 0.089 0.068 0.059 

Fig. ASI-31-2 Trend of transparency (4). 
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Fig. ASI-31-3 Trend of DO (1). 
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Fig. ASI-31-4 Trend of chlorophyll-a (5). 
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Fig. ASI-31-5 Trend of nitrogen concentration (5). 
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Fig. ASI-3 I -6 Trend of phosphorus concentration (s). 
PP : Particulate P. RP Reactive P. DOP Dissolved organic P. 
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F. BIOLOGICAL FEATURES 

Fl FLORA(4) 
§ Emerged macrophytes Pllraglnites communis, Zi2ania lalifolia, Vu/2hur iaj7oucztm. 
§ F'oating macrophytes Trapa J(zJ)0 fl/Ca, f-f drodiaris asiatica, Nefrfl/2Iloider /2eltata. 
§ Submerged macrophytes : Iotainogeton naacI?ianus, P. cr/s/2as, T/allisnerza g igcollea, Hvdiz/Ia 

oertici/lata. 
§ Phytoplankton Me/os/ru faponica, 4S1e)10 ne//cl (1/71/05(1, IIlUIOCVstli aciuginoSa. A )lll)a(nU s/2i'-

0/c/es. 

F2 FAUNA (4) 
§ Zooplankton Brachionas calvci/lorus, Aerate//a codi/earis, .Svnchac/cz stvlata. f//i/au longiseta. 
§ Benthos : Chipangopa/udia japonica, Lhitlronomur p/luimsus, 7o/cunaga'/ISZf/7ka akainuslii. Li;n 

nodrzIiis goloi, 13/a ilii/f Ia sower/nil. 
§ Fish Carassius carassius, ('/d/lus car/no, Ifvponesus of/do's. 
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F3 PRIMARY PRODUCTION RATE 
Fig. ASI-31-7 Gross primary production rate (4). 
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F4 BIOMASS 
Whole lake, ,Jul.-Aug. 1971 (4) 

Biornass [t dry wt.] 

Bacteria 	 16 
Phvtopl an kton 	 438 
Macrophvtes 	 121 
Zoopi ankton 	 39 
Benthos 	 69 
Fish 
	

6.2 

Fig. ASI-3 I -8 Seasonal change of phytoplankton biomass (1970) (4). 
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Fig. ASI-31-9 Seasonal change of zooplankton biomass (1970) (4). 
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Fig. ASI-31-I0 Seasonal change of benthos biomass (Dec. 1969--Oct. 1971) (4). 
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F5 FISHERY PRODUCTS (Q) 
§ Annual fish catch in 1985 201 [metric tons]. 

Fishery products other than fish in 1985 : 21 [metric tons]. 

F6 PAST TRENDS (Q) 

Fig. ASI-3 I - II Trend of annual fish catch. 
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G. SOCIO-ECONOMIC CONDITIONS 

G 1 LAND USE IN THE CATCHMENT AREA (1985) (Q) 

Area [ha] 	[%] 
Natural landscape 

Woody vegetation 
Herbaceous vegetation 37,073 71.9 

Agricultural land 6,596 12.8 
Settlement area 2,568 5.0 
Others 5,296 10.2 
Total 51,533 100.0 

9 
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§ Main types of woody vegetation : Deciduous broadleaf forest (Quercus moogolua var. ,grossescr-
rate, Q. serrate, Beta/a platv,bliulla var. Ja/onica, B. crinanu) conifer forest (.4 bier reitchii, A. 
marie's/i, A. iiomolepis. Tsuga dh'ersi757ia, Lana Iaempferi, Pin(s deusif/ona) conifer planta-
tion (Lan/a kaempfcrz, Pines densitiora) (7). 

§ Main types of herbaceous vegetation : Grasslands, weeds and alipine plant communities (7). 
§ Main kinds of crops Rice, vegetables, beans and fodder crops (Q). 

G2 INDUSTRIES IN THE CATCHMENT AREA AND THE LAKE (1978-1982) (Q) 

Gross product 	No. of 
Per year 	persons 
[106 yen] 	engaged 

No. of 
estahi ishments 

Primary industry 
Crop production 
Animal husbandry 
Fisheries 
Others 

	

18,200 	11,200 	N.A. 

	

460 	N.A. 	N.A. 

Secondary industry 	631,900 	51, 400 	2,935 
Tertiary industry 	 438,900 	8,500 	4,956 

§ Numbers of domestic animals in the catchment area : Cattle 1,117. swine 13,252, poultry 695. 

G3 POPULATION IN THE CATCHMENT AREA (1985) (Q) 

Population density Population 	 Main cities [km ..] 

- Lrban - 	145,053 	 - 	 Suwa, Okava, Chino - 
Rural 	 32.227 	 - 
Total 	180.280 	 339.4 

H. LAKE UTILIZATION 

Hi LAKE UTILIZATION (Q) 
Source of water, sightseeing and tourism (number of visitors in 1985 5,240,000), fisheries, 

recreation (sport-fishing, yachting). 

H2 THE LAKE AS WATER RESOURCE (1985) (Q) 

Use rate 
Industrial water 0. 002 m 3  's 
Others 

Fish culture 	 0.23 rn 3 s 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 
12 TOXIC CONTAMINATION (Q) 

§ Present status : None. 

13 EUTROPHICATION (Q) 
§ Nuisance caused by eutrophication 

Unusual bloom of Microcvstis (Jul.  -Sep.). 
Harms on fisheries due to the depletion of dissolved oxygen. 
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Nitrogen and phosphorus loadings kg day jJ 
1984 

Sources Industrial Domestic - Agricultural Natural Total 

T-N 
T-P 

498.2 
143.2 

549.5 
70.3 

372.2 
57.9 

659.0 
32.6 

2.2339 
304.5 

14 ACIDIFICATION (Q) 
§ Extent of damage : None, 

J. WASTEWATER TREATMENTS (Q) 

U 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (f) Significant development 
of the catchment area with some provision for municipal and industrial \vastewater treat-
ments, resulting in measurable discharge of pol]ution load into the lake. 

U3 SANITARY FACILITIES AND SEWERAGE 
§ Municipal wastewater treatment systems 

Number of secondary treatment system : 1. 
Number of other types (unaerohic digestion) : 3. 

K. IMPROVEMENT WORKS IN THE LAKE (Q) 

Ki RESTORATION 
Suction dredging of bottom mud Amounts dredged : 1.51 x 10 m (1969-1980) and 05 x I 

rn 3  (1981-1985). 

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

M 1 NATIONAL AND LOCAL LAWS CONCERNED 
§ Names of the laws (the year of legislation) 

For national laws see "Biwa-ko" 
Prefectural Government Code for Prevention of Public Nuisances 

§ Responsible authorities 
(2) N agano Prefecture Government 

M3 RESEARCH INSTITUTE ENGAGED IN THE LAKE ENVIRONMENT STUDIES 
Suwa Hydrobiological Station. Faculty of Science, Shinshu University 
Nagano Prefecture Research Institute for Ilygenic and Environmental Studies 

N. SOURCES OF DATA 

* Printed in Japanese. The titles are tentatively translated into English with original titles 
in romanized Japanese in parentheses. 

1) Japan Map Center (ed) (1982) Collection of Maps of Japanese Lakes (Nihon no KoshS-zCishQ) 
(Technical Data of National Geographical Institute. I) • 1-No. 221). National Geographical 
Institute, Tsukuha.t 

(2) Meteorological Agency of japan (1982) Meteorological Tables of Japan Monthly Means by 
Locations for 1951-1980 (Nihon Kikâhyö, Sono 2 Chiten-hetsu, Tsuki-hetsu Heinenchi, 1951-
1980). 302 pp.  Japan Meteorological Association. Tokyo.t 

Uchida, E., Asada, T. & Kawamura, T. (ed.) Handbook of Japanese Meteorology, Vol. II 
(Nihon Kishô-sôran. Gekan). 1,060 pp.  TSyO-keizaishinpO-sha, Tokyo.t 

Kurasawa, H. & Okino, T. (1983) Lake Suwa. Natural History and Limnology of Suwa 
District (Suwa no Shizen-shi, Rikusui-hen), pp. 113-176. Suwa Education Society (Inland Water 
Committee), Suwa.t 

II 
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(S) N akamoto, N. 	Routine Observation Group 193) Evaluation of available nutrients in the 
water of Lake Suva by use of the IVI BUD bioassay (Suwa-ko ni okeru MBOD-hâ ni voru 
seibutu-rivô-kanô eivO-busshitu-rvO no hvôka no kokoromi). Interim Report of the Lake Silwa 
Catchment Area Ecosystem Studies (Suwa-ko ShC)sui-iki Seitaikei KenkvO Keika-h(koku( 
Kankvo-kagaku KenkvU-hôkokushf B168-R12-8. 9 : 15.21 . * 

Takeuchi, K., Masaki, F., Hiraide. T. & Okino, T. (1983) Materials of the regular observation 
in Lake Suwa (5). Seston, chlorophyll-a, primary production and community respiration (Suwa-
ko teiten-kansoku siryô (5). Sesuton, kurorofiru-rvô, kiso-seisanrvô ovohi biseibutsu-gunshfi no 
sô-kokyQ). Ibid.. 9 : 6978 . * 

Nagano Prefecture \egetation Map Study Group (1973) \egetation Map and 
Phvtosociological Study of Nagano Prefecture. Vol. 1 (Nagano-ken no Shokusei-zu. Shokuhutsu-
shakaigaku-teki Kenkvfl, 1). Nagano Prefectural Government, N agano. * 

$) Nagano Prefectural Government (1986) Results of Water Quality Monitoring in the Public 
\\ dtel  Bodies for 198 193 (Kôk\ ô suithi Suishit-u 	hutei Kekhi 198 1985) * 

12 
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KIZAKI-KO (LAKE KIZAKI) 

Yachting on the lake in summer. 

P11oLA Kairata 

Copyright Oc John Bartholomew & Son Limited MCMLXXXII. Reproduced with permission. 
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A. LOCATION 
Nagano Prefecture, Japan. 

§ 3633'N, 137 50'E 764 m above sea level. 

B. DESCRIPTION 
The so-called "Nishina Three Lakes", L. Aoki, L. Nakatsuna and L. Kizaki, are a chain of 

tectonic lakes about 30,000 vears old. They are situated at the eastern foot of the Japanese 
Northern Alps along the remarkable tectonic zone or Fossa Magna which traverses the main 
island (Honshu) of Japan. L. Aok i (rnaxinium de1)th mi is oligotrophic, L. Nakatsuna (maxi-
mum depth 12 m) is eutrophic, and L. Kizaki (maximum depth 29.5 in is mesotrophic. although 
these lakes are arranged linearly from north to south along the same water system. The trophic 
level of the water is apparently inversely correlated with depth. since such nutritional dynamics 
lend themselves to comparative limnologv, many studies have been carried out oil the Nishina 
Three Lakes since the first voluminous work by A. Tanaka, "studies on the Lakes of the ,Japanese 
Northern Alps (1930)". 

The water level of L. Aoki in winter has been lowered by oh ot 2h m since 1954, owing to the 
use of its water for power generation. Provision was also made to introduce cold water from a 
neighboring river running down from the Japanese Alps, thus radically changing the acjuatic 
environment of L. Aoki. The water level of L. Kizaki also becomes lower by about 3 m in winter, 
and is recovered in spring by channeling water from L .AoRi, The transparency in L. K izaki 
averaged about 5 m until 1950, but decreased to approximately 3  m since 1970. From the end of 
the 1970's. A aahacna has bloomed annually in July-August, and the colorati( 11 of surface water has 
also become freciuent due to the increase of microorganisnls which graze upon :4 )uItvIcna. These 
evidences suggest that the trophic level of this lake has recently changed from mesotrophic to 
cut ro phi c. 

C. PHYSICAL DIMENSIONS (Q) 

Sw-face area [km] 1 
\olunie [I(Pm] 1.125 
Maximum depth [m] 29.5 
Mean depth [w]  
Normal range of annual water 
level fi net uat i in (regul atecl) [m] 
Length of shoreline 	km] 7. 
Residence time [vr] 

- 	Catchment area Ikm 2 j 22.4 
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D. PHYSIOGRAPHIC FEATURES 
Dl GEOGRAPHICAL 

§ Bathymetric map (Fig. ASI-32-1). 
§ Outflowing rivers and channels (number and names) I (Nougu R.). 

D2 CLIMATIC 
§ Climatic data at Aoki-ko (1972-1980) (Q) 

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

Mean temp. LCI 	3.5 -3.4 0.2 7.1 13.0 17.1 21.0 21.5 17.1 11.0 4.8 -0.5 	8.8 
Precipitation [mm] 	184 	171 148 160 136 218 180 179 164 112 114 157 	1,953 

Fig. ASI-32- I Bathymetric map (1). 

Station 1 

0 	0.5 	1KM 

+ 
§ Water temperature flC] (5) 

Station 1, 1985 

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

0.5 - 	- 	11.5 14.4 19.7 20.7 28,0 21.1 16.1 9.9 5.9 
29 - 	6.8 5.4 5.7 5.8 5.8 5.9 5.9 5.9 5.7 

§ Freezing period : Jan-Mar. 
§ Mixing type Dimictic. 
§ Thermocline formation : I'vlay-Oct 

E. LAKE WATER QUALITY 

El TRANSPARENCY [m] (5) 
Station 1, 1985 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
- 	- 	- 	2.5 	4.0 	3.5 	3.5 	6.5 	7.5 	7.5 	10 	5.0 

3 
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E2 pH (5) 
Station 1, 1985 

Depth [m] Jan 	Feb 	Mar 	Apr May Jun 

0.5 7.1 7.3 9.2 
29 - 	 - 	 6.6 6.6 6.5 

E3 SS [rng 1 -i ] (5) 
Station 1, 1985 

Jul Aug Sep - Oct 	Nov Dec 

7.2 7.5 7.1 7.7 	7.8 6.8 
6.4 7.6 6.1 6.5 	7.8 6.8 

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

0.5 <1 	2 2 2 	1 	3 	2 	2 	1 
29 - 	 <1 	2 <1 4 	4 	4 	3 	4 	2 

E4 DO [mg 1] (5) 
Station 1, 1985 

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

0.5 	- 	- 	11 	10 	9.9 
	

9.6 	8.5 	8.6 	9.4 	9.5 	8.9 
29 	 -- 	8.5 	8.6 	6.1 

	
3.1 	0.8 	0.9 	1.0 	0.2 	6.2 

E5 COD [mg l] (5) 
Determined by KMnO 4  method 
Station 1. 1985 

Depth [m] jan 	Feb 	Mar 	Apr Mav Jun - -_Jul Aug Sep 	Oct Nov Dec 

0.5 2.3 2.1 3.0 1.2 1.6 1.3 	<0.5 1.0 0.9 
29 - 	 1.5 1.1 1.8 1.3 0.8 1.1 	1.6 2.3 1.0 

E6 CHLOROPHYLL CONCENTRATION [jig I'] (Q( 
Station 1, 1981 

Depth [m] Jan Feb Mar Apr May Jun 

0 

	

2 	 - 

	

5 	- 	- 	 0.9 

	

10 	 - 	0.5 

	

20 	- 	- 	- 	- 	0.5 

Jul Aug Sep Oct Nov Dec 

0.5 2.1 6.4 7.8 0.4 2.1 
1.8 1.7 6.0 11.6 1.0 2.0 
4.4 0.9 1.8 1.3 1.2 2.2 
2.7 0.9 0.5 0.6 0.7 2.1 
1.0 0.3 0.4 1.1 0.5 1.0 

E7 NITROGEN CONCENTRATION 
§ Total-N [mg 1'] (5) 

Station 1, 1985 

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

0.5 	- - 	 - 	 0.47 0.49 0.36 0.27 <0.29 0.19 0.14 0.15 0.44 
29 	- - 	 - 	 0.71 0.72 0.90 0.88 0.58 0.56 0.44 1.2 0.47 

4 
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E8 PHOSPHORUS CONCENTRATION 
§ Total-P [mg l] (5) 

Station 1, 1985 

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

0.5 	 - 	0.012 0.015 0.007 0.005 0.035 0.006 0.005 0.004 0.008 
29 	 0.009 0.009 0.015 0.011 0.005 0.010 <(Y 003 0.057 0.008 

E1O PAST TRENDS 

Fig. ASI-32-2 Trend of transparency (2). 
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F. BIOLOGICAL FEATURES 

Fl FLORA(Q) 
§ Emerged macrophytes : Nelumbo nitcifera, Zizania 1atfoiia, Eleocharis kurol?uwai, Phragmites 

coinmilnis. 
§ Floating macrophytes N v1nI2OideS 130/k/ta, N. Ietragoncz, Trapu japonica. 
§ Submerged macrophytes : Ccratophvllum demersun?, Hvdrilla t'er/ici/lata, E/odea nut/al/u. 
§ Phytoplankton : 4uahaena sp., Fragi/aria crotonenszs, Me/os/ia sp. 

F2 FAUNA (Q) 
§ Zooplankton : Conochi/us sp., cyclops vicinus. A lona quadrangularis, Co/urella sp. 
§ Benthos : C/u rnJfl oohIs 13luniosis. Chaohorus sp., Tuhifex sp., Tan vtarsus sp. 
§ Fish : Leuciscus hak onensis, Zacco p/at vhus, llvpomessua transpuczfzcus, Carassius sp. 

F5 FISHERY PRODUCTS 
§ Annual fish catch ca. 10 [metric tons]. 

10 

2 

fl 

5 
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G. SOCIO-ECONOMIC CONDITIONS 
Gi LAND USE IN THE CATCHMENT AREA (3) 

Area [km2] [%] 
Natural landscape 

Woody vegetation 
1-lerbaceous vegetation 18 84.4 

Agricultural land 1. 12  5. 1 
Settlement area 0.65 2.9 
Others 1.67 7.6 
Total 22.05 100.0 

§ Main types of woody vegetation : (4) 
Deciduous broadleaf forest (Fagus crenata. Quercus serr(zta, Q. mongolica var. grossescr-

rota, Betiula ermanhi) evergreen conifer forest ( Tliuja standislui, Tsuga thi'ersitolia, 4hies 
inarieseli) conifer plantation (Larix ka nferi, Cnptomeria japonica). 

§ Main types of herbaceous vegetation Grassland and alpine plant communities. 

G3 POPULATION IN THE CATCHMENT AREA (1980) (3) 

Population density Population 	 Main cities [km-.
] 

Total 	 1,500 	- 	63 	None 

H. LAKE UTILIZATION 

H 1 LAKE UTILIZATION (Q) 
Fisheries, tourism and recreation (swimming, sport.fishing. yachting). 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS (Q) 
13 EUTROPHICATION 

§ Nitrogen and phosphorus loadings [kg day- ] (3) 
Sources 	Industrial 	Domestic 	Agricultural 	Natural 	Others 	Total 
T-N 	1.80 	2.64 	9.39 	16.09 	8.86 	38.78 
T-P 	0.135 	0.439 	0.428 	0.643 	0.511 	2.159 

14 ACIDIFICATION 
§ Extent of damage : None. 

U. WASTEWATER TREATMENTS (Q) 
J3 SANITARY FACILITIES AND SEWERAGE 

§ Municipal wastewater treatment systems : Not present. 

M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR 
UPGRADING LAKE ENVIRONMENTS 

M 1 NATIONAL AND LOCAL LAWS CONCERNED 
§ Names of the laws (the year of legislation) 

For national laws see "Biwa-ko" 
Prefectural Government Code for Prevention of Public Nuisances 

§ Responsible authorities 
(2) Nagano Prefectural Government 

6 
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N. SOURCES OF DATA 
* Printed in Japanese. The titles are tentatively translated into English with original titles 

in romanized in parentheses. 
(Q) Questionnaire filled by Nagano Prefectural Government. 

Horiuchi. S., Anbe, Y. & Obata, H. (1963) Survey of Lake Kizaki basin with an ultrasonic 
detector (Gyogun-tanchiki ni voru Kizaki-ko no kohon-chôsa). J. Geogr. (Chigaku Zasshi), 72: 
126-130. * 

Funakoshi, M. (Shinshu University) : Personal communication. 
Nagano Prefecture Anti-Public Nuisance Management Association (1985) Study on Nishina-

sanko Water Quality Improvement Measures. 
Nagano Prefecture Vegetation Map Study Group (1975) Vegetation Map and 

Phvtosociological Study of Nagano Prefecture, Vol. 2 (Nagano-ken no Shokusei-zu, Shokubutsu-
shakaigakuteki Kenkvfi, 2). Nagano Prefectural Government, Nagano. 

Nagano Prefectural Government (1985) Results of Water Quality Monitoring in Public Water 
Bodies (KôkvO-suiiki Suishitsu Sokutei Kekka). 
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LAKE TAUPO 

On the lakeshore at Taupo 
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Copyright © John Bartholomew & Son Limited MCMLXXXII. Reproduced with permission. 
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A. LOCATION 

§ South Auckland-Bay of Plenty, New Zealand. 
§ 38 45 	173 35 E 357 m aho\ e sea le\ ci 

B. DESCRIPTION 

Lake Taupo is located at the center of the North Island of New Zealand, and is the largest in 
that country. The drainage basin of the lake is characterized by a mild climate moderate 
temperature, light winds, cool summers, relatively warm winters and a fairly even distribution of 
rainfall throughout the year. The lake is surrounded by gently sloping hills which offer Pasture 
for sheep. About 30 rivers flow into the lake, while the \Vaikato River is the only outlet. There 
are two towns, large and small, around the lake. Taupo is the main town which is located at the 
mouth of the \Vaikato River. Tall eucalypti, which are characteristic in New Zealand and 
Australia. are abundant on the lake shore of the town. The lake water is clear and highly 
transparent, with a maximum transparency of 21 m. The concentration of nitrogen and the 
nitrogen phosphorus ratio of the water are remarkably low. 'l'his may be mainly attributed to the 
geology of the catchment area, and is responsible for the oligotrophic level of its productivity. 
The Koaro and the Toitoi are fish native to the lake. The Kuaro, with a flat head and tough but 
slimy skin, was an important fish resource for the Maori living around the lake, but has become 
very scarce. On the other hand, artificially stocked rainbov trout is now abundant, and is 
primarily important for sport-ushing. The common smelt was also introduced to the lake 
between 1934 and 1940 after the average size of trout declined 2). 

C. PHYSICAL DIMENSIONS 

Surface area [km] 	-- (16 
\olume [10mj (4) 
Maximum depth [m] 161 
Mean depth [rn] 91 
\Vater level Regulated 
Length of shoreline [km] 153 
Residence time [vrl 10 	6 
Catchment area [km] 3, 327 
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL 
Bathymetric map (Fig. OCE-1-1). 

§ Main islands None. 
§ Outflowing rivers and channels (number an(l names) : 1 (Waikato R.). 

D2 CLIMATIC 
§ Climatic data at Taupo, 1949 1970 (1) 

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

Mean temp. [C] 	17.1 17.3 15.6 12.5 9.6 	7.3 	6.3 	7.4 	9.3 11.5 13.5 15.6 	11.9 
Precipitation [mm] 	 Even distribution 	 1,200 

§ Snowfall : None. 

Fig. OCE- I-I Bathymetric map (2). 

§ Water temperature [ C] 

Lake center, 1974-1976 (1) 

Depth 	Jan Feb Mar Apr May Jun Jul Aug Sep 

Surface 	22 	20 	18 	16 	13 	12 	11 	II 	13 

§ Freezing period : None. 
§ Mixing type Monomictic. 
§ Thermocline formation : Dec.- jun. 

Oct Nov Dec 

15 	18 	20 

3 
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E. LAKE WATER QUALITY 

El TRANSPARENCY [m] 
Lake center, 1974-1976 (1) 

Jan Feb Mar Apr May jun Jul - Aug Sep Oct Nov Dec 
- 	- 	15 	15 	- 	- 	11 	11 	- 	20 	20 

E2 pH, 1974-1976 (1) 

Depth 	Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Surface 	7.4 	8.1 	8.1 	7.9 	7.3 	7.2 	7.5 	7.0 	7.6 	7.3 	7.5 

E3 SS [rng 1_i],  Lake outlet: 0,5-1.)) (estimated range) (1). 

E4 DO [mg l], Lake center, 1974 1976: Saturated at all times above 75m depth (1). 

E6 CHLOROPHYLL CONCENTRATION [peg 1'], 1975-1976 (3) 

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

0 - 30 	1.0 	1.0 	1.0 	0.8 	1.0 	1.2 	1.7 	2.8 	2.4 	2.0 	1.2 	1.1 

E7 NITROGEN CONCENTRATION 

§ NO 3 -N [,ug l'], 1975-1976 (3) 

Depth 	Jan Feb Mar Apr May jun Jul Aug Sep Oct Nov Dec 
Epilimnion 	0.6 	2.2 	1.0 	0.3 	0.4 	0.3 	1.0 	1.0 	0.4 	0.6 	0.8 	0,4 
Hvpolimnion 	14 	17 	18 	17 	20 	21 	23 	2 	3 	1 	7 	9 

§ NH 4 -N [,ug 1 - i], 1975-1976 (3) 

Depth 	Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Epilimnion 	14 	7 	5 	4 	2 	2 	2 	6 	2 	4 	- 	9 
Hypolimnion 	765 	2 	1 	2333 	5 	- 	6 

E8 PHOSPHORUS CONCENTRATION 
§ Total-P [,ug 1'], Lake center, mean for profile. 1975-1976 (3) 

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

6 	4 	5 	1 	8 	7 	9 	10 	12 	6 	5 	2 
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Fig. OCE-I-2 Trend of T-P at St. A (38 47'S, 176 112'E), St. B (38 52'S. 175 5FF) and St. C 
(3814'S, 175 48'F.) (vertical bars encompass 99 	confidence limits) (3). 

20 

AS0NDJ MAMJJAS0NDJ 

1974 	 1975 	 1976 

F. BIOLOGICAL FEATURES 

Fl FLORA 
§ Submerged macrophytes : Cliara coral/ma, Aitel/a hvaliva, X. J7exiiis, N. l,00kcri, Eloc/ca canaclen-

sis, Lagarc,i,b/ioo ma/or, Potamogcton cr/s/ms. 
§ Phytoplankton : A -fe/os/ru granulate, As/erionella tormosa. Chroococcits spp A jilns/rodcs;nus spp., 

C'clo/el/a spp. 

F2 FAUNA 
§ Zooplankton : Crustacea (Boecke/la roimjuu, AfGc'1'O7'VC/O/5 alhu/ier CcIiodajlinia c/nb/a, Bos-

mine meruliona/is, Daphnia carinata) Rotifera (Po/eartlira cu/agris, Poinpliolsx sp.. Asp/anchoa 
hrightu'(l/i). 

§ Benthos : Paraneph roJ7s Jleni1rons. Chironomus 2ea/an{/iclu, Potamops'nus an/i/lodarum, 
Lvmmaea stagnalis, Craulus mrinea, 1-kr/della menziesi. 

§ Fish Galaxies bred/dun/s. Gohioniorphus cotidianl(S, Retropinna rctro/7/nna, .Salmo Ira/ta, S. 
gairtin cii. 

§ Supplementary notes on the biota (Fig. OCE-1-3) 

Fig. OCE- I -3 Depth distribution of the most common invertebrate animals of the bottom 
sediments (2). 

Wave-ripple zone 
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F5 FISHERY PRODUCTS 
§ Annual fish catch in 1966-1967 : 671 [metric tons] (2) 

F6 PAST TRENDS OF FISHERY PRODUCTION 

Fig. OCE- 1-4 Average weight of rainbow tr mt in anglers' bags in Lake Taupo catch-
ment every five year since 191)5. Separate points are shu\vn for years 1911, 
1917 and 1924. These years mark maximum peaks and troughs at a 
critical period of the fishers -  (2). 
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Fig. OCE- 1-5 Thtal sales of fishing licences for Lake Taupo and catchment 193031 
season to 198)) 8l season (2). 
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G. SOCIO-ECONOMIC CONDITIONS 

Gi LAND USE IN THE CATCHMENT AREA (1973) (Qi) 
Area [km 2 ] 	[ 93] 

Indigenous forest including alpine 	 75.6 	28 and subalpine vegetation) 
Tree plantation (exotic) 	 36.3 	14 
Scrub 	 69.8 	26 
'lussok grassland 	 33.7 	13 
Pasture 	 16.9 	18 
Urban area 	 3.2 	1 
Total 	 265.5 	100 

§ Main types of woody vegetation 	1.\1ixecl evergreen broadleaf 'conifer forest (Notho.tàus. Podocar- 
pine plantation (Pines radiate) lowland scrub (Ltosperniem, Car/aria). 

§ Main types of herbaceous vegatation : Tussock grassland clover-rvegrass pasture. 

G2 INDUSTRIES IN THE CATCHMENT AREA AND THE LAKE (1982) (Qi) 

Number of Main products persons engaged 

Primary industry 
Agricultural 

Secondary industry 
Manufacturing 
Mining 
Others 

Tertiary industry 

G3 POPULATION IN THE CATCHMENT AREA (1982) (Qi) 

Population density Population 	 M - ain cities , [km ]  
Total 	25,500 	 7.7 - - 	- 	Taupo, Turangi 

H. LAKE UTILIZATION (QI) 

Hi LAKE UTILIZATION 
Source of water, sightseeing and tourism, recreation (swimming. sport.fishing, yachting). 

H2 THE LAKE AS WATER RESOURCE (1982) 

Use rate [m 3  dav'] 

Domestic water 	 8,980 
Power plant 	 N. A. 

* Waters of Faupo catchment and Waikato River provides a total of 1,371 MW of 
hydro-electric power. 

282 	Meat. wool, logs and posts 

978 
9 

572 
3.627 
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I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 

Ii ENHANCED SILTATION 
§ Extent of damage : Not serious. 

12 TOXIC CONTAMINATION 
§ Present status None. 

13 EUTROPHICATION 
§ Nuisance caused by eutrophication : Not any nuisance. 
§ Nitrogen and phosphorus loadings to the lake (1973 1974) [t yr '] (QI 

Sources 	Agricultural 	Natural 

T-N 	 Minor 	 Major 
T-P 	 Minor 	- 	Major 

14 ACIDIFICATION 
§ Extent of damage : None. 

Total 

657 
116 

U. WASTEWATER TREATMENTS 

U 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (1J) No sources of signifi-
cant pollution. 

U3 SANITARY FACILITIES AND SEWERAGE (02, 2) 
§ Municipal wastewater treatment systems 

Number of secondary treatment systems : 1 (more under construction activated sludge and 
oxidation pond). 

Other types : Many of the urban communities near the shores of the lake use septic tanks to 
dispose of wastewater. 

K. IMPROVEMENT WORKS IN THE LAKE 

K 1 RESTRATION (2) 
Lake Taupo Catchment Control Scheme, Soil Conservation, Run-off Control and Water 

Management in the total catchment of 266.000 ha. Implementation period : 1974-1987. Approx-
imate total cost : NZ$6,000,000. 

L. DEVELOPMENT PLANS (Q2) 

Water diversions and power stations are planned in the catchment area. The diagram of the 
Tongariro Power Development Scheme is shown in Fig. OCE-1-6. 
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Fig. OCE-I -6 Diagram of the Tongariro Power Development Scheme (Q2). 
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M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR UPGRADING 
LAKE ENVIRONMENTS (Qi, Q2) 

Ml NATIONAL AND LOCAL LAWS CONCERNED 
§ Names of the laws (the year of legislation) 

Soil conservation and Rivers Control Act (1941) 
Water and Soil Conservation Act (1967) 
Local Government Act (1974) 
Town and Country Planning Act (1977) 

§ Responsible authorities 
Taupo County Council 
Waikato Valley Authority 
Tongariro United Council 

§ Main items of control 
Water rights 
Soil conservation works 
District schemes 

9 
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(4) Clearance of ground cover by-law and subclivisional controls 

M2 INSTITUTIONAL MEASURES 
Waikato Valley Authority 
Electricity Division, Ministry of Energy 
Department of Internal Affairs 
Federation of Lake laupo Angling, Shooting and Boating Societies 
Lake Taupo Advisory Committee 
New Zealand Forest Service 
Department of Lands and Survey 
Tongariro-Taupo Parks and Reserves Board 
Taupo and Taurnarnui County Councils 

M3 RESEARCH INSTITUTES ENGAGED IN THE LAKE ENVIRONMENT STUDIES 
Ministry of Works and Development 
DSIR-Taupo Research Laboratory 
Aquatic Weeds Section of Ministry of Agriculture and Fisheries 

4) Fisheries Research Division of Ministry of Agriculture and Fisheries 
(5) Department of Internal Affairs-Wildlife Service 

N. SOURCES OF DATA 
(QI ) Questionnaire filled by the Department of Scientific and Industrial Research. 
(Q2) Questioinaire filled by Dr. D. G. Smith, National Water and Soil Conservation Organization, 
1) Data supplied by Dr. M. Timperley, Ecology Division. Department of Scientific and Industrial 

Research. 
(2) Forsyth, D. J. & Howard-Williams, C. (1983) Lake Taupo. Ecology of a New Zealand Lake. 

New Zealand Department of Scientific and Industrial Research, Information Series No. 158. 163 
pp. Science Information Publishing Centre, DSIR, Wellington. 

(3) \Vhite, E.. Downes, M., Gibbs, M., Kemp. L., Mackenzie, L. & Payne. G. (19$0) Aspects of the 
physics, chemistry, and phytoplankton biology of Lake Taupo. N. Z. J. \Iar. Freshw. Res., 11: 
139-148. 
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LAKE BURLEY GRIFFIN 

An aerial view of the whole lake 
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A. LOCATION 

§ Canberra A. C. T., Australia. 
§ 35175 149 08 E 3539 in aho\e sea leeI 

B. DESCRIPTION 

A small man-macic lake in the central part of Canberra, the capital of Australia. The original 
lake emerged as part of the 1909 proposals for the site for the National Capital. In 1911, the 
competition for the design of the National Capital was carried out and Walter Burley Griffin, a 
city-planner from Chicago, won the prize in 1912. The lake name was dedicated to him. The plan 
of lay-out of the city was gazetted in 1925 including Griffin's lake. 

A water feature, with three formal water basin, flanked on either side by an informal lake, was 
key element in Griffin's plan. National Capital Development Commission proceeded to the design 
and development of the lake on a two stage basis. The first stage which involved the construction 
of a dam, lake floor, two bridges, wharves, foreshore edges and basic landscape treatment and 
public facilities provision to over 813 ha of lake foreshores was officially commemorated by the 
Prime Minister of Australia on 17 October 1964. The second stage which is still in progress has 
involved detailed landscape development of the foreshores. 

L)uring both stages, an understanding of the hydraulics, water quality, ecology. biology and 
landscape of the lake has emerged. This understanding has had an important influence on 
landscape design. 

The lake divides the city of Canberra into two parts, the northern section around Capital Hill 
for national government offices and the Diet Building. and the southern section around City Hill 
for down town with City 1 -Tall and shopping centers. 

The commission won the Australian Institute of Landscape Architects inaugural ",'.warcl in 
Landscape Excellence" for its project "Lake Burley Griffin and Adjacent Parkland" in 1986. 
Further development of the lake foreshore is continuing in respirations of the Australian people for 
their National Capital ML 

C. PHYSICAL DIMENSIONS (Qil) 

Surface area [km] 
Volume [10m] 
Maximum depth [m] 
Mean depth [ml 
Water level 
Length of shoreline [kmJ 
Residence time [vrj 
Catchment area [km1 

7.1 
2 

17.1 

Regulated 

((.2 
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D. PHYSIOGRAFICAL FEATURES 

Dl GEOGRAPHICAL (Qi) 
Sketch map of the lake system (Fig. OCE2-1). 

§ Main islands : 3. 
§ Outflowing rivers and channels (number and names) : 1 (Molonglo R.). 

Fig. OCE-2-I Sketch map of the lake (1). 

D2 CLIMATIC (QI) 
§ Climatic data at Canberra, 1941-1960 

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

Mean temp. ['C] 	20.2 19.4 17.5 12.9 8.9 	6.4 	5.5 	6.7 	9.3 12.1 15,2 18.4 	12.7 
Precipitation [mrnl 63 59 60 	47 	59 	47 	43 	40 	43 	72 	63 	55 	651 

§ Number of hours of bright sunshine : 2,622 hr yr. 
§ Snowfall : None. 
§ Surface water temperature I'C] 

Central Lake 

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

22 	22 	19 	15 	10 	8 	7 	10 	13 	15 	20 	21 

E. LAKE WATER QUALITY 
El TRANSPARENCY [m] (Q1) 

Central lake. 1976 1977 
Winter: 2.0 (1.4-2.4). 
Summer : 1.4 (0.8-2.3). 

E2 pH (Qi) 
Central lake, 1976-1977 

Winter: 7.5 (6.6-8.6). 
Summer : 7.1 (6.4-7.7). 

E4 DO [mg 1 -1 1 (Q1) 
Central lake, 1976-1977 

Winter 	 Summer 

Surface 	10.8(9.4 - 12.5) 	7.4 (6.7 - 7.8) 
Bottom 	10.6 (8.2 - 12.6) 	5.1 (2.6 7.9) 

3 
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E8 PHOSPHORUS CONCENTRATION 
§ TotaH-P 1mg li 

Central lake, 1979-1980 

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

.034 .036 .034 .034 .036 	- 	- 	- 	.039 .082 

F. BIOLOGICAL FEATURES 

Fl FLORA(Q1) 
§ Emerged macrophytes : Tvplia sp. 
§ Floating macrophytes A2olla Sp. 

§ Submerged macrophytes Potamogeton crizJm. 1Ta//isiicria gigaotca, Egoria dense. 
§ Phytoplankton : Tuicrocystis sp., Anahaena sp .,Anacvstis sp., loleox sp. 

F2 FAUNA (Qi) 
§ Zooplankton : Cladocera (Bosinina sp., Cenodaphnia sp., Dallni(i sp.). Cvclopoda (Cyclops spJ, 

Calanoida (Boeckella sp., Calamoecia sp.). 
§ Fish : Se/mo gairdneri, S. Ira/ta, Cepi -inus carpio, Gala.vias higbmg, (a;nhusia sp. 

G. SOCIO-ECONOMIC CONDITIONS 
Gi LAND USE IN THE CATCHMENT AREA (Qi) 

A rca 

[km2 ] 	[% 1 
Woody vegetation 	 690 	37 
Agricultural land 	1 , 116 	60 
Residential area 	 59 	3 
Total 	 1,865 	100 

§ Main types of woody vegetation (main species) Savanna woodland, dry scierophyll forest 
(Eucalyptus spp.). 

§ Main types of herbaceous vegetation Poe and St/pa grassland. Crazing mostly on native pasture 
(36%), cropping in ca. 1% and the rest is improved pasture (Qi, Q2). 

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

Number of Main products persons engaged 

Primary industry 
Agriculture 3,000 	Beef, lamb, wool. 
Fisheries 40 

Secondary industry 
Manufacturing 3,000 
Mining 30 

Tertiary industry 9,000 

4 
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G3 POPULATION IN THE CATCHMENT AREA (1986) (2) 

Population density Total population 	 [km21 	
Main cities (population) 

	

250,000 	 134.5 	 Canberra (250.000) 

H. LAKE UTILIZATION 

Hi LAKE UTILIZATION (1) 
Source of water. tourism and recreation (swimming, sport-fishing. yachting). 

H2 THE LAKE AS WATER RESOURCE (Q2) (1983) 
§ Irrigation : 5.71 m 3 sec 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 

13 EUTROPHICATION (Q2) 
§ Nuisance caused by eutrophication 

Unusual bloom of blue-green algae macrophyte blocking recreational use 
§ Nitrogen and phosphorus loadings lit yr1, 1983 

	

Sources 	Industrial - Domestic Agricultural Natural 	Total 

	

f-N 	2.5 	71.5 	240 	132 	149.0 

	

T-P 	0.5 	12.7 	 12 	6.6 	31.8 

U. WASTEWATER TREATMENTS 

U 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (d) Measurable pollution 
with limited wastewater treatment. 

J3 SANITARY FACILITIES AND SEWERAGE 
§ Municipal and industrial wastewater treatment systems : 1 (activated sludge, trickle sludge and 

trickling filter) ; rate of treatment 15,068 m 3day'. 

L. DEVELOPMENT PLANS 
Two significant projects are currently in design : the National Museum of Australia on the 

western shore of Yarramundi Beach and major landscaping of the southern foreshore of Central 
Basin consequent to the Government's decision to build the new Parliament House on Capital Hill 
instead of the lake foreshore (1). 

M. LEGISLATIVE AND INSTITUTIONAL MEASURES 
FOR UPGRADING LAKE ENVIRONMENTS 

M 1 NATIONAL AND LOCAL LAWS CONCERNED 
§ Name of the law 

(1) Water pollution ordinance in preparation 

K. IMPROVEMENT WORKS IN THE LAKE 

§ Supplementary notes (Q1, Q2) 
Improvement works. 
Presently removing phosphorus in summer from upstream sewage effluent. 
Stabilization of old sulphide mine waste dump in 1974 -1975. 

5 
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N. SOURCES OF DATA 

(Qi) Questionnaire filled by Dr. P. Collen, Canberra College of Advanced Education. Australia. 
(Q2) Questionnaire filled by Dr. B. 11. Pratt, Conservation & Agriculture, Department of Tern. 

tories and Local Government, Australia. 
National Capital Development Commission (1986) The Lake News, School Project Series, 

June 1986. 
National Capital Development Commission (1986) Canberra, From Limestone Plains to 

Garden City, The Story of the National Capital's Landscape. 92 pp. 
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TJEUKEMEER 

A view at the lake shore 
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A. LOCATION 
§ Frieslands, the Netherlands. 
§ 52 54' N, 5 48' E 1 m below sea level. 

B. DESCRIPTION 
Tjeukemeer, a man-made lake, is located at a beeline distance of about 80 km northeast from 

Amsterdam. beyond Ijsselmeer. Like many other lakes in the Netherlands, this freshwater lake has 
been built on polder or the land reclaimed from the sea, where sandy soil prevails and the 
landscape is strangely deficient in vegetation. The lake has a mean depth of 1.8 m, a maximum 
depth of 5 m, and the water surface lies 1 in below sea level. The surface, however, covers 21 km, 
displaying a great achievement in reclamation work which has gathered worldwide reputation. 

The residence time of the lake water is fairly short (ca.0.L7 year) because of its shallow depth 
and small volume. Thermocline does not form throughout the year, and the lake may be frozen 
for two months during some winters. Transparency ranges from 0.5 in to 1.0 m, and the p1-I value 
is always above 8.0, often approaching 9.0. The phytoplankton biomass fluctuates from year to 
year, but tends to he elevated from May to September and may reach 100-500 mg 1. Blue-green 
and green algae predominate the phvtoplankton community about $0 °5 are blue-green from April 
to July and a similar dominance of green algae is observed from September to December. Eels are 
an important fishery product of this lake (Q). 

C. PHYSICAL DIMENSIONS 

Surface area [km] 21 
Volune [10' in] 42 
vlaxirnurn depth [m] 5 
Mean depth [m] 2 
Water level Regulated 
Length of shoreline [km] ca. 	25 
Residence time [yr] ca. 0. 17 
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL 
§ Sketch map (Fig. FUR-i-i). 

D2 CLIMATIC 
Climatic data at Den H c lder *, 1931-1961 (2) 

jan Feb Mar Apr May jun Jul Aug Sep Oct Nov Dec Annual 

Mean temp. [C] 	2.5 2.4 1.4 7.6 11.3 14.5 16.7 17.1 15.2 11.2 7.2 4.3 	9.5 

Precipitation [mm] 	65 	46 	39 	40 	38 	37 	64 	71 	75 	90 	83 	65 	714 

*4() km west of the lake. 

§ Number of hours of bright sunshine (Den Helder): 1665 hr yr' 

Fig. EUR- I - I 	Sketch map of the lake (Q). 

0 

§ Water temperature LC]. 1970 (Q) 

Depth [m] 	jan Feb Mar Apr May jun Jul Aug Sep Oct Nov Dec 

1 	 4.5 	4 	5.5 	8.5 	13 	17 	19.5 	17 	14 	12 	3 	5 

§ Freezing period : 0-2 months (changes from year to year : in some years not at all). 
§ Notes on water mixing : Water always mixed. 
§ Thermocline formation : None. 
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E. LAKE WATER QUALITY 
El TRANSPARENCY [m] 

Fig. EUR- 1-2 Annual change of transparency. 1977 (3). 
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9 1 
/N \o 

71 

JFMAM'J'JA'SONDIJFMAMJJASON'D 
1972 	 1974 

E4 DO [mg 1-1],  1971 (Q) 

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

1 	11.3 12.5 12.4 12.3 	9 	9 	8.7 	10.5 	9.5 	9.8 	10 	12 

E5 COD [mg 1 1 1, 1971 (Q) 
Determined by K 2 Cr0 4  method. 

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

1 	20 	18 	30 	15 	17 	13 	15 	13 	11 	14 	20 	23 
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E6 CHLOROPHYLL CONCENTRATION 

Fig. EUR- 1-4 Past trend of chlorophyll concentration Lug 1 J (4). 
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E7 NITROGEN CONCENTRATION 
Particulate-N 

Fig. EUR- 1-5 Annual change of particulate nitrogen concentration [mg l ]. 1977 (3). 
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E8 PHOSPHORUS CONCENTRATION 
§ Particulate-P 

Fig. EUR- 1-6 Annual change of particulate phosphorus concentration [mg I j.  1977 (3). 
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E9 CHLORINE ION CONCENTRATION [mg l] (Q) 

Depth [m] 	Jan Feb Mar Apr May Jun Jul Aug - Sep Oct Nov Dec 
1 	 35-40 	- 	- 	100 - 150 	 - 	35-40 

E 10 PAST TRENDS: No remarkable change (Q). 

F. BIOLOGICAL FEATURES 

Fl FLORA 
§ Emerged macrophytes : Phrugniites sp. 
§ Submerged macrophytes : Potaniogeton sp. 
§ Phytoplankton : Diatoina elongatian, Aster/one/la formosa, ,Seizedesmnus, Pediastruin, Microcvstis 

aeruginosa, A nabae;u, Lvi2ghva, Tkismnopethuin, Ch roocoecus, ,lielosiia spp., C/i roomnonas sp.. 
Oscillator/a sp. (4). 

6 
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F2 FAUNA 
Zooplankton 	L)a/11;1Ia live//mi, P. il/do, . I iii/lr\ /ii/i 1 .o/hf/lt.h .lI(hO 	1//c /io/mv/i (5 (3). 

§ Benthos : (liimiioiiiiiz /)l1(1 loses, 	ui/t/iimiiiiIs. (/(liS)h/1/\'/(/lS1IS i)/dl/ /15. (;/\J)/O/ iiuli/ 	/vilh Its. 

Pu/i/)(d//em s('u/m 1//I/il, P. i //h/t7sl1iIl ./o'/'nl/l1miool'15 Ins/ru (1. 

§ Fish : A iigiii/le (i1//lili(i,: 1 iiiiits hi//Il/i!, I/u/i/in lit/i/us, BIle 1)1, 7;*!o  

§ Supplementary notes on the biota 

Fig. EUR- I -7 Percent contribution f various algal arou9s to the total algal volunie, 1977 
1). 

p/oeen 	ia' 
Btle-r-'e:-i OiJd 

p .  A 	 5 	5 	A  

F4 BIOMASS 

§ Biomass and production of important zooplankton (organic (Try wt.)(r 6) 

Mean biomass mg m 	 Production [iug mvr 1 
ihh( 	191fl 	1971 	1969 	1979 	1971 

L). Iii'a/iiiu 	(31.3 	13s. 	133.3 	2.9I.0 	6,136  

P. 'iiriil/ii/ii 	 9. 	 15.6 	 9.3 	22.2 	570.1 
:1. 1))hl(S/lf 	 31.9 	13.6 	13) 	2, S 	3,96iH) 	3,911.6 
11. /('iIi*(ii'/l 	 6.1 	. 7 	16.1 	3.3 	 8 76.0 

Fig. EUR- I -8 	Biomass (dcv wi.) and density of (7i/uroiioitts ///toiosifs (AI and (ivp/o/rii- 

/i/i's Poll/Is 1 th instar larvae B) in ht' mud of the inshore zone (s). 

H1 

H 	— 	

B 
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F5 NOTES ON THE REMARKABLE CHANGES OF BIOTA IN THE LAKE: Not recorded (Q). 

F6 PAST TRENDS 

Fig. EUR- 1-9 Trend of population density of some important algal species (3). 

A 

G. SOCIO-ECONOMIC CONDITIONS (Q) 

Gi LAND USE IN THE CATCHMENT AREA 

LU 

Agricultural land and meadows 	 93 
Residential area 	 3 
Total 	 1)))) 

§ Main kinds of crops : Grass. 
§ Levels of fertilizer application on crop fields : Moderate. 
§ Trends of change in land use in recent years : No changes. 

G2 INDUSTRIES IN THE CATCHMENT AREA AND THE LAKE: Agriculture only. 

G3 POPULATION IN THE CATCHMENT AREA : For a polcier reservoir the concept of a catch-
ment area is not relevant. 

	

Population 	Mean population density 
[km] 

Total 	N.A. - 	 50-10)) 

S 
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H. LAKE UTILIZATION (Q) 

H 1 LAKE UTILIZATION 
Sightseeing and tourism (a few thousand visitors per year). recreation (yachting), fisheries, 

control polder water regime (storage in winter). 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS (Q) 

Ii ENHANCED SILTATION 
§ Extent of damage : Not serious. 

12 TOXIC CONTAMINATION 
§ Present status : Detected but not serious. 

13 EUTROPHICATION 
§ Nitrogen loadings to the lake [g m 	vr 

So ri rc es 	Industial 	Domestic 

T-N 	 - 

Agricultural and natural 
(gross ; measured together) 

2.73 
3.69 

S 77 

Year 

1973 
1974 
1973 

14 ACIDIFICATION 
§ Extent of damage None the lake is well buffered. 

15 OTHER HAZARDS: None. 

J. WASTWATER TREATMENTS (Q) 

J 1 GENERATION OF POLLTANTS IN THE CATCHMENT AREA: (c) Limited pollution with 
wastewater treatment. 

J2 APPROXIMATE PERCENTAGE DISTRIBUTION OF NUTRIENT LOAD 

Percentage 

Non-point sources 	 100 
Point sources 	 0 
lotal 	 100 

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 : 95%. 
§ Municipal wastewater treatment systems : No sewage water entering the lake. 
§ Industrial wastewater treatment systems : No industry. 

K. IMPROVEMENT WORKS IN THE LAKE 

None (Q). 

L. DEVELOPMENT PLANS 

None (Q). 

9 
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M. LEGISLATIVE AND INSTITUTIONAL MEASURES 
FOR UPGRADING LAKE ENVIRONMENTS (Q) 

M 1 NATIONAL AND LOCAL LAWS CONCERNED 
§ Names of the laws 

1) Provincial Water Quality Criteria revised every S years 
§ Responsible authorities 

1) Provincial Government 

M3 RESEARCH INSTITUTES ENGAGED IN THE LAKE ENVIRONMENT STUDIES 
(1) Provincial Goveniment "Friese Prov. \Vaterstaat", Leeu\varclen. 

N. SOURCES OF DATA 

(Q) Questionnaire filled by Dr. H.L. Golterman, Station Biologique de In Tour dii Valat. Aries. 
(1) Leenen. J.D. (1982) hydrology of Tjeukemeer. "Studies on Lake Vechten and Tjeukemeer. the 

Netherlands (ed. Gulati, R.D. & Parma. S.), pp. 199 2(Y). Dr. W. Junk Publishers. The hague. 
MUller, MT. (1982) Selected Climatic Data for a Global Set of Standard Stations for \'egeta-

tion Science . 306pp. Dr. W. Junk Publishers, The Hague. 
de Haan. H. (1982) Phvsico-chemicai environment in Tjeukemeer with special reference to 

speciation of algal nutrients. Studies on Lake \'echten and lieukemeer. the Netherlands' (see 
above). pp. 205 223. 

4 	Moed. J.R. & Hoogveld. ii .L. 1982 The algal periodicit v in Tieukemeer during 1968 -1978. 
Ibid., pp.  223-234. 

\pverberg. J. & Richter, A.F. (1982) Populath rn dynamics and product ion of Dc/Il/ala li\'(i!HI(i 
Levdig and T*ipli;iia ('ecu/a/a (Sars) in Tjeukemeer. Ibid.. pp. 235 260. 

Vijverberg. J. & Richter, A.F. (1982) Population dynamics and product ion of -1 'aith 1(/0//s 
171h/(s/1fs (Sars) and Mcsocn'/o/s /uo'lar/i (Claus) in I'ieukemeer. Ibid.. pp. 2t1 27 1. 

(7 	h3eauttie, DAT. (1982) Distribution and production of the larval chironoinid populati ns in 
Tjeukenleer. Ibid., pp. 275-286. 

$) de Nie, H.W. (1982) A note on the significance of larger bivalve molluscas (.1 iiodoii/a spp. and 
Drcissena sp.) in the food of the eel (A 1/gill//a agguhl/(t) in Tjeukemeer. Ibid., pp. 287-306. 

(9 Lammens, E.H.R.R. (1982) Growth, condition and gonad development of bream 1:-I !osiaiis 
hi'aaia) in relation to its feeding conditions in Tjeukeineer. Ibid.. pp. 307 311). 

(1) Golterman, H.L., Voerinan, S. & de Nie, H.W. (1980) Fosfant balans van let 1'jeukemeer. HO, 
6: 116-- 122. 

PIE 
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A. LOCATION 
Somogv and \eszprém, Hungary. 
16 42 -47 04 N 17 15 -18 10 E 104 in dbo\ e sei le ci \di iatic) 

B. DESCRIPTION 

Lake Balaton was formed mainly by tectonic forces 12,000-20.00)) years ago. Prior to the 
opening of Siô-canal in 1863, its water level was 3 m higher and its surface was about twice larger 
than at the present. With its surface area of 593km, Lake Balaton is the largest lake in Central 
Europe, but its mean depth is only 3.2 m. 

The main inflow, the Zala River, empties into the southwestern end of the lake, while the 
Siô-canal drains the water from the eastern basin into the River Danube. 

The lake is covered by ice in winter. In summer the average water temperature is 23 C. The 
strong waves swirl up much sediments, rendering the transparency low. 

The major ions of the water are Ca, Mg and I ICO 3  . The pH is 8.4. rising to higher values 
during intensive primary production. Oxygen deficiency is formed only temporarily in the 
western part of the lake in calm summer periods with algal blooms. 

The distribution of rnacrophvtes is restricted by strong waves to a relatively narrow belt. 
Only 3 percent of the lake surface is covered by reeds, and even less by submerged macrophytes. 
The major primary producers are phytoplankton. Znoplankton is not abundant. Zoobenthos 
represents an important food for the fish. The annual commercial fish catch is 12(0) tons. 

The southern shore of the lake consists of sandy beach. while on the northern shore there are 
mountains of volcanic origin with old ruins on their tops and vineyards on their slopes. The 
picturesque landscape and the water ideal for swimming and other water sports attract 2 million 
tourists annual lv. 

The sewage discharge from rapidly developing towns in the \vatershedl, the growing use of 
fertilizers in agriculture and large animal farms increased the nutrient loading to the lake in the 
last decades A rapid eutrophication became apparent by increased production and biomass of 
pfiytoplankton. Blooms of blue-green algae are frequent in the most polluted western part of the 
lake. 

A eutrophication control program has been formulated, based on intensive scientific 
researches. Most of the municipal sewage is now diverted from recreational areas. Phosphorus 
removal was introduced at other sewage treatment plants A reservoir was constructed to retain 
the nutrients carried by the Zala River. Pollution clue to liquid manure was reduced. Construc-
tion of more reservoirs on major tributaries of the lake and a soil protection program are in 
progress (Q). 

C. PHYSICAL DIMENSIONS 

Surface area [km] - 	 593 
\olume [ lOm] 1 .9 
Maximum depth [nil 12 .2 
Mean depth [m] 3.25 
N ormal range of annual water 

0 level fluctuat join (regulated) [m] 
Length of shoreline 	knil 236 
Residence time vr] 2 
Catchment area [km2i  
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D. PHYSIOGRAFHIC FEATURES (2) 

Dl GEOGRAPHICAL 
§ Bathymetric map Fig. FUR-4-1 I. 
§ Main islands : None. 
§ Outfiowing rivers and channels (number and names) : 1 (Siô-canall. 

D2 CLIMATIC 
§ Climatic data at Siófok. 19-17 1963 (temp.) and 1951 80 (proc.) 

Jan Feb Mar Apr May jun jul Aug Sep Oct Nov Dec Annual 

Mean temp. C] 	1.4 	((.6 	511 10.7 1a.6 19.4 208 20.2 16.3 111.8 5.6 	10 	111.4 

Precipitation [mm] 36 .) 37.7 35.6 44.7 60.1 80.8 73.3 62.1 48.4 42.9 65.5 45.7 633.9 

§ Number of hours of bright sunshine (Siófok, 1951 -1989): 2,052 hr vr 
§ Solar radiation lSiôfok, 1931 11940): 12.2 Mj m 2 dav 

Fig. EUR-4- I 	Bathymetric maj.) (Q). 

0 km 

Water temperature C], 1947 1963 

Depth [m] jan Feb Mar Apr May Jun Jul Aug Sep 

.1.5 	11.5 	17.6 	21.9 	23.2 	22.9 	19.2 

§ Freezing period: From 4 jan. to 24 Feb.. 1927 -63. 

§ Mixing type : Polvmictic. 

Oct Nov Dec 

13.3 	6.9 	2.1.) 
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E. LAKE WATER QUALITY (3) 
El TRANSPARENCY Fm] 

Station 1-3, 1979-1983 

Jan 	Feb 	Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Keszthelv 	- 	 (1.49 0.38 0.50 0.47 0.50 1)35 0.41 0.46 0.50 0.65 
Szemes 	- 	 0.72 0.48 0.49 056 0.69 0.15 0.64 0.53 0.60 0.52 
Siófok 	 0.71 0.45 0.45 071 0.67 0.55 0.69 0L71 0.57 1.25 

E2 pH 
8.4, rising to 8.9 in the western part of the lake during summer algal blooms. 

E3 SS [mg 1'], 1979 1983, at I in depth 

Station jan 	Feb 	Mar Apr May Jun Jul Aug Sep Oct 	Nov Dec 
Keszthelv 34.1 39 ... 27.6 10.6 23.1 31.7 23.4 25.8 	- 14.5 
Szemes - 	 20.7 22.2 22.5 13,9 16.4 29.1 13.5 22.6 	56.0 13.4 
Siófok 16.1 19.7 23.9 13.7 25.0 23.1 13.6 18.6 	20.1 4.9 

E4 DO [mg I I]  

The dissolved 02 concentration is usually close to the saturation level. Strong oversatura-
tion at the surface and 0 2  deficiency near bottom sediment are found only in the western part of 
the lake in calm summer periods during alga! blooms. 

E5 	COD [mg 1], 1979-1983. at 1 m depth 
Determined by KMnO method. 

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

Keszthely 	- 7.86 	8.60 6.50 7.38 9.80 7.72 7.96 8.00 	8.07 	9.80 
Szemes 	- 5.96 	5.10 5.00 .1.68 6.32 5.64 6.04 6.45 	5.95 	5.00 
Siófok 	- 	 - 1.88 	4.80 4.02 3.26 4.70 4.16 1.46 4.67 	4.43 	4.90 

E6 CHLOROPHYLL CONCENTRATION [,ug 1], 1979-1983, at 1 m depth 

Station Jan 	Feb 	Mar Apr May jun 	Jul Aug Sep Oct Nov Dec 

Keszthelv - 	 - 	 34.0 30.8 19.8 20.4 	33.5 51.1 38.4 41.1 42.8 42.9 
Szenies - 	 - 	 12.4 19.4 10.6 7.1 	8.8 22.6 19.5 16.7 15.4 16.1 
Siôfok - 	 - 	 7.2 9.2 8.5 4.4 	5.4 9.8 11.7 10.0 6.8 5.1 

4 
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E7 NITROGEN C 
Total N [mg 1 

Station 	Jan 

Keszthely 	- 
Szemes 	- 
Siôfok  

ONCENTRATION 

I, 1979 1983, at 1 in depth 

Feb Mar Apr May 

	

1.81 	1.85 	1.23 

	

1.23 	0.98 	0 90 

	

0.93 	0.80 	072 

Jun Jul - Aug Sep Oct 	Nov Dec 

1.50 1.39 2.01 1.51 1.57 	1.72 1.94 
092 0.87 0.99 0.87 1.19 	1.09 0.63 
0.61 0.70 0.79 0.71 1.117 	0.69 0.59 

E8 	PHOSPHORUS CONCENTRATION 

§ 	Total-P [mg 1 	j,  1979 	1983. at 1 in depth 

Station 	jan Feb 	Mar 	Apr May Jun Jul Aug Sep Oct 	Nov Dec 

Keszthclv ((.075 	(1.1)89 0.068 0.089 0.101 0.104 0.114 1.089 	0.143 0.078 

Szemes - 	0.032 	0.052 0.036 ((.033 0.035 0.037 0.039 0.1)1(1 	0.1159 (1.1)13 
Siôfok - 	0.024 	0.028 0.1131 ((.022 ((.027 0028 0.033 0.043 	0.031 (1.1)28 

F. BIOLOGICAL FEATURES 

Fl FLORA (4) 
§ Emerged macrophytes : Phrag;nilcs a?fstra/is. 75'pIia la/ifo/1i. 
§ Floating macrophytes : Leoiea 111/1201, L. Irisitica. L. ,gihha. ,$1)iod In polvirlii;a, 11 oittia arr1/ia, 

JI\ ,(1)oc1la)7 1)101(1(i)?1?( . \l')1?1)hUt'(I a/ha, Au1)Izar /u/eioii, Trapa eatan. 
§ Submerged macrophytes PoIaiiio4 ton J7crto (ia/ifs, P. dns1)lfs. P. 1c C/iou/ifs, Aajas maClila, 

Stiatiotes (i/lOU/IS, Cl iatopliv/Ium (12 morsum, .IR')7OJ2/2 V//in)? SJ)1CU/?fnI. 
§ Phytoplankton : Spring (Vit:Chia (/(hv(/ar(. Cycle/olin o(7'liaIa, C. hoilai?/c , Stfanodiscus hal//C 

sc/in) : summer, eastern part (('cia//am //iInnilH?( i/a, TIcio.a g) al/if/a/a. Bole coccus 
hraimnii) vestern part ( ;iahac;io1)sis racihoikn, A nahaena /)i) (rn/I S. A. aJlhal/i:o;nL 120(7125, 
Aphan iCO)2C)/011 .fiosaujeal' 1. 

F2 FAUNA (5) 
§ Zooplankton : Pol1)arthra iiiigai is. 1'1 ia/c//a ql(a(hsita, PoniplioRv ia/ca/a. Da/thnia ciawl/a/a. D. 

ga/ca/a, Eudiaptomus glad/is, llcsocvclops 1iicaiti, (vc/ops 11(1111(5. 

§ Benthos Ec/iiioso;na ahrai, Daroinu/a sti'cnsoni. Polaino/hlix 12(1;)? mon/I 1215, iall\1)lt5 (220 c 
tipcnn is, L itllOg/\'1)hiU 1/n/id )iddS, Drcisscaa po (VIne 11)12(1. 

§ Fish : ilhminis h lanla*, C ? 7322(5 caiplo . 	tisoslcc/ion Iudiopcicn *, lsps as1)iits. Pi h 0(75 

C/f 1/la/ifS, ESOX 1i((iifs, :1 12/72(1//a a;zgi i/Ia * (* CconoIflica ll V  important). 

F3 PRIMARY PRODUCTION RATE (6. 7) 

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

[mg C m 2  day '1 	 {g C m yr 1]  

Keszthely 
(1973) 

S zemes 
(1976) 

Siôfok 
(1977) 

312 447 521 594 726 858 6,610 6,628 2.265 126 431 373 

127 	96 447 132 196 988 1.551 1,132 	841 386 214 159 

103 105 248 616 633 951 1,228 	847 	638 313 203 	41 

613 

210 

181 
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F4 BIOMASS 
Zooplankton: 2.5 [g (dry wi.) m 

§ Zoobenthos: 2.7 [g (dry wt.) m 
§ Fish : 4mn?is hrciiia 957 [toil (wet vt.) per I nice I. .1i2s/ ilioii /io/ 	rw 	-) Ti [ton wet wt.( 

per lake]. 

F5 FISHRY PRODUCTS 
§ Annual fish catch in 1985: .215 [metric tonsj. 

F6 PAST TRENDS 

Fig. EUR-4--2 	Trend of ilicrease of )rimar\ producti n in I ho Keszihelv-basjn (3). 

g C rn -2  day-7  

I 	I 	A 	S 	0 	N 	0 	1 	F 	i 	A 	m 	I 
7973 	 1974 

Fig. EUR-4-3 Trend of increase of algae counts in t lie Neszthelv-basin (1). 
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Fig. EUR-4 4 Trend of increase of algae counts in the iofoR-basin A 

SIOFOK 

Fig. EUR-4--5 Trend of increase of phyt oplankton hiomass in the Keszthelv-basin (-i). 
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Fig. EUR-4-6 Trend of increase of phytoplankton hiomass in the SiSfok-basin (1). 
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WAÜJ 
G. SOCIO-ECONOMIC CONDITIONS (8) 

Gi LAND USE IN THE CATCHMENT AREA (1982) 

Area [krn2] [0.] 

Natural landscape 1,811 35.0 
Woody vegetation 1,343 25.9 
Herbaceous vegetation 362 7.0 
Swamp 106 2.0 

Agricultural land 2 .933 56. 5 
Crop field 2,128 46.9 
Pasture land 505 9.7 

Residential area :137 8.4 
Others 
Total 5,181 100.0 

§ Main types of woody vegetation : Deciduous forest (Ca)-,iizus hetzilus, Querc,is petraea. Acer 
carnes1Y?s, Quercus pubescens, Quercus cerris, J-'ruxinus ornus). 

§ Main kinds of crops : Wheat, maize, hay, grape and fruits. 
§ Levels of fertilizer application on crop fields : Heavy (121 kg N 90 kg P 2 0 5  --126 kg K 2 0 ha' vr'). 

30• 
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G2 INDUSTRIES IN THE CATCHEMENT AREA AND THE LAKE (1980) 

No. of 
No. of persons est a b Ii shm en t s engaged 

Primary industry 	46 400 
Animal husbandry 	 331 

Secondary industry 	65,200 	 741 
Tertiary industry 	78,900 

§ Numbers of domestic animals in the catchment area: Cattle 9 / 10, Sheep 1.1 10, S inc 2.2 10, 
Poultry 1.5 x 11t1 

G3 POPULATION IN THE CATCHMENT AREA 

Population density Population 	 ., 	 Main cities [km I 
Urban 	180 500 	 Zalaegerszeg, Tapolca, 
Rural 	224.300 	 Marcali, Keszthelv, 
Total 	404,800 	 64 	 Siofok, Balatonfured 

H. LAKE UTILIZATION 

Hi LAKE UTILIZATION 
Source of water, navigation and transportation, sightseeing and tourism (number of visitors 

in 1982 1.8 10), recreation (swimming, sport-fishing, yachting) and fisheries. 

H2 THE LAKE AS WATER RESOURCE 

Domestic water 
Jr rig at ion 
Jndustrial water 
Power plant 
Others 

Use rate [10 6m yr 

8.6 
25 

10.4 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 

11 ENHANCED SILTATION 
§ Extent of damaEe : Not serious. 

12 TOXIC CONTAMINATION (9) 
§ Present status : Detected but not serious. 
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Main contaminants, their concentrations and sources (lake average) 

Name of Range of concentration [ppm 	in \ lain 
contaminant Water B ttonl mud Fish 2  Other 	rganisnis Sources 

1982 1984 1982 1982 	192 19822 
Cu (0.005 	3 (10 	) 3.12 12.3 	18.6 42.5 \Vaste 
Zn (0.057 	3 (9() (61.3 4 68 	73.5 (111 duflilDs 
Ca (0.0008) 3.5) 0.63) 3.7 	( 	:3.99; 1.47) and 
Hg (0.0007) ( ( 	.30 1.22: 	) 	1.88) 1.08: agri 
Pb (0.002 (31) 359: 18.5 	) 	22.1 	I  123 culture 

Note 	For water on volume basis mg 1' for h ttom mud, fish and other organisms on dry 
weight basis mg kg - . 

*24/i hznna, muscle. 
*24;/cdoi?I(I oqgnea, pill. 
* Chironomidae larvae, whole animals 
*5Crustacean plankton. 

13 EUTROPHICATION 
Nuisance caused by eutrophication : knusual algal bloom dominant species f algae :IpIeii-

1'zo1o'uo11 tios-aqzute, Auibaeoo/ss:s )ee//)ois/'ii .. I mi/so mia (/J)IeI)iio))Ic)mi(/e, .i)i/?(w)id 

Nitrogen and phosphorus loadings to the lake (1973 1951:. whole lake basin [t vr] 

Sources 	Industrial 	Domestic 	Agricultural 	Natural 	Total 
T N 	 382 	 1.973 	3,1-18 

	

9 	 laO 	 .314 

§ Supplementary notes 
The following measures are being taken to prevent further eutrophication. 
Development of sewerage and sewage treatment plants. 
l'hosphorus removal at sewage treatment plants. 

3 Diversion of a greater part of treated effluents produced in recreational areas from the 
watershed of the lake. 

4 	Establishment of reservoirs on larger tributaries too rd a in plant nutrients. 
5: Elimination of large livestock breeding farms from the watershed r the assurance of full 

agricultural utilization of their wastes mainly liquid manureL 
;6; Removal of the surface layer of lake sediments in areas f high phosph rus accumulation. 

Laud reclamation and soil amelioration. 

J. WASTEWATER TREATMENTS (Q) 

U 1 GENERATION OF POLLUTION IN THE CATCHMENT AREA: (f) Lxtensive development of 
the catchment area \vith provision for municipal waste\vater treatment. 

J3 SANITARY FACILITIES AND SEWERAGE 
§ Percentage of municipal population in the catchment area provided with adequate sanitary facilities 

(on - site treatment S stems) or public sewerage : I 00° c  
§ Percentage of rural population with adequate sanitary facilities 
§ Municipal wastewater treatment systems 

No. of tertiary treatment systems : 6 (6-1 x 11Pm 3  day 'C P removal by aluminium sulphate. 
No. of secondary treatment systems : 17 (75 1) m3 day'). 



EUR-4 

M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR 
UPGRADING LAKE ENVIRONMENTS 

M 1 NATIONAL AND LOCAL LAWS CONCERNED 
Names of the laws (the year of legislation) 
1) Hungarian Water Act (1961) 

(2) Environment Pr itecti ( si Act (1976) 
((3 Revision of the Water Resources Development Program of the Lake Balaton Area (1979) 
4 Resolut ion of the Council of i\Iinisters on Restoration of Water Quality (f Lake Balatoil 

(1 98:1) 
Responsible authorities 

National Water Authority 
Ministrv of Public Health 

(3) Ministry of Agriculture 
(4) Ministry of Construction and To\vn Development 
5) National Authority for Environment Protect ion and N ature Lonservation 

M2 INSTITUTIONAL MEASURES 
U N ational \Vaier Autlloritv. 

M3 RESEARCH INSTITUTES ENGAGED IN THE LAKE ENVIRONMENT STUDIES 
Balaton Limnological Research Institute of the 1-lungarian Academy of Sciences, Tihallv 
Research Center for Water Resources Development 

3 	National Public I Iealth Institute 
4) Karl Marx University of Econimics 

Scientific arid Design Institute for Urban Planning 
(6) Institute for Environmental Pr(tect9 in 

Supplementary notes : Thirty other research institutes, university chairs and other agencies 
participated in the research program coordinated by the above institutions. 

N. SOURCES OF INFORMATION 

up Questionnaire filled by Dr. S. Heroclek Ralat on Linlnological Research Institute of the 
Hungarian Academy of Sciences. Tihany. 

1) Illós I. led) (1981) Our Lake Bulaton. Natura Press. Budapest (in Hungarian). 
0 National Meteorological Service Data Bank. 
31 Research Centre for \Vater Resources Developiiient--Iiata Bank. 
(4) \hrhs. L. (1985) Phytoplanktoii changes in space and time in Lake Balaton, D. Sc. Thesis (ill 

Hungarian). 
(5) Potyi, J. F. (1986)   Pelagic and benthic invertebrates of Lake Balat ri and their ecology. D. 

Sc. Thesis (in I -I ullgarian). 
)6) Herorlek. S. & Tam6s, (;. (19ad The primary production of phytoplankton in the Keszthelv -

basin of Lake Jialaton in 1973 1971 Annal. Biol. Tihanv, 12 : 175-190. 
(7) I Jerodek. A. VPriis, L. & 169. F. (1982) The mass and production of phvtoplankton and the 

eutrophication in Lake Balaron III. The Balatonszemes basin in 1976- 1977 and the Siófok basin 
in 1977. 10drol. I<hzl.. 62 : 220 229 in Hungarian with English sunmiarv 1. 

($i National Authority for Envin omen) Protection and Nature Conservation Ii 9811 Balaton 
1982. 

(9) Sal6nki j.,  V. Balogh. N. & Berta E. (1982) Heavy metals in animals of Lake Balaton. \Vater 
Research, 16: 1147-1132. 
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LAGO MAGGIORE (LAKE MAGGIORE) 

Central part of the lake seen from the cableway of Laveno 
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A. LOCATION 
§ Novara and Varese, Italy and licino, Switzerland 
§ 4543'-4611'N, 828-52'E 193.9 rn above sea level. 

B. DESCRIPTION 
Lake Maggiore is the second largest of Italian lakes, but may rank first in beauty. It is an 

internationally famous resort of Europe, with its picturesque and spectacular landscape, mild 
climate and luxuriant vegetation. The climate favors a beautiful botanic garden on the lake 
shore, with exotic and rare plants including even those from the subtropical zone. The lake has 
many islands and some of them are famous for their lovely parks and pretty villas. 

L. Maggiore is 65 km long. 2-4.5 km wide and 370 m deep in its maximum depth. Recently, 
eutrophication has proceeded in part of the litteral zones, and inflowing waste water is now 
completely treated More advanced plants with tertiary treatment are under construction. The 
concentration of inorganic nitrogen in the lake water has increased gradually since 1960. Those 
of reactive and total phosphorus also increased until 1977, but have since been decreasing. [)uring 
the past ten years. the hiomass and composition of phytoplankton, chlorophyll concentration and 
primary productivity have been quite stable, most probably as the result of the control of waste 
water discharge from the drainage basin. 

C. PHYSICAL DIMENSIONS 

Surface area [1cm 2 ] 212.5 
\olume 110 9 rn 3  I 37.5 
Maximum depth [rn] 370 
Mean depth [m] 176.5 
Water level I Tnregulated 
Length of shoreline [kmj 170 
Residence time [yr] 1 
Catchment area [k1112J - 3, 37 
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL 
§ Bathymetric map (Fig. EUR-51). 
§ Main islands : Brissago. Madre, Pescatori and Bella (1). 
§ Outflowing rivers and channels (number and names) 1 (Ticino R.) (Q). 

D2 CLIMATIC 
§ Climatic data at Pallanza, 1951-1980 (Q) 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
Mean temp. [CC] 	2.6 4.3 	7.6 11.5 15.5 19.2 21.9 21.1 17.8 12.6 7.2 3.7 	12.1 
Precipitation [mm] 	73 94 	119 168 161 189 130 165 171 215 170 86 	1 741 

§ Number of hours of bright sunshine (1982) : 1985 hr yr' (Q). 
§ Solar radiation (1982) : 12.27 MJ m 2day (Q). 

Fig. EUR-5-1 Bathymetric map (Q). 
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§ Water temperature (Fig. EUR-5-3 and 5-4). 
§ Freezing period : None (Q). 
§ Mixing type Oligomictic. 
§ Notes on water mixing and therrnociine formation 

Due to the large maximum and mean depth of the lake, as well as to the peculiar climatic 
conditions of the area, a complete overturn of the waters of Lake Maggiore does not occur 
every year. According to Piontelli and Tonolli (1964) and Vollenweider (1964), the layer 
usually involved in the winter overturn is 100 to 150 m deep, whereas a complete mixing occurs 
only every five to seven years (2). 

E. LAKE WATER QUALITY 

El TRANSPARENCY 

Fig. EUR-5-2 Seasonal trend of transparency [m]. 1985 (3). 

0 

5 

10 
04 a) 

15 

20 	 51 J J J S 0 N 0 

4 



EUR - 5 

Fig. EUR-5-3 Seasonal change of water temperature (1962 1984, 1985) (3). 

985 /0 
1962 —1984  

0 Depth 050 
 

20 	5.50 	
C) 	" 

O 	.. 50 
 

O 	•. 	 ' 16,50  

C) 	.. 	.. 150 	 / 

t:1 

cJ 

16 

U) 

(U 
	 / 	, 	

•;! 	
:, 	, 	',\ \\ 

ci) 14 

8 
U) 
43 

12 

10 

6 
3 
	

F 	M 	A 	M 	3 	J 	A 	S 	0 	N 	D 

Fig. EUR-5-4 Depth / season isotherms: Mean values for 1962-1971. After Barbanti et 
al., 1974 (2). 
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E2 pH 

Fig. EUR-5-5 Seasonal trends of pH (1983-1984). Stations L and T are located in the 
map below (4). 
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E4 DO 

Fig. EUR-5-7 Seasonal trends of DO [mg 1]. 1983-1984 (4). 
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E6 CHLOROPHYLL CONCENTRATION 

Fig. EUR-5-8 Vertical and seasonal distribution of chlorophyll concentration [,ug 1], 1985 (3). 
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E7 NITROGEN CONCENTRATION 

§ NH 4 -N 

Fig. EUR-5-9 Seasonal trends of NH 4 -N concentration [rng l'], 1983-1984 (4). 
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§ NO 3 -N 

Fig. EUR-5-10 Seasonal trends of NO 3 -N concentration [rng l], 1983-1984 (4). 
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Fig. EUR-5-I I Vertical and seasonal distribution of PUN [g 1'], 1985 (3). 
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E8 PHOSPHORUS CONCENTRATION 

§ PO 4 -P 

Fig. EUR-5-12 Seasonal trends of PO 4 -P concentration Lug 1_ 1 1. 19831984 (4). 
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Fig. EUR-5-13 Seasonal trends of Total-P concentration Lug 11, 1983-1984 (4). 
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Fig. EUR-5-14 Trend of the mean concentration of DO in the whole lake column (3). 
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Fig. EUR-5-15 Trend of the mean concentration of NO 3 -N in the whole lake column (3). 
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Fig. EUR-5-16 Trend of the mean concentrations of Total-P (o) and PO 4 -P (•) in the 
whole lake column (3). 
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F. BIOLOGICAL FEATURES 

Fl FLORA (Q) 
§ Emerged macrophytes Phragmites australis, Schoenoplectus lacustris, Tvptoa latifolia. 
§ Floating macrophytes : Trapa natans var. verhanensis. 
§ Submerged macrophytes Lagarosiphon major, Elodea a'ensa, Mvrioph v//non spicatum, Ceratophv/-

(non deme rsu on, Po tam oge ton pe rIo (Ia tar. 
§ Fhytoplankton : Osci//atoria rubescens, Microcstis aeruginosa, Asterionella formosa, Fragilaria 

croton enszs, iklelosira is/andica, Al. varians, Ci,'c/otella coonensis, Synedra acus, Rhodoononas 
minuta, R. lacustris, Crvptomonas ovata, Ceratium hirundineila, Il.lougeotia sp. 

F2 FAUNA (Q) 
§ Zooplankton Copepoda (Cyclops abi'ssoruon, Mesocvclops leuckarti, Megacvclops viridis, Mix-

odiaptomus lacin ia/us, Eudiaptornus paa'anus), Cladocera (Dapho Ia hvalina, Diaphanosoma 
hrachvurum., Bosmina coregoni, Leptoclora kindtii, Bythotreplzes (ongimanus), Rotifera (Asp/an - 
chna priodonta, Keratelia coclolearis, Svnchaeta pectinata, S. oblonga, Polvarthra dolichoptera-
vulgaris, Conochilus unicornis, Pompho/vx sulcata). 

§ Benthos Uncinais uncinata, Sty/aria lacustris, Devo digitata, Nais elinguis, Branch iura sowerhvi, 
Polamofhrix hammoniensis, Ilvodrilus templetoni, Limnodrilus hoffmeisteri, Spirosperma ferox, 
Psaonmorvctides barbatus, Tubifex tubz fox, T. ignotus, Botlorioneuruon vejdovskianuon. 
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F3 PRIMARY PRODUCTION RATE [g C m 2clay'j (Q) 
Lake center, 1981 

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

0.07 	1.88 1.15 0.97 0.98 1.37 0.88 	0.83 	- 	- 

F4 BIOMASS 
Maximum biomass of Trapa natans var. verbanensis (August 1983) : 620 g (dry wt.) m 2  (Q). 

Fig. EUR-5- 17 Seasonal fluctuation in the hiomass of phytoplankton (Station Ghiffa, 1985) 
(3). 
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§ Fish biomass [t (dry wt.)] (Q) 

1981 1982 
Coregonus sp. 	 - 69.1 103.2 
Alburnus alburnus a/bore/la 42.7 85.0 
Perca flu viati/is 2.3  3. 5 
Sahno hut/a 1.7 1.3 
Leuciscus cephalus 0.8 - 

Esox lucius 0.1 

F5 FISHERY PRODUCTS (Q) 
§ Annual fish catch in 1981-1982 155.1 [metric tons]. 

F6 PAST TRENDS (Q) 
§ Past trend of phytoplankton community 

The structure and biomass of phytoplankton community, chlorophyll-a concentration and 
primary productivity have been fairly stable during the last 10-15 years. The production rate 
has remained more or less the same at ca. 300 g C m 2y (' 4 C technique) during 1970-1981. 
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F7 NOTES ON THE REMARKABLE CHANGES OF BIOTA IN THE LAKE DURING THE LAST 
30 YEARS 

Two submerged plant species, Isoetes facustris and I. cc/u nosbora, which once grew in the 
lake are now absent. 

The copepod, Heterocope satiens, and the cladocera, Sida cristallina, which lived in open 
water communities, have disappeared. In the same period, a cladoceran species, Chydorus 
spahaericus, colonized open waters occasionally during summers. 

The benthic amphipod, Niphargus foreli, formerly abundant in the 100-370 m depth zone, 
is now completely missing. Among Oligochaeta, Tubifex tubifex, Potarnothrix haminoniensis 
and Stylodrilus heringianus are new settlers, while Spirosperma ferox and Bythonomus lemani 
have badly declined. 

Though copepods are still the major component of pelagical plankton community, 
cladocerans are gradually becoming more and more important. 

G. SOCIO-ECONOMIC CONDITIONS (Q) 

Gi LAND USE IN THE DRAINAGE BASIN 

Area 
[km 2 ] 1%] 

Woody vegetation 1,301 19.8 
Rocky outcrops and debris 1.334 20.3 
Permanent snow and glacier 99 1.5 
Lakes 312 4.8 
Others 3,516 53.6 
Total 6,562 100.0 

Main types of woody vegetation (lake level to 2,000 m in altitude): Deciduous broadleaf forest 
(Populus, Alnus, Quercus, Robinia, Casianea, Belulci, Fagus) ; Conifer forest (Abies, Pinus, 
Picea, Larix). 

§ Main types of herbaceous vegetation : Meadow (Arrlienatheretum elatioris and Trisetelum .t7ores-
centis); grazing ground. 

§ Types of the other important vegetation : Shallow freshwter marsh peat bog. 
§ Main kinds of crops : Wheat, maize, barley, oat, potato. 

G2 INDUSTRIES IN THE CATCHEMENT AREA AND THE LAKE 
§ Agriculture: Number of persons engaged (excluding seasonal laborers) 11,542; number of 

establishments 30,424. 
§ Mining: Number of persons engaged 139.903. 

G3 POPULATION IN THE CATCHMENT AREA (1971) 

Population density Main cities Total population 	[km2] 
Locarno, Arona, 

669,900 
	 101.5 
	 Stresa, Pallanza, 

Intra 

H. LAKE UTILIZATION (Q) 

H 1 LAKE UTILIZATION 
Source of water, fisheries, navigation, tourism and recreation (swimming, sport.fishing, 

yachting). 
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H2 THE LAKE AS WATER RESOURCE 
§ Use rates 10 m 3 sec 1  for domestic use, and 112 m 3 sec 1  for industrial use. 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS (Q) 

13 EUTROPHICATION 
§ Nitrogen and phosphorus loadings [t yr 1 1 

Total-N : 11,000 
Total-P : 	550 

§ Nitrogen and phosphorus loadings from main inflowing rivers [t yr '] (3) 

River 	 Total-N 	Total-P 

Maggia 1,400 17 
Verzasca 370 3.8 
Strona 870 9.8 
Giona 78 1.2 
Ticino immissaric 1,800 31 
Cannobino 140 2.1 
S. Bernardino 260 3.8 
S. Giovanni 160 2.3 
Toce (Ossola) 1,900 62 
Erno 60 0.7 
Vevera 81 6.4 
Bardello 390 48 
Boesio 180 9.0 
Tresa 1,400 65 
Total 9,100 261 

J. WASTEWATER TREATMENTS (Q) 

U 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (d) Measurable pollution 
with limited wastewater treatment. 

U3 SANITARY FACILITIES AND SEWERAGE 
§ Municipal and industrial wastewater treatment systems : 14 major plants (treating 45% of total 

sewage activated sludge plus P and N removal) with several small plants without P and N 
removal. 

§ Supplementary notes. 
A system of treatment plants with tertiary treatment is under construction and will be 

completed presumably in a few years. This will purify all discharge waters from the western 
side of the lake and from Swiss part of the drainage basin. For the eastern side, the construc-
tion of treatment plants is expected to take longer time. 

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

M 1 NATIONAL AND LOCAL LAWS CONCERNED 
§ Names of the laws (the year of legislation) 

National law Nr 319 (1976) 
National law Nr 650 

§ Responsible authorities 
Regional government and municipalities 
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N. SOURCES OF DATA 
*The  Italian titles are tentatively translated into English in parentheses. 

(Q) Questionnaire filled by Dr. R. de Bernardi, Istituto Italiano di Idrobiologia, Pallanza. 
John Bartholomew & Son Ltd. (1985) The Times Atlas of the World, Plate 78. Times Books 
Ltd., London. 
de Bernardi R., Giussani,G. & Grimaldi, E. (1984) Lago Maggiore. "Ecosystems of the World 
23; Lakes and Reservoirs' (ed. F. B. Taub), pp.  247-277. Elsevier Science Publishers. Arnster 
dam. 
Commissione Internazionale per la protezione delle acque italosvizzere (1987) Ricerche sull' 
evoluzione del Lago Maggiore, Aspetti limnologici Programma quinquennale 1983-1987, 
Canpagna 1985, pp.  144, Consiglio Nazionale delle Ricerche Istituto Italiano di Idrobiobogia 
(Water Quality Protection Committee of Italy and Switzerland: Report of the limnological 
survey of Lake Maggiore, Five-year project for 1983-1987. Italian Science and Technology 
Agency, Italian Institute of Hvdrobiology), pp.  144. Pall anza. * 
Commissione Internazionale per la protezione delle acque italosvizzere (P. Guilizzoni e G. 
Galanti) (1987) Rapporto finale Biomassa, produzione e ciclo dei nutrienti nella zono umida 
di Fondotoce (Bacino delle Isoke Borromee-Lago Maggiore). Programma triennale 1983-
1985. (Water Quality Protection Committee of Italy and Switzerland: Final report on 
biornass, primary production and nutrient circulation at Fondotoce area (Lake Maggiore, 
Borromee Island Region), Three-year project for 1983-1985. Italian Science and Technology 
Agency. Italian Institute of Hydrobiology). pp.  86. P a ll anza. * 
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A. LOCATION 
§ Zurich and Schwyz, Switzerland. 
§ 47J5'N, 840'E; 106 m above sea level. 

B. DESCRIPTION (Q3) 
The Lake Zurich consists of two parts, a longer one with a length of about 28 km and a smaller 

one with a length of about 12 km. The lake lies in a valley formed by a glacier in the last ice 
period. With the state capital, the city of Zurich at the end of the lake, hilly shore areas offer 
favorable sites to live. Owing to the sewage discharge from this area, the lake became eutrophic 
at the beginning of this century. With the construction of sewage treatment plants, which include 
mechanical, biological and chemical steps in the form of phosphorus flocculation and flocculation 
filtration for all the wastewater in the catchment area, the loading of organic material and 
phosphorus compounds has been reduced, and the trophic state has tended toward mesotrophic. 
For one hundred years Lake ZUrich water has been used as an important drinking water resource 
for ZUr ich and for \ arious villages in its surroundings. The lake has a great importance also as 
a large recreation area. 

C. PHYSICAL DIMENSIONS (Qi) 

Surface area rkmi h 	1 
Volume [1Jm 3 ] 3.3 
I\laxiniuin depth [m] 136 0 
Mean depth [ni] 51.0 
\Vater level Regulated 
Residence time [vr] 1 	1 
Catchment area [krn2]  
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL (Qi) 
§ Bathymetric map (Fig. EUR-6-1), 
§ Main islands None. 
§ Outfiowing rivers and channels (number and names) : 1 (Limmat R.). 

D2 CLIMATIC 
§ Climatic data at Zurich, 1931-1960 (1) 

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

Mean temp. [CC] 	-0.1 0.3 4.5 	8.6 12.7 15.9 17.6 17.0 14.0 8.6 3.7 0.1 8.5 

Precipitation Immi 	74 70 66 	80 107 136 143 131 108 80 76 65 1,136 

§ Number of hours of bright sunshine 1,963 hr yr 1  (1). 

Fig. EUR-6-I Bathymetric map (Qi). 
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§ Water temperature 

Fig. EUR-6-2 Depth / season isotherms ['C] at Station 1. 1983 (1). 

Fig. EUR-6-3 Seasonal variation of vertical water temperature ['C] distribution, 1972 
-1974 (2). 

1972 	 973 	 974 	 - 

: 	
'4 

E - JL 
'4 " 4'4'4'4'4 '4 '4'4'4 	'4', 	

'4•'4 

000 '4 '.4 	'.3 	'40 	447644 	71 	6677 	7744 	64 	 4' 	'463 	2 	7663 	63 	62 	'43477 	747.7 

§ Freezing period : Seldom (1). 
§ Mixing type Meromictic (1). 
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E. LAKE WATER QUALITY 

El TRANSPARENCY [nil (QI) 
Station 1, 1983 

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

5.9 	8.0 	8.0 	4.4 	3.4 	5.9 	4.3 	2.4 	3.3 	4.6 	5.5 	5.5 

E2 pH (Qi) 
Station 1, 1983 

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

Surface 	8.02 7.75 8.02 8.12 8.60 8.69 8.61 8.57 8.19 8.72 8.72 7.91 

E4 DO 

Fig. EUR-6-4 Vertical and seasonal distribution of DO [rng 1 '1 (Qi). 
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E5 DOG [rng l] (Q3) 
Station 1, 1986 

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

0 1.30 	- - 	 1.35 1.45 1.45 	- 

I - 	 - - - 	 - 1.50 
2.5 - - 	 - 1.50 
5 1.20 1.45 1.50 	- 	 - 

7.5 - 	 - - 1.45 
10 1.20 1.15 	- 1.45 	- - 	 1.35 
12.5 - 	 - 1.30 	- 	 - 

15 1.25 	- - 	 1.15 1.30 1.25 	- 	 - 

20 1.20 - 	 - - 	 1.25 1.20 
30 1.25 1.10 - 	 1.20 1.20 	- 

40 1.30 1.40 1.20 - 	 1.15 	- 

60 1.30 - 	 1.35 1.20 1.15 	- 	 - 

80 1.15 	- - 	 1.30 	- 1.20 1.20 
90 1.15 	- - 	 1.35 - 1.10 

100 1.10 1.30 1.20 - 	 1.15 
110 1.20 1.30 	- - 	 1.15 
120 1.25 1.25 1.15 - 	 1.20 
130 1.25 	- 1.30 1.15 1.30 	- 	 - 

135 1.40 1.30 	- - 	 1.25 1.35 

E6 CHLOROPHYLL CONCENTRATION Lug 1'l (Qi) 
Station 1, 1983 

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

0 0.54 1.04 1.70 3.74 11.54 1.78 1.82 3.83 2.17 3.68 1.30 0.40 
10 0.39 1.12 1.61 2.22 5.72 1.62 2.59 2.89 2.02 1.89 1.26 0.12 
20 0.32 1.12 0.58 0.58 1.16 0.31 0.35 0.38 0.42 0.62 0,36 0.36 
30 0.36 1.06 0.35 0.40 0.71 0.22 0.12 0.16 0.27 0.16 0.13 0.38 
40 0.28 1.04 0.47 0.35 0.56 0.15 0.11 0.11 0.29 0.14 0.10 0.07 
80 0.04 0.32 0.53 0.29 0.22 0.11 0.08 0.10 0.17 0.06 0.05 0.04 

120 0.02 0.13 0.15 0.19 0.16 0.10 0.04 0.06 0.10 0.25 0.05 0.05 
135 0.02 0.07 0.08 0.21 1.52 0.11 0.06 0.08 0.16 0.25 0.02 0.03 
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E7 	NITROGEN CONCENTRATION (Q3) 
§ NH.-N [mg 11] 

Station 1, 1986 

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

0 0.025 0.005 <0.005 0.005 0.010 0.070 0.025 0.010 0.020 	0.010 	0.010 0.015 
1 0.025 0.005 <0.005 0.005 0.015 0.070 0.025 0.010 0.015 	0.010 	0.015 0.015 
2.5 0.025 0.005 <0.005 0.005 0.015 0.070 0.025 0.010 0.015 	0.010 	0.010 0.015 
5 0.025 0.005 <0.005 0.005 0.020 0.075 0.025 0.015 0.015 	0.010 	0.010 0.015 
7.5 0.025 0.005 <0.005 0.010 0.045 0.075 0.040 0.030 0.015 	0.015 	0.010 0.015 

10 0.025 0.005 <0.005 0.010 0.035 0.005 0.020 0.035 0.010 	0.010 	0.010 0.015 
12.5 0.025 0.005 <0.005 0.010 0.035 0.005 0.005 0.005 0,005 	0.005 	0.010 0.015 
15 0.025 0.005 <0.005 0.010 0.035 0.005 0.005 0.005 0.005 	0.005 	0.010 0.015 
20 0.030 0.005 0.005 0.005 0.005 0.005 <0.005 0.005 0.005 < 0. 005 <0.005 0.005 
30 0.030 0.005 0.005 0.005 0.005 0.005 <0.005 0.005 0,005<0.005<0.005 0.005 
40 0.030 0.005 0.005 0.005 0.005 0.005 <0.005 0.005 0.005 <0.005 <0.005 0.005 
60 0.005 0.010 0.005 0.005 0.005 0.005 <0.005 0.005 0.005<0.005<0.005 0.005 
80 0.005 0.005 0.005 0.005 0.005 0.005 <0.005 <0.005 0.005 <0.005 <0.005 0.005 
90 0.005 0.005 <0.005 0.005 0.005 0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.005 

100 0.005 0.005 <0.005 0.005 0.005 0.005 <0.005 0.005 0.005 <0.005 <0.005 0.005 
110 0.005 0.005 <0.005 <0.005 0.005 0.005 0.005 0.005 0.005 <'0.005 <0.005 0.005 
120 0.005 0.005 <0.005 <0.005 0.005 0.005 0.005 0005 0.005 <0.005 	0.005 0.005 
130 0.040 0.005 <0.005 0.005 0.005 0.005 0.005 0.005 0005 	0.200 	0.180 0.200 
135 0.300 0.010 0.005 0.010 0.005 0.005 0.005 0.090 0.135 	0.300 	0.320 0.370 

§ 	NO 3 '-N [mg 1 'j 
Station 1, 1986 

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

0 0.690 0.733 0.760 0.770 0.615 0.655 0.530 0.375 0.385 0.370 0.515 0.555 
1 0.705 0.745 0.750 0.770 0.625 0.660 0.530 0.385 0.365 0.365 0.520 0.555 
2.5 0.685 0.740 0.750 0.775 0.615 0.650 0.530 0.375 0.365 0.365 0.515 0.555 
5 0.690 0.735 0.750 0.775 0.615 0.665 0.540 0.420 0.370 0.370 0.520 0.555 
7.5 0.680 0.710 0.755 0.775 0.695 0.690 0.660 0.490 0.380 0.380 0.515 0.550 

10 0.695 0.735 0.760 0.785 0.740 0.780 0.775 0.760 0.765 0.640 0.515 0.555 
12.5 0.695 0.730 0.765 0.795 0.755 0.775 0.860 0.865 0.865 0.845 0.515 0.550 
15 0.705 0.715 0.760 0.790 0.760 0.775 0.865 0.860 0.870 0.855 0.515 0.545 
20 0.695 0.730 0.755 0.780 0.775 0.770 0.860 0.905 0.875 0.845 0.780 0.800 
30 0.700 0.735 0.760 0.785 0.775 0.770 0.850 0.860 0,855 0.840 0.800 0.830 
40 0.715 0.760 0.750 0.785 0.780 0.770 0.835 0.845 0.855 0.825 0.810 0.840 
60 0.855 0.745 0.775 0.790 0.785 0.770 0.835 0.845 0.845 0.820 0.805 0.830 
80 0.845 0.755 0.775 0.790 0.775 0.770 0.845 0.840 0.850 0.820 0.800 0.825 
90 0.840 0.745 0.800 0.785 0.780 0.765 0.845 0.850 0.855 0.825 0.805 0.830 

100 0.850 0.785 0.810 0.790 0.785 0.770 0.855 0.845 0.855 0.825 0.815 0.830 
110 0.845 0.780 0.815 0.800 0.785 0.775 0.860 0.850 0.865 0.855 0.815 0.835 
120 0.865 0.780 0.815 0.800 0.785 0.785 0.845 0.865 0.880 0.650 0.815 0.855 
130 0.805 0.790 0.815 0.805 0.785 0.795 0.870 0.925 0.830 0.580 0.670 0.635 
135 0.575 0.780 0.800 0.790 0.785 0.805 0.895 0.755 0.595 0.480 0.535 0.500 
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E8 PHOSPHORUS CONCENTRATION 
§ PO4 -P [ug 11 

Station 1, 1986 (Q3) 

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

0 27 42 35 48 2 10 4 5 2 1 <1 1 
1 26 44 37 48 2 11 3 3 2 1 <1 1 
2.5 27 45 37 50 2 9 8 2 2 <1 <1 1 
5 27 45 37 50 1 11 2 3 2 <1 <1 1 
7.5 28 45 39 47 2 17 7 2 2 <1 <1 1 

10 28 46 43 48 13 12 5 2 2 <1 <1 1 
12.5 29 46 44 47 23 27 2 3 3 <1 <1 1 
15 27 46 45 46 28 37 12 2 2 <1 <1 <1 
20 26 48 45 49 37 47 34 8 9 17 17 25 
30 27 49 45 53 42 49 51 47 44 33 30 37 
40 28 49 44 54 43 49 52 53 52 47 47 47 
60 63 48 49 54 44 48 50 54 55 54 52 56 
80 69 61 60 54 45 53 56 57 60 59 55 63 
90 73 63 71 56 52 59 58 63 66 66 60 68 

100 81 90 77 57 51 66 65 65 79 73 67 72 
110 92 92 87 71 58 70 72 79 91 86 74 88 
120 126 118 101 79 45 73 89 96 115 130 114 125 
130 180 136 119 89 58 91 123 160 209 237 193 211 
135 259 142 133 96 60 126 160 223 301 267 252 268 

Fig. EUR-6-5 Vertical and seasonal distribution of PO 4 -P Lug 1_1i at Station 1. 1983 (Qi). 
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§ Total-P [,ug 1 - '] (Q3) 
Station 1, 1986 

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

0 31 46 41 53 10 18 5 4 4 <1 3 1 
1 31 49 43 50 12 15 4 2 4 < 1 4 2 
2.5 32 49 45 54 12 15 10 1 6 1 4 1 
5 37 49 44 52 10 19 9 5 8 1 7 1 
7.5 31 50 46 48 8 18 14 2 5 <1 1 1 

10 31 50 54 49 22 17 10 5 7 <1 4 1 
12.5 32 50 50 49 30 32 7 6 7 <1 4 1 
15 32 50 51 49 37 43 20 4 5 <1 4 <1 
20 32 51 50 52 48 50 42 9 15 17 24 25 
30 32 52 52 53 52 59 60 18 47 34 40 37 
40 32 53 51 56 50 54 60 53 53 49 51 47 
60 66 52 55 55 51 54 55 54 56 56 54 57 
80 71 64 65 55 55 58 61 55 61 61 58 67 
90 74 65 76 58 60 61 64 62 68 68 64 70 

100 83 92 82 58 58 71 73 65 79 76 71 74 
110 94 90 90 74 64 75 77 78 92 91 82 89 
120 130 119 101 79 66 80 94 95 118 140 117 142 
130 191 136 121 89 76 103 130 160 209 254 197 218 
135 263 142 135 96 78 128 165 223 305 291 260 282 

E9 	CHLORINE ION CONCENTRATION [mg 1h]  (Q3) 
Station 1, 1986 

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

0 4.2 4.2 4.0 4.4 4.2 3.5 3.4 2.7 3.1 3.0 3.7 4. 
1 4.2 4.2 4.0 4.4 4.2 3.5 3.4 2.7 3.0 3.0 3.7 3. 
2.5 4.2 4.2 4.0 4.4 4.2 3.5 3.4 2.6 3.0 3.0 3.7 3. 
5 4.2 4.2 4.1 4.4 4.2 3.6 3.4 2.8 3.0 3.0 3.7 3. 
7.5 4.2 4.2 4.1 4.4 4.5 4.2 3.4 2.4 3.0 3.1 3.7 3. 

10 4.2 4.2 4.2 4.4 4.5 4.4 3.5 3.5 3.5 3.5 3.7 3. 
12.5 4.2 4.2 4.2 4.4 4.6 4.4 4.1 4.1 4.0 4.0 3.7 3. 
15 4.2 4.2 4.2 4.4 4.6 4.4 4.3 4.2 4.2 4.3 3.7  
20 4.2 4.2 4.3 4.4 4.5 4.4 4.4 5.4 4.4 4.4 4.3  
30 4.2 4.3 4.3 4.4 4.5 4.4 4.5 4.4 4.5 4.4 4.4 4. 
40 4.4 4.3 4.3 4.4 4.5 4.4 4.5 4.4 4.5 4.4 4.5 4. 
60 4.4 4.3 4.3 4.4 4.5 4.4 4.5 4.4 4.5 4.4 4.5 4. 
80 4.4 4.3 4.4 4.4 4.5 4.4 4.5 4.4 4.5 4.5 4.5 4. 
90 4.4 4.2 4.4 4.4 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4. 

100 4.4 4.3 4.4 4.4 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4. 
110 4.4 4.3 4.3 4.4 4.5 4.5 4.6 4.4 4.6 4.5 4.5 4. 
120 4.4 4.5 4.2 4.4 4.5 4.5 4.5 4.4 4.6 4,5 4.5 4. 
130 4.4 4.4 4.2 4.4 4.5 4.5 4.5 4.4 4.5 4.5 4.6 4. 
135 4.4 4.4 4.1 4.4 4.5 4.5 4.5 4.4 4.5 4.5 4.5 4. 
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ElO PAST TRENDS 

Fig. EUR -6 -6 Trend of transparecy (means for Januar-March, 1897-1900 & 1936 1980) 
(3). 
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Fig. EUR - 6 - 7 Trends of net hypolimnetic oxygen consumption during the stagnation 
period ( 0), and annual hvpolimnetic oxygen minimum ( • ). Net hvpolim-
netic oxygen consumption is equivalent to annual maximum (spring) minus 
annua] minimum (autumn) (3). 

Fig. EUR-6 -8 Trends of NO 3 -N and PO 4 -P in summer stagnation periods (2). 
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Fig. EUR-6-I0 Past trends of total phosphorus in the eplilimnion and 02 in the hypolim-
nion between April and September (Q3). 
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Fig. EUR-6-9 Past trend of annual averages of PO 4 -P (0-136 rn) (Q3). 
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F. BIOLOGICAL FEATURES (Qi) 

Fl FLORA 
§ Emerged macrophytes Phragmites coinmunis, Phalaris arundinacea, Schoenopiectus lacustris. 
§ Floating macrophytes Nymphaea a/ha, Nuphar lu/earn (several places but mostly planted by 

inhabitants). 
§ Submerged macrophytes : Potarnogeton ,bectinatus, P. perfoliatus, P. lucens, P. crispus, Elodea 

canadensis, Zannichellia palustris. 
§ Phytoplankton : Anabaena ,flos-aquae, A. planctonica, Osci/latoria rubescens, A,bhanizomenon 

f/os -aquae, Pandorina morurn, Sphaerocystis schroeteri, Mougeotia sp., Dinobrvon dive rgens, 
Cern/jam hirundinella, Crvp/omonas ova Ia, Rhodoinonas sp., Melosira granulata, Cvc/ote/la 
comb, Stephanodiscus hantesclzii, Ta be//aria fenest rota. Fragilaria crotonensis, Asterione/la 
formosa, Svnedra acus. 

F2 FAUNA 
§ Zooplankton : Nassula aurea, Tin/innopsi.s /acuslris, Epistylis rotnas, Polvarlitra platpIera, Kera-

tel/a cochiearis, Keratella civadrata,  Notholca longispina, Asplanclina priodonta, Svnchaeta 
pectinata, Leptodora sp., Daphnia longispina, Bosmina longirostris, Diaptoinous grad/is, Cyclops 
sire anus, Chaoborus crystal/inns. 

§ Benthos Dugesia polych roa, Herpobdel/a octoculata, He/obdella stagnalis, Limnodrilus hoffineis-
ten, Tuhifex ignot us, Psammocrvctes harhatus, Sty/aria locust us, Pianania sp., Bithynia 
/entaculata, Gyraulus a/bus, Lymnaea auniculania, L. peregra, Pisidium subruncalum, P. moites-
sienianum, P. nitidurn, Dreissena polvmorpJza, Eucvclops serratulus, Paracyclops fimbniatus, 
Cant hocamp/us staphilinus, Caenis moesta, Pot pedi/um nuhecu/osum, Mi cro/endipes sp., Liinno-
chironomus pu/sits, Eukjetfeniel/a sp., Potvcentnopus I7avomaculatus, Tin odes sp. 

§ Fish Anguilla vuiganis, Esox lucius, Saimo salve/inns, S. variabilis, Coregonus wartrnanni, C. 
sc/nazi, Leuciscus ruti/us, Ahramis brama, Barbus (/ui'iatilis, Tinca i'ulganis, Cyprinus carpio, 
Lola vu/guns, Perca fluvia/ilis. 

F3 PRIMARY PRODUCTION RATE 
§ Net primary production rate [mg C m 2day'] 

Station 1 

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

1981 	67 8 710 2,050 370 1.180 1,470 910 1.130 940 603 560 833 
1982 	390 420 210 760 460 1,450 2,430 1,070 1,070 380 610 140 783 

F5 FISHERY PRODUCTS 
§ Annual fish catch : 189.4 [metric tons]. 

F6 PAST TRENDS 
Trends of net primary production rate and phvtoplankton biomass (0-14 m) (Qi) 

1974 1975 1976 1977 1978 1979 1980 1981 1982 

Primary production rate 
[g C m 2yr'] 
Phytoplankton biomass 
[mg 1'1 	 - - 

350 	230 	390 	230 	250 	280 	180 	305 	290 

2.56 2.23 2.05 3.34 2.48 1.35 2.87 
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G. SOCIO-ECONOMIC CONDITIONS 
Gi LAND USE IN THE CATCHMENT AREA (1980) (Q2) 

Area 
[km 2 ] [%] 

Woody vegetation 400.2 23 
Other natural landscape 243.6 14 
Agricultural land 922.3 53 
Settlements 88.0 5 
Others 104.4 6 
Total 1,758.5 100 

§ Main types of woody vegetation: Picea abies, Abies alba, Fagus silvatica, Quercus robur, Pinus 
silvestris, Larix decidua (Q1). 

§ Main types of herbaceous vegetation: Fertilized meadow land (Agrostis, Bromus, Poa, Festuca, 
Lolium, Avena) (Q1). 

§ Levels of fertilizer application on crop fields : Moderate. 

G2 INDUSTRIES IN THE CATCHMENT AREA AND THE LAKE (Qi) 
§ Main products of agriculture: Wheat, grape, vegetables and dairy products. 
§ Main kinds of manufacturing products : Textile, machinery and metal. 

G3 POPULATION IN THE CATCHMENT AREA (1984) (Qi) 

Total population 	Population density 	Main cities (population) [km 2]  

Zurich'(423,000), Stafa, 
ca. 500,000 	 ca. 217 	 Thalwil, Horgen, Wadenswil, 

Kiisnacht, Meilen. 
*N ot all the city area is included in the catchment area. 

H. LAKE UTILIZATION 
Hi LAKE UTILIZATION (Q1, Q2) 

Source of water, fisheries, navigation, tourism and recreation (swimming, sport-fishing, 
yachting). 

H2 THE LAKE AS WATER RESOURCE (1983) (Q1) 

Use rate [m 3  sec'] 
Domestic water* 	 2.2 
Industrial water 	 0.07 
*The  lake serves as a source of drinking water for 700,000 
people comprising the city of Zurich, its suburbs and 
lakeshore communities. 
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I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 
Ii ENHANCED SILTATION (Q3) 

§ Extent of damage : Not serious. 

12 TOXIC CONTAMINATION (Q3 
§ Present status : Detected but not serious. 
§ Main contaminants, their concentrations and sources 

Station 1, 1986 

Name of 	 Concentrations [ppb] 	 Main 
contaminants 	 Water 	 sources 
I. 1. 1. Trichioroetbane 	 0.01 	 Industrial 
Irichloroethene 	 0.01 	 Industrial 
Tetrachioroethene 	 0.02 	 Industrial 
Afrazin 	 0.06 	 Different pollution sources 

13 EUTROPHICATION (Q3) 
§ Nuisance caused by eutrophication : Unusual algal bloom (4pIianiwmeiwn fIos-aquac and 

Slephanodiscus hantzschii). 
§ Phosphorus loadings [ton yr ] 

1984 

Treated 	Stormwater 	Untreated Sources 	Rivers 	 Precipitate 	Total sewage 	tank 	sewage 
T-P 	78 	38 	 4 	3 	 5 	128 

14 ACIDIFICATION (Q3) 
§ Extent of damage None. 

J. WASTEWATER TREATMENTS (Qi, Q3) 

U 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (f) Extensive coverage of 
pollution sources by treatment systems. 

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 : 90%. 
§ Municipal wastewater treatment systems (rate of treatment : 130.000 nf day -1 ) 

Number of quarternary treatment systems: 2. 
Number of tertiary treatment systems : 15 (activated sludge, with chemical precipitation of 

phosphorus). 
§ Supplementary notes : About 90% of sewage is treated in existing wastewater treatment SyS- 

tems. All of the 17 treatment plants will have a flocculation filtration process at the end. 

M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR UPGRADING 
LAKE ENVIRONMENTS 

Ml NATIONAL AND LOCAL LAWS CONCERNED (Qi, Q2) 
§ Names of the laws (the year of legislation) 

Law of Water Rights, Canton of Zurich (1901) (similar for Canton of Schwyz) 
Federal Law on Water Pollution Control, Federal Government (1971) 
Law on the Introduction of the Federal Law of Water Pollution Control, Canton of ZUrich 

(1974) (similar for Canton of Schwyz) 
Ordinance on Waste Water Disposal, Federal Government (1975) 

14 



EUR-6 

(5) Law on Fisheries, Canton of Zurich (1976) 
§ Responsible authorities 

Governments of Cts. of Zurich and Schwyz (Directorates of Hydraulic Constructions, 
Water Pollution Control. Fisheries, and Sanitation) 

§ Main items of control 
Supervision of planning, maintenance and efficiency of water and waste treatment plants, 

and analysis of public waters (Cantonal Laboratories Zurich and Schwyz; City Water Supply 
Zurich) 

M2 INSTITUTIONAL MEASURES 
(1) Water Supply ZUrich, Quality Control 

M3 RESEARCH INSTITUTE ENGAGED IN THE LAKE ENVIRONMENT STUDIES 
Eidgenossische Anstalt for Wasserversorgung, Abwasserreinigung und Gerwässerschutz 

(EAWAG, part of the Swiss Federal Institute of Technology), DUbendorf 
Limnoligical Station at Kilchberg. University of Zurich. 

N. SOURCES OF DATA 
(Qi) Questionnaire filled by Prof. K. Wuhrman. Institut for Gewässerschutz und Wassertech-

nologie, DUbendorf. 
Questionnaire filled by Dr. P. Liechti, Bundesamt for Urnweltschutz, Zurich. 
Questionnaire filled by Dr. U. Zimmermann, Wasserversorgung Zurich, Zurich. 

MUller, M. J. (1982) Selected Climatic Data for a Global Set of Standard Stations for 
Vegetation Science. 306 pp.  Dr. W. Junk Publishers, The hague. 

Zimmermann, U. (1975) Gas-Wasser-Abwasser, 55(9) : 473.480. 
Schanz, F. & Thomas, E. A. (1981) Reversal of eutrophication in Lake Zurich. Water 

Quality Bulletin, 6(4) : 108-112 & 156. 
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LAC LEMAN (LAKE OF GENEVA) 
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A. LOCATION 

Vaud and Valais, S\vitzerlancl and Haute-Savoic. France. 
16 12 	1 '\ h I () 3h F 372 m above sea le el 

B. DESCRIPTION 

Lake of Geneva is shared by Switzerland along the northern shore and F'rance along the 
southern shore. Geneva, the city of international poi it ics and tourism, is located at the vest end 
of this semilunar lake, while the \vcll'known resort town of Montreux is at the east end. In-
between these cities, Lausanne, a cultural center of western \vitzerland, is on the northern shore. 
and Evian. a town famous for its superior mineral water, is situated in the middle of the southern 
shore. The climate is gentic' with mild winters and comfort able summers, and the surrounding 
area is particularly known for the \vell-managedl picturesque scenery and resorts set am( ng this 
natural splendor. 

The Rhone River flows southward from the west end of the lake to the Mediterranean Sea. 
The lake is deep and has a comparatively large water volume for its surface area. The drainage 
basin is also fairly wide, including about a half of the \Valliser A ps and the Berner Alps. 
Therefore, nutrient loading from natural s )urces is more or less equivalent in amount to that fr rn 
industrial and domestic waste water. The dissolved oxygen C( ncent ration in the bottom water as 
well as the transparency has been dropping in recent years. These measurements clearly indicate 
the progress of eutrophication in the lake. At present. appr( x imatelv 7 SO(S) people get drinking 
water from the lake, so that the water quality is under strict legal comtrol be the cantons surround-
ing the lake. 

C. PHYSICAL DIMENSIONS (Qi) 

Surface area [km] 	- 5*1.2 
Volume 111 1 ni'1 48.0 
\Iaxinium depth [nil 30)). 7 
Mean depth Lm] 152.7  
Length of shoreline [kmj 167 
Residence time [yr] 11 	s 
Catchment area [knY] 7 . 9751, 
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHYCAL 
§ Bathymetric map (Fig. EUR-7-1). 
§ Main islands : None (1). 
§ Outfiowing rivers and channels (number and names) : 1 (Rhone R.) (Qi). 

D2 CLIMATIC 
§ Climatic data at Geneva, 1931 1960 (2) 

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

Mean temp. [C] 	Li 	2.2 	6.1 10.1 14.1 17.8 19.9 19.1 15.8 10.3 5.7 	2.1 	10.3 

Precipitation [mm] 	63 	56 	55 51 67 89 64 94 99 72 83 	59 	852 

§ Number of hours of bright sunshine 2,036 hr yr' (2). 
§ Solar radiation : 11.42 MJ m 2day' (Qi). 

Fig. EUR-7-I Bathymetric map (1). 

§ Water temperature ['Cl (Qi) 
1968- 1969 

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

Surface 	5.9 	5.4 	6.5 	18.9 13.0 16.0 20.4 19.8 18.3 15.7 11.3 	7.2 

§ Freezing period : None (Qi). 
§ Mixing type : Monomictic. 
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E. LAKE WATER QUALITY 

El TRANSPARENCY 

Fig. EUR-7-2 Transparency [m] at Grand Lac, main basin (3). 
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Fig. EUR-7-3 DO [mg 1] at Grand Lac, 1978 (1). 

C 

100 

a 
U 

200 

300 

	

J 	F 	M 	A 	M 	0 	3 	A 	S 	C 	S 	3 

E6 CHLOROPHYLL CONCENTRATION 

Fig. EUR-7-4 Chlorophyll-a concentration Lug 11  in the trophogenic layer, 1976 (1). 
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E7 NITROGEN CONCENTRATION 

Fig. EUR-7-5 Nitrogen concentrations [mg 1_ 1 ] at Grand Lac, 1982 (3). 
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E8 PHOSPHORUS CONCENTRATION 

§ TotaHF 

Fig. EUR-7-6 Time-depth distribution of Total-P 	1] at Grand Lac. 1978 (3). 
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E1O PAST TRENDS 
§ Trend of Chlorophyll-a (0-10m) [mg m 

1976 	1977 	1978 	1979 	1980 	1981 	1982 

7.3 	4.7 	4.9 	48 	4.7 	7.5 	5.2 
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Fig. EUR-7-7 Trend of transparency [m] (4). 
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Fig. EUR-7-8 Trend of DO [mg 1'] at 300m depth (4). 
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Fig. EUR-7-9 Trend of NI-1 4 -N concentration [mg 1] (1). 
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Fig. EUR-7-IO Trend of NO 3 -N concentration [mg 1_I]  (1). 
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Fig. EUR-7-I I Trend of Total-P concentration [mg 1 - '] (1). 
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F. BIOLOGICAL FEATURES 

Fl FLORA 
§ Emerged macrophytes: PJragmites coininunis, Tvpha iat1folia,  Sciwenop/ectus lacus/ris (Qi. 5). 
§ Floating macrophytes: Potamogeton nodosus, iVyrnphaea alba, Nujbhar luteum, Polygonum am-

phibiuni (Qi, 5). 
§ Submerged macrophytes : Potamogeton pectinatus, P. perfoliatus, P. lucens, Z.annichellia palustris, 

Myriophyllum spicatum (Qi, 5). 
§ Phytoplankton: Asterionella formosa (dominant period in 1982: Jan-Jun.), Svnedra acus (May), 

Ceratium izirundinella (Jul., Sep.). Melosira bin derana (Sep.), Fragilaria crotonensis (Aug.), 
Oscillatoria rubescens (Oct., Nov., end of Dec.), Aphanizomenon flos-aquae (end of Oct., begin-
ning of Dec.) (3, 6). 

F2 FAUNA 
§ Zooplankton : Keratella cochlearis, K. quadrata, Noiholca caudata, Epistvlis lacustris, Synchaeta 

pectinata, Daphnia longispina (7). 
§ Benthos : Polycelis tenuis, Dugesia tigrina, D. lugubris, Dendrocoelum lacteum, Dreissena 
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bo 1vfrnorha, Asellus aquaticus (1). 
§ Fish : Perca fluviatilis, Coregonus sp., Sahno fiat/a, Lota iota (Q1). 

F3 PRIMARY PRODUCTION RATE 

Fig. EUR-7- 12 Primary production rate in the trophogenic layer. 1976 (1) 
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F5 FISHERY PRODUCTS (Qi) 
§ Annual fish catch in 1982 : 347.9 [metric tons]. 

F6 PAST TRENDS (3) 
§ Trend of primary production rate [gC nr 2vr'] 

1976 	1977 	1978 	1979 	1980 	1981 	1982 

223 	174 	157 	170 	205 	231 	230 

G. SOCIO-ECONOMIC CONDITIONS (Q2) 

Gi LAND USE IN THE CATCHMENT AREA 
§ Main types of woody vegetation : Conifer forest. 
§ Main types of herbaceous vegetation : Meadows and pasture lands. 
§ Main kinds of crops Grape (south slope) maize, beet and potato (Midland area and Rhone 

Valley); occasionally large orchards and vegetable growing. 

G2 INDUSTRIES IN THE CATCHMENT AREA AND THE LAKE 

Number of 	 Main products 
persons engaged 	and main kinds 

	

(1980) 	 of industry 

Primary industry 
Agriculture 	 30.000 
Fisheries 	 100 

Secondary industry 
	

Chemicals, metals, 
machinery, and 
electrical machinery 

G3 POPULATION IN THE CATCHMENT AREA (1980) 

Mean population density 	Names of major cities Population 	
[km 2] 	 (population) 

950.000 	 119 	
Genève * (174,000), 
Lausanne, Montreux 

* Not all the city area is included in the drainage basin. 
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H. LAKE UTILIZATION (Q2) 

H 1 LAKE UTILIZATION 
Source of water, fisheries, navigation, tourism and recreation (swimming, sport-fishing, 

yachting). 

H2 THE LAKE AS WATER RESOURCE (1980) 

Use rate [m 3sec'] 

Domestic water 	 2.38 
Power plant 	 N.A. 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS (Q2) 

13 EUTROPHICATION 
§ Nuisance caused by eutrophication 

Unusual algal bloom Osci/latoria rubescEns. 
§ Nitrogen and phosphorus loadings [t yr'] 

T-N : 1,300 (1982). 
T-P: 1270 (1980), 1,180 (1981), 1,350 (1982). 

M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR 
UPGRADING LAKE ENVIRONMENTS (Q2) 

M 1 NATIONAL AND LOCAL LAWS CONCERNED 
§ Names of the laws (the year of legislation) 

(1) Federal law on the Protection of Water against Pollution (Water Protection Law) (1971) 
§ Responsible authorities 

(1) Cantonal and Federal authorities 

N. SOURCES OF DATA 
Questionnaire filled by Dr. Eichenberger, Feldrneiden. 
Questionnaire filled by Office Fédéral de Ia Protection de l'Environnement, Bern. 

Lachavanne. J.-B. (1980) Les manifestations de l'eutrophisation des eaux dans un grand lac 
profond, Ic Léman (Suisse). Schweiz. Z. Hydrol.. 42(2) : 127-154. 

MUller, M. J. (1982) Selected Climatic Data for a Global Set of Standard Stations for 
Vegetation Science. 306pp. Dr. W. Junk Publishers, The Hague. 

Balvay, G., Blanc, P., Burkard, P., Burros, D., Corvi, C., Druart, J.-C., Giger, W., Monod, R., 
Pelictier, J., Revaclier, R., Schnydrig, J.-P., Thelin, L., Vernet, J.-P. & Viel. M. (1982) Rapports, 
sur les Etudes et Recherches Entreprises dans le Bassin lémanique, Programme quinquennal 
1981-1985, Campagne, 1982. 182pp. Commission Internationale pour Ia Protection des Eaux du 
Lérnan contre Ia Pollution, Lausanne. 

Commission Internationale pour la Protection des Faux du Léman contre Ia Pollution (1980) 
Le lérnan. un Lac a Protéger ! 31pp. Lausanne. 

Lachavanne, J.-B. (1977) Evolution de la flore et de la vegetation aquatiques do Lernan. 
Coden : Cndlar, 32(1) : 121-132. 

Naef, J. & Martin, P. (1983) Arch. Sc. Geneve, 36(3): 479-500. 
Martin, P. & Naff, j.  (1978) Plancton du lac Leman (caracteristique de l'annee 1977). Séance, 

26 octobre: 98.108. 
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LOCH NESS 

A lake view with Urquhart castle 

Fhoto:M. Kurnagal 
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A. LOCATION 
§ Highland. Scotland. U. K. 
§ 5715 N 1 U \\ 15.8 in above sea le\ ci 

B. DESCRIPTION 
Loch Ness is an extremely narrow and long lake, extending from the northeast to the 

southwest in the Inverness area of north Scotland. The lake is about 59 km long, but only 1.5 km 
wide, and has a maximum depth of 230 in and a mean depth of 132 m. Its water volume is the 
largest, and the surface area is the second largest next to Loch Lornond, in this country. The lake 
water flows out to Moray Firtli through the Ness River. It is known as one of the most scenic 
lakes of this country, with an old ruined castle on the lakeside and surrounclmg mountain view. 
The lake is also so famous for the 'Nessv". a world-famous unidentified organism. Investigations 
on Nessv have been carried out since 1962 by the Loch Ness Investigation, a voluntary organization 
with some scientists. 

The drainage basin is still rich in woodlands and grasslands, having a low population density 
of 1.8 km -5 Nutrients inflow to the lake, therefore, is still in low level and the water remains 
oligotrophic and transparent. However, it is anxious that eutrophicaton may he caused by many 
tourists attracted by Ness' and by increasing acitivitv of residents in the drainage basin. 

C. PHYSICAL DIMENSIONS 

Surface area [krn 2 ] 

	

56.4 
Volume U 	 7.15 
Maximum depth rn] 
	

230 
Mean depth [m] 
	

132 
\Vater level 
	

Regulated 
Length of shoreline [km] 

	
$13 

Residence time [cr] 
	

281 
Catchment area [kmi 

	
1.775 
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL 
Bathymetric map (Fig. EUTR-8-1). 

§ Main islands : None. 
§ Outflowing rivers and channels (number and names) 1 (Ness R.) (1). 

D2 CLIMATIC 
§ Climatic data at A chnashellach* (13-year average) (3) 

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

Mean temp. C] 	2.8 3.2 5.2 6.9 10.1 12.4 13.8 13.6 11.6 8.7 	5.7 4.1 	8.2 
Precipitation [mm] 232 177 127 156 	93 	114 148 150 189 234 196 242 2,058 

* Ca. 50 km west of the lake. 
§ Number of hours of bright sunshine (Achnashellach) : 1,374 hr vr (3). 
§ Period of snowfall (lake side) : 15 20 day yr 1  (2). 

Fig. EUR-8-I Bathymetric map (2). 

1 

3 



Depth [m] Jan Feb 

0 	5.7 	5.6 
75 	5.7 	5.6 

Mar Apr May Jun Jul Aug Sep Oct Nov 

5.6 
5.6 

6.3 
6.3 

7.5 
5.8 

10.0 
6.6 

12.5 
7.5 

13.5 
6.3 

12.5 
6.5 

10.6 
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9.8 
7.3 

Dec 

8.0 
8.0 
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§ Water temperature [SC] (2) 
Dec. 1977-Nov. 1978 

§ Freezing period: None. 
§ Thermocline formation: May-October. 

E. LAKE WATER QUALITY 

El TRANSPARENCY (4) 
Nov. 1977-Oct. 1978: 3.6-4.6 m. 

E2 pH (4) 
Nov. 1977-Oct. 1978 

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

0-10 	- 	6.7 	6.7 	6.8 	6.6 	6.5 	6.6 	6.8 

E6 CHLOROPHYLL CONCENTRATION [mg rn -3 ] ( 5) 
Nov. 1977-Oct. 1978 

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

0-10 	- 	0.2 	0.2 	- 	0.3 	- 	1.6 	1.7 	- 	0.9 	- 	0.3 

E7 NITROGEN CONCENTRATION 
§ NO 3 -N & NO 2 -N [mg 1.-I]  (4) 

Nov. 1977-Oct. 1978 

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

040 	0.12 0.10 	0.09 	0.09 0.09 	-- 	 0.14 0.13 

E8 PHOSPHORUS CONCENTRATION 
§ PO 4 -p (4) 

Nov. 1977-Oct. 1978: Less than 10 ug 

F. BIOLOGICAL FEATURES 

Fl FLORA 
§ Emerged macrophytes : Scutellaria galericum, Veronica scutellata, Carex rostrata, Menyanthes 

trifoliata, Men/ha aqualica, Potentilia palustris (6). 
§ Submerged macrophytes : 4/Iyriophylium alterniflorum  (6). 
§ Phytoplankton : Oscillatoria sp., Elakatothrix sp., Melosira sp.. Rhizoso/enia eriensis, Asterione/la 

formosa, Tabe i/aria fenestrata, T f7occu/osa (5). 

F2 FAUNA 
§ Zooplankton : Daphnia hyalina, Bosmina coregoni, Diaptomus graci/is, Cvc/ops abvssorum (7). 
§ Benthos : Lumbriculus variegatus, Cloeon simile, Amphinemura su/cicollis, Ch/oroperia tor- 

rentium, Sigara dosalis, Sly/aria lacustris, Asellus aquaticus, Nemoura az'icularis (8, 9). 
§ Fish : Lampeira planeri, Saimo sa/ar, S. trutta, Sa/velinus alpinus, Esox lucius, Anguilla anguil- 

Ia, Gasterosteus aculeatus (10). 
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Fig. EUR-8-2 Seasonal changes in total crustacean zooplankton [10 cells rn] from 
November 1977 to October 1978 (7). 
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G. SOCIO-ECONOMIC CONDITIONS (1) 

Gi LAND USE IN THE CATCHMENT AREA 

Area [km 2 ] 	[%] 
Natural landscape 

Woody vegetation 247.9 14.3 
Rough 1.351 78.3 

Agricultural land 32.6 1.9 
Urban 7.5 0.4 
Others 86.2 5.1 
Total 1,728.2 100.0 

G3 POPULATION IN THE CATCHMENT AREA 

Population density Main cities Population 	 [km2]  

Total 	3,100 	 1.8 	 Inverness 

U. WASTE WATER TREATMENT 

J 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (h) No sources of sigriifi-
cant pollution. 

J3 SANITARY FACILITIES AND SEWERAGE 
§ Public wastewater treatment systems 

Number of plants: 8. 

N. SOURCES OF DATA 

Maitland, P. S. (1981) Introduction and catchrnent analysis. The Ecology of Scotland's 
Largest Lochs, Lomond, Awe, Ness, Morar and Shiel (ed. Maitland, P. S.), pp.  1-28. Dr. W. Junk 
Publishers, The Hague. 

Smith, I. R., Lyle, A. A. & Rosie, A. J. (1981) Comparative physical limnology. Ibid.. pp. 
29-66. 

MUller, M. J. (1982) Selected Climatic Data for a Global Set of Standard Stations for 
Vegetation Science. 306 pp.  Dr. W. Junk Publishers, The Hague. 

Bailley-Watts, A. E. & Duncan, P. (1981) Chemical characterisation, a one-year comparative 
study. The Ecology of Scotland's Largest Lochs, Lornond, Awe, Ness, Morar and Shiel (see 
above), pp.  67-90, 
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-. (1981) The phytoplankton. Ibid., pp. 91-118. 
-. (1981) A review of macrophvte studies, Ibid., pp.  119-134. 

Maitland, P. S., Smith, B. D. & Dennis, G. M. (1981) The crustacean zooplankton. Ibid., pp. 
135-154. 

Smith, B. D., Maitland, P. S., Young, M. R. & Carr, M. J. (1981) Ibid., pp.  155-204. 
Smith. B. D., Cuttle, S. P. & Maitland, P. S. (1981) The profundal zoobenthos. Ibid., pp. 

205- 222. 
(11) Maitland, P. S., Smith, B. D. & Adair, S. M. (1981) The fish and fisheries. Ibid., pp.  223-253. 
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LAKE SKADAR 

A view from lakeside hill 

Photo:CAR & DRIVER 
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A. LOCATION 

Yugoslavia and Albania. 
§ 12 10YN, 19 20'E: S m above sea level. 

B. DESCRIPTION 

Lake Skadar is the largest lake in the Balkan district, situated at the southern end of the 
Dinaric Alps on the border of Yugoslavia and Albania. It lies about 100 km to the southeast of 
the famous scenic town of Dubrovnik on the coast of the Adriatic Sea. To the southwest of the 
lake rise high mountains, while to the northeast stretches a wide swamp. There are mans islands 
in the western part of the lake and a number of spots where ground water spouts up from the 
bottom (Okos). The lake is considered to have been formed by dissolution of limestone in a 
tectonic basin during the Tertiary or Quarternarv period. It is a shallow lake with 8 m maximum 
depth and S in mean depth. 

The Moraca River, which is the largest inflowing stream with cold water heavily loaded with 
suspended solids, has a great influence upon the transparency and water quality of this 1aIe. The 
Bojana River flows out from the south end and drains into the Adriatic Sea. The phosphate 
concentration in the lake water is low, and the low transparencY is attributed to the large amount 
of suspended solids in the inflowing water. The lake is rich in fish and waterfowl fauna. 

C. PHYSICAL DIMENSIONS (1) 

Surface area [km 2 ] 372 . 3 
\olume L10ml .93 
Maximum depth [m] . 3 
Mean depth [ni j 5 
Normal range of annual water 
level fluctuation (regulated) [m] 
Length of shoreline [km] 2()7 
Catchment area [km 2 ] 5 , 

I 
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL 
§ Bathymetric map (Fig. EUR-9-1). 
§ Outfiowing rivers and channels (number and names) : 1 (Bojana R.). 

D2 CLIMATIC 
§ Climatic data at Skadar (temperature 13-year mean precipitation 50-year mean) (3). 

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

Mean temp. [CI 	3.9 5.8 9.2 13.1 18.1 21.7 25.0 24.7 20.8 16.1 10.6 6.7 	14.7 

Precipitation [mm] 137 140 157 132 	89 	48 	46 	28 	99 	198 208 154 1,436 

§ Number of hours of bright sunshine (Skadar) 2,533 hr yr 1 . 

Fig. EUR-9-I Bathymetric map (1). 

§ Water temperature 

Fig. EUR-9-2 Water temperature ['Cl (Aug. 1974-Dec. 1975) (4). 

- -s 

U ,  

a) 

4J 

a) 

a) 

5 

1 

A SO ND J F MA M J J A SO NO 

1974 	 1975 

3 



EUR-9 

.§ Freezing period Only twice in recent years (Feb. 1954 and 1956). 
§ Thermocline formation Not formed. 

E. LAKE WATER QUALITY 

E 1 Transparency (Radus. 1977): 4 m (5). 

E2 	pH (6) 
1972-1973 

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

L 7.2 - 	7.2 8.2 7.9 	- 8.0 8.0 8.2 8.0 
12 7.8 8.1 8.1 8.1 	- 8.2 8.2 8.1 8.0 	- 

7.8 7.5 8.0 8.2 8.5 8.2 
IlL 7.8 8.2 8.1 8.1 8.2 - - 
111 2  8.1 - 	8.1 8.2 8.2 - 8.0 8.3 - 

Poseijani 8.2 8.2 - 	- - 	8.0 8.0 8.1 - 

E7 	NITROGEN CONCENTRATION (6) 
§ NH 4 -N [mg l'] 

1972-1973 

Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
I .000 .000 .004 .080 .002 .020 .020 .030 .030 .010 .240 
12 .010 .000 -- .000 .030 .000 .016 .030 .020 .000 .020 .030 

"2 - .020 - .000 .000 .003 .020 .020 .000 .020 .020 .020 
111 2  .000 .000 - .000 .000 .000 .050 .050 .020 .050 .010 .010 

Poseljani .004 .004 - .0011 .020 .020 .030 .030 .080 .080 

§ NO 3 -N [mg 
1972-1973 

Station jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

L .113 .068 .034 .041 .057 - .045 .003 .079 .057 .158 .102 
1 2 .102 - .170 .188 - .034 .004 .068 .045 .136 .079 

112 .041 - .170 - .027 .005 .181 .079 .136 .072 
111 2  .057 .090 - .045 - .027 .003 .192 .045 .102 - 

Poseijani .045 .045 .045 .000 .1427 .003 - .045 - .057 
* Converted from the original determination of NO 3 . 

E8 PHOSPHORUS CONCENTRATION (6) 
§ PO 4  [mg l] 

1972-1973 

Station Jan Feb 	Mar Apr May 	Jun Jul Aug Sep Oct Nov Dec 
1 1  .008 .002 	- .001 .002 	- .003 .002 .006 .002 .003 .007 
1 2 .002 .000 	- .002 .002 	- .003 .017 .007 .000 .002 .007 

112 .002 - 	- .000 .014 .003 .005 .003 .010 .010 .007 
111 2  .002 .003 	- .002 .002 	- - - .003 .002 .007 

Poseljani .003 .002 .012 	-- .004 .004 .002 .040 .003 
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F. BIOLOGICAL FEATURES 

Fl FLORA 
§ Emerged macrophytes : Scir/nis facustris, Phragrniles corn pnunis, Tv,ha angustilolia (7). 
§ FIoatng macrophytes I\/vrnphaea alba, Nuphar luteurn, Trapa natans (7). 
§ Submerged macrophytes : Mvriophvilurn, Cerato,bhyllurn, Potarnogeton spp. (7). 
§ Phytoplankton Cvclotella glornerata, C. pianctonia, Pediasirurn, Ceratiurn lurundinella, Microcvs-

us, Itierisrnopedia, Dinohrvon divergens, D. bavaricurn (8). 

F2 FAUNA 
§ Zooplankton : Rotatoria, Cladocera, Copepoda, Protozoa (9). 
§ Benthos : Chironomidae, Oligochaeta, Bivalvia, Gastropoda 
§ Fish : A lburnus. Cyprinus, Chondros/orna, A nguil/a, Salrno, Rutilus. A losa, Pachvchilon, Mugli, 

Scardin las (11). 

N. SOURCES OF DATA 

Beeton. A. M. (1981) General introduction. The Biota and Limnologv of Lake Skadar (ed. 
Karaman, G. S. & Beeton, A. M.), pp. 15-17. University of "Veljko VlahoviC', Smithonian 
Institution of Washington, and Center for Great Lakes Studies/University of Wisconsin, Tito-
grad. 

Lasca. N. P., Radulovi, V.. Risti, R. J. & Cherkauer, D. S. (1981) Geology, hydrology, 
climate and bathymetry of Lake Skadar, Ibid., 17-38. 

Air Ministry Meteorological Office (1958) Tables of Temperature, Relative Humidity and 
Precipitation for the World. Part III. Her Majesty's Stationery Office, London. 

Beeton, A. M. (1981) Water masses, thermal conditions and transparency of Lake Skadar. 
The Biota and Limnology of Lake Skadar (see above), pp.  38-55. 

Torke, B. (1981) Growth rates of crustacean zooplankton in Lake Skadar. Ibid., pp.  217.219. 
Petrovi, G. (1981) Chemical investigations of water and sediments of Lake Skadar. Ibid., 

pp. 68.96. 
Risti, J. & Vizi, 0. (1981) Synoptic survey of the dominant macrophytes in Lake Skadar. 

Ibid., pp.  117-125. 
Petkovi& S. (1981) Phytoplankton. Ibid., pp.  163-189. 
Petkovi, S. (1981) Zooplankton. Ibid., pp.  191-199. 

(lii) Karaman, G. S. & Nedi, D. (1981) Zoobenthos of Lake Skadar. Ibid.. pp. 222-246. 
(11) Stein, R .A., Mecom. J. 0. & Ivanovi, B. (1981) Commercial exploitation of fish stocks in 

Lake Skadar, 1947-1976. Ibid., pp.  343-354. 
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LUNZER SEE 

A view of the whole lake 

Fhoto:H. Ldffler 
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A. LOCATION 
N ieder-6sterrcich, Austria. 
4751N, 15 04'E 608 in above sea level. 

B. DESCRIPTION (Q) 
Lunzer Untersee (Lower Lunz Lake) is of glacial origin, and located approximately 120 km 

southwest of Vienna. There are two small neighboring lakes. Mittelsee (Middle Lake) and 
Obersee (Upper Lake) in the upstreani of the Seehach, the main inflo\ving river to Untersee. The 
lake is only 0.7 km 2  wide, has a maximum depth of 33.7 m, and a fairly short residence time (0.7 
year). The nutritional level of the lake water is still oligotrophic, but the littoral zone has recently 
been eutrophicated considerably, with remarkable changes in the acluatic flora. 

Ninety percent or more of the total drainage basin area consist of karstic plateau and the 
forests of Norway spruce and European beech. The density of vear.round population in the 
drainage basin is low (11k111 2 ), but summer visitors may amount to 8.000 day at the maximum. 
Domestic waste water of this district has been diverted to preserve the quality of the lake water, 

C. PHYSICAL DIMENSIONS (Q) 

Surface area [km 2 ] 0 .68 
\olume [10 6 rn 3 ] 13 
Maximum depth [m] 33. 7 
Mean depth [mj 20.0 
\Vater level Unregulated 
Length of shoreline [km] 1. 15 
Residence time [yr] ((.3 
Catchmeni. area [krn 2 ] 27 . 0 
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL (0) 
Bathymetric map (Fig. EUP-10-1). 

§ Main islands None. 
§ Outflowing rivers and channels (number and names) : 1 (Seebach-Ausrinn R.). 

D2 CLIMATIC (Q) 
§ Climatic data at Lunz Biological Station (20-year average) 

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

Mean temp. [C] 	-4.5 -2.1 	1.9 66 11.1 14.3 16.1 15.4 12.7 7.5 2.2 -1.6 	6.6 

Precipitation [mml 	108 	121 	109 132 148 200 243 193 116 117 107 	114 	1,706 

§ Hours of bright sunshine (Lunz Biological Station, 1927-1948) : 1,312 hr vr 1 . 

§ Period of snowfall (1927-1948) : 1 Nov.-15 Apr. 
§ Depth of maximum snow accumulation (1981) : 1.25 m. 

Fig. EUR-IO-I Bathymetric map (Q). 

0 	0.1 	0.2 KM 
L 	I 

§ Water temperature [Ci (0) 
Station 1. 1981 

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

1 2.4 2.5 4.5 7.6 10.7 12.9 11.9 13.9 12.4 9.8 5.8 2.6 

5 3.6 3.2 4.0 7.6 9.4 11.3 11.5 13.7 12.1 9.8 5.8 2.7 

10 3.6 3.4 3.9 6.3 7.6 9.4 9.8 11.0 10.8 9.8 5.8 2.8 

15 3.6 3.4 3.7 5.2 5.6 6.7 9.0 9.0 8.8 9.8 5.8 3.0 

20 3.6 3.4 3.7 4.6 5.0 5.4 5.8 5.5 5.8 5.8 5.8 3.0 

30 3.9 3.4 3.7 4.2 45 4.6 5.0 4.9 4.9 5.0 5.7 3.5 

§ Freezing period: From December to March. 
§ Thermocline formation : From middle of May to early ()ctober. 
§ Notes on water mixing and thermocline formation : Strong effect of flushing by the tributary 

Seeba ch. 



EUR-lO 

E. LAKE WATER QUALITY 
El TRANSPARENCY 

Fig. EUR-I0--2 Seasonal trend of transparency [m], Station 1. 1981 (2). 
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E2 pH (1) 
Station 1, 1981 

Depth 	Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Surface 	7.7 	7.5 	7.77.67.67.97.7 	7.4 	7.4 	7.4 	7.2 	7.7 

E4 DO[mgl' 
Station 1, 1981 

Depth [m] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1 10.8 12.4 13.9 15.1 14.7 12.3 11.4 11.5 12.0 12.2 11.7 11.7 
5 10.8 12.4 14.7 14.9 14.8 11.8 11.9 11.7 12.4 12.6 10.3 11.5 

10 10.9 12.2 13.8 15.5 15.7 12.3 11.7 12.1 11.8 12.6 9.9 11.8 
15 10.9 12.2 12.8 13.9 13.9 12.0 11.9 11.5 11.4 12.2 10.1 11.4 
20 10.9 11.9 12.7 12.6 12.0 10.2 9.5 8.9 9.1 9.3 9.9 11.4 
30 10.9 11.1 10.8 11.2 9.8 6.7 6.0 5.1 3.5 2.9 9.5 11.2 

E6 CHLOROPHYLL CONCENTRATION [mg rn 2 ] (Q) 
0-20 rn, integrated sample, 1975 

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

0.77 	1.65 	0.73 	3.1 	5.8 	1.6 	1.3 	1.2 	2.6 	2.4 	1.2 	1.4 

E8 PHOSPHORUS CONCENTRATION 
§ Total-P [mg l] 

Station 1, 1981 

Depth [m] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1 5.3 14.0 5.0 7.0 5.3 6.0 5.7 8.0 7.3 5.7 5.7 6.7 
5 5.7 8.3 7.0 9.0 5.3 8.7 7.7 8.0 10.3 8.0 5.0 6.7 

10 5.7 8.7 6.3 7.3 6.0 5.0 6.7 5.7 4.0 6.3 5.7 8.0 
15 5.7 8.3 5.7 5.0 6.0 3.7 7.0 6.7 3.7 5.0 6.7 6.7 
20 6.3 9.3 7.0 5.3 5.7 4.0 4.0 2.7 3.7 4.7 5.7 6.7 
30 6.7 16.3 10.7 8.7 8.0 4.0 4.7 4.3 10.7 14.0 6.0 6.3 
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F. BIOLOGICAL FEATURES 

Fl FLORA 
§ Emerged macrophytes Phragrnites aits/ralis, Scirpus lacus/ris (Q). 
§ Submerged macrophytes Elodea canadensis, Potamoge ton praeiongus, P. per(oliatus, P. pusi/lus, 

P. pectinatus (Q). 
§ Phytoplankton : 114aliomonas akrokomos, ]Jnobrvon di'ergens, ('c/etc/ia opercula/a, Steplianoths 

cus aipinus, Rhodomonas ininuta, Crvp/omonas ova/a (3). 

F2 FAUNA 

§ Zooplankton : Rotifera (Keratella cochlearis, Polvarthra oulgaris, P. maior) ; Cladocera (Daphnia 
longispina hyalina) ; Copepoda (Eudiaptomus gracilis) (3). 

§ Fish Salvelinus alpinus, Phoxinus phoxinus, Gohio gohic, Cot/us go/no (Q). 

F3 PRIMARY PRODUCTION RATE 
§ Net primary production rate [mgC ni 2day'], 1976 (Q) 

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

184.4 	140.9 440 	320 	462 	119 	231 	270 	186 	137 	90 	233 

F4 BIOMASS 

Fig. EUR-IO-3 Phytoplankton biomass [g nr 3 ], 1981 (2). 
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Fig. EUR-IO-4 Percent contribution of various algal groups to the total algal volume, 1981 
(2). 
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Fig. EUR- 10-5 Zooplankton hiomass (cell volume, lake center) (3). 

Total 	
CladoAcera 

ota  

25- 
Copepoda 

2C~/10- 

S 	 Rotifea 

1974 	 1975 	 1976 	 1976 

F5 FISHERY PRODUCTS 
§ Annual fish catch : Not estimated, sport-fishing only (Q). 

F7 REMARKABLE CHANGES OF BIOTA IN THE LAKE IN RECENT YEARS (Q) 
No change in the plankton. but change in the littoral zone toward eutrophication less 

species in diatoms and Cvariophyceae and more green algae. 

G. SOCIO-ECONOMIC CONDITIONS 

Gi LAND USE IN THE CATCHMENT AREA (1978) (Q 

	

[km 2 ] 	[%] 
Woody vegetation 	 17.4 	64.6 
Rocky barrens 	 7.6 	28.3 
Agricultural land, meadows 	1 . 8 	6. 5 
Settlements 	 0 . 2 	0.6 
Total 	 27.0 	100.0 

§ Main types of woody vegetation : Pi?a (ibles, Fagus 511/7 lieu, 4ec'r mouteina, Larix decidua. 

G3 POPULATION IN THE CATCHMENT AREA (1970) 

Population density Notes Total population 	ikn-i 2]  

In summer up to 
8(1)00 tourists per day 

H. LAKE UTILIZATION 

Hi LAKE UTILIZATION 
Tourism and recreation (swimming, sport-fishing). 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 

Ii ENHANCED SILTATION (Q) 
§ Extent of damage None. 

13 EUTROPHICATION (Q) 
§ Total-P loading to the lake (1981) : 0.394 t yr 

U. WASTEWATER TREATMENTS 

U 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA : (c) Limited pollution with 
wastewater treatment. 

300 
	

11 
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J3 SANITARY FACILITIES AND SEWERAGE 
§ Municipal wastewater treatment systems 

Secondary treatment system (activated sludge) for domestic wastewater present. The 
treated effluent is diverted to the outside of the lake's drainage basin. 

N. SOURCES OF DATA 

(Q) Questionnaire filled by Dr. G. Malicky, Lunz Biological Station, Lunz. 
Pambalk. I. & Schlott, G. (1982) Osterr. Eutrophieprogramm : Fortsetzung der Untersuchun-

gen des OECD-Projektes (Temperatur. Sauerstoff. Phosphor. pH. Leitfkhigkeit). Jber. Biol. 
Stat. Lunz, 5 : 111-115. 

Malicky, G. (1982) Das Phvtoplankton des Lunzer Untersee im jahr 1981. Jber, Biol. Stat. 
Lunz, 5 125-127. 

Ruttner-Kolisko, A. (1978) Durchflutung und Produktion im Lunzer Untersee. Jber. Biol. 
Stat. Lunz, 1: 98.115. 
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WINDERMERE 

A view on the lakeshore at The Ferry House 
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Copyright ® John Bartholomew & Son Limited MCMLXXXII. Reproduced with permission. 
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A. LOCATION 
Cumbria, England, U. K. 
51 2(YN, 2 57'\V : 39 in above sea level. 

B. DESCRIPTION 
\Vinclermere is the largest of many picturesque lakes formed by the activity of the Pleistocene 

ice sheet in the Lake District National Park of northwest England. The park is st udcled not oQ 
with lakes but also with peaks including the highest in England Sea Fell, t7 m and with historical 
and archeological relics, producing a very attractive landscape. 

The lake is long and narrow from the north to the south, and an island in the central part 
divides the whole lake into the north and the south basin. Hilly highland stretches behind the 
shoreline and is used for grazing grounds and woodlands. There are tc o nmis, Amhleside and 
\Vinderrnere, along the northeastern shore. The Freshwater fiiological Associations \Vindermere 
Laboratory established in 1902 is situated in the midst of western shore. 

There are so many lakes. Rvdal \Vater, Grassmere. Esthwaite \\'ater and so forth, in the 
drainage basin, and the water of these lakes flows hAn \Vindermere Although the PH value of 
rain water in this area averages 4.1, that of lake water has been very stable since 148 around 0. 
The present trophic level of the lake is mesotrophic. but eutrophication is proceeding gradually 
owing to the influx of nutrients from farms and residential areas. 

C. PHYSICAL DIMENSIONS 

Surface area [kmi I 	I 	. 

\olume [1(Pm] 315 
Maximum depth [ml 
Mean depth [m] 3] . 

\V ater level nregulated 
Length of shoreline [k ml 17 
Residence time jyrj 
Catchment area [km] 231 
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D. PHYSIOGRAPHIC FEATURES 
Dl GEOGRAPHICAL 

§ Bathymetric map (Fig. EUR-11-1). 
§ Main islands : Belle. 
§ Outflowing rivers and channels (number and names) : 1 (Leven R.) (3). 

Fig. EUR- II - I Bathymetric map (2). 

/ 

D2 CLIMATIC (4) 
§ Climatic data at *I\/Ianchestcr,  1951 1980 

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

Mean temp. flC] 	3.7 3.9 5.7 8.1 11.4 14.3 15.6 15.6 13.6 10.6 6.4 4.7 	9.5 
Precipitation [mm] 67 52 51 	50 	60 	63 	78 	85 	76 	69 	77 	78805 
* ca. 110 km south of the lake. 

3 
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§ Freezing period : None. 
§ Mixing type Monomictic. 
§ Thermocline formation : June-early November. 

20- 
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EUR - 1IL 

Fig. EUR- l 1-2 Precipitation at Wraymires Hatchery (ca. 3km west of the lake center) (1). 
40 ,  

20 

197 4 	 1975 	 1976 	 1977 

Fig. EUR- I 1 -3 Radiation (weekly means). Open bar 1977. shaded bar 1978 [cal crn 2 day'] 
(5). 
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§ Water temperature C] 
Wrav Castle Boathouse, The Ferry House, 1933-1975 (6). 

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

Surface 	4.8 	3.9 	4.8 	7.2 	11.1 15.8 17.4 17.3 15.1 11.8 	8.4 	6.2 

Fig. EUR-1 1-4 Seasonal and vertical distribution of water temperature ['Cl (South Basin. 
1979-1980) (7). 

E. LAKE WATER QUALITY 

E2 pH 
South Basin. 0-10 rn, 1974-1977 

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

7.0 	7.0 	7.0 	7.2 	7.3 	7.3 	7.5 	8.3 	7.3 	6.9 	6.9 	6.9 
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E3 SS 

Fig. EUR-I 1-5 Total suspended load [rng U'].  North Basin, 1980 (9). 

Fig. EUR- I 1-6 Seasonal trend of DO profile [mg U'], South Basin. 1979 (10). 
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E6 CHLOROPHYLL CONCENTRATION 

Fig. EUR - I 1-7 Chlorophyll-a concentration, South Basin, 0.7 m [mg rn-3 ] ( 10). 
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E7 NITROGEN CONCENTRATION 

Fig. EUR-I I-8 NH 4 - N and NO3 - N concentrations [pg 1], South Basin, 0 7 m (10). 
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Fig. EUR-I 1-9 	Vertical distribution of N concentrations [pg 1'], South Basin, 1979 (10). 
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E8 PHOSPHORUS CONCENTRATION 

Fig. EUR-I 1-10 Total-P and SRP concentrations [pg 1], South Basin. 0-7 m (10). 
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Fig. EUR - I I - Il 	Vertical distribution of P concentrations [pg l']. South Basin, 1979 (10). 

	

0 	20 	0 	20 	0 	20 

10 

4-1  20 
04 
2) 

30 

N0  

I 
6 



EUR-li 

E9 FAST TRENDS 

Fig. EUR-I 1-13 Trends of solutes in the lake water (1). 

• 	PO4 ? (South basin, In autumn-wInter, 	1945-1980) 

o 	NO3-N (South basin, in winter-spring, 	1939-1980) 

Si02  (South basin, in winter-spring, 	1939-1980) 

o 	Silica (North basin, 1932, 	1936-19381 

- 	PO4-P (North ba.in, 1961-1980) 
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F. BIOLOGICAL FEATURES 

Fl FLORA 
§ Emerged macrophytes Phragmites australis, Tpha angustfolia,  Scirpus lacustris, Phalaris arun-

dinacea, Carex data (11). 
§ Floating macrophytes : Nymphaea sp., Potamogeton natans (11). 
§ Submerged macrophytes Potamogeton perfoliatus, P. gramineus, Elodea canadensis, E. nuttalli, 

Myriophyllum alterniflorum (11). 
§ Phytoplankton : Asterionella formosa, Cosmarzum spp., Tabellaria flocculosa, Fragilaria crotonen-

sis, Cvcloiella 7neneghiniana, Oscillatoria limnetica, Melosira italica (7, 9, 12). 

F2 FAUNA 
§ Zooplankton : Cyclops abvsso rum, Mesocvclops leuckarli (13). 
§ Benthos : Isopoda (Ascellus aquaticus). Platylminthes (Dendrocoelum lacteum), Neuroptera 

(Sialis lutaria), Ephemeroptera (Caenis sp.), Crangonvx, Gammarus, Oligochaetes, Chironornids 
(14, 15). 

§ Fish Salvelinus alpinus, Salmo trutta, Anguilla anguilia, Phoxinus phoxinus, Perca fluviatilis, 
Esox lucius, Salmo salar, Rutiius rutilus, Scardinius ervhrophthaimus, Tinca tinca, Coitus gobw, 
Noemacheilus barhatulus, Gasterosteus aculeatus (16). 

F4 BIOMASS 

Fig. EUR-I 1-14 Biomass of zooplankton [rng l], South Basin (10). 
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Fig. EUR- 11 - 15 Trends of the biomass and population of perch (17). 
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N. SOURCES OF DATA 
6 Printed in Japanese. 
Sutcliffe, D. W., Carrick, T. R.. Heron, j.,  Rigg. E., Tailing, J. F., Woof, C. & Lund, J. W. G. 

(1982) Long-term and seasonal changes in the chemical composition of precipitation and 
surface waters of lakes and tarns in the English Lake District. Freshwater Biol., 12 : 451-506. 

Ramsbottorn, A. F. (1976) Depth Charts of the Cumbrian Lakes. Freshwater Biological 
Association Scientific Publications No. 33. 39pp. 

Hutchinson. G. E. (1957) A Treatise on Lirnnologv, Vol. 1. Part 1. Geography and Physics of 
Lakes. John Wiley & Sons, Inc.. New York. 

Tokyo Astronomical Observatory (ed.) (1986) Chronological Scientific Tables, 1007 pp. 
Maruzen Co.. T o kvo. * 

Davison, W., Heaney, S. I., Talling, J. F. & Rigg. E. (1980) Seasonal transformations and 
movements of iron in a productive English lake with deep.water anoxia Schweiz. Z. Hvclrol., 
42: 196-224. 

Kipling, C. & Roscoe, M. F. (1977) Surface Water Temperature of Windermere (1933.1975). 
Freshwater Biological Association Scientific Publications No. 2. 60pp. 

Reynolds, C. S., Marison, H. R. & Butterwick. C. (1982) The sedimentary flux of phytoplan. 
kton in the south basin of Windermere. Limnol. Oceanogr., 27: 1162-1175. 

Carrick, T. R. & Sutcliffe D. W. (1982) Concentrations of Major Ions in Lakes and Tarns of 
the English Lake District (1953-1978). Freshwater Biological Association Scientific Publica-
tions No. 16. 170pp. 

Scholkovitz, E. R. & Copland, D. (1982) The major-element chemistry of suspended particles 
in the north basin of Windermere. Geochim. Cosmochim Acta, 46 : 1921-1930. 

(11) George, D. G. (1981) The spatial distribution of nutrients in the South Basin of Windermere. 
Freshwater Biol., 11: 405-424. 

Stokoe, R. (1983) Aquatic Macrophvtes in the Tarns and Lakes of Cumbria. Freshwater 
Biological Association Scientific Publications No. 18. 60pp. 

Reynolds, C. S. (1980) Phytoplankton assemblages and their periodicitv in stratifying lake 
systems. Holarct. Ecol., 3 : 141-159.' 

Smyly, W. J. P. (1978) Strategies for co-existence in two iimnetic cvclopoid copepods. Verh. 
Internat. Verein. Limnol., 20 : 2501-2504. 
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Marcus, J. H., Sutcliffe, D. W. & Willoughby, L. G. (1978) Feeding and growth of Asellus 
aquaticus (Isopoda) on food items from the littoral of Windermere, including green leaves of 
Elodea canac/ensis. Freshwater Biol.. 8 : 505-519. 

Macan, T. T. & Silva, P. K. (1979) On the occurrence of Dendrocoelum Iacteuin (Muller) and 
Aseiius aquaticus (L.) as predator and prey in the stony substratum of Winderniere. Arch. 
Hydrohiol., 86 : 95-111. 

Bagenal, T. B. (1982) Experimental manipulations of the fish populations in Winclermere. 
Hydrobiologia, 86 : 201-205. 

Craig, J. F., Kipling, C., Le Cren, E. D. & McCormack, J. C. (1979) Estimates of the numbers, 
biomass and year-class strengths of perch (Perca fiuciatilis L.) in Winclermere from 1967 to 1977 
and some comparisons with earlier years. J. Animal Ecol., 48 315-325. 
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LAKE TRUMMEN 

A view from the lakeside hill near Teleborgs Slott. 

Pno:o. A. F. aL 

Copyright ® John Bartholomew & Son Limited MCMLXXXII. Reproduced with permission. 
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A. LOCATION 
§ VäxjP, Kronoherg, Sweden. 
§ 5652N. 1450'E. 161.2 m above sea level. 

B. DESCRIPTION 
The small lake Trummen is in the city of Viixjö in the south Swedish upland. The lake was 

oligotrophic till the beginning of this century, but the increase of population domestic sewage and 
industrial waste water resulted in progressive eutrophication. The intense bloom of blue-green 
algae was observed annually in the lake. Expanding growth of reeds and killing of fish due to 
oxygen deficiency proceeded. In 1958 mdmicipal sewerage and industrial waste water were 
diverted, but without expected effects. A restoration research project was thereafter planned by 
scientists from the Institute of Linmologv of Lund University in cooperation with the Vxjö 
a ut ho nt ies. 

Suction dredging, the main part of the restoration project, was carried out in 1970-1 971 
Approximately 60 cm of FeS-rich black and brown mud was removed from the lake bottom and 
transfereci to specially prepared depositing ponds through pipelines. The depositing ponds cover-
ed a total area of 18.5 ha with surrounding embankments about 1.8 km in total length. The total 
cost, including for preliminary survey, dredging. embankment and other treatments, amounted to 
2,575.000 Sw. Kr. 

The Trummen project drew world-wide attention, being the first successful example of 
large-scale restoration of a lake where sediment pumping was employed. The lake is being visited 
by many administrators and scientists from various parts of the world who are interested in the 
study of this excellent achievement in applied limnologv. 

C. PHYSICAL DIMENSIONS 

Surface area [km 2 ] -- - 	 1 - 	 - - 

\olume [10m 3 i I 	26 
\'Iaximun'i depth [m] 2.5 
Mean depth [m] 1 . 6  
Water level Regulated 
Length of shoreline [km] 6.6 
Residence time [yr] 0.1 
Catchment area [km 2 ] 

11 
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL 
§ Bathymetric map (Fig. EUR-12-1). 
§ Main island : Arno. 
§ Outfiowing rivers and channels (number and names) 1 (V11ch2cken R.). 

D2 CLIMATIC 
§ Climatic data at Kalmar, 1931 1960 (3). 

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

Mean temp. [CC] 	1.4 - 1.6 0.2 4.7 9.5 14.5 17.4 16.7 13.2 8.6 4.3 1.4 	7.3 
Precipitation [mm] 	37 	27 	25 	28 	36 	36 	56 	55 	47 	43 	43 	38 	471 

§ Number of hours of bright sunshine (Kalmar. 1931 1960) : 1,833 hr yr 1 . 

Fig. EUR-12-I Bathymetric map (1). 

Unrestored 

§ Water temperature : Mean of the warmest month (July) 16CC ; mean of the coldest month (Febru-
ary) -2CC; annual mean 6.2C. 

§ Freezing period : From Dec. to Mar., 120 day vr. 
§ Thermocline formation Not formed. 

E. LAKE WATER QUALITY 

E 1 TRANSPARENCY [m], 1970-1976. 0.35-0.85 (4) 
1987. 0.3 (Q) 

E2 pH. 1972 (4) 

Depth [m] 	Winter 	Spring 	Summer 	Autumn 

Surface 	5.6 	5.4 	6.7 	6.5 

1987 (Q) 
0.5 m 7.5 

E4 DO [mg 1'],  1972 (4) 

	

Depth [m] 
	

Winter 	Spring 

	

Surface 	10.5 	8.0 

E5 COD [mg 1'] 1987 (Q) 
Determined by KMnO 4  method. 
0.5m 17.5 

Summer 	Autumn 

8.0 	11.5 

3 



ETJR-12 

E6 CHLOROPHYLL CONCENTRATION [mg m 3 ], 1972 (4) 	 - 

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

Surface 	— 	— 	— 	113 	68 	43 	51 	106 	58 	14 	21 

1987 (Q) 
0.5m 91 

E7 NITROGEN CONCENTRATION 
§ Total-N [mg 1'], 1972 (4) 

	

Winter 	Spring 	Summer 	Autumn 

	

0.87 	0.50 	0.76 	0.54 

1987 (Q) 
0.5m 1.73 

E8 PHOSPHORUS CONCENTRATION 
§ Total-F [mg 11, 1972 (4) 

	

Winter 	Spring 	Summer 	Autumn 

	

0.11 	0.09 	0.16 	0.09 

1987 (Q) 
0.5m 0.106 

E9 PAST TRENDS 

Fig. EUR-12--2 Past trend of transparency (1) 
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Fig. EUR-12-3 Trend of Total-N and Total-P concentrations in surface water in per-
centages of the mean values for 1968-1969 (1). 
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Fig. EUR-12-4 Trend of Total-N/Total-P ratio. The cross mark represents the mean 
value for 60 lakes in Kronoberg County in 1972 (1). 
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F. BIOLOGICAL FEATURES 

Fl FLORA 
§ Emerged macrophytes Pliragmites communis, Typha latifdia, Juncus buibosus (1). 
§ Submerged macrophytes : Potamogeton obtusfolius, Utricularia sp., Kite/ia sp. (1). 
§ Phytoplankton : Aphani2omenon grad/c, Aphanocapsa delicatissima, Oscillatoria Iimnetica var. 

acicularis, Pediastrum biradiatuni, P. angulosum, Staurodesmus spp.. Closterium spp., Teilingia 
granuiata, Dinobryon cylindricum, Mailomonas acario ides s/na/u/a, Melosira spp.. Astenio ne/la 
formosa, Cyclole i/a spp., Rh izoso lenia /0 ngiseta (2). 

F2 FAUNA 
§ Zooplankton : Anuraeopsis ursa, Filinia longiseta, Trichocerca pusilla, Chvdorus sphaenicus, 

Bosmina longirosiris, Keraleila cochlearis, K. quadra/a (2). 
§ Benthos: Oligochaeta, Chironomidae, Hirudinea, Epherneroptera, Anodonta cygnea (1). 

Esox lucius, Perca fluviatilis, Rutilus rutilus, Abrarnis brama, Blicca bjoerkna (1). 

F3 PRIMARY PRODUCTION RATE [mg C m 2day 1 ], 1972 (4) 

Apr 	May 	Jun 	Jul 	Aug 	Sep 

512 	880 	870 	1,911 	2.035 	1,247 

F4 BIOMASS 
§ Phytoplankton biomass [mg (fresh wt.) 1], 1969 

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

1.3 	0.6 	0.8 	6.8 	10.2 90.4 29.1 29.0 49.9 16.9 10.7 

69 

5 
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F6 PAST TRENDS 

Fig. EUR-12-5 Trend of phytoplankton production. Black: passing through a 10m 
mesh net. Shaded: passing through a 45,um mesh net. 
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Fig. EUR-12-6 Trend of the weighted mean biomass of total phytoplankton (whole col-
umn) and blue-green algae (black column) in summer (15 June-15 Septem-
ber) (1). 
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F7 NOTES OF THE REMARKABLE CHANGES OF BIOTA IN THE LAKE IN RECENT YEARS 
(1. 2. 5) 

There was a drastic decrease in phytoplankton biornass from the start of restoration in 1970 
and onwards. 

§ Before the restoration, blue-green algae were most important in the lake's planktonic commu-
nity, dominating during summer and forming very dense bloom. In 1970, however, their 
biomass was reduced to 5% of the pre-restoration value. 

§ Improved light conditions have created a colonization of such submerged plants previously not 
found in the lake as Potarnogeton obtusfolius and Nitelia. The mussel, Anodonta cygnea, has 
returned after many years' disappearance. 

G. SOCIO-ECONOMIC CONDITIONS 

G3 POPULATION IN THE CATCHMENT AREA (Q) 

	

Total population 	Population density 	Main cities 
[km 2 ] 	 (population) 

53,000 	 4,077 	Växjö (53,000) 

6 
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H. LAKE UTILIZATION 

H 1 LAKE UTILIZATION 
Fisheries, tourism and recreation (swimming, sport-fishing, yachting), bird-watching. 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 

Ii ENHANCED SILTATION 
§ Extent of damage: None. 

12 TOXIC CONTAMINATION 
§ Present status : None. 

13 EUTROPHICATION 
§ Nuisance caused by eutrophication 

Unusual algal bloom (i-lnabaena, Microcvstis) in 1940-1970. 
Foul smell of tap water in 1940-1970. 
Harms on fish in 1940-1970. 

J. WASTEWATER TREATMENTS 

J 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (c) Limited pollution with 
wastewater treatment. 

K. IMPROVEMENT WORKS IN THE LAKE 

Ki RESTRATION 
A 0.6 in thick layer of bottom sediment rich in FeS was removed by suction dredging in 1970 

-1971. 

K2 AERATION 
The sewage effluent into the lake was diverted in 1957 1958, but was not effective to inhibit 

plankton blooms. 

K3 OTHERS 
As the result of the dredging and removal of the main part of macrophyte vegetation, the 

lake ecosystem changed drastically. Concentrations of P and N were reduced by 90% and 70 0%, 
and phytoplankton biomass by 85 90%. 

N. SOURSES OF DATA 

(Q) Questionnaire filled by Anna Tolstoy, Laboratoriet for miljOkontroll, Statens Naturvirdsverk, 
Sweden - 

Lnsstyrelsen i Kronohergs Ln & VOxjO Kommun (ed.) (1977) Sjon Trummen i VäxjO 
FOrstOrd-Restaurerad-PnyttfOdd .32 pp. VxjO. 

Cronberg, G. (1982) Phytoplankton Changes in Lake Trummen Induced by Restoration. 
Folia Limnologica 18. 199 pp. 

MUller, M. J. (1982) Selected Climatic Data for a Global Set of Standard Stations for 
Vegetation Science. 306 pp.  Dr. W. Junk Publishers, The Hague. 

The Lake Restoration Research Group, University of Lund (ed.) (1973) Lake Trummen 
(Sweden). Mimeographed. 37 pp. 

Cronberg, G., Gelin, C. & Larsson, K. (1975) Lake Trummen restoration project. II. Bacteria. 
phvtoplankton and phytoplankton productivity. Verh. Intern. Verein. Limnol., 19: 1088-1096. 
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LAKE CHILWA 
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A. LOCATION 
§ Southern, Malawi, and Niassa, Mozambique. 
§ 1520'S, 351(YE ; 622 m above sea level. 

B. DESCRIPTION 
Lake Chilwa (sometimes called Shilwa) is a shallow lake (maximum depth 2.7 m) on the border 

between Malawi and Mozambique in the southeastern part of the African continent. The water 
surface measures 1,750 km 2 . Being in a tectonic depression south of L. Niassa, at the southern end 
of the Great Rift Valley, it lacks an out flowing stream : thus the water level fluctuates widely due 
to the balance between rainfall and evaporation. Four steps of lacustrine terraces encircle the 
lake and indicate its development history. In the age when the highest terrace, now at an altitude 
of 650 m, was formed, the lake may have been nearly three times as large its present size, being 
then connected with the Indian Ocean by an outlet river. 

The northern half of the lake is now fringed by a vast area of swampY vegetation dominated 
by a species of cattail, iSp/ia t/omigeilsis, while alkaline mud deposits are found along the 
southernmost part. The drainage basin, with abundant production of rice, tobacco, groundnut and 
other crops, supports a population of about 400.000 people. Fishery is extensively carried on in the 
lake with an annual catch of some 20,000 tons. 

C. PHYSICAL DIMENSIONS 

Surface area [k m2]* ca. 1.750 - 

Volume [10nd] ca. 1 .8 
Maximum depth [m] ca. 2. 7 
Mean depth [m] ca. 1 	0 
Normal range of annual water level - 
fluctuation (unregulated) [ml - 0 2 

Length of shoreline [km] ca. 2(H) 
Catchment area [km 2 ] 7 .500 

* Including swamp area 	open water area ca. 600 km2. 
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL 
§ Bathymetric map (Fig. AFR-1-1). 
§ Outfiowing rivers and channels None (1). 

D2 CLIMATIC 
§ Climatic data near the lake (1961-1971) (1) 

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

Mean temp. 1 [C] 	27 26 25 24 	22 	20 	19 	21 	23 	26 	27 	28 	26 
Precipitation 2 [mm] 	320 201 157 46 	26 	6 	1 	2 	2 	13 	79 	205 	1,058 

*1 : At Khanda, 10 km west of the lake. 
*2 : At Mpvupyu Prison Farm, 15 km west of the lake. 
§ Number of hours of bright sunshine (Makoka. 45 km west of the lake. 1965 1976): 2,612 hr vr 
§ Solar radiation (Khanda, 1967-1971) : 22.9 MJ ni 2 dav 1 . 

Fig. AFR- I - I 	Bathymetric map (1. after McLachlan et al.. 1972). 
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Fig. AFR- 1-2 Mean monthly water levels at Kachulu I 
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552 463 19E4 1965 1956 1967 1466 1565 1670 1971 1572 1473 974 1S75 1975 

Water temperature (3) 
Cooler months (jun-Aug.) : ca. 20 C. 
Hot dry months (Apr-May. Sep. Nov.) : 25 30 C. 
Hot wet months (Dec-Mar.) Freciuentiv above 30 C. 

E. LAKE WATER QUALITY 

El TRANSPARENCY [m]. 1970 (fl 

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

0.06 0.08 0.04 0.04 0.07 0.07 0.08 0.07 0.07 0.06 0.09 0.11 

E2 pH, 1970 (4) 

Depth 	Jan Feb Mar Apr May Jun hO Aug Sep Oct Nov Dec 

Surface 	8.5 	8.2 	8.5 	8.6 	8.7 	8.6 	8.6 
	

8.7 	8.7 	8.8 	8.8 	8.8 

E4 DO 11119 1 1 1, 1970 (4) 

Depth 	Jan Feb Mar Apr May Jun jul Aug Sep Oct Nov 

Surface 	4.2 	5.6 	6.4 	7.4 	7.1 	7.8 	10.0 	8.5 	8.3 	7.7 	7.6 

622 25 e 
u i S L 
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E6 CHLOROPHYLL CONCENTRATION 

Fig. AFR- I -3 Seasonal change of chlorophvl I-a Oct. 1971 Aug. 1972) (5. 
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E7 NITROGEN CONCENTRATION 

§ NO 3 -N [mg 1 1]* 197)) (4) 

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

0.03 -- - 0.01 9.11 0.03 0.13 0.08 

* Converted from the original determination of NO :1  

E8 PHOSPHORUS CONCENTRATION 

P0-P 1mg 11]*,  1970 (1) 

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

	

1.66 	1.21 	1.11 	1.27 	0.95 	1.08 	1.01 	1.31 	2.09 	2.22 	1.70 

Converted from the original determination of P0, -. 

F. BIOLOGICAL FEATURES 

Fl FLORA 

	

§ Emerged macrophytes : T\j)Iei ! 	i)iL5)2(i( . xie 	)IkIlc tl(1l(/H. C7j) )7O £1I)J)ccl()HU/ 'i. 1 ,((f 

cu.u/ata (6). 
§ Floating rnacrophytes . .. rm/huc7 ca€ ieILu'. P1st/a  
§ Submerged rnacrophytes : Lcrato/ilir//ioii (/( /015/OIl, (/17(1(7(1)7(1 S9. (6). 
§ Phytoplankton : ()sci/ta/oria Sp.. lisirli Ioi;ioiias spp.. LagS oa singioi, P/coos sp.. Crc/oh//a sp,, 

2//lurch/a rp ../laahaco(i So.... (()l((/c5iiii(5 'lt(1(/i77il((/(, Pc)7(//117111I/ SJ). 7). 

F2 FAUNA 
§ Zoop!ankton : Diaplia;iosii;ia cannon. Tio/oclia/omas /0751)/Oil, Daploiia San/vita, Moina 101(7710 

C'nodap/oiia 007/li/a, AI(socrc/e!)s mu/ian! (8). 
§ Benthos : Ni/rahim hnn/7/?ucca, X. hinnipa/7iis, Ecnoious sp., 1)12/cia/ps/n sp.. Lao/s/cs 1)//f))), 

Ba/bus g/ohosus, Bbo ut/ui/aria sp. (0). 
§ Fish Barhits J7a11(thaosus. C/arias ,L/anicpil//Is, .Saro/hcradoa shoaiius c/li//ca. Hap/ochroiiiis 

(Yi17lJ)h17(5. IHI(1)u1')7iOl))/0J(tC)5il(s ha)7la)(/i (10). 

F3 PRIMARY PRODUCTION RATE 
§ Net shoot production by Typha in littoral swamp (4) 

Shoot hiornass (max-mm): 2.537-1,122 g (dry \vt.) m 
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Net shoot production rate : 11380 g n 2 vr'. 
Whole lake production rate: 0.8 106 t vr 
These productivity estimates are based on Kvet's (1971) study on 75plui (LngusteI)Iuf of 

central Europe, and may be seriously underestimated for tropical conditions. 

F4 BIOMASS 
Biomass and population density of epipelic algae in the drying phase (7). 

	

18 Dec. 1967 	3 Jan. 1968 	9 Jan. 1968 
Biomass [mg (chlorophyll-a) m] 	 15.5 	- - 17.4 	 56.5 
Population density *[cm 2] 	 0.9 < 106 	6 5 X 106 

* Blue-green algae almost 100 %. 

Fig. AFR- 1-4 Population density of total zooplankton (Apr. 1975-jun. 1976) (8). 
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§ Approximate animal biomass (dry weight) in three main benthic habitats during the recovery phase (9) 

Biornass Area of habitat Whole lake biornass 
[rng 111 -2 ] [kmi [kg] 

Permanent swamp 300 600 180 000 
Jemporary swamp 4,000 80 320,00)) 
Mud of lake bed 3,00)) 100 300, 000 
Total 7.3100 78)) 569.10)) 

F5 FISHERY PRODUCTS 
§ Annual fish catch in 1977 : 21,312 [metric tons] (11). 

G. SOCIO-ECONOMIC CONDITIONS 

Gi LAND USE IN THE CATCHMENT AREA (12) 
§ Main kinds of crop plants : Rice (seasonally inundated land). tobacco, groundnut (on higher 

ground), cotton, maize, millet, cassava, bean, pea. vegetables and fruits. 

G2 INDUSTRIES IN THE CATCHMENT AREA AND THE LAKE (11, 12) 
§ Main products and main kinds of industry 

Agricultural products : Rice, groundnut and tobacco (main cash crops) cotton, bean, pea, 
cassava, vegetables, fruits and cattle. 



vui:oi 

Fisheries products: Barbits (18 ° of total catch, 1977), C/uris (30 ,), $a)1)tIlcra(/oi? (12 °) and 
others (10 %). 

Forestry : Fine (Piuus pate/u) and eucalvpt plantations. 
Manufacturing : Ship-building (plank boat for fisheries), lumbering, leather and pottery 

i ndust rv. 

G3 POPULATION IN THE CATCHMENT AREA (1977) (12, 13) 

lotal population 

382, 90() 

Population density 
[km 2]  

31.1 

Main cities (poulation) 

Zomba (20 000) 

H. LAKE UTILIZATION 

Hi LAKE UTILIZATION (11) 
Fisheries. 

N. SOURCES OF DATA 

Lancaster. N. (1979) The physical environment of Lake Chilwa. "Lake Chilwa" (ed. Kalk, 
NI., McLachlan, A. J. & Howard-Williams, C.). pp. 17-39. Dr. W. junk Publishers, The Hague. 

Agnew. S. (1979) The people and the land. Ibid.. pp. 309.312. 
Beadle. L. C. (1981) The Inland Waters of Iropical Africa, p. 3:58. Longman Group Ltd., 

London. 
McLachlan. A. J. (1979) The aquatic environment, chemical and physical characteristics of 

Lake Chi1va. 	Lake Chilwa" (ed. Kalk. NI.. McLachlan. A. J. & HowardWil1iams. C.). pp. 
:59.78. 

Howard-Williams, C. (1979) Interactions between swamp and lake. Ibid.. pp. 231-245. 
Howard-Williams, C. (1979) The distribution of aquatic macrophvtes in Lake Chilwa 

annual and long-term environmental fluctuations. Ibid., pp. 107-122. 
7) Moss, B. (1979) Algae in Lake Chilwa and the waters of its catchment area. Ibid., pp. 93-103. 

Kalk, NI. (1979) Zooplankton in Lake Chilwa: adaptations to changes. Ibid., pp. 123-1 41. 
McLachlan, A. J. (1979) Decline and recovery of the bentic invertebrate communities. Ibid., 

ip. 143-160. 
Furse. M. T., Kirk, R. C., Morgan, P. R. & Tweddle. D. (1979) Fishes : distribution and 

biology in relation to changes. Ibid., PP.  175-208. 
Furse. M. T., Morgan. P. R. & Kalk, NI. (1979) The fisheries of Lake Chilwa. Ibid., pp. 

209-229. 
02) Agnew, S. (1979) Fishing and fish trading : socio-economic studies. Ibid.. pp. 315.368. 
(00 Kalk. M. (1979) Focus on social problems. Ibid.. pp. 419-432. 
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LAKE CHAD 

A tour boat on the lake 

Photo: N. Hata 

- 

,.° 	100 	LISO 	200250 	300 	350 	gKonrntrs 

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



AFR-2 

A. LOCATION 

§ Lac and Chari Baguirmi, Chad Nord, Carneroon: Borno. Nigeria Diffa, Niger. 
§ 1220-1420 N 1300-1520 E 280m iho\e se i le\el 

B. DESCRIPTION 

Being on the southern fringe of the Sahara Desert in north-central Africa, Lake Chad extends 
over the territories of four countries : Chad, Niger. Nigeria and Cameroon. Owing to the supply 
of river water from the highlands to the south, it remains a freshwater lake under the prevailing 
arid climate. Apparently no river flows, out from the lake, though some water is said to percolate 
along the dry bed of the Gaza! River to feed the oases of the Bodêlé Depression about 40 km to the 
northeast. 

The water level is variable as it is influenced by the rainfall fluctuation both seasonally and 
annually. The lake size was five times its present size (ca. k111 2 ) several thousand \'ear ago, 
while the drought years in the 1970's made the northern half of the lake (Northern Basin) complete-
lv dry and turned the Southern Basin into a densely vegetated area with scattered swamps and 
open pools (Fig. AFR-2-1). 

L. Chad is very shallow even in normal years, averaging 1.5 m in depth. It is fringed by a zone 
of swampy vegetation dominated by reeds (PJi agmites s pp.). papyrus ) CrIx) ,us ,ai)vn1s) and cattail 
(Tvpha ait's/ralis). These water plants often form dense thickets or floating mats even in the lake 
center. Local inhabitants use the stems of papyrus as material for canoe making. There are 
many small islands formed by the invasion of moving sand dunes near the northeastern coast 
some of them are inhabited and utilized as bases for fishing. 

Besides the products of agriculture, livestock grazing and fishery, the drainage basin of L. 
Chad is known for its yield of natural soda , an activity that contributes to keeping the lake water 
fresh (Q2). 

C. PHYSICAL DIMENSIONS (Q1. Q2) 

Surface area [km2] 	 - 	 10000-25, 006 
Volume [10 9 m 3 ] 	 72 
Maximum depth [m] 	 10 11 

4-8 (N. Basin) Mean depth [m] 	 2-4 (S. Basin) 
Normal range of annual water 	 1 level fluctuation (unregulated) [m] 
Length of shoreline [km] 	 500 800 

Residence time [yr] 	
2 (N. Basin)

((.5 (S. Basin) 
Catchment area [kni 2 ] 	 2 .126  370 

Fig. AFR-2- I 	Past trend of lake water level [m a.s.l.] 	). 

ALTITUDE OF THE WATER LEVEL 

283 

284 

YEARS 

1900 	 1910 	 1 920 	 021) 	 9.0 	 1971) 



AFR-2 

D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL 
§ Bathymetric map (Fig.  
§ Main islands : IKincijera, Kalom. Kofia. Kika, Dabouroum, lebour, Ngelea. Isseirom, Malal (Q2). 
§ Outfiowing rivers and channels (iiumber and names) : 1 (Bahr ci Gazal drainage only occasional) 

(Q2). 

D2 CLIMATIC 

§ Climatic data at Bol Dune (Q2). 

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

Mean temp. [C] 	14.11 15.1 19.4 24.2 25.9 26.6 25321.2 24.7 22.6 18.4 14.6 	21.3 
(13-year average) 
Precipitation [mm] 	0 	0 	0 	1 	12 	18 	76 	21)) 	36 	12 	(1 	0 	384 
(28-year average)  

§ Number of hours of bright sunshine (Bol Dune, 3-year mean) : 3402.2 hr vr'. 
§ Solar radiation 22.6 MJ m dav. 

Fig. AFR-2--2 Bathymetric map (I). 

LI 
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§ Water temperature 

Fig. AFR-2-3 Seasonal trend of surface water temperature I C], Bol-Ile, 1956 1960 (QI). 
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E. LAKE WATER QUALITY 

El TRASPAFENCY 

Fig. AFR-2--4 Trend of transparency. Southern Basin (3). 

80. 

t____ 

1973 	 1974 	 1975 

E2 PH 
Southern Basin, 1976 (3) 

Depth 	Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Surface 	7.2 	7.2 	 7.5 	7.5 	7.7 	77 	7.9 

4 
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E4 DO 

Fig. AFR-2-5 Changes in DO percent saturation. Southern Basin (3). 
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E6 CHLOROPHYLL CONCENTRATION 

Fig. AFR-2-6 Seasonal change of chlorophyll-a. Southern Basin, 1973-1974 (4). 
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F. BIOLOGICAL FEATURES 

Fl FLORA 
§ Emerged macrophytes Pliragmites australis subsp. altissunus, 'Ivjha aastralis, "ossia cuspidata, 

C3bonis papyrus, L. laerlgatz(s, Lee) -sia hexaucira, Echinochloa sp. (5). 
§ floating macrophytes Pistia siratiotes, Lemna p011)05/ 1/a, Spi dcla po/'rhiza, Aolla iijricana, 

Nvmpliaca spp., Jpoiooea ajz(atica, Ncptuaia olerac(a (5). 
§ Submerged macrophytes : Po/amog'Ion spp.. Vallisneuia sp.. Ccn'utoplirll?fm dcmcrsum, ('tricularia 

spp. (a). 
§ Phytoplankton : Closlorium aciculare. Pediastrui'n, Botivococcus .*[vcrO\stiS, A )2ahae flu, Melosira 

grauilata, Sortie/ia macI/cit (6). 

F2 FAUNA 
§ Zooplankton : Diaphaizosoma uxcisum, Daplinia barhata, Cerioduphnia coma/a. 4ioina miciura, 

Bosmina longirostris. Tropodiaptomus incognitus. Thermoc'clops neglectus, T. iocisus circusi, 
iVlesocvclops ieuc/?arii (4). 

§ Benthos : Insecta (G'plochironomus stiliPr, 0oeou fraudu lentum), Oligochaeta (Alluroith's 
tanganikac), Nernatoda, Mollusca (Cleopatra hulimoicl(?s. Corbicula afrzcaua) (7). 

§ Fish Schilbe spp.. Cithaulnus citharus, C. thstichodoides. Laheo coubic, A/cs/es spp .,Svnodontis 
spp., Ti/apia spp., lie/era/is nib/ices (6). 
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F3 PRIMARY PRODUCTION RATE 
§ Biological production in four main natural regions [kg ha' yr ] (2) 

South Basin 	 N orth Basin 
Open water Archipelago 	Open water Archipelago 

i-'nvtopi aniton 
(gross production) 	 - 	 18,000  

Copepoda 	 159 	 438 
792 

Mollusca 	 77 	 30 	 353 	136 

F4 BIOMASS 
§ Biomass in four main natural regions [kg (dry \Vt.) ha - '] (2) 

South Basin 

Open water Archipelago 
Phvtoplankton 0.09 4. 13 
Macrophvtes - -- 	11 	00 
Zo op1 a nk ton 

Copcpoda 2.5 6.9 

Benthos 
Molluscs 25.8 10.6 
Worms 2.0 ((.8 
Insects 0.1 0.6 

North Basin 

Open water Archipelago 

	

3.84 	7.28 

8.9 

(542 	33.6 

	

8.0 	 1.8 

	

2.1 	1.8 

F5 FISHERY PRODUCTS 
§ Annual fish catch in 1972 : 130-141 :s 10 [metric tons] (Q2) 

G. SOCIO-ECONOMIC CONDITIONS 

Gi LAND USE IN THE CATCHMENT AREA (Q2) 
§ Main types of woody vegetation :Sav annah, mountain and accacia, forests especially on the 

watersheds of main river hasins. 
§ Main types of herbaceous vegetation Swamps of sedges on banks of lake and estuaries of main 

rivers also floating Pistia on the lake. 
§ Types of other important vegetation : Occasional palm clumps of Bwassu,c. Hvpliaeiie tliehaica and 

date. 
§ Main kinds of crops and/or cropping systems : Millet, sorghum, maize, rice, onions, tomatoes 

mixed cropping and market gardening. 
§ Levels of fertilizer application on crop fields : Moderate. 

G2 INDUSTRIES IN THE CATCHMENT AREA AND THE LAKE (02 
§ Main products and main kinds of industry 

Agriculture : Cotton, groundnut, cassava and mu let. 
Fisheries : A testes baremoze and A. a'entex. 
Manufacturing : Cotton spinning, brewing, leather industry. machinery, milling and food 

industry. 
Mining: Soda. 

6 
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G3 POPULATION IN THE CATCHMENT AREA (Q2) 
§ Total population : N. A. 
§ Main cities (population) : N'Djarnena (400,000), Kano, Maiduguri. Maroua. 

H. LAKE UTILIZATION 

Hi LAKE UTILIZATION (Q2 
Navigation and transportation, fisheries. 

M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR UPGRADING 
LAKE ENVIRONMENTS 

M3 RESEARCH INSTITUTES ENGAGED IN THE LAKE ENVIRONMENT STUDIES (02) 
Lake Chad Basin Commission (L. C. B. C.). N' Djamena 
Lake Chad Research Institute (L. C. R. I.), Maiduguri 

N. SOURCES OF INFORMATION 

(QI) Questionnaire filled by Mr. Olusegun C. Irivboje, Water Resources Section. Lake Chad Basin 
Commission, N'Djamena. 

(Q2) Questionnare filled by Dr.  .M. Nakashima, International Development Center of Japan. 
Tôkvô. 
Carmouze, j.-P. & Lemoalle. J. (1983) The laucustrine environment. "Lake Chad" (ccl. 

Carmouze. j.-P.. Durand, J.-R. & Lêvêqne, C.), pp. 27-61. Dr. W. junk Publishers, The Hague. 
Carmouze, J.-P., Durand, j.-R., & Lêvêque C. (1983) The laucustrine ecosystem during the 

"Normal Chad" period and the drying phase. Ibid.. pp.  527-560. 
Carmouze, J.-P., Chantraine, J. M. & Lemoalle. J. (1983) Physical and chemical characteris-

tics of the waters. Ibid., pp.  65 94. 
Saint-Jean, L. (1983) The zooplankton. Ibid.. pp. 199 232. 
Iltis, A. & Lemoalle. J. (1983) The aquatic vegetation of Lake Chad. Ibid., pp. 125-1 13. 
Serruya. C. & Pollinger, V. (1983) Lakes of the Warm Belt. 	Cambridge University 

Press, Cambridge. 
Levque, C., Dejoux, C. & Lauzanne, L. (1983) The benthic fauna ecology, hiomass and 

communities. 'Lake Chad" (see ahove), pp.  233-272. 
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LAKE SIBAYA 

Fishing on the shore 

Photo: Departuient of Environment Affairs and Fisheries, The Republic of South Africa 

Copyright © John Bartholomew & Son Limited MCMLXXXII. Reproduced with permission. 
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A. LOCATION 
Natal, South Africa. 

§ 2720'S. 3220'E 23.35 in above sea level. 

B. DESCRIPTION 
Lake Sibava is situated on the coast of the Indian Ocean in N atal Province. South Africa, near 

the boundary of Mozambique. The lake is surrounded by indented shorelines and has two 
elongated bays extending to the north and vest. The surface area and mean depth are 77.5 km 
and 12.6 m. It is separated from the sea by coastal dunes only 2 km in width, and was presumably 
derived from an old lagoon which later became isolated by sand deposition. The water level is 
now 23 m above the sea surface, and fluctuates widely depending on rainfall and evaporation, 
because of the lack of outfiowing rivers. 

L. Sibava and its surrounding area are known for the wealth of fauna containing not a few 
rare species and more than 200 species of birds, hippop tamus. crocodile, etc. Some 1.500 inhabit-
ants on the lake coast live on agriculture and fishery, keeping traditional ways of fishing. Fishery 
products are partly exported to the other districts. 

in the drainage basin, natural forests still survive mainly on sand dunes, but have been 
destroyed steadily owing to firewood harvest and clearing for agriculture. On the north and south 
sides of the lake, on the other hand, plantations of eucalvpt and pine are expanding partly for use 
as pulp wood (1. 2, 9). 

C. PHYSICAL DIMENSIONS (1. 2 

Surface area [Pm 2 ] 
\olume [10in] 9 	1 
Maximum depth m] 13.0 
Mean depth [m] 12.6 
Water level Unregulated 
Length of shoreline [Pm] 126.9 
Catchment area [km 2 l i 65 
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL (1) 
§ Bathymetric map (Fig. AFR-3-1). 
§ Main islands None. 
§ Outfiowing rivers and channels None. 

Fig. AFR-3-I Bathymetric map (1). 

D2 CLIMATIC 
§ Climatic data at Mapu to *, 1931-1960 (3) 

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

Mean temp. ['Cl 	25.4 25.5 24.6 23.1 20.6 18.5 18.2 19.2 20.6 22.2 23.4 24.7 	22.2 
Precipitation [mm] 130 124 97 	64 	28 	27 	13 	13 	38 	46 	86 103 	768 

* About 150 km north of the lake. 
§ Number of hours of bright sunshine : 2,748 hr yr' (3). 

Fig. AFR-3-2 The mean monthly air temperature [SC] (4) 
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Fig. AFR-3-3 Variation in rainfall and mean lake level (4). 
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§ Water temperature 

Fig. AFR-3-4 Seasonal and vertical distribution of water temperature [C] (4) 
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§ Freezing period : None (4). 
§ Mixing type : Polymictic (4). 

E. LAKE WATER QUALITY 

E4 DO [mg l -  (%)] (4) 

Depth [m] Jan. 1967 Jul. 1967 Jan. 1968 Mar, 1970 Jan. 1977 
0 7.6( 	95) 8.9(100) 7.3(95) 7.9(96) 	-- 8.0(100) 
5 7.8( 	98) 8.9(100) 7.5(96) 

10 8.0(100) 8.7( 	97) 6.8(87) - 7.5( 	94) 
15 8.1(102) 8.5( 	95) 6.4(82) 7.7(97) 
20 8.1(102) 8.4( 	94) 7.4( 	93) 
25 8.4( 	94) - 

30 6.9( 	85) 8.4( 	94) 7.0(88) 6.9( 	87) 
35 6.6( 	82) 8.4( 	94) - 4.8( 	60) 
38 - - 5.4(68) - - 

39 - - 4.5( 	57) 

C 

12 

16 

20 
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E6 CHLOROPHYLL CONCENTRATION 

Fig. AFR-3-5 Seasonal variation in chlorophyll-a (5). 
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E7 NITROGEN CONCENTRATION 
§ Kjeldahl-N [,ug l] : 11.2-28.0 (4). 
§ NO 3 -N [,ug 1 - '] : 17-32 (1967) : 50 (1979) (4). 

E8 PHOSPHORUS CONCENTRATION 
§ SRP (soluble reactive P) [,ug  1'] (4) 

Year 	 SRP 

1967 	 25-55 
1968 	 10-20 
1970 	 14 -25 
1979 	 9 

E9 CHLORIDE ION CONCENTRATION [mg 11]  (4) 

Year 	 C1(no. of 
samples) 

1967-68 136-138 (34) 
1970-71 132 - 149(36) 
1975 125 127( 5) 
1979 142( 	3 

F. BIOLOGICAL FEATURES 

Fl FLORA 
§ Emerged macrophytes : ('yperus nalalensis, Ph ragn/ites man ritian us, Scirpus litto ia/is, Tvplza 

latifolia (7). 
§ Floating macrophytes i"/ymphaea caeruia, N. capensis (7). 
§ Submerged macrophytes : Ceratophv/lum dernersum, Mvriophvllum si ca/urn, i\Tajas  ,bectinata. 

Potamogeton pectinatus, P.sch weinfurthii, Utricularia infiexa (7). 
§ Phytoplankton : Ciosteriurn spp., Svnedra acus, Anabaenopsis sp ., Melosira granulala. Anahaena 

sp. (6). 

F2 FAUNA 
§ Zooplankton : Pseudodiaptornus hessei, Therinocyc lops emini, T. crassus cons/mi/is, Bosmina 

longirostris, Moina sp. (8). 
§ Benthos : Apseudes digitalis, Grandidierella lignoruni, Corophium trienonvx, C'yathura carinata, 

Il/Ielanoides tuberculatus (8). 
§ Fish : Pseudocrenilabrus philander , Sarotherodon niossambicus . Tilapia rendalli sweirstrae, 71 

sparrrnan ii*, Croilia mossambica, Si/Jionettea sibayai, Clasias garieinus (*economically  impor- 



tant) (9). 

F3 PRIMARY PRODUCTION RATE 

Fig. AFR-3-6 Seasonal and vertical distribution of gross primary production rate (Oct. 
1973 -Jan. 1975) [rng C m 3hr'] (6). 
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F4 BIOMASS 
§ Aboveground biomass of macrophytes (7) 

Mean biornass [g m 2 ] 	Area [km2 ] 	Total biomass [t] 

Emerged 	 417.7 	 6.06 	 2,531 

Submerged 	 417.1 --  16.21 	 6,761 

Fig. AFR-3-7 Seasonal variation of net phvtoplankton biomass. 	Closterium Spp., 
others (5). 
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G. SOCIO-ECONOMIC CONDITIONS (2) 

Gi LAND USE IN THE CATCHMENT AREA 
§ Main types of woody vegetation: Plantation of pine and eucalypt (ca. 70 km 2 ). 

§ Main kinds of crops: Maize, potato, sweet potato, groundnut, millet, kaffricorn, cassava, bean, 
banana, pumpkin, calabash and pawpaw. 

6 
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G2 INDUSTRIES IN THE CATCHMENT AREA 
§ Secondary industry : Pulp mills. 

G3 POPULATION IN THE CATCHMENT AREA 
The coastal zone (within 5 km from the shore) has a population of 1,451 and 631 huts. 

H. LAKE UTILIZATION (2) 

H 1 LAKE UTILIZATION 
Fisheries. 

H2 THE LAKE AS WATER RESOURCE 
A considerable number of inhabitants use water piped from the western arm of the lake to 

Mseleni Mission Hospital. Use rate (1975) : 0.002 ni 3 sec'. 

N. SOURCES OF DATA 
hill, B. J. (1979) Bathymetrv and hydrology of Lake Sibaya. Lake Sibava (ed. Allanson, B. 

R.), pp.  21-33. Dr. W. Junk Publishers, The Hague. 
Bruton, M. N. (1979) The utilization and conservation of Lake Sibaya. Ibid., pp.  286-312. 
MUller, M. J. (1982) Selected Climatic Data for a Global Set of Standard Stations for 

Vegetation Science. 306pp. Dr. W. Junk Publishers, The Hague. 
Allanson. B. R. (1979) The physico-chemical limnology of Lake Sibaya. Lake Sibava (see 

above), pp.  42-74. 
Hart, R. C. & Hart, R. (1977) Arch. Hydrobiol.. 80(1) : 85-107. 
Allanson, B. R. (1979) The phytoplankton and primary productivity of the lake. Lake 

Sibaya (see above), pp.  75-89. 
Howard-Williams, C. (1979) Distribution, hiomass and role of aquatic macrophvtes in Lake 

Sibaya. Ibid., pp.  88-107. 
Hart, R. C. (1979) The invertebrate communities: zooplankton, zoobenthos and littoral 

fauna. Ibid., pp.  108-161. 
Bruton, M. N. (1979) The fishes of Lake Sibaya. Ibid.. pp. 162-245. 



AF'R -4 

LAKE KARIBA 

Kariba town people fishing on the lake 

Pho o C. H. D. Magadza 
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A. LOCATION 

Southern, Zambia Matabeleland North and \Iashonaland \Vest. Zimhab\\ e. 
16 2W ISUTS. 26 12 -0 Ul F. 13 in above sca le\ €1 

B. DESCRIPTION 

In 1961, the damming of the Zambezi River was completed and one Of the largest man-made 
lakes in the world was formed. The massive project was undertaken to provide hydroelectric 
power for the growing industries of Zimbabwe and Zambia. Two power stat ions, one on the 
Zambian bank and the (ther on the Zimbabwean side are in full operato (0. (overing an area of 
nearly 000 knY, the lake has become a year-round source of water for an abundance of animal 
and bird life, and a sunny playground for both 1 cal and f reigfl tourists. 

From the urban area of Nariba Township, near the darn wall. the lake e tends westwards for 
291) km with a width of 3? km. 

The story of the creation of the lake and the building of Kariba L)am is an ecit ing account 
of modern engineering. But it is also the We of the tragic hut necessary removal of the Ba 13 nga 
pc plc. who held that the river god Nvarninyami would destroy the darn and all w the Zambezi t 
run free again .Asw elI, it is the story of one of the rn st impressive wildlife rescue operati ins 
ever carried out in Africa. Over 3,000 animals were rescued, including 33 different mammal 
species and 11 black rhino. Frightened creatures ranging fri rn elephant ti snakes were captured 
for release into areas that rn iw form Matusadona N ati nal Park and ('hete Safari Area (I. 

C. PHYSICAL DIMENSIONS (2, 1, 

Surface area [knY] 
\olume [10nl 
l\Iaxiinuivi depth [m 
\1ean depth rn] 
Normal range of annual water 
level fl uct nat in (regulated) lni 
Length Of sin reline I Ic ml 
Residence time ryri 
L'atchment area [krn I 	- 

3. 
1 (10 

:11 

2.161 

66? 
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D. PHYSIOGRAPHIC FEATURES 
Dl GEOGRAPHYCAL (2) 

§ Sketch map (Fig. AFR-4-1). 
§ Main islands (name and area) Chete (26.4 krn 2 ). 

§ Outfiowing rivers and channels (number and names) : 1 (Zambezi R.). 

D2 CLIMATIC 
§ Climatic data at Binga, 1960-1970 (2) 

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

Mean temp. [ - C] 	25.8 	25.4 25.7 24.7 22.7 20.2 24.7 20.0 22.6 26.2 29.2 	27.7 	24.7 
Precipitation [mm] 149.6 126.0 90.7 1424.6 0 	0 	0 	0 	10.9 42.3 157.0 	608 

§ Number of hours of bright sunshine (Binga, 1960-1970) : 2,920.0 hr yr' (2). 
§ Solar radiation (Binga, 1960 1970) 23.9 MJ m 2 day 1  (2). 

Fig. AFR-4-I Sketch map of the reservoir (2). 

§ Surface water temperature [CC] (4) 
Sanyati basin, 1983 

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

30 	29 	30 	29 	26 	24 	23 	23 	25 	26 	28 	29 

§ Mixing type Monomictic (2). 

3 
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E. LAKE WATER QUALITY 
El TRANSPARENCY [m] (4) 

Sanyati basin, 1983 

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

5.5 	4.5 	6.0 	4.5 	6.0 	5.5 	3.0 	6.0 	6.5 	6.0 	5.0 	4.8 

E2 pH 
Surface water pH range : 	7.5-8.5 (2). 

E4 DO 

Fig. AFR-4-2 	DO [mg l] distribution throughout the annual cycle (2). 

Dissolved oxygen,mg. 
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E6 CHLOROPHYLL CONCENTRATION Lu 	1 -1 1 (4) 
Yearly mean chlorophyll concentration 	2.2. 

E7 NITROGEN CONCENTRATION (2) 
§ NO 3 -N [,ug 11] 

Station 2, 1964-1965 

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

Surface 	45 	34 	30 	36 	12 	12 	18 	20 - 	14 	87 	39 
ca. 50 	123 	106 	34 	134 	107 	121 15 	26 	- 

Station 3, 1964-1965 

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

Surface 	28 	38 	13 	27 	32 	17 	23 	18 	21 	30 	18 

Station 4, 1964-1965 

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

Surface 	13 	21 	13 	15 	21 	22 	45 	15 	13 	20 	14 	10 
ca. 50 	91 	86 	92 	112 	180 	133 	111 	74 	117 	71 	21 	49 

E8 PHOSPHORUS CONCENTRATION (2) 
§ F0 4 -P [1g 1 - 1 

4 
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Station 2, 1964 1965 

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

Surface 	0 12 10 6 14 27 27 	 72 	15 
ca. 50 	11 21 15 19 26 36 - 	 - 	 - 	 57 	42 

Station 3, 1964 1965 

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

Surface 	15 	20 	8 	32 	6 8 	15 	11 	7 	70 

Station 4, 1964 1965 

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

Surface 	6 	61 	14 	6 	36 	18 	29 	29 	7 	- 	30 	0 
ca. 50 	18 	66 	16 	19 	62 	18 	29 	25 	35 	8 	25 

F. BIOLOGICAL FEATURES 

Fl FLORA 
§ Floating macrophytes SaIrinia auricu/ata (2). 
.§ Submerged macrophytes Ceratophy/lum clernersum, Pu tamogelo ii pus/I/us, Lagarosiphon 

ilicifolius, Vailisneria ac/h/op/ca, Pv'àjas sp. (2). 
§ Phytoplankton : C'ylindrospe imopsis raciborskii, A nahaena sp.. Lvnghva sp., S'vnedra (iCUS, Me losira 

granulata, Peridino,bsis cunningtonii, Chrvsochromulina paria, Te/raudron minimum (4). 

F2 FAUNA 
§ Zooplankton : Brachicn2us lalcatus, Bosmina longzros/rzs, Tropodiap/omus leraupelini, Liinnocnida 

rhodes/ac (2). 
§ Fish : Sargochroinis codringtoni, Synodontis zambezensis, Tilapia rendalli, C/arias gariepinus, 

Synodon/is nebulosus, ScJulhc mvstus, Heturobranclzus longifi/is, A/Ialapterurus leclricus, 
Eutopius debressirostris, Sarotlze rodo a m ossambicus (2). 

F4 BIOMASS 

Fig. AFR-4-3 The phytoplankton biomass [mg rn -3 ] in the Sanvati basin, October 1982 
-March 1984 (4). 
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Fig. AFR-4-4 The hiomass of dominating phytoplankton classes [mg rn 3 ] in the Sanyati 
basin. October 1982-March 1984 (4). CYA : Cvanophvceae. BAC : Bacil-
Iariophvceae. CRY : Cryptophvceae. DIN• Dinophvceac. 
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F5 FISHERY PRODUCTS 
§ Annual fish catch in 1986 : 11.000 [metric tons] (6). 

F7 NOTES ON THE REMARKABLE CHANGES OF BIOTA IN THE LAKE IN RECENT YEARS (8) 
The story of Lake Kariba is often vividly linked with the explosion of Salrinia niolesta ( = 

auriculata), a South American aquatic pteridophyte introduced into the newly created lake from 
the upper Zambezi catchrnent. During the eutrophic filling phase of the lake the weed showed 
remarkable growth rates with no apparent predators. At the maximum storage capacity (1962) 
the weed covered about 25% of the entire lake surface area, i. e. in excess of 1000 km 2  Attempts 
to control the weed by herbicides had neglegible effect. In 1969, a grasshopper from South 
America, Paul/ala, was introduced as part of a biological control strategy. At that time a 
number of events happened which contributed to the decline of Salilnia. After the attainment 
of maximun storage capacity the lake rapidly became oligotrophic due to net loss of nutrients 
in the outflow stream. It is also claimed that the harvesting of Limno/hrissa miodon, a clupeid 
introduced into the lake from Lake Tanganyika, contributed to nutrient losses from the lake. 
Our recent data indicate that currently as much as 50 tons of P are harvested from the lake in 
this manner annually. 

H. LAKE UTILIZATION (2, 5) 

H 1 LAKE UTILIZATION 
Source of water, generation of electricity, fisheries, recreation (water skiing, scuba diving, 

sport.fishing and yachting) and bird-watching. 
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I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 

Ii ENHANCED SILTATION (7) 
§ Extent of damage : Serious. 
§ Supplementary notes : Predicted 80 t ha -  ' from cultivated lands. 

12 TOXIC CONTAMINATION 
§ Present status : DDT application for the control of both mosquito vectors and the tsetse fly. 

M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR 
UPGRADING LAKE ENVIRONMENTS (8) 

M3 RESEARCH INSTITUTES ENGAGED IN THE LAKE ENVIRONMENT STUDIES 
1) Lake Kariba Research Station, University of Zimbabwe 

N. SOURCES OF DATA 

(1) Africa Calls (1985) Around Zimbabwe, No. 2.8 pp. Marclon Printers, Ilarare. 
(2 Coche, A. U. (1974) Limnological study of a tropical reservoir. 	Lake Kariba" (ed. Balon. E. 

K. & Coche. A. Ui. pp. 11-247. Dr. W. junk Publishers, The Hague. 
h-3 Thornton, J. A. (1987) GeoJournal 11(3) : 339-352. 
(.p Ramherg, L. (1987) Hydrobiologia, 153 193- 202. 
m Temple, P. H. (1981) Energy. "The Cambridge Encyclopedia of Africa" (ci. Oliver, R. & 

Crowder, M.). pp. 270-277. Cambridge University Press. London. 
Magadza, C. H. D. (1986) Nature arid Resources, 22 (4) : 2-12. 
ElweII, H. A. (1976) Zimbabwe Rhodesia Agr. .1.. 75 (5) : 203-210. 

($ Magadza. C. H. D. (1988) The status of Lake Kariba. Report to the UNCRDILECzUNEP 
Expert Group Workshop on River Lake Basin Approach to Environmentally Sound Manage-
ment of Water Resources, Otsu and Nagoya. February 1988. 5 pp. 
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LAKE VICTORIA 

Fishing boats on the lakeshore 

Photo: M. Nakashima 
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A. LOCATION 

§ Mara, Muwanza and West Lake, Tanzania North [iuganda. South Ruganda and Busoga. 
Uganda and Nvanza and Western, Kenya. 

§ 0 21 N- 00 	ll ) - I 5TE 	111 m above sea lc\ U 

B. DESCRIPTION 

Lake \ictoria, the largest of all African Lakes, is also the second widest freshwater body in 
the world. Its extensive surface belongs to the three countries; the northern half to Uganda, the 
southern half to Tanzania, and part of the northeastern sector to Kenya. The lake occupies a 
wide depression near the equator, between the East and West Great Rift Valleys. but its drainage 
basin is relatively small, being slightly less than three times the lake's surface in area. The lake 
water is drained at a rate of about 60() 111 3  sec, at j inja on the northern shore, into the Victoria Nile 
which flows northward via L. Albert and the White Nile forming the uppermost reaches of the Nile 
River. 

The lake shore is highly indented, and there are many isles in the lake, some of which, 
especially the Sesse Group, are known for their beautiful landscape, health resorts and sightseeing 
places. Abundant prehistoric remains found around the lake indicate the early development of 
agriculture. There are a number of coastal towns such as Kismu Kenval, Entebe (Uganda ). 
Bukoba. Muwanza and Musoma ('I'anzania), connected with each other by ship routes and also to 
the cities of the Indian Ocean coast bv railways. The dam constructed in 1954 at Owen Falls on 
the Victoria 'N lie supplies electricity and \ ater for \ or iou ti-,es in Ug indo and Ken\ a 

C. PHYSICAL DIMENSIONS (Qi, 1) 

Surface area [km] 
	

0) 
Volume [10n] 
	

2,73)) 
Maximum depth [m] 
	

51 
Mean depth [m] 	 -1) 
Water level 
	

Regulated 
Length of shorei inc [kmj 

	
3 -140 

Residence time vr] 
	

23 
Catchment area [km 2 ] 

	

l4 
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D. PHYSIOGRAPHIC FEATURES 
Dl GEOGRAPHICAL 

Bathymetric map (Fig. AFR.5.1). 
§ Main slands : Ukerewe, Sesse, Ukara, Kome, Lolui and Mfanganu (3). 
§ Outflowing rivers and channels (number and names) : 1 (Victoria Nile R.) (Qi). 

D2 CLIMATIC 
§ Climatic data at Kisumu (Qi) 

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

Mean temp.['Cl* 24.0 23.6 23.9 23.2 23.1 23.3 21.8 22.1 	22.8 23.4 23.3 23.3 23.1 
Precipitation [rnm] 57 	70 	160 	195 	177 101 	68 96 	79 	64 106 	105 1278 

1976-1982. 	** 1938-1962. 
§ Solar radiation : 17.63 MJ m -2day' (Qi) 

Fig. AFR-5-I Bathymetric map (2). 

§ Water temperature 

Fig. AFR-5-2 Seasonal and vertical change of water temperature [C] (2). 

I 
N 

4) 
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§ Freezing period : None (2). 
§ Mixing type Monomictic (2), 
§ Notes on water mixing and thermocline formation Lake Victoria does have a season of deep 

vertical mixing when in fact the lake becomes isothermal. During June and July the establi-
shed thermocline breaks down under the seasonal onset of the south-east trade winds and for 
a brief period at the end of July the main body of the lake becomes isothermal with respect to 
depth (TaIling, 1966). The depth and stability of the thermocline depends upon the duration 
of the calm, warming period and the frequency and magnitude of mixing events. In Lake 
Victoria where the thermocline most often occurs at 30-40 in depth, complete mixing of this 
enornous water body occurs once a year and partial mixing occurs at other times (4). 

E. LAKE WATER QUALITY 

El TRANSPARENCY [m] (5) 
1985 

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

34 - 	 - - 	 - - 	 -. 	1.5 1.3 
32 - - 	 - 	 - - 	 1.9 1.3 	- 	 - 

103 - 	 - 	 2.5 1.6 	- 

105 - 	 - - 	 - 1.2 0.9 	- 

53 - 	 - - - 	 0.85 0.5 	- 

51 - 	 - - 	 - - 	 — 1.10.8 - 	 - 

1986 

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

34 0.2 - 	 - 	 1.4 	- - - 	 - 

32 - 	 0.6 - 	 - 	 - 	 - - 	 - 	 - - 	 - 	 - 

103 - 	 1.1 - 	 - 	 1.7 	- - 	 - 	 - - 	 - 	 - 

105 - 	 0.6 - 	 - 	 - 	 - - 	 - 	 - - 	 - 	 - 

53 - 	 0.3 - 	 - 	 0.5 	- - 	 - - 	 - 	 - 

51 —0.4 - 	 - 	 0.8 	- - 	 - 	 - -- 	 - 	 - 

Fig. AFR-5--3 Map of sampling stations in northeastern part of Lake Victoria. 
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E2 pH (Q2) 
Winam Gulf: 8.4 (Dec. 1976) i 8.1 (Feb. 1977). 

E3 TURBIDITY [NTU] (5) 
1985 

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

34 - 	 - 3.6 4.1 	- 

32 - - 	 - 	 - - 	 - 	 2.6 3.2 	- 

103 - 	 - 1.5 1.7 	- 	 - 

105 - - - 	 - 	 8.8 - 

53 - 	 - - 	 - 	 - - 	 - 	 10.4 33.7 	- 

51 - 	 - - 	 - 	 - 	 - - 	 - 	 14.7 - 	 - 

1986 

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

34 - 	 21.7 - 	 4.1 	- - 	 - 	 - - 	 - 	 - 

32 - 	 6.5— - 	 - - 	 - 	 - - 	 - 	 - 

103 - 	 3.2 —  - 	 2.5 —  - 	 - 	 - - 	 - 	 - 

105 - 	 - - 	 - 	 9.7 	- - 	 - - 	 - 	 - 

53 - 	 12.3 - 	 - 	 4.7 	- - 	 - - 	 - 	 - 

51 - 	 - - 	 19.0 	- - 	 - 	 - - 	 - 	 - 

E4 DO 

Fig. AFR-5-4 Oxygen depth profiles from several sampling stations [mg l] (5). 

	

0 	20 40 60 60 100 120 140 	2 	4 
0 

	

10 	 10 

	

20- 	. 	14 	20 

LLJ 

	

30 	 / 	 3O- 

40 

E5 BOD [mg 111  (Q2) 
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E6 CHLOROPHYLL CONCENTRATION [pg 1 1 1 (Q2) 
Winarn Gulf, Sep. 1985 

Depth [m] 	 Station  6 	31 	32 

o 20.3 15.9 17.5 
0.5 15.9 12.9 13.6 
1 22.3 10.4 13.3 
2 20.1 15.9 10.7 
3 23.5 18.5 7.8 
4 19.0 21.4 5.0 

10 10.4 4.7 
15 15.5 4.7 
20 7.3 2.9 
25 9.6 2.6 
30 1.8 

E7 NITROGEN CONCENTRATION (Q2) 
NH 4 -N [mg 1'] 

Winarn Gulf, Sep. 1985 

Station Depth [m] 	6 	31 	- 	32 	103 

	

0 	0.2 	0.35 	0.7 	0.35 

	

0.5 	 -- 	- 	0.15 

	

1 	 - 	0.40 	 0.15 

	

2 	 - 	- 

	

3 	 N.D. 	- 

	

4 	 - 

	

10 	 - 

	

15 	0.35 	 0.4 

	

20 	0.30 
25 

	

30 	 - 	 0.35 

§ NO-N [rng I_l]  (Q2) 
Winam Gulf, Sep. 1985 

Depth [m] 	6 	
31 Station32 
	103 

	

0 	0.1 	0.1 * 	0.1 * 	0.1 * 

	

0.5 	- 	 0 . 1* 

	

1 	 - 	0.1* 	- 	0.1 

	

2 	 - 	- 

	

3 	 - 	0 . 1* 	- 

	

4 	 - 	 -- 

	

10 	 - 	 - 

	

15 	0.1 	 0 . 1* 

	

20 	0.1 	 - 

	

25 	 - 	 - 

	

30 	 0.2 
* Less than given figure 
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Station 
31 	32 	103 

0.002 * 

0.002 * 
0.002 * 
0.002 * 

0.002 * 

0.002 

0.01 

0.002 
0.002 
0.006 

AFR-5 

E8 PHOSPHORUS CONCENTRATION (Q2) 
§ PO.-P [mg 1_I1 

Winam Gulf, Sep. 1985 

Depth [m] 	6 

o 	N.D. 
0.5 	- 
1 	- 
2 	 - 
3 	- 
4 	- 

10 	- 
15 	0.003 
20 	0.003 
25 
30 

* Less than given figure. 

E9 CHLORIDE CONCENTRATION [rng 1] (Q2) 
Winam Gulf: 21 (Dec. 1976) 9.5 (Feb. 1977). 

F. BIOLOGICAL FEATURES 

Fl FLORA(Q1) 
§ Emerged macrophytes : Tvpha spp., Phragn2ites spp.. Cyperus Papyrus, Po/arnogeton spp. 
§ Floating macrophytes : Vossia. 
§ Submerged macrophytes : Cera/opliyllurn dernesurn, Hydrilla verticillata, Polvgonurn spp. 
§ Phytoplankton : Melosira nvassensis, Lynghya contorta, Spirulina spp.. A nabaena spp., Oscillatoria 

spp.. Pedias/rurn cia/li raturn, Fragillaria spp., Cyclo tel/a spp., Scenedesmus spp., Clenodiniurn 
spp. 

F2 FAUNA (Qi) 
§ Zooplankton : Daphnia spp., Chvdorus sp., Lep/odora sp., Cyclops sp., Diaptornus, Caridina 

nilotica, Philodina spp., Keralella sp., As15lanchna hrightwelli, Lirnnocnida victoriae. 
§ Benthos : Melania /uherculata, Bellarnvsa sp., Corbicula sp., Caeiatura sp., Chaoborus sp., Chir- 

onomus sp. 
§ Fish : Lutes niloticus, Tilapia spp., Haplochrornis spp.. Laheo viclorianus, Ales/es b arernose *, 

C/arias spp., Bagrus docrnac, Protopterus aethiopicus, Barbus *, Scibe * (* econom ica lly  impor-
tant). 
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F3 PRIMARY PRODUCTION RATE 

Fig. AFR-5-5 Production rate (9). 

	

PRODUCTION(mg 	h 1 ) 
0.1 	0.2 	0.3 

3 

F4 BIOMASS 
Fish biomass [kg ha -1 ] ( fresh wt., 1974) : 80 (6). 

F5 FISHERY PRODUCTS 
§ Annual fish catch in 1980 : 120,000 [metric tons] (Qi). 

F7 NOTES ON THE REMARKABLE CHANGES OF BIOTA IN THE LAKE IN RECENT YEARS (QI) 
An introduced species, Nile perch (Lates niloticus), dominates fishery products within the 

Kenyan portion of the lake. Traditional fishery have overfished tilapias and riverine species. 

G. SOCIO-ECONOMIC CONDITIONS (Q2) 

Gi LAND USE IN KENYAN PART OF THE CATCHMENT AREA (1985) 

Area [km 2 ] [%] 
Natural landscape 29,500 62 

Woody vegetation 7,000 15 
Herbaceous vegetation 22,500 47 

Agricultural land 15,500 32 
Crop field 11.000 23 
Pasture land and fallow land 4,500 9 

Residential area and others 2.700 6 
Total 47.700* 100 

* 26% of the whole catchment area. 

§ Main types of woody vegetation : Savanna woodland (Acacia, Albizzia and Butyrospermurn). 
§ Main species of herbaceous vegetation : Cymbopogon. Hvparrhenia, Londetia and Cyperus papyrus. 
§ Main kinds of crops: Maize, cotton, sisal, tabacco, beans, sugar cane, coffee, sorghum, millet, 

wheat and root crops (cassava, etc.). 
§ Levels of fertilizer application on crop fields : Light. 
§ Trends of change in land use: Decrease of forest areas due to very high population pressure and 

resultant excessive cultivation. 
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G2 INDUSTRIES IN KENYAN PARTS OF THE CATCHEMENT AREA AND THE LAKE (1985) 

Gross product 	 Nlajn products or per year 	 niaor industries [10 6  K]** 

Primary industr 
Cash crops 
Animal husbandry 
Fi sher i es * 
Staple crops 

89 
97 \ alue added 
10 

181 

Coffee, tea, cotton. sugarcane 
Milk, meat 
Nile perch, tilapia 

Secondary industry 	400 Gross 	 Coffee & tea 
processing, sugar, 
pulp, dairy product, 
foods, leather, 
textile 

Kenyan side of the lake only, particularly Winam Gulf (water surface area 1,400 km 2 ). 
**075 k41.00 US$. 

G3 POPULATION IN KENYAN PART OF THE CATCHMENT AREA (1985) 

Population density 	NIaii cities 

	

Population 	 [km2] 

Urban 	630,000 
Rural 
	

7,480,000 
	

Kisurnu, Eldoret 
Total 
	

8.110.000 	 170 

H. LAKE UTILIZATION (Q2) 

Hi LAKE UTILIZATION 
Source of water, navigation and transportation, recreation (yachting), and fisheries. 

H2 THE LAKE AS WATER RESOURCE (1986) 

Use rate 

Domestic water [m 3day] 	 15,000 (for Kisumu) 
Irrigation [m 3sec] 	 1.7 (near Kisumu) 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 
Ii ENHANCED SILTATION 

§ Extent of damage : Not serious (Q2). 
§ Supplementary notes : 4 x 106  ton yr from 47.000 km 2  of catchment (an estimate) ; 0.5-1.() mm 

vr' as lake sediment (7). 
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12 TOXIC CONTAMINATION 
§ Present status : Detected but not serious (Q2). 
§ Main contaminants, their concentrations and sources (1984) (7) 

Kisumu Bay of Winam Gulf 

Name of 	 Concentrations [ppb] 	 Main 
contaminants 	 Fish* 	 Sources 

DDE 	 4.3 	 Pesticide 

* Lates niloticus (Nile perch) on wet weight basis. 
§ Environmental quality standards for contaminants in the lake : Now follow WHO ambient standards 

(Q2). 

§ Supplementary notes 
Nzoia River draining into the lake is contaminated with pesticide residues; DDT 0.3 ppm. 

DDE 0.3 ppm, BHC 0.2 ppm, Toxaphene 0,2 ppm in 1982 (8). 

13 EUTROPHICATION 
§ Nuisance caused by eutrophication in Winam Gulf 

Unusual algal bloom : Microcvstis aeruginosa, 4nabaena circinalis (7). 
§ Supplementary notes 

Mesotrophic in the main body of the lake. Although nutrient loads to the lake are not 
known. 400 kg m 2yr of T-N and 20 kg km 2vr 1  of T-P are measured as averages of 24 
points in the watershed of Nzoia River, a major tributary of the lake (8). 

U. WASTEWATER TREATMENTS (Q2) 

J1 GENERATION OF POLLUTANTS IN KENYAN PART OF THE CATCHMENT AREA: (d) 
Measurable pollution with limited wastewater treatment. 

J3 SANITARY FACILITIES AND SEWERAGE 
§ Municipal wastewater treatment systems : 4 (trickling filter plants, oxidation ponds). 

§ Industrial wastewater treatment systems: Anaerobic ponds and aerobic oxidation ponds are used 
by very many factories (suger, texile, dairy and paper factories). 

K. IMPROVEMENT WORKS IN THE LAKE (Q2) 

None. 

L. DEVELOPMENT PLANS (Q2) 

An integrated regional development master plan for 1987-2005 is being drawn up by the Lake 
Basin Development Authority (Kenya) for agricultural, industrial, livestock, fishery and infras-
tructure developments. 

M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR 
UPGRADING LAKE ENVIRONMENTS (Q2) 

M 1 NATIONAL AND LOCAL LAWS CONCERNED (Kenya only) 

§ Names of the laws 
The Water Act 
The Public Health Act 
The Poisonous Substance Act (indirect) 
The Pesticides Control Act (indirect) 

§ Responsible authorities 
Ministry of Water Development 
Ministry of Health 

§ Main items of control 

10 



AFR-5 

(1) Sewage effluent and industrial effluent 

M2 INSTITUTIONAL MEASURES (Kenya only) 
Ministry of Water Development, Nairobi. Kenya 
Marine Fishery Development, Kisumu, Kena 
Lake Basin Development Authority, Kisumu, Kenya 

M3 RESEARCH INSTITUTES ENGAGED IN THE LAKE ENVIRONMENT STUDIES 
Kenya Marine Fisheries Research Institute, Kisumu 
Tanzania Freshwater Fisheries Research 
Uganda Freshwater Fisheries Research Organization. Jinja 
Lake Basin Development Authority, Kisumu 

N. SOURCES OF DATA 

* Printed in Japanese. The title is tentatively translated into English with the original title 
in romanized Japanese in parentheses. 

(Qi) Questionnaire filled by Dr. P. B. 0. Ochumba, Kisumu Laboratory, Kisurnu. 
(Q2) Questionnaire filled by Dr. M. Nakashima, International Development Center. Tokyo. 

Serruya, C. & Pollinger, U. (1983) Lakes of the Warm Belt. 569 pp. Cambridge University 
Press, Cambridge. 

Talling, J. F. (1957) Comparative problems of phytoplankton production and photosynthetic 
productivity in a tropical and temperate lake. Mem. 1st. Idrobiol., 18, Suppl. 339-424. 

Shimonaka, K. (ed.) (1984) Grand World Atlas (Sekai Dai Chizu-chô). 273 pp. Heibon-sha, 
1' okyo. * 

Payne, A. I. (1986) The Ecology of Tropical Lakes and Rivers. John Wilev and Sons Ltd., 
New York. 

Ochumba, P. B. 0. (1987) Water Quality Bulletin, 12(3) : 119-122. 
Ssentongo. G. W., Durand, J. R. & Harbott, B. (1981) The rational exploitation of African 

aquatic ecosystems. The Ecology and Utilization of African Inland Waters (ed. Svmoens, J. J.. 
Burgis, M. & Gaudet, J. J.), pp. 167.175. United Nations Environment Programme. Nairobi. 

Lake Basin Development Authority (1985) The Technical Annex to the Final Report on the 
Current and Future Implications of Development to the Aquatic Environment of Lake Victoria. 

Chaheda, P. I. M. (1983) A Survey of Eutrophication and Water Pollution Load in Four Rivers 
of the Northern Half of the Lake Basin Development Authority. 

Water Quality and Pollution Control Section (1978) Limnological Investigation of Lakes in 
Kenya 1976-1977. Technical Report No. 6. Resource Section, Water Department of Kenya. 
Nairobi. 
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LAKE TANGANYIKA 

From the beach of a fishing village near Uvira, Zaire 
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A. LOCATION 

§ Kigoma and Rukwa, Tanzania Shaha and Kivu, Zaire Northern, Zambia : and Burundi. 
§ 	25 -8 15 S 29 10 -31 10 E 773 in Tho e sea le\ el 

B. DESCRIPTION 

Among the chain of lakes on the bottom of the \Vestern Great Rift Valley, Lake Tanganvika 
is outstanding for its extraordinary north-south extension (670 km) and depth (1,470 m). It is the 
second largest of African lakes, the second deepest (next to L. l3aikal) an] the longest lake of the 
world. Its very ancient origin, only rivalled by such old lakes as Baikal, and a long period of 
isolation resulted in the evolution of a great number of indigenous organisms, including brilliantly 
colored cichlid fishes, well-known gastropods with the appearance of marine snails, and so on. Of 
the 214 species of native fishes in the lake. 176 are endemic the number of endemic genera 
amounts to 30 in cichlids and 8 in non-cichlid fishes. 

The surrounding areas are mostly mountainous with poorly developed coastal plains except on 
part of the east side. Especially on the western coast, steep side-walls of the Great Rift Valle 
reaching 2.000 in in relative height form the shoreline. The sole effluent river, the Lukuga, starts 
from the middle part of western coast and flows westward to join the Zaire River draining into the 
Atlantic. 

Agriculture, livestock raising and the processing of these products as well as the mining tin, 
copper, coal, etc.> are the main industries in the drainage basin of L. Tanganvika. Fishery 
products, the "Tanganvika sardine" (Stolotlirissa /(n/g7z;/i1vze. herring Family) in particular, are 
also important for local economy. Well-developed regular ship lines connect Kigoma (Tanzania), 
Kalémié (Zaire) and other coastal towns as essential part of the inland traffic system of east Africa. 

C. PHYSICAL DIMENSIONS (7) 

Surface area [k111 2 ] 	 32 . 000 
\olume [10 2 m 3 ] 	 17 
Maximum depth [m] 	 1.471 
Mean depth [m] 	 372 
Water level 	 rnregul ateci 
Length of shoreline [km] 	 1 .900 
Catchment area [krn 2 j 	 263, 000 
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D. PHYSIOGRPHIC FEATURES (1) 

Dl GEOGAPHICAL 
Bathymetric map (Fig. AFR-6-1). 
Outfiowing rivers and channels (number and names) : 1 (Lukuga R.). 

Fig. AFR-6-I Bathymetric map (1). 

D2 CLIMATIC 
§ Climatic Data at Bujumbura (3) 

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

Mean temp. [C]* 	23.423.123.3 23.4 23.3 23.0 22.9 23.9 24.8 24.7 23.3 23.0 	23.5 
Precipitation {rnrn] 	94 109 121 125 	57 	11 	5 	11 	37 	64 	100 114 	848 

* 10-year average. 	** 1931-1960. 
§ Number of hours of bright sunshine (9year average) : 2,242 hr yr'. 
§ Average solar radiation (2-year average) : 18.31 MJ m 2day 1 . 
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§ Water temperature 

Fig. ASI-6-2 	Vertical distribution of water temperature [C] at 7 stations around the lake. 
Oct-Nov. 1975 (place names refer to the nearest port) (1). 

WaLer Temperatiire 	C] 

24 25 	24 25 	24 25 	24 25 	24 25 	24 25 	24 25 
0 

40 

80 

120 

16 C) 

200 
Bujumbura Kigorna Lubugwe Kibwesa Kipili Kipanka 8uumbra 

§ Notes on water mixing and thermocline formation A more or less stable thermocline is formed 
at about 50 m depth. Seasonal variation of water temperature is limited to the surface 80 
m layer, while the temperature remains stable in the underlying hvpolimnion at 23.3-23.5 
C (1). 

E. LAKE WATER QUALITY 

El TRANSPARENCY [m], means for the whole lake with ranges of fluctuation, 1975 (I) 
Apr-May (39 stations) : 14.5 (4.8-19.0). 
Sep.-Nov. (44 stations) 12.2 (5.5-16.))). 

E2 pH : 8.6 9.2. 

E5 COD 
§ DOC (Oct-Nov. 1975) : South Lake (10 stations) 323, Central Lake (12 stations) 245, North 

Lake (4 stations) 189 moles 1 (4). 

E6 CHLOROPHYLL CONCENTRATION [pg L] 
§ Chlorophyll-a (Oct-Nov. 1975): South Lake IL?. central Lake 1.6. North Lake 1.5 (1). 

E7 NITROGEN CONCENTRATION [pg l] 
§ TDN (Oct-Nov. 1975): South Lake 85, Central Lake 72, North Lake 50 (1). 

E8 PHOSPHORUS CONCENTRATION [pg 11] 

§ TDP (Oct-Nov. 1975): South Lake 10, Central Lake 4, North Lake 7 (4). 

F. BIOLOGICAL FEATURES 
Fl FLORA 

§ Emerged macrophytes : Cvperus paJyius, Tvplia, Carex (5). 
§ Floating macrophytes : Nvmplzaea, Trapa, Azolla, Pistia (5). 
§ Submerged macrophytes : Potamogeton, Ceratophyllum, Utricularia (5). 
§ Phytoplankton : Kirchnei'iella, Treuharia, Chroococcus limneticus, Chr'sochromuIina parra, 

Chromu/ina sp., Nit.zschia, Anabaena, Steplianodiscus sp., Stroinhidium (1). 

F2 FAUNA 
§ Zoop)ankton : ('ye/ups, Diaptomus simplex, Limnochida taiganika (1). 
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§ Benthos : Mollusca (Granc/ideri(z burton, Bmazzaoa ancen, Tiphobia hoiii, Bitizoceras iridLs-
cons, Paramelania (Iomoni), Crustacea (Piatvtelphusa armata) (5). 

§ Fish S/ole//i ursa tauganikac. [.imno/h ursa iniodon, Lamprich/hvr La ganicus. Engraulicy-
pies minutus, Bath vbates minor, Bolengorochromis inicrolopis, LatE's mauiac. L. angus/i/ions, 
L .stajpersi (5). 

F3 PRIMARY PRODUCTION RATE [mg C rn 2clay ](1, 4) 
Apr-May : 600. Oct. Nov. : 1,400, Annual mean : 1,000. 

F4 BIOMASS 
§ Phytoplankton and protozoan biomass (1975) (1, 4) 

Percent composition of 
Biomass [mg m phytoplanktori b iomass * 

Station Phvto- Cv Chi Chr Bac Cry 
plankton Protozoa Pyr  

Kipanga (south station) Apr-May 169 89 37 27 18 6 10 3 
Apr-May 138 144 35 16 25 15 7 2 

Kilipi (SF. shore) Oct-Nov 105 24 8 66 15 10 - 

Apr-May 362 143 9 15 32 3 5 36 
Malagarasi (NE river) OCt-NO' 105 38 53 30 1 10 5 0 

Apr-May 108 72 22 38 25 13 2 
Rumonge (north station) Oct-Nov 110 27 18 34 11 28 1 

* Cv = Cvanophvta. Chi = Chiorophyta, Chr =Chrysophyta. Bac = Bacillariophyta 
Cry = Cryptophvta, Pvr = Pyrrophvta. 
§ Fish biomass (fresh wt.) : Pelagic zone 40-875, average 162 kg ha -1  (6). 

G. SOCIO-ECONOMIC CONDITIONS 

Gi LAND USE IN THE CATCHMENT AREA 

§ Levels of fertilizer application on crop fields Light. 

G2 INDUSTRIES IN THE CATCHMENT AREA AND THE LAKE 

§ Main products and main kinds of industry. 
Agriculture : Maize, cotton, tabacco, rice, sugar-cane, sisal, coffee, beans, groundnut, cas-

sava, cattle and goat. 
Manufacturing Textile, leather, brewing, food and cement industry. 
Mining: Tin, copper and coal. 

G3 POPULATION IN THE CATCHMENT AREA 

§ Total population : N. A. 
§ Main cities (population) : Bujumbura (157,000), Kalernie, Kigoma (20,000). Mbala. 

H. LAKE UTILIZATION 

H 1 LAKE UTILIZATION 
Fisheries and navigation. 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 

11 ENHANCED SILTATION 

§ Extent of damage : No information. 
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12 TOXIC CONTAMINATION: No information. 

14 ACIDIFICATION: No information. 

U. WASTEWATER TREATMENT 

U 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (h) No sources of signifi-
cant pollution. 

M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR 
UPGRADING LAKE ENVIRONMENTS 

M3 RESEARCH INSTITUTES ENGAGED IN THE LAKE ENVIRONMENT STUDIES 
Tanzania Fisheries Research Institute, Kigoma Centre, Tanzania. 
Centre of Uvira, S. R. I. (Scientific Research Institute). Uvira, Zaire. 

N. SOURCES OF DATA 

Serruva, C. & Pollinger. U. (1983) Lakes of the Warm Belt. 569 pp. Cambridge University 
Press. Cambridge. 

Hutchinson, G. E. (1975) A Treatise on Limnologv, Vol. 1. Part 1. Geography and Physics of 
Lakes . 540 pp. Wiley-Interscience, New York. 

0 Muller M. J. (1982) Selected Climatic Data for a Global Set of Standard Stations for 
Vegetation Science. 306 pp. Dr. W. Junk Publishers, The hague. 

Hecky. R. E., Fee, E. J., Kling. H. & Rudd J. W. M. (1978) Studies on the Planktonic Ecology 
of Lake Tanganyika. 51 pp.  Western Region Fisheries and Marine Service, Department of 
Fisheries and the Environment. Winnipeg. 

Beadle, L. C. (1981) The Inland Waters of Tropical Africa (2nd ed). 468 pp. Longmari Inc., 
New York. 

Ssentongo, G. W., Duranci, J.  R. & Harbott, B. (1981) The rational exploitation of African 
aquatic ecosystems. The Ecology and Utilization of African Inland Waters (ed. Symoens, J. j., 
l3urgis, M. & Gaudet, J. J.), pp. 167-175. United Nations Environment Programme, Nairobi. 

Herdendorf, C. E. (1982) Large lakes of the world. J. Great Lakes Res., 8(3) : 379-412. 
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A. LOCATION 

Rift \aliev Province, Kenya. 
00 22 	0 E 1 73Lt  m ahoe sea level.  

B. DESCRIPTION 
Lake Nakuru is a small, shallow, alkaline-saline mIce locater] in a closed basin without outlets 

in the Eastern Rift Valley of equatorial East Africa. It is the center of a most familiar national 
park of Kenya known for its spectacular hird fauna (195 species), particularly the vast flock of 
lesser flamingo (Plioiniconaiaz ;uiiior ). 

[icing in the Rift Valley where tectonic and volcanic activities as well as climatic changes have 
been very remarkable, the lake uncler\vent drastic changes during the recent geological ages. 
About 10,000 years ago, N akuru and its two neighbor lakes. Elmenteit a and Na ivasha 60 km south 
of Nakuru), formed a single deep freshwater lake, which however dried owing to the later 
dessication of climate leaving the three separate lakes as remnants. The present maximum depth 
is about three meters, but the lake water level is still quite variable : the whole lake had been 
almost drier] up several times during the past SC) years (Fig . AFR-7-2 due to unknown reasons. 

The lake is a soda-lake with a water pH value of 10.5 and an alkalinity of 122 meq 1 3 Main 
ions are sodium and bicarbonate-carbonate. The biota in the lake is very simple as in other saline 
lakes, consisting of phvtoplankters dominated by blue-green algae and very poor planktonic and 
henthic fauna originally lacking fish. However, the lake is highly eutrophic owing to the vigorous 
gro\vth of a planktonic blue-green alga, pi';u7ioe J!a/ os/s, which supports an immense number of 
alga-grazing lesser flamingo and an increasing population of the intr )duced fish, ,'aioth(/y/u;1 
(u/(7/o'um 177/hula!, though, in the last several years since I 974. the planktonic productivity and the 
flamingo population decreased abruptly. 

The lake's catchment area amounts to some 1,00 kni -  and is extensively utilized for agricril-
ture and livestock raising. The city of Nalcuru on the Ii )rthernmost shore of the lake is a rapidly 
growing local center of industry and agriculture. Effluents from the city's two sewage treatment 
plants are discharged into the lake. The p( tential danger of pollulion is suspected, but it is not 
yet clear whether the pollution is responsible for the recent changes of the lake ecsvstenl I 

C. PHYSICAL DIMENSIONS (2. 15, 8) 

Surface area [kni 2 ] 

\olume [10 	m?] 92 	Ci 
Maximum depth [m] 2 
Mean depth [m] 2.3 
Water level Lnregulatecl 
Length of shoreline 11cm] 27 
Catchnient area [1cm] * I 	, 

Including the lake area. 
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL 
§ Bathymetric map (Fig. AFR-7-1). 
§ Outfiowing rivers and channels : None. 
§ Main islands : None. 

Fig. AFR-7- I 	Bathymetric map (Dec. 1979) (8). 
Depth in meters. Solid isopleths are actual shorelines at different lake water 

levels from outer to inner. Dec. 1979. jan. 1969. jan. 1967 and Jan. 1961. Dashed 
isopleths are based on soundings in Feb. 1971. Two sewage plants are marked by a 
and b. Stippled areas indicate fringing frests dominated by Acacia xantiiophloea. 

Fig. AFR-7--2 Lake water level fluctuation. 1930-1979 (8). 

HHH 
£00 	H 

-400 

306 /:: 
200- 

103 ±tL_ 35 
1933 	1935 	1939 1950 	1955 	1950 	1955 	1970 	1975 	1979 

S 
9 

4J 
a a) 

75 

S 

I 

3 



air 
0 

051 

10 

15 

a 

APR-? 

D2 CLIMATIC 
§ Climatic data near the shore (8) 

Annual mean temperature (1931-1955): 18.18±0.8 C; monthly mean temperature fairly 
constant throughout the year. 

	

Mean annual precipitation (1947-1977): 876± 143 mm r 	driest month (January)  24.5 
mm month -1 ; wettest months 128.2 mm month - ' (April) and 114.9 mm month - ' (August). 

§ Solar radiation on the lake surface (average for 1968-1972) : 486 J rn 2 sec', with little seasonal 
variation (8). 

§ Water temperature 

Fig. AFR-7-3 Mean water temperature profiles (1972-1973) at different times of day. A 
midday profile in 1974 is also given. Horizontal bars indicate standard 
errors (8). 
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§ Freezing period: None. 
§ Mixing type : Polymictic. 
§ Notes on water mixing and thermocline formation : Remarkable daily thermocline is formed at 

0.5-1.5 m depth on clear days, but disappears in the afternoon due to wind mixing (8). 

E. LAKE WATER QUALITY 

El TRANSPARENCY [m] 
0.08 (1977) (3) ; 0.15 (1971) (2) ; 0.10 or less (1971-1973) (8) : 0.40-0.50 (1974) (8). 

E2 pH 
Fairly constant at 10.5 and largely unsusceptible to changes in alkalinity and conductivity 

(2, 8). 
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E4 DO (Fig. AFR-7-4) 

Fig. AFR-7-4 Time-depth distribution of DO [mg 1_1]  13-14 June 1971 (2). 
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Time of day 

Supplementary note Dissolved oxygen concentration near the bottom was less than 1.0 mg 
for at least 6 hours during daytime in 1972-1973, while it remained >2.0 rng 1' in 1974 (8). 

E6 CHLOROPHYLL CONCENTRATION [jig 

- -- 	 1972 	- 1973 	1974 	1978 

Chlorophyll-a 	1,160 ± 80 	920 ± 50 	164 ± 20 	155 concentration 

E8 PHOSPHORUS CONCENTRATION [mg 1_ 1 1 
§ Total P : 9.850±1.100 (1972-1973) (8). 
§ PO 1 -P : 4.4 (1971) (2) 0.149-0.202 (1972-1973) (8). 

E9 CHLORIDE CONCENTRATION [rng 1] (8) 
1,390±0.3 (1973). 

§ Supplementary notes : Alkalinity (HCOi -COi) 5,000-90,000 mg 11;  conductivity 8,500-165,500 
,uS (20C). 

F. BIOLOGICAL FEATURES 
Fl FLORA 

§ Emerged macrophytes: cyperus pa,vrfera, etc. only at the mouth of inflows (5). 
§ Floating macrophytes : None. 
§ Submerged macrophytes: None. 
§ Phytoplankton : Cyanobacteria (Spirulina platensis, Spiru/ina spp., Svnechococcus Spp.. Chroococ-

cus minutus, A nahaenopsis arnoldii, A. elenkinii) ; diatoms (Navicula elkab, Nitschia frustulurn) 
(2, 5, 8). 

F2 FAUNA 
§ Zooplankton : Copepoda (Lovenula africana) ; Rotifera (Brachionus diinidiatus, B. plicatilis 

Hexartha jenkinae) (5, 8). 
§ Benthos : Insecta (Leptochironomus sp., Tanytarsus sp.. Sigara hieroglyphica kilhnandjaronis, 

il'Jicronecta scutellaris, M'. jenkinae) (1, 5). 
§ Fish : Sarotherodon alcalicum grahami (introduced ; only species) (7). 

5 
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F3 	PRIMARY PRODUCTION RATE 

Year (Source no.) 	 1971(2) 	1972-73(8) 1974(8) 1978(8) 
Mean integrated rate of 

- 	0.64 net photosynthesis [g 0 2 mhr 	] 	 . 0.40 0.34 

Mean maximum rate of net photo- 
synthesis at depth of highest 	 1.1-2.3 	12.4 2.6 0.82 
production [g 0 2 m 3hr 1 ] 
Mean daily rate of net photo- 	 5.4-8.6 * 	

- synthesis [g 0 2  m 2day] 	 31-36 	/. 6 1.3 3.0 

Mean respiration rate 
3 	-, 	 3. [gO 2 m 	hr 	] 0.98 2.6 

* Light and dark bottle method. 	** Diurnal free water method. 

F4 	BIOMASS 
§ 	Biomass of phytoplankton [g m 3 , dry weight] (8) 	 - 

1972 	1973 	1974 1978 
Mean 	194±4.3 	157±5 	71±4 58 
Surface 	270±22 	246±40 	137±20 65 

§ 	Biomass of benthic animals [g m 2 ] 
Mean benthic biomass : 0.4 (dry weight) (4). 
Mean biomass of Leptochironomus larvae 	60 (wet weight) (3). 

§ Biomass of fish (Sarollierodon aicalicum grahanii) : 2.1 g m 2(90  metric tons per lake, dry weight) 
in 1972 ; 10.2 g m 2 (400 metric tons per lake) in 1973. 

F6 PAST TRENDS 

Fig. AFR-7-5 	Trends of algal biomass (•) and conductivity of lake water (x) during 
1972-1978. 	The percent contribution of Spiro/ma platensis to the total 
algal biomass is also shown (8). 
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F7 NOTES ON THE REMARKABLE CHANGES OF BIOTA IN THE LAKE IN RECENT YEARS 
The fauna of L. Nakuru originally contaiiecl no fish species, but a salt-tolerant species of 

Tilapia (Surotherodon alcn/icuni grahame hlajxa gralianu) was introduced into the lake from its 
home Lake Magadi in 1953. 1959 and 1962 to combat mosquito breeding. The Tilapia has since 
been established its population in the lake, maintaining a biomass range of 2-13 g m 2 (drv wt.) 
in 1972-1976, and become one of the main primary consumers of algae, which had so far been 
mostly grazed by lesser flamingos. The introduction of Tiliapia also resulted in the increase of 
fish-eating birds such as Great White Pelican (Pc/oceans onocrotalus roscus) (7). 

The blue-green alga (cyanobacterium) Spire/inn J,Iatensis was in a lasting bloom in 1971 
- 1973, accounting for 80-100% of the large phvtoplankton biomass (UI)  to 200 g nv(dry wt.)). In 
1974, however, it almost disappeared from the lake for unknown reasons and was replaced by 
such cocccid cvanobactcria as Anabaenopsis and diatoms. This change was also associated 
with the serious reduction in algal hiomass, primary productivity and flamingo population (from 
1 million to several thousands) (2. 6, 8). 

No scientific information was available on the state of the lake's ecosystem during the last 
decade, though the recovery of lesser flamingo population has been reported. 

G. SOCIO-ECONOMIC CONDITIONS 

Gi LAND USE IN THE CATCHMENT AREA (6.8) 
About two-thirds of the lake's drainage basin (ca. 1,80() knY including the lake area) are used 

for agricultural purposes, mainly as rangelands. Forest areas are found only along watershed 
ridges of Mau Escarpment to the west of the lake. An extensive industrial area is rapidly 
growing around N akuru City. 

The vegetation surrounding the lake consists of a narrow belt of fringing forest dominated 
by Acacia xantlwphloca (Fig. AFR-7-1), scrub communities on steep cliff encircling the southern 
part of the lake (in some places dominated by tall euphorbia. Euphorhia ing(, , ns) and grasslands 
with scattered shrubs used for cattle grazing. 

G3 POPULATION IN THE CATCHMENT AREA 
Data unavailable the largest town is Nakuru with a population of 60.000 in 1977(6). 

H. LAKE UTILIZATION 

H 1 LAKE UTILIZATION 
Sightseeing and tourism. A portion of the lake was declared a National Park in 1961. The 

park area was later extended to the present 160 km 2  that cover the whole lake and surrounding 
areas (6). 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 
Ii ENHANCED SILTATION: Not very serious. 

12 TOXIC CONTAMINATION : Suspected but no information. 

13 EUTROPHICATION: No evidence of progressive eutrophication. 

14 ACIDIFICATION: None. 

U. WASTEWATER TREATMENTS 

U 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (c) Limited pollution with 
wastewater treatment. 

J3 SANITARY FACILITIES AND SEWERAGE 
§ Municipal wastewater treatment systems : two treatment plants in Nakuru City treatment system 

unknown (8). 
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LAKE MENDOTA 
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A. LOCATION 

§ Dane County, \\isconsin , U.S.A. 
§ 43'06' N, 8925' W 850 m above sea level. 

B. DESCRIPTION 

Lake Mendota is located approximately 120 km west from Milwaukee, a city on the western 
shore of Lake Michigan. Although the lake is comparatively small (surface area 10 km 2 ) and 
shallow (mean depth 12.2 m), it is significant as a birthplace of modern limnologv and an early 
instance of artificially accelerated eutrophication. 

The lake has a freezing period of about three and a half months annuall , and the concentl - a-
tion of dissolved oxygen in the water is generally high in the epiliminion throughout the year, 
though it falls to 1-2 mg 1 in the bottom water during the summer. 

Owing to the influx of domestic waste\vater, the lake has suffered from eutrophication since 
the beginning of this century. From 1912 to 1958, copper sulphate was applied over the lake to 
reduce the overgrowth of algae. The algal bloom was effectively suppressed but the lake became 
polluted with copper, which still remains accumulated in the bottom sediments as insoluble copper 
carbonate. 

The diversion project for waste ater is particularly noteworthy in the lake's water treatment 
plan. When the main lake became heavily eutrophicated, inflowing waste\vater was diverted to 
the three small lakes downstream, but these also became eutrophicated over time. Therefore, the 
waste\vater flowing into the four lakes was collectively diverted to the Yahara River to cope with 
the situation. The history of wastewater treatment in L. Mendota and the nearby city of Madison 
tells of a bitter struggle for an effective control of eutrophication (Q). 

C. PHYSICAL DIMENSIONS (1, 2) 

Surface area [km2] 	- 	 -- 39.4 
\olurne [10 6 m 3 ] 481 
Maximum depth [m] 25 
Mean depth [m] 12.2 
Length of shoreline [km] 35 3 
Residence time [vr]  
Catchment area [km2l  
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL 

§ Bathymetric map (Fig. NAM-1-1) (8). 
§ Main islands : None. 

§ Outflowing rivers and channels (number and names) 1 (Yahara R.) 

02 CLIMATIC (3, 4) 
§ Climatic data at Dane County Regional Airport*,  1913-1982 

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

Mean temp.[0C] 	- 8.6 - 6.2 -0.1 7.8 11.0 19.3 21.9 20.8 15.9 10.2 1.9 -5.2 	7.7 
Precipitation [mm] 31 26 52 	74 	84 	104 	95 	91 	80 	53 	50 	39 	779 

* Approximately 9 km east of the lake center. 

§ Number of hours of bright sunshine (1947-1982): 2.500 hr vr 
§ Solar radiation (1951-1975) : 115 Mj m 2  day - . 

Fig. NAM- I - I Bathymetric map (8). 

M endota 
Pheasant County Park 

Branch 
Creek 

	

20 

Marshal \ Park 

Spring 
Harbor 

/ 

23 

20 	 Th 

	

'25/ 	/ -23i /2015 

I 5 

/-- aecona 
Point 

7 
Picnic Point 

University Bay 

Willow Creek  

Maple 
Bluff 

irrows 
Park 

,i4Yahara River 
enney outlet 

Park 

James Madison 
Park 

Fox 
B I u fi 



NAM-1 

§ Water temperature 

Fig. NAM- 1-2 Seasonal and vertical distribution of water temperature LCI. 1976 (1). 
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§ Freezing period (1852-1983) : From 20 Dec. to 15 Apr. 
§ Mixing type : Dimictic. 

E. LAKE WATER QUALITY 

El TRANSPARENCY 

Fig. NAM- 1-3 Seasonal changes of transparency (1). 
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E3 SS [rng 1], the outlet on southeast side, 1976-1917 : 1.9 (range 0.5-6.8) (5). 
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Fig. NAM- 1-4 Seasonal and vertical distribution of DO [mg 1_I],  1976 (1). 
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E5 COD [rng 1_ 1 1, the outlet on southeast side, 1976-1977 : 21 (range 1-43) (5). 

E6 CHLOROPHYLL CONCENTRATION 

Fig. NAM-I-5 Seasonal change of chlorophyll-a 	1], 0-2 rn (1). 
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E7 NITROGEN CONCENTRATION 

Fig. NAM-I-6 Seasonal change of nitrogen concentration [mg l], 1976 (1). 

NO-N+N0 -N 

0[ 	J NH-N4-N1I-N 

44 4 
I 	I + 1-  

ii 

20 	' 	Jan. 20 	 15 	 May 21 Aug. 	 Nov. 11 

4 	

0rg 

10 	
I 

I- 	k A 
_ 	______  

0 	04 	0.8 	1.20 	0.4 	0.8 	1.20 	0.4 	0.8 	1.20 	0.4 	0.8 	1.20 	0.4 	0.8 	1.2 
Concentration 1mg F'] 

1  -4 



NAM-1 

E8 PHOSPHORUS CONCENTRATION 

Fig. NAM- I -7 Seasonal change of total and inorganic phosphorus concentration [mg I 
1976 (1). 
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E9 CHLORINE ION CONCENTRATION 

Fig. NAM -  1 - 8 Past trends of chloride concentration [mg 1 '] (9). 
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F. BIOLOGICAL FEATURES 

Fl FLORA 
§ Phytoplankton A/hauiomeuou, Stohlzanodisus, )1i'p(onioiias, Pmitilaria. .-1 iiahaoiia, ]TIL(ioC\Sli5 

(1, 6,7). 

F2 FAUNA 
§ Zooplankton 	4splaiicJuia sp., Bosm/iza 1o;zgirostz7s, Bracli\olzus sp.. Ciwdaj hizi(1 sp., Chva7oius 

sJzJlati7Cl(5, Daphizia galeala ;;1L'IlzIOlaL'. D. paizula. I). pulix. D. ietmczo1a, Diac'c/ops 
bicuspidatus thomas/i, Diaphaizosoma Ide//I /bdru]aI/If ;z, Fl/liz/a sp.. Aerate/Ia cocli leans. K. 
(Ju/idnala, Po/rarl/ira sp., Trichocenca sp. (1). 

§ Benthos : Lim;zodrilus, Tuhiti.v, Pisidium, C'lzim;zonzuy, (Ol'/l/c)7l Imil/tils 1/1/IS, P)oIdllIh(S (8). 
§ Fish : Roccus chrvsops, Lepomis macrochirus, Peica t7ai'esceizs, Esox lu/s. A mo/op/tIes )'l(J)esliiS. 

,4iidrotens colomieui. Ill. saluzoides, Pomoxis izigiou;iacu/atzts (1). 

F3 PRIMARY PRODUCTION RATE 

Fig. NAM- 1-9 Algal primary production rate [gC in dav']. 198)) (7). 
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F4 BIOMASS 

Fig. NAM- I - JO I3ioniass of phytoplankton, zooplankton and bacterioplanktoii. 1 9 80 (7). 
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F6 FAST TRENDS 

Fig. NAM- I II Past trend of total zooplankton l)iomass (10). 

20 

10• 

0 
20 

10• 

E a. 
o 20 
C) 

10• 
C) 
G) 0. 

20 

10- 

0- 
20 

10- 

(. 

1977 

1978 

Jt( 29 ) 	1980 

—J~,~ 
F 'MAMJ J ASO N 

Month 



NAM-1 

Past trend of the size of Perca flavescens (11) 

Year 1916 1931 1932 1939 1913 1916 1948 

Number of fish 
in sample 169 261 51 25 297 375 210 

Average total 
length [mm] 162 198 180 188 211 229 213 

Average weight 
[g] 

50 81 76 86 128 137 180 

G. SOCIO-ECONOMIC CONDITIONS (Q) 

Gi LAND USE IN THE CATCHMENT AREA (197) 

Area [km] 	[0 

Natural landscape 
Woody vegetation 	 10 	7.2 
Swamp 	 24  

Agricultural land 	 131) 	76.9 
Residential area 	 65 	11.6 
Total 	 559 	100. 0 

G2 INDUSTRIES IN THE CATCHMENT AREA AND THE LAKE 
§ Main products and main kinds of industry 

Agriculture : Dairy farming. Manufacturing : Electrical machinery, agricultural 
machinery, fertilizer and foods (dairy products). 

G3 POPULATION IN THE CATCHMENT AREA 
§ Population in the catchment area : N.A. 
§ Main cities : Madison (population 179,601) in 1980) not all the city area is included in the 

catchment area. 

H. LAKE UTILIZATION 

Hi LAKE UTILIZATION 
Sightseeing, tourism and recreation (swimming, sport- fishing) (Q(. 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 

13 EUTROPHICATION 
§ Nitrogen and phosphorus loading to the lake, 1976 1977 

S 
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Phosphorus [kg yr ] (12) 

Source 

Base flow 
Precipitation 
Dry fallout 
Groundwater seepage 
Rural runoff 

Monitored (397 km) 
I 'nmonitored (113 kni 2  

Urban (38.6 km 2 ( 

Total 
kg 
g rn 2  of lake surface yr 
g I m of lake \ olume yr 

1976 1977 

lotal P Soluble P Total P Soluble P 

41,500  2,600 3,700 2,300 
700 550 1.00(1 790 

2,40)) 1 .000 2,400 (((0) 
120 120 160 160 

21.200 11,700 8,200 4,90)) 
6,900 0 	,, O0 3,3 ..> 00 ' 1.400 
4,200 2,100 5,100 500 

13,00)) 21.)))))) 23,000 1 1 	)) 00 
1.1 ((.53 0.58 0.33 

04090 0 043 0. 048 ((.027 

Values are in kilograms for the whole lake. The urban loading does not include about 21. 
5 k n 12  of developed area in villages and cities in the monitored rural area. 

Nitrogen [kg yr 0 1(12. 	lo ) 
 

1976 1977 

Total Inorganic lotal Tfl( ) rganic 
Source Nitrogen Nitrogen Nitrogen Nitrogen 

Baseflow 180,00)) 150.1)1)0 11(1,000 120,000 

Rural runoff 160,000 86 , 000 48,000 23 , 000 
Urban runoff 20,00)) 5.000 26,000 6,000 
(O t hers )* 21)1.000) 130,)))))) 210.000 13)1.000) 
Total (570,000)  (0 ° 	00 0), 420, 00))) 28)), 000 

* Includes precipitation, dry fallout, groundwater and nitrogen fixation estimates. 
Values in parentheses are estimates. 

N. SOURCES OF DATA 

(Q) Questionnaire filled by Prof. M. S. Adams, Institute of Environmental Studies. University of 
\\isConsin , based on the data obtained from the following sotirces. 

(1) Lathrop. R. C. & ,Johnson. C. U. (1979) Water civalitv conditions. Dane County \Vater 
Quality, Appendix B. Dane Coun1 Regional Planning Commission, Madison 	o , Wiscnsin. 

)2) Wesslev, j.. Nvenhuis, C. & Eaton, E. (1981) Lake Survey Map of Lake Mendota, Dane 
county. Wisconsin Department of Natural Resources. Madison, \\isconsin . 

3) National Climatic Center (192( Local Cliniatoloical Data, Annual Sunmiary with Compara-
tive Data, 1982. Madison, \Visconsin. National Oceanic and Atmospheric Administration, 
Environmental Data and Infonnation Service, National Climatic Center, Ashville, N. Carolina. 

Knapp, C. L. et. al. (1980) Insolation Data Manual. Solar Energy Research Institute. 
Dane County Regional Planning Commission (1979) Dane County \Vater Quality. Dane 

County Regional Planning Commission, i\Iadison, Wisconsin. 
6) Fallon, R. D. & Brock. T. D. (1980) Planktonic blue-green algae : production, sedimentation 

and decomposition in Lake Mendota, Wisconsin. Limnol. & Oceanogr.. 2,5 : 72-88. 
PedrOs-AliO. C. & Brock, T. D. (1982) Assessing biomass and production of bacteria in 

eutrophic Lake Mendota. \\isconsin. Appi. Environ. Microbiol ., 11: 203.218. 
'8) Brock, T. D. (1985) A Eutrophic Lake: Lake i\Ienclota. Wisconsin. Ecological Studies ia. 

Springer-Verlag, New 'iork. 308 pp. 
(9) 	R. A. & Mason, J. W. (198:3) Limnological Characteristics of Wisconsin Lakes. 
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Technical Bulletin No. 183. Department of Natural Resources, Madison, Vvisconsin. 
(10 *ped ro s AliO C.. \Voolsev, E. & Brock. T. D. (1985) Zooplankton dynamics in Lake Menc]ota 

abundance and biomass of the metazooplankton from 1976 to 1980. Transactions of the 
\V isconsin Academy of Sciences. 

*Bardach  J. E. (1951) Changes in the yellow perch population of Lake Mendota, Wisconsin, 
between 1916 and 1948. Ecology, 32: 719.728. 

*La throp, R. C. (1979) Dane County Water Quality Plan. Appendix B : Water Quality 
Conditions Appendix H : Lake Management. Dane County Regional Planning Commision, 
Madison. \Tj5(y)5ffl 

*Sonzogfli  W. C. & Lee, G. F. (1975) Phosphorus sources for the lower Madison lakes. 
Transactions of the Wisconsin Academy of Sciences, Arts, and Letters, 63 : 162.175. 

*Cited from (8). 
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LAKE TAHOE 

A view from the lakeside hill 
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A. LOCATION 
California and Nevada. U.S.A. 
3905'N, 12003'W ; 1897 m above sea level. 

B. DESCRIPTION 
Lake Tahoe is located on the California-Nevada border in the Sierra Nevada Mountain Range 

at about 1,900 rn above sea level, and is surrounded by spectacular mountain peaks. The lake 
water is extremely clear. The climate of the lake basin is characterized by long but rather mild 
winters and short, dry summers. The splendid scenery around the lake attracts many visitors. 

The drainage basin is comparatively small as compared with other lakes, with the result that 
the residence time of lake water is very long. Tahoe soils are derived from volcanic or granitic 
parent material, and are easily eroded during heavy rain. Thus surface flows from the lake's 
watershed carry a continuous load of nutrients and sediments to the lake. In addition, the recent 
and rapid increase of visitors and residents has caused some eutrophication, though the nutrient 
level of the lake is still quite oligotrophic. In order to avoid further environmental disruption, the 
hi-state Tahoe Regional Planning Agency was established in 1970, and has worked out a plan for 
land use. transportation, conservation, recreational development and public services. It is well 
known as one of the most successful environmental management and conservation efforts in the 
United States. 

C. PHYSICAL DIMENSIONS (1-4) 

Surface area [km 2 l 199 
\'o]ume [10 9 m 3 ] 373 
Maximum depth [m] 505 
Mean depth [m] 313 
Length of shoreline [km] 10 
Residence time [vr] 700 
Catchment area [km 2 ] 841 

IN .t.1V1 
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL 
Bathymetric map (Fig. NAM-2-4 

§ Outflowing rivers and channels (nu aTher and names) : I (Truckee R.). 

02 CLIMATIC (2) 
§ Climatic data at Tahoe City (2) 

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

Mean temp. [C] 	-2.6 -1.9 0.1 
	

3.3 	7.5 11.4 15.8 15.4 11.8 7.2 	2.2 	1.1 	5.8 

Precipitation [min] 	157 	137 	97 
	

56 	25 	13 	6 	5 	13 	41 	79 	133 	762 

Fig. NAM-2-1 Bathymetric map (5). 

V 
0 	2 	4 	6K 

A : Lake center. B Index station. 

§ Water temperature 

Fig. NAM-2-2 Vertical and seasonal distribution of water temperature. Lake center, Apr. 
1969-Feb. 1970 (4). 
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§ Freezing period None. 
§ Mixing type : Monornictic. 

E. LAKE WATER QUALITY 
§ Average water quality (surface water, average for 19811 (1, 3) 

Iransparency 	 27.6 	[mj 
pH 	 7.i-.2 
DO 	 7 11 	[mg I] 
DO percent saturation 	 90-1()5 	[Pj 
T-N 	 21.1 	[g 1 'J 
T-P 	 5.8 	[J1g 1-i] 
Chlorophyll 	- 	0.1)7-1)41 	[mg 1] 

E4 DO 

Fig. NAM-2-3 Vertical distribution of DO. Lake center. 1969 (4). 
DO 1mg 1_ 1 i 
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E7 NITROGEN AND PHOSPHORUS CONCENTRATION 

§ NO 3 -N 

Fig. NAM-2-4 Vertical distribution of NON. Lake center, jul. 1969 Feb. 1970 (1). 
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§ P0 1 -P 

Fig. NAM-2-5 Vertical distribution of P0-P. Lake center. Jul. 1969-Feb. 1970 (IL 

P0.-1,  [hg 111 
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§ Total-P and nitrate-N 

Fig. NAM-2-6 Total-P and nitrate-N, Tahoe Index Station. 1978 (6). 
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E9 PAST TRENDS 
Nitrate-N (values are in tons) (6) 
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Year Mixing interval 

1973 9 Mar. -19 Mar. 
1974 2 Feb. - 	1 Mar. 
1975 17 Feb. -31 Mar. 
1976 23 Mar. - 4 Apr. 
1977 11 Mar. -27 May 
1978 15 Mar. - 2 7 Mar. 
1979 28 Feb. - 2 Apr. 
1980 22 Jan, -29 May 
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rnixinir Irni 
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14.32 
14.12 
13.76 
19.94 
29.34 
25.67 
24.26 
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F. BIOLOGICAL FEATURES 
Fl FLORA 

Emerged macrophytes : Tvplia la/ito/ia, Carcx iostru/a, C. /esicarla, Gh'ccriu borealis, G. (la/a (7). 
§ Floating macrophytes ivvmpliaea polvsc/iala (7). 
§ Submerged macrophytes : isoetes holu;i/eri, I. mar/ca/a var. Jiesperia, Polanioge/omi 17Cllaii5O il/i, 

Eloclea Cu)2adC;ISZS (7). 
§ Phytoplankton IVIe/osira crenulala, Cvc/otc//a bodaimica, .Vamicala aumimsi. Fragilaria c)/onc;isis. 

Asterione/la !bninosa, Svnedra u/na, Vi/2scllia ani!hihia, .Iaimis/rani iiata/oi Dinohrvon socia/c 
(4). 

F2 FAUNA 
§ Zooplankton Ke//icottia loiigis/ina, EpisL'lIura ni ?adns/s, Diap/ommmus t\ri//i, Bosnmina 

rostris, M'sis ilicta (1, 9). 
§ Fish 	ncor/irncimas ncmiui, .Sa/nw c/ui/il (1). 

F3 PRIMARY PRODUCTION RATE 

Fig. NAM-2-7 Vertical and seasonal distribution of primary production rate. Lake center. 
Apr. 1969 Feb. 1970 (1). 

Productior rate [gc in 3 hr 1 1 
0 	 0.2 	0.4 -r)i' Feb. 

F4 BIOMASS 

Fig. NAM-2-8 Seasonal change of phvtoplankton biomass (nine stations in the littoral 
zone) (10). 
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F6 PAST TRENDS 

Fig. NAM-2-9 Trend of the population of kokanee salmon ( (}; ico) -Ii;ichus nrka) (1). 
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Fig. NAM-2- 10 Trend of the populations of zooplankton (6). 

G. SOCIO-ECONOMIC CONDITIONS 

G 1 LAND USE IN THE CATCHMENT AREA (1977) (1) 

Area 

[knl 2 ] 

Woody vegetation 706.4 88.1 
Agricultural land 10.1 1 . 3  
Residential area 64.8 8.1 
Commercial area 8.7 1.1 
Public service 11.9 1.5 
Total 801.9 100,0 

Main types of woody vegetation Locigepole pine plantation (Pines coetorta var. mur)yana 



Population density Population 	 [km2] 

Total 	124,300 
	

93 

Main cities 
(population) 

South Lake Tahoe (50, 700) 

NAM-2 

subalpine red fir forest (Abics ma.gnitica) : jeffrey pine forest (Pijius icffrcvi) mixed conifer 
forest deciduous broadleaf forest (Pojmlus t/vml(Ioiths) (6). 

§ Main types of herbaceous vegetation Meadow, sagebrush and alpine communities (6). 

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

H. LAKE UTILIZATION 

H 1 LAKE UTILIZATION 
Source of water, navigation and transportation, sightseeing and tourism, recreation and 

fisheries. 

H2 THE LAKE AS WATER RESOURCE (1981) (1) 

Use rate [m 3  sec 1]  

Domestic water 	 115 
I rr i ga t ion 	 N.A. 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 

12 TOXIC CONTAMINATION 
§ Present status : None. 

13 EUTROPHICATION 
§ Nuisance caused by eutrophication : None. 

U. WASTEWATER TREATMENTS 

U 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA (c) Limited pollution with 
wastewater treatment. 

U3 SANITARY FACILITIES AND SEWERAGE 
§ Municipal wastewater treatment systems 

Secondary and tertiary treatment systems : by activated sludge, ammonia stripping and 
charcoal adsoption. 

M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR UPGRADING 
LAKE ENVIRONMENTS 

M 1 NATIONAL AND LOCAL LAWS CONCERNED 
§ Names of the laws (the year of legislation) 

(1) Tahoe Regional Planning Compact (1969, as amended in 1980) 
§ Responsible authorities 

(1) Tahoe Regional Planning Agency and State Governments of California and Nevada 
§ Main items of control 

(U Water quality, air quality and land use 

N. SOURCES OF DATA 

(1) Tahoe Regional Planning Agency (1982) Environmental Impact Statement for the Establish- 

8 
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rnent of Environmental Fhreshold Carrying Capacities. 1 10pp. South Lake Tahoe. 
Tahoe Regional Planning Agency & Forest Service. U.S. Department of Agriculture (1971) 

Climate and Air Quality of the Lake Tahoe Region A Guide for F'lanning 9)pp. South Lake 
Tahoe. 

Tahoe Regional Planning Agency & Forest Service, U. S. Department of Agriculture ) 197]) 
Limnologv and Water Quality of the Lake Tahoe Region A Guide for Planning. l3pp. South 
Lake Tahoe. 

HoIm-Hansen. 0., Goldman. C. R., Richards, R. & Williams, P. M. (1976) Chemical and 
biological characteristics of water column in Lake Tahoe. Limnol. & Oceanogr.. 1(4) 548(3)32 

Loch, S. L. & Goldman, C. R. (1979) Water and nutrient transport via groundwater from 
Ward Valley into Lake Tahoe. Ibid., 24(6): 1146-1151. 

Goldman C. R. (1981) Lake Tahoe : two decades of changes in a nitrogen deficient ol igotro-
phic lake. Verb. Internat. Verein Limnol., 21: 45-70. 

Tahoe Regional Planning Agency & Forest Service, U. S. Department of Agriculture (1971) 
\egetation of the Lake Tahoe Region : A (;ude for Planning. 43pp. South Lake Tahoe. 

Goldmi. C. R., Morgan. M. ID., Threlkeld, S. T. & Angeli, N. (1979) A population dynamics 
analysis of the cladoceran disappearance from Lake Tahoe. California-Nevada. Limnol. & 
Oceanogr., 24(2): 289-297. 

Threlkeld. S. T. (1981) The recolonization of Lake Tahoe by Bosmicc lo//.Vros/iis : evaluat-
ing the importance of reduced 1lrsis n!i/c populations. Ibid., 26(3) : 133-441. 

Eloranta. P. V. & Loch. S. L. (1984) Near-shore littoral phvtoplankt on communities in Lake 
Tahoe. California-Nevada. Verh. Internat. \erein Limnol.. 22 : 600-6)) 1. 
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LAKE MICHIGAN 

Northernmost part of the lake from Fort Mackinac 

Photo:A. Kurata 

Copyright © John Bartholomew & Son Limited MCMLXXXII. Reproduced with permission. 
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A. LOCATION 
Michigan, Indiana, Illinois and \\isconsin , U.S.A. 

§ 4110'-4608'N, 8144' 8744W 176.7 in above sea level. 

B. DESCRIPTION 

Lake Michigan is the third largest of North America's Great Lakes, and is the only one 
entirely within the United States. while Canada shares sovereignty over the other four lakes. The 
lake is therefore the largest freshwater lake in the United States. It extends about 520 km from 
north to south, and measures about 1(11) km in its maxinmm width, with long stretches of scenic 
shoreline, beaches, hays and inlets. The lake water flo\vs out to L. Huron through Mackinac 
Straights. 

Since the middle of the last century. urbanization and industrialization have progressed 
rapidly along the lake's southern shore, which is now one of the most highly industrialized areas 
in the United States. The lake water along the southern coast has been seriously eutrophicatecl 
since the early 1970's. To counter this trend, a number of laws have been legislated and waste-
water treatment plants constructed. The use of synthetic detergents containing phosphorus was 
thereby prohibited in the lake's watershed. The \vastewatcr, that had once eiiterecl the lake, was 
diverted to the Mississippi River. As the result, the quality of the lake water is now reco\ ering 
gr a ci u a 11 v. 

C. PHYSICAL DIMENSIONS (1-3) 

Surface area [km 2 ] 	 55.1116 
\olurne [10"m 3 ] 	 4 .571 
i\Iaximuni depth [m] 	 251 
Mean depth [m] 	 5-1 
Normal range of annual \vater 
level fluctuation (unregulated) I in] * 
Length of shoreline [km] 	 2,656 
Residence time [vr] 	 99.1 
Catchment area [km 2 i 	 117,545 
* During the period of recorded history I I 	yrs) the lake level has 

fluctuated ±2m, 
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL (Q, 1-5) 
§ Bathymetric map (Fig. NAM-3-1). 
§ Main islands (name and area) : Beaver (201) 1c111 2 ). Washington (55 km 2 ). North Maniton (18 km 2 ), 

South Manitou (21 km 2 ), Garden (17 1c111 2 ), South Fox (14 km 2 ), High (13 km 2 ), Hog (9 km 2 ). 

§ Outflowing rivers and channels (number and names) 2 (Straits of Mackinac and Chicago Diver- 
sion). 

D2 CLIMATIC (1, 2, 4-8) 

§ Climatic data at Muskegon (1943-1980) 

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

Mean temp. [CI 	-4.8 -1.1 0.2 7.2 13.2 18.4 21.1 20.4 16.3 10.6 3.9 -1.8 	8.3 
Precipitation [mm] 	60 	43 	64 	79 	69 	69 	61 	77 	79 	67 	75 	67 	808 

§ Number of hours of bright sunshine: 2406 hr yr 
§ Solar radiation : 35.30 Mj mday 

Fig. NAM-3- I Bathymetric map (Q). 

§ Water temperature VCj. surface. 1937-1969 (Q) 

- Jan -__Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

0 	0 	1 	3 	5 	10 
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Fig. NAM-3-2 Seasonal change in water temperature (northern part), 196 (Q). 
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Freezing period : From Dec/Jan.  to mid-Mar. 
§ Mixing type Dimictic. 

Notes on water mixing and thermocline formation Thermocline generally develops during Jan. 
-Mar. and Jul. Nov. 

§ Supplementary notes 
Thermal cycle is similar throughout the lake hut with variations resulting from differ-

ences in latitude and depth. While the water temperature in the lake is nearly homothermous 
from Nov. to late May, slight inverse stratification often occurs in rnid-.vinter. Thermal 
stratification of Lake Michigan begins in early to mid - June. 

In the lower latitudes of Lake Michigan, the ice forms in December or January and lasts 
until mid-March. In the northern latitudes, ice formation may begin about 30 days earlier. 
In either case. the lake never freezes shore to shore. 

E. LAKE WATER QUALITY (Q, 1-5. 9-13) 

El TRANSPARENCY 

Fig. NAM-3-3 Seasonal variation in Secchi depth linj in 1976 (Ilartone & Schieske, 1982). 
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§ Supplementary notes 
The Michigan Department of Natural Resources (MDNR) (1981) found that secchi depth 

transparency ranged from 0L1m to 9.$111 with increasing transparency from south to north. 
excluding Green Bay. Northern locations generally averaged 2 to 1 times greater transparen-
cv than southern lake locations. 

E2 pH 

Fig. NAM-3-4 pH profiles in the northern part, 1976 Q). 

Jun+ 	705Ju1. 

Af Aug. 

60 

Oct. 

Cu 

180 

120 
C 

300 
7.7 

240 

7.9 	8.1 	8.3 	8.5 	8.7 	8.9 
pa 

E3 SS [mg 1'1, 1976 

Depth [m] 	Average 

1 	 19 
1 off the bottom 	1 - 9 

5 



NAM-3 

Municipal loadings [kg dav 1  

Basin 1978 1981 
Indiana 39,491 19,335 
Michigan 36,490 20,522 
Wisconsin 46,662 21,354 

E4 DO [rng 11 
Lake wide survey, 1964 : 8.0 10.5. 

Fig. NAM-3-5 Distribution of DO in surface water. 1964 (Beeton & Moffet, 1964). 

E5 COD [mg 1],  1969-1973 
Determined by K 2 CrO4  method. 

Station 	 Range 	Average 

Illinois 	 2-16 	6.5 
Indiana Harbor 	2 21 	9.1 
Milwaukee 	 5 - 40 	8.2 

E6 CHLOROPHYLL CONCENTRATION Lug 11] 

Inshore, 1970-1971 1.1-10.3. 
Offshore, 1970-1971 : 0.6-3.7. 
Mean of all stations, 1974-1975 : 1.34. 
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E7 NITROGEN CONCENTRATION 

Fig. NAM-3-6 Average concentration of organic nitrogen [pg l] (Robertson & Powers, 
1968). Upper number : in the upper 20 m. Lower number : below a depth 
of 20 m. 
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E8 PHOSPHORUS CONCENTRATION [pg 1 ], 1964 

§ PO 4 -P, open waters : 5-20. 

Fig. NAM-3-7 Distribution of PO 4 -P [pg 1'] in surface water (Beeton & Moffet, 1964). 
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E9 CHLORINE ION CONCENTRATION [mg 1 '1 
Year 	 Area 

Inshore 
1962 1965 	 Offshore 

Southern end 

1984 	Nearshore and Offshore 

Range 	Average 

7.1 
6.5 
8.)) 

7.6 9.1 	8.3 

Fig. NAM-3-8 Seasonal and spatial distribution of chloride, 1980 (Moll & Brahce, 1986). 
Means and standard errors are plotted. 
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E1O PASTTRENDS 
Loading of total dissolved solids to all of the Great Lakes, with the exception of Lake 

Superior, has increased significantly over the past 50 years, This has resulted in increased 
concentration of nutrients, chlorides. suiphates and numerous other ions and compounds in 
Lakes Michigan, Huron. Erie and Ontario. 

F. BIOLOGICAL FEATURES 
F 1 FLORA (1-5. 11. 13-15) 

§ Emerged macrophytes Scirpus ace/us. S. amer/canes, Sparganium sp., P/i ragni i/es sp.. E/oc1uaii, 
sp. 

§ Floating macrophytes : No dominant species. 
§ Submerged macrophytes Ni/el/a flexi/is, C7iara glohularis. Jso h's npam'ia. 
§ Phytoplankton : Cvclu/ella cone misis. C. ('0.01/ta, C. gl()mnem1ta, Loelastrum retu'ula/umn, Tahc I/aria 

,fe;e strata, !lStL')7011(lla ,fonnosa. 

F2 FAUNA (1 5. 11, 13 15) 
§ Zooplankton : Protozoa (Difflu(gia g/ohulosa). Cladocera (Bosmnina Iongispiia. Daphni(7 is'tiociii 

ia), Rotifera (Polar//ira rulgaris, '\otholca longispira). Copepoda (Diaptomnus asklamuli. Lini 
nocalanus ina(rurus). 

§ Benthos : Arnphipoda (Poutoporeia affinis), Oligochaeta (Lininodmilus sp.. Tuhifex sp .,Stvlo. 
drilus sp.), \'Iollusca (Pisidiummi sp.). 

§ Fish : Alosa bseudohaiengus, Cvprinus u'cirpio, Oncorhvncluu lure/c/i, 0. tsclzaicvtscha, Perca 
flai'scens, Osnu'rus sp., Sa/i'elinus uiamavcusli, Corcuomuis clmupeatornus. 

F3 PRIMARY PRODUCTION RATE (Q) 
§ Carbon-fixation rate [mg C m 3  day'] 2.40±0.82. 
§ Photosynthetic assimilation ratio mg C hr' rng (Chl-a) ']: 0, 714. 

8 
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Fig. NAM-3 -- 9 Chlorophyll-a mg m - ] primary productivity 1mg C m - hr J. t( tal phos-
phorus [mg P0-P ni] and Secchi disc transparencY [ni] in the Great Lakes 
(Schelslce, 1974). 
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Fig. NAM-3- 0 Seasonal and spatial distribution of chlorophyll. 1981) (Mohr & Brahce, 
1986). Means and standard errors are plotted. 
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F5 FISHERY PRODUCTS (Q) 
§ Annual fish catch in 1980 11,432 [metric tons]. 

F7 NOTES ON THE REMARKABLE CHANGES OF BIOTA IN THE LAKE 
The phytoplankton of Lake Michigan were originally dominated by oligotrophic diatoms. 

With increased nutrient loading to the lake, the more eutrophic species of diatoms became more 
prevalent. Recently, an additional shift has occurred from diatoms to phvtoplankton assemb-
lages with increasing proportions of both green and blue-green algae. These shifts are most 
evident in eutrophic areas of Green Bay and localized areas at the southern shore (16). 

Major upheaval has occurred during the past 40 years. By 1946, sea lamprey has invaded 
all the Great Lakes and decimated the native fish populations The decline of native fish 
populations created conditions favorable for the explosive increase of alewife (Alosa p'i(do-
harengus) which, in turn, greatly reduced the populations of yellow perch (Prca flaccsccns), cisco 
(Coregonus sp.) and lake herring (Coregoous ar/e(Iil). Salmon species were introduced in 1964 
and have effectively utilized the alewife as a food source. This has served to both reduce the 
alewife population and create a vital sport-fishing industry. The predominance of alewife also 
resulted in a shift toward smaller size zooplankton as the larger species were selectively 
har\ ested (W ells L., 1969 L Fish \\ ildlife  Service, Fish Bull 60 311369) 

G. SOCIO-ECONOMIC CONDITIONS (Q, 3-5. 10, 17-24) 

Gi LAND USE IN THE CATCHMENT AREA (197$) 

Area [km 2 ] 
	

[0/ 

Natural landscape 
Woody vegetation 
Herhaceous vegetation 

Agricultural land 
Settlement area 
Total 

58,645 49.8 
27,513 23.3 
27,593 23.4 
4.090 3.5 

117,845 1000 

Supplementary notes The land use patterns within the Lake Michigan watershed are somewhat 
equally divided between nonagricultural areas such as forest, scrub. swamps and bogs in the 
upper peninsula of Michigan and agricultural areas supporting dairying, livestock, grain and 
fruit crops in the Wisconsin and Michigan lower peninsula watershed. A small (about 2%) 
portion of the watershed, especially in the Green Bay, \1sconsin and Milwaukee-Chicago-
(;ary-Michigan City strip along lower Lake Michigan, is heavily urbanized and industrialized. 
Main types of woody vegetation : Aspen-birch forest, maple-beech forest, oak-hickory forest. 
spruce-fir forest, pine forest. 
Main types of herbaceous vegitation : Bracken (Pte) -idium ajuiliiuoe), along with farm crops such 
as maize, dry beans, sugar beets, barley, mixed grains, greenhouse and nursery products, hay. 
oats, potatoes, wheat, various fruits, flax seed. 
Main kinds of crops Silage, hay, oats, fruits, vegetables, maize. 
Levels of fertilizer application on crop fields : 1 -leavy-moderate. 
Trends of change in land use : In the past several decades, there has been an increase in the 
number and size of urban centers in the lower quarter of the lake, and shoreline recreational 
use has increased everywhere. 

10 
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G2 INDUSTRIES IN THE CATCHEMENT AREA AND THE LAKE (1970) 

Gross product 	No. of 	No. of 	Main products 
per year 	persons 	. 	 and mam kinds establishments 

[1 Ob$] 	engaged 	 of industry 

Primary industry 
Agriculture 2,869.42 118,350 110,215 	 1) 
Fisheries N.A. NA. N.A. 
Others N.A. N.A. N.A. 

Secondary industry 
Manufacturing 27, 599 .80 1,808 395 N .A. 	 2) 
Mining 286.00 8,392 N.A. 	 3) 

Others N.A. 3,436,022 N.A. 

1) Grains, dairy products, forest products, vegetables, hay. silage. 
2 Machinery, metal fabrication, primary metal industries, electrical machinery. 
3) Sand, gravel, crushed stones, cement, petroleum. 

§ Numbers of domestic animals in the catchment area : Cattle 328,100, sheep 38,000, swine 110,000, 
poultry 2,750,000. 

G3 POPULATION IN THE CATCHMENT AREA (1970) 

Population Population density 
[km 2 ] 

Main cities 
(population) 

Chicago * (3,063.000), 
13,517,000 
	

114.7 	 Milwaukee, Grand 
Rapids, Green Bay. 

* Not all the city area is included in the drainage basin. 

H. LAKE UTILIZATION (Q) 

Hi LAKE UTILIZATION 
Source of water, navigation, tourism, recreation (swimming, sport.fishing and yachting) and 

fisheries. 

H2 THE LAKE AS WATER RESOURCE (1975) (U.S. only) 

Use rate [m 3  sec'] 

Domestic water 	 77.4 
Irrigation 	 5.4 
Industrial water 	 290.7 
Power plant 	 472 . 0 
Mining 	 6.5 
Livestock 	 2.0 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS (Q) 

Ii ENHANCED SILTATION 
§ Extent of damage : Not serious. 
§ Supplementary notes : The siltation is only serious at its confluence (i.e., about 0.6 km) with 

rivers draining agricultural areas. Presently, the problem is not serious overall however, it 
could become a serious problem if not controlled. 

As of 1987. Lake Michigan was at a record high level, leading to greatly increased 
shoreline erosion and temporary shoreline siltation. 

11 
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12 TOXIC CONTAMINATION 
Present status Detected but not serious. 

§ Generalized distribution of contaminants in the lake sediments [ppb, dry weight basis] 

Names of 
Range 	 Average 

contaminants 	 - 

DDT 	< 10-40 < 	 12 
PCB 	 < 2-20 < 	 10 
Dieldrin 	<0.1-1.0< 	 0.25 
Hg 	 < 50-500< 
Pb 	 <50000, 100,000-150,000 

§ Distribution of contaminants in the lake sediments [ppm, dry weight basis]  

Concentrations in sediments 

Parts of Lake Parameter& Sample Heptachior Total Sample 
numbers 

HEOD 2  Chlordane 
Epoxide Cvcl odienes numbers 

PCB 

Whole Lake Mean 286 0.25 0.37 0.67 1.29 279 9.7 
SD 0.43 0.88 1.03 1.90 15.7 

NonDepositiona1 Zones Mean 194 0.17 0.19 0.50 0.86 193 6.3 
SD 0.38 0.55 0.83 1.50 8.1 

Depositional Basins Mean 92 0.41 0.73 1.05 2.19 86 17.3 
SD 0.49 1.26 1.29 2.29 23.9 

Algoma Basin Mean 40 0.36 0.53 0.56 1.45 37 10.1 
SD 0.36 0.93 0.62 1.33 10.6 

Fox Basin Mean 4 0.21 0.05 2.70 2.96 4 73.5 
SD 0.21 1.08 1.17 78.9 

Grand Haven Basin Mean 9 0.52 1.47 1.18 3.17 8 17.1 
SD 0.71 2.05 1.90 4.40 23.1 

Milwaukee Basin Mean 6 0.38 0.56 2.52 3.46 6 29.2 
SD 0.31 1.25 2.06 2.42 23.1 

Sarian Basin Mean 2 0.06 1.33 0.58 1.97 2 7.9 
SD 0.06 1.80 0.74 2.48 2.0 

Southern Basin Mean 19 0.36 1.04 0.92 2.32 17 17.1 
SD 0.47 1.61 1.17 2.61 11.1 

Traverse Basin Mean 2 0.46 0.28 0.05 0.79 2 2.5 
SD 0.26 0.32 0.58 

Waukegan Mean 10 0.77 0.66 1.95 3.38 10 19.5 
SD 0.80 0.72 1.18 1.69 13.2 

*1 For purposes of calculating the mean and SD, trace amounts of HEOD were assigned 0.1 ng/ 
g, Heptachlor Epoxide 0.3 ng/g. Chlorclane 0.5 ng g. and PCB 2.5 ng/g. and for non-detectable 
levels 0.01 ng/g for HEOD, 0.05 ng/g for Heptachlor Epoxide and Chiordane, and 1.0 ng/g for 
PCB. 

*2 HEOD: Dieldrin. 

§ Past trends of decrease of contaminants in fish muscles [ppm, wet weight basis] : Fig. NAM-3-11-14. 
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Fig. NAM-3- II Past trend of total DDT residues in Lake Michigan fish (D'ltri. 1987). 

Lake Trout : Salrelinus namavcush. Bloater Chub : Coregonus chupefor-
mis. 
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Fig. NAM-3-12 Past trend of total PCB residues in Lake Michigan fish (D'Itri. 1987). 
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Fig. NAM-3-13 Past trend of dieldrin residues in Lake Michigan fish (D'Ttri, 1987). 
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Fig. NAM-3-14 Past trend of mercury residues in Lake Michigan fish (D'Jtri. 1987). 
Yellow perch : Perca f/az escens. 
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Fig. NAM-3-15 PCB concentrations in surface sediments (25). 
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Environmental quality standards for contaminants in the lake 
IJC* 1978 Agreement objectives are "no-effect levels, for the protection of aquatic life, 

human consumers of fish, or fish-consuming aquatic birds." Objectives have been recom-
mended for approximately 40 organic and inorganic chemicals, including persistent toxic 
substances, non-persistent toxic substances, physical materials, microbiological and 
radiological contaminants. Examples of specific objectives include : Dieldrin, less than 0.001 
zg/l in water and less than 0.3 mg/kg in edible portions of fish. DDT and metabolites, less 
than 0.003 ,ug/l in water and 1.0 mg/kg in fish. PCB should not exceed 0.1 mg/kg in fish while 
the mercury content of filtered water should he less than 0.2 ,ag/l and 0.5 mg/kg in fish flesh. 

* IJC: International Joint Commission. 
Supplementary notes 

Critical pollutants in the Great Lakes ecosystem include: PCB, 2, 3, 7. 8-TCDD, mirex, 2, 
3, 7, 8-TCDF, hexachlorobenzene, benzo-a-pyrene, dieldrin, alkylated lead, DDT and 
metabolites, toxaphene, and mercury. The worst problems associated with contaminated 
sediments occurs in bays, harbor mouths and connecting channels. For example, the sedi-
ments in some of the drainage ditches emptying into Waukegan Harbor near Chicago contain 
as much as 500,000 mg/kg PCB (Villeneue, 1986). Heavy urban and industrial development 
and use of connecting channels as a transportation corridor have contributed to the degrada-
tion of the water quality of the St. Mary's River connecting Lake Superior and Lake 
Michigan. 

Past experience with persistent toxic chemicals such as PCB, DDT, mercury, dieldrin and 
mirex show that once they are introduced into an aquatic ecosystem, they are extremely 
difficult to remove, especially in sediments which become a source for their remobilization into 
the water column. Therefore, the emphasis of regulatory officials has been directed toward 
preventing their release and the development of effective and efficient responses to identified 
problems. 
Food safety standards or tolerance limits for toxic contaminant residue 

Regulatory limitations are set by the U. S. Food and Drug Administration and Canada 
Dept. of National Health and Welfare and are advisories only with regard to human consump-
tion of fish. the U.S. standards are: PCB 2 mg kg', DDT 5 mg kg', Dieldrin 0.3 mg kg' and 
mercury 1 mg kg' (Federal limit) and 0.5 mg kg - ' (State limit). 
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- 	- 	
Restrict consumption 	 Do not eat (important) 2  

Lake Michigan*l  (applies to 
Michigan, Illinois, Indiana 
and Wisconsin waters) 

Lake Trout 20-23". Coho 
Salmon over 26", Chinook 
Salmon 21-32", and Brown 
Trout up to 23" 

Lake Trout over 23", 
Chinook over 32". Brown 
Trout over 23", Carp and 
Catfish 
Rainbow Trout over 22", 
Chinook over 25", Brown 
Trout over 12", Brook 
Trout over 15", Splake over 
16", Northern Pike over 
28", Walleve over 20". 
White Suckers, White Bass 
and Carp 

Green Bay' (Wisconsin 	Splake up to 16" 
waters South of Marinette/ 
Menominee) 

Also applies to tributaries into which migratory species enter. 
*2 Nursing mothers, pregnant women, women who anticipate bearing children, and children 

age 1 and under should not eat the fish listed in any of the categories listed above. 

14 ACIDFICATION 
§ Extent of damage: No information. Evidence of damage to Lake Michigan from acidic deposi-

tion is not discernible at this time. 
§ Supplementary notes 

Data relating the amount of airborne acid deposition and stream effect are highly variable 
depending on the total stream alkalinity. For very soft water streams in the Upper Peninsula 
of Michigan (i.e., alkalinity less than 10 mg/i as CaCO 3 ). pH decreases of 1-2 units (from 
stream pH values of 7-8 to 6-7) have been observed in the headwaters area. To date, no 
studies have demonstrated detectable ecosystem trends which can he totally ascribed to 
acidification. The effects of increased acidic deposition, especially over terrestrial watershed 
with little alkaline character, may be more discernible. 

Because of its size, Lake Michigan possesses a large buffering capacity and apparently is 
able to neutralize the airborne acid deposition it receives. Consequently, Lake Michigan 
doesn't appear to be directly affected. This is not true for many of the streams and tributaries 
and smaller lakes that surround and feed Lake Michigan and the other Great Lakes. 

Both the United States and Canada monitor atmospheric depotition for a range of organic 
chemicals and heavy metals of concern to the Great Lakes ecosystem. An estimated 20 % to 
25 % of the pollutants into the Great Lakes come from atmospheric fallout. 

No effective countermeasures have been implemented to date. 
§ Total deposition of airborne trace metals to Lake Michigan [metric tons yr'] 

Metal 	Total deposition 
Zn * 

Pb 1.730 
Cu 575 
Cd 58 
Ni 575 
Fe * 

Al 28,800 
Mn 1,150 

* Estimate not possible from available data. 
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Total deposit on of airborne trace organic substances to Lake Michigan Imetric tons r 

Substance 	 Total deposition 

'1ota1 PCB 6.9 
Iota! 1)DT .10 
aI3HC 2.3 
yBTIC 11.2 
Dieldrin  
HCB 1.2 
P 	pllet1loxychlor 5.9 
aendosu1fan 5. 6 
fl-enclosulfan 5.6 
Total PAH 111 
Anthracene 3. 1 
Phenanthrene 3. 
Pvrene 5. 9 
Benzoi a anthracene 2 . 9 
Pervlene 3. 3 
Benzoapvrcne 5.6 
DBP 11 
DEIIP 11 
Total organic carbon 1. 1 X ifS 

15 OTHER HAZARDS 
Other hazards included the input of toxic inorganic and organic chemicals from municipal 

point sources, combined sewer overflows, rural and urban nonpoint sources and leachates from 
municipal and hazardous waste landfill disposal sites. Problems from these sources are most 
apparent in highly industrialized harbors and embavments and nearby areas. 

17 
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Fig. NAM-3-16 Areas of concern in Lake Michigan. The IjC areas of concern include locales 
where environmental degradation and impairment of beneficial uses is severe 
and those where some environmental degradation is obvious and where uses 
may be impaired. 
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J. WASTEWATER TREATMENTS (Q) 
U 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (c) Limited pollution with 

wastwater treatment. (d) Measurable pollution with limited vastwater treatment. (f) Others. 
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J2 APPROXIMATE PERCENTAGE DISTRUBUTION OF NUTRIENT AND POLLUTANT LOADS 
§ Summary of total phosphorus loads to the Great Lakes. 1976 (IjC. 14)78) 

P [metric toils \ r 
Source 	 - 

Canada 	U.S. 	Total 	1 00 1 
Direct municipal sewage treatment plants 	 1,040 	1 0 10 	16 
Tributary municipal sewage treatment plants 	 1,458 	1,458 	23 
Direct industrial 	 32 	32 	1 
Tributary industial 	 - 	247 	217 	 1 
Urban nonpoint direct 
Tributary diffuse 
(Tributary total) 

Sub- tota 1 

Atm DSP her i C 
Load from upstream lake 

lotal 

Shoreline erosion 
(not included in total) 

J3 SANITARY FACILITIES AND SEWERAGE (data for Michigan only) 
§ Percentage of municipal population in the catchment area provided with adequate sanitary facilites 

(on-site treatment systems) and public sewerage : 71 
§ Municipal wastewater treatment systems 

Number of tertiary treatment s stems : 7. 
Number of secondary treatment systems : 66. 
Number of primary treatment systems : 2. 

K. IMPROVEMENT WORKS IN THE LAKE (Q) 

Ki RESTORATION 
Green Bay Nutrient 1\Iass Balance Study as basis for remedial action plan. St. Louis 

Ri er-IJC area of concern for remedial action plan. 

K2 AERATION: N.A. 

K3 OTHERS: N.A. 

L. DEVELOPMENT PLANS (Q) 

Generally. 3 areas of development planning ha\ e been or are significant : 1) the planning that 
has occurred for the conversion of most of the small commercial port facilities to recreational 
facilities beginning about 1980, 2) the county by county planning for recreational 'econd home 
development along and near the lake front beginning about 1960, and 3) the recent planning that 
has occurred with the high water levels (1987). The urban areas are at risk and will be fortifying 
their water fronts. The state's Sea Grant Programs and the Coastal Management Program of 
NOAA have had primarY responsibilitv.  

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

M 1 NATIONAL AND LOCAL LAWS CONCERNED 
§ Names of the laws (the year of legislation) 

(i) Rivers and Harbors Acts (1899 and 1909) 
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Flood Control Acts (1917. 1936 and 1914) 
Safe Drinking Water Act 
State legislation implementing and augmenting federal I aws 
Federal Water Pollution Control (Clean Water) Act (1972, amendments 1977 and 1987) 

§ Responsible authorities 
(1) Corps of Engineers of the U.S. Army 
2) Corps of Engineers of the U.S. Army 
(3) State Agencies for Environment and Natural Resources 
)4) U.S. Environmental Protection Agency 
(5) U.S. Environmental Protection Agency 

§ Main items of control 
Discharges, dredging and filling 
Flood control 
Drinking \vaterincluding standards 
The entire range of water related problems 
Water pollution 

§ Supplementary notes 
Other U.S. laws which indirectly relate to preserving the water quality of the Great Lakes 

include the 1976 Resource Conservation and Recovery Acts (RCRA). the 1976 Toxic Substances 
Control Act (TSCA) and the Comprehensive Environmental Response. Compensation and 
Liability Act of 1980 as amended 1987 (CERCLA or Superfund). 

M2 INSTITUTIONAL MEASURES 
(1) Great Lakes Fishery Commission (International) 	established in 196)) to formulate, coor 

dinate and implement fisheries research programs related to the Great Lakes : Ann Arbor. MI 
)2) International Joint Commission (International) : established in 1909 to investigate pollution 

in the boundary waters of the Llnited  States and Canada Windsor, Ontario. 
U.S. Environmental Protection Agency established in 1972 to protect the nation's atmos-

pheric, terrestrial and aquatic environments and enforce legislation enacted to protect them 
Chicago. IL 

The U.S. Army Corps of Engineers (U.S., Federal) concerned with all aspects of water 
resources as they relate to present and future needs of navigation, fluod control, power, water 
supply, irrigation, beach erosion, dredging and recreational activities Chicago, IL 

The U.S. Bureau of Commercial Fisheries (Federal) concerned with maintaining viable and 
expanding fisheries in the Great Lakes in this regard, it conducts a broad research program 
on parasite (lamprey) control, effects of exploitation on the Great Lakes fishery and establish-
ing the relationship between limnological conditions and the general biology of commercial 
fish species 

The U.S. Public Health Service (Federal) concerned with monitoring food and water 
supplies as they relate to human health one of their primary functions is to develop and 
maintain an inventory of the sources and nature of pollutants entering each lake relative to the 
population and industry of the region Washington. DC 

U.S. Department of Agriculture (Federal) concerned with developing programs and 
research to minimize nonpoint pollution from agriculture (pesticides. nutrients, and erosion) as 
it relates to protecting the water quality of the Great Lakes 

U.S. Department of Commerce (Federal) Great Lakes research and monitoring programs 
administered under its National Oceanic and Atmospheric Adminstration (NOAA) 

U.S. Department of the Interior (Federal) under its U.S. Geological Surve, sponsors 
research and education programs through the State Water Resources Institute program 

(11) Great Lakes Commission (an interstate compact commission) established in 1955 by the 
eight states bordering the Great Lakes to provide communication, coordination and advocacy 
on Lakes issues the Commission deals with environmental quality, resources management, 
transportation and economic development Ann Arbor, MI 

The State Departments of Natural Resources (State) Each state in the United States has a 
Department of Natural Resources or equivalent department which is responsible for monitor-
ing the state's natural resources and enforcing legislation enacted to protect them 

The State Departments of Public Health (State) each state in the United States has a 

HE 
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Department of Public Health or equivalent department, which is responsible for monitoring 
food and water supplies as they relate to human health 

M3 RESEARCH INSTITUTE ENGAGED IN THE LAKE ENVIRONMENT STUDIES 
Great Lakes Research Division, University of Michigan 
University of Minnesota Limnological Research Center, University of Minnesota 

§ Supplementary notes 
Private organizations concerned with the well-being of the Great Lakes. 
Center for the Great Lakes, Chicago, IL 
Great Lakes Tomorrow, Toronto. Ontario 
Great Lakes United, Buffalo, NY 
Operation Clean Niagara, Niagara-on-the-Lake, Ontario 
Pollution Probe, Toronto, Ontario 

N. SOURCES OF DATA 
(Q) Questionnaire filled by Prof. F. M. D'Itri, Institute of Water Research, Michigan State 

University based on the following sources. 
Hough, J. L. (1958) Geology of the Great Lakes. University of Illinois Press, Urbana, Illinois. 
Pincus. H. J. (1962) Great Lakes Basin. American Association for the Advancement of 

Science, Washington, D. C. 
Great Lakes Basin Commission Public Information Office (1974) Great Lakes Basin Frame-

work Study. Ann Arbor, Michigan. 
Great Lakes Fishery Commission (1980) Annual Report. Ann Arbor, Michigan. 
Great Lakes Fishery Commission. Commercial Fish Production in the Great Lakes, 1867 

-1977, Technical Report 3. Ann Arbor, Michigan. 
National Oceanic and Atmospheric Administration. National Environmental Satellite, Data 

and Information Service, National Climatic Data Center. Department of Commerce, Asheville, 
North Carolina. 

Solar Energy Research Institute. Solar Energy Information Data Book, Insolation Data 
Manual. Golden. Colorado. 

National Oceanic and Atmospheric Administration Environmental Data Service, U. S. Depart-
ment of Commerce. Local Climatological Data. 

Great Lakes Water Quality Board, International Joint Commission; United States and 
Canada Great Lakes Regional Office (1973) Great Lakes Water Quality Annual Report to the 
International Joint Commission. Windsor, Ontario. 

(11) International Joint Commission, United States and Canada Great Lakes Regional Office (1980) 
Great Lakes Water Quality, 7th Annual Report. Windsor, Ontario. 

United States Environmental Protection Agency. Limnological Conditions in Southern Lake 
Huron, 1974 and 1975. Publication No. EPA-600/3.80-074. Duluth. Minnesota. 

Great Lakes Research Division, Institute of Science and Technology, University of Michigan 
(1973) Limnological Survey of Lakes Michigan, Superior, Huron and Erie. Publication No. 17. 
University of Michigan, Ann Arbor. Michigan. 

Great Lakes Research Division, Institute of Science and Technology, University of Michigan 
(1972) Phvtoplankton and Physical-Chemical Conditions in Selected Rivers and the Coastal 
Zone of Lake Michigan. 197 6— Publication No. 19. University of Michigan, Ann Arbor. 
Michigan. 

Sommers, G. L. (1982) Fish in Lake Michigan. Michigan Sea Grant, University of Michigan. 
Ann Arbor. Michigan. 

Interagency Committee on Marine Science and Engineering, Federal Council for Science and 
Technology, Argonne National Laboratory (1975) Proceedings of the Second Federal Confer-
ence on the Great Lakes. 

Schelske, C. L., Feldt, L. E. & Simmons, M. S. (1980) Phytoplankton and Physical-Chemical 
Conditions in Selected Rivers and the Coastal Zone of Lake Michigan, 1972, Great Lakes Res. 
Div. Publ. 19. 

Weathesen, G. L. (1983) Ontario Mineral Score, 1982. Ontario Ministry of Natural 
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Resources, Video Census Series No. 2. 
International Joint Commission, United States and Canada Great Lakes Regional Office (1978) 

Environmental Management Strategy for the Great Lakes System. Windsor, Ontario. 
International Great Lakes Diversions and Consumptive Uses Study Board (1981) Great Lakes 

Diversions and Consumptive Uses, Annex F: Consumptive Water Uses. 
(29) International Joint Commission (1978) Inventory of Land Use and Land Use Practices. 1, 

Canadian Great Lakes Basin Summary. 
Ontario Ministry of Agriculture and Food, Statistics Section (1982) Agricultural Statistics for 

Ontario, 1981. 
Ontario Ministry of Treasury and Economics. Ontario Statistics, 1982. 

(73) Ontario Ministry of Natural Resources, Fisheries Branch. Employment and Investment in the 
Commercial Fishery, 1982 and Commercial Fish Industry. 

Pollution in the Great Lakes Basin from Land Use Activities, 1980. International Joint 
Commission; United States and Canada Great Lakes Regional Office, Windsor, Ontario. 

Allan, R.J.  (1986) The Role of Particulate Matter in the Fate of Contaminants in Aquatic 
Ecosystems. Inland Waters Directorate, National Water Research Institute, Canada Centre for 
Inland Waters. Scientific Series No. 142, p.6 0 . 
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LAKE SUPERIOR 

A view from the lakeside hill at Duluth 

Photo : A. Kurata 

Copyright © John Bartholomew & Son Limited MCMLXXXII. Reproduced with permission. 
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A. LOCATION 
§ \4ichigan, \\lsconsin  and Minnesota. C .S.A : and Ontario. (anada. 
§ 46 25' -48 10'N, 84 30' 9205' N ; 183 in above sea level. 

B. DESCRIPTION 

Lake Superior is the second largest lake in the world next to the Caspian Sea, and has more 
surface area than any other freshwater lake. Its surface area (82,367 km 2 ) is larger than the State 
of Maine. The lake was formed approximately 1-1.000 years ago by the retreat of continental 
ice-sheet together with the other Great Lakes. It is surrounded by hills and cliffs \\ hich  offer the 
most spectacular landscape of any of the Great Lakes. The largest island. Isle Royale, is a United 
States National Park. The Apostle Islands of Wisconsin are now a National Lakeshore, with 
beautiful scenery and geological features. The long, hooked arm of the beautiful Kexveenaw 
Peninsula is also a National Lakeshore of Michigan. The lake water flows out to L. Huron 
through the St. Mary's River from the eastern end. 

There are no large cities along the Canadian northern shore of this lake except for Thunder 
Bay, Ontario. Twin cities, Duluth and Superior, are situated at the western end of the lake. A 
large amount of ore and grain is loaded for transport abroad in the harbors of these cities. 'I'he 
1.900 kin journey from Duluth. Minnesota, to Kingston. Ontario, is the longest inland water 
transportation route in the world. The lake water is still oligotrophic and transparency at the 
lake center is generally around 9 m. 

C. PHYSICAL DIMENSIONS (1 3) 

Surface area [km 2 ] 

	

$2,367 
\olume [1Dm 3 ] 

	

12,221 
Maximum depth [m] 	 106 
i\Iean depth [ml 
	

11$ 
Normal range of annual water 
level fluctuation (regulated) [m] 
Length of shoreline [km] 	 1.76$ 
Residence time [yr] 	 191 
Catchment area [km 2 ] 

	

12 1, 838 

During the period of recorded history (130 vrs) the lake has fluctuated ± 2 in. 
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL (Q. 1-5. 6. 9) 
§ Bathymetric map (Fig. NAM-4-1). 
§ Main islands (name and area) : Royale (544 km 2 ) and Grand (36.4 km 2 ). 

§ Outfiowing rivers and channels (number and names) : 1 (St. Mary's R.). 

D2 CLIMATIC (Q, 4-8) 
§ Climatic data at Marquette (1943-1980) 

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

Mean temp. rd 	-8.3 -7.9 -3.3 3.7 	9.6 15.2 18.8 18.0 14.0 8.4 	0.8 -0.5 	5.3 

Precipitation [mm] 52 43 52 	62 	74 	87 	77 	71 	89 	70 	72 	58 	808 

§ Number of hours of bright sunshine : 2,104 hr yr 
§ Solar radiation : 31.22 MJ mdav'. 

Fig. NAM-4-I Bathymetric map (0). 

IU  

§ Surface water temperature [C] 

Marquette, 1937-1969 

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

0 	0 	1 	1 	24 	7 	12 	12 	9 	6 	3 

§ Freezing period : From Nov. to Apr. (Ice formation in Lake Superior begins in November; 
however, it never freezes shore to shore. The ice normally begins to break up in April but 
may not be completely melted until May). 

§ Mixing type : Dimictic. 
§ Notes on water mixing and thermocline formation : Thermocline generally develops January-March 

and July-September. Mixing efficiency to lake bottom is fairy low due to great depth. 
Thermal cycle is similar throughout the lake but with variations resulting from differences 

in latitude and depth. While the water temperature in the lake is nearly hornothermous from 
November to late May, slight inverse stratification often occurs in mid-winter. Thermal 
stratification in Lake Superior begins to occur in early/mid July. 
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E. LAKE WATER QUALITY (Q, 3-5, 12, 13-15, 23, 30) 

El TRANSPARENCY Iml 

Location 	Range 	Average 
Nearshore* 	0.515 	8.5 
Back Bay 	 2 3 

*Summer  and fall, 1973. 

Fig. NAM-4-2 Areal distribution of Secchi disc readings in nearshore waters. 

E2 pH 
Surface water 

Season 	 Range 
Spring* 	 7. 	.0 
Fall 	 7.6-7.9 

7 . 67 . 8** 

*1971 	**1975 

4 
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Fig. NAM-4-3 pH of surface water (1969). 

fD 

\ 

' 

E3 SS 
Suspended scuds were virtually absent in Lake Superior waters, except in the harbor areas. 

The lower transparency in Black Bay and Batchawana Ba' was attributed to the natural 
resuspenion of bottom sediments by wave action and the low transparency in Thunder Bay and 
Nipigon Bay was tc urban and industrial sources of suspended solids. 

E4 DO [mg 11 
Surface water 

Season 	Range 
Spring* 	10.1-13.2 
Fall 	8.5 - 10.9 
Annual** 	11.2-13.2 

*1974 	**1975 

Average 

12.1±0.6 

Fig. NAM-4-4 DO [% saturation] in bottom water (1971). 
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E6 CHLOROPHYLL CONCENTRATION 

Location 	 Range 	 Average 

Nearshore 	 (2 	)* 	 0.8 
Embayment areas 	 0.4-3.8 

exceeded. 

Fig. NAM-4-5 Mean concentrations of chlorophyll-a Lug 1hl (1970-1971). 

E7 NITROGEN CONCENTRATION 
Inorganic-N 

Fig. NAM-4-6 Mean concentrations of inorganic-N [jig I 	at 5 m depth (1971). 

2IO 

2 7 0 

L 
2.GYY  

6 



E8 PHOSPHORUS CONCENTRATION 
Total-P 

Fig. NAM-4-7 Mean concentrations of total- P [,ug 1 '] at 5 m depth (1971). 

E9 CHLORIDE ION CONCENTRATION [wig 111 

Range 	-__ Average 

1963 
	

1.9 
1974 
	

0.9-1.4 
1975 
	

1.1-2.3 

F. BIOLOGICAL FEATURES (Q, 3-5, 12, 13-15, 24, 30, 41, 32-36) 
Fl FLORA 

Emerged macrophytes : .$cirpus acutus, S. americauus, Spai'anium sp., Ptiragmitcs sp., Etcocha i/s 
sp. 

§ Submerged macrophytes : AT/to /la  j7exz7is, Cliara globe/ails, bodes riana. 
§ Phytoplankton Cvcloleila comensis, C. comita, C. giomerata. Coelastrum re/icuial,on, 'I7tbe/laiia 

11 nest ia/a, Asterionella formosa. 

F2 FAUNA 
§ Zooplankton Protozoa (Diff1igia glohuloza, Coclone/la op.), Claclocera (Bosmi)a long/op/na. 

Daph n/a retrocurva), Rotifera (Poliarthra l'ugar/s .I'votholca Io) ,?g?spim), Copepoda (D/apto)vin 
ash/audi. Lim nocalan us maclures). 

§ Benthos Amphipoda (Poitopooreia all/nb), Oligochaeta (Limiodri1us op.. Tub//al sp...... to. 
c/riles op.). Mollusca (Pbs/diem op.). 

§ Fish : A losa pseudoharengus, Oncorhvnchus kzsutclz, 0. tschawv/scha, Perca tiai'escens, Ocinerus 
sp.. .Stizostedzon vitreum, f)aIcelH/us namavucush, Coregonus clzipeafoni/s. 

§ Supplementary notes on the biota 
Phvtoplanlcton assemblages originally dominated by diatoms have been altered dramati-

cally, first from oligotrophic diatoms to more eutrophic diatoms and more recently, from diatom 
dominated assemblages to phytoplank ton assemblages with increasing proportions of blue-green 
and green algae has occurred (Conway et al., 1977 Scheiske et al., 1976 Stoerñer et al., 1974 
Scheiske and Stoermer, 1971). Phytoplankton growth is phosphorus limited and increased 
inputs of this nutrient have stimulated growth of diatoms to the extent that, in summer. silica 
becomes the limiting nutrient. The result is that the phytoplankton assemblages are shifting 
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from diatoms to physiological forms of phvtoplankton winch do not require silica (Schelske and 
Stoermer. 1972). 

F3 PRIMARY PRODUCTION RATE 
§ Carbon fixation rates [trig C mr day ']. 1973 

Open water : 0.37±0.18. 
Bays 0.59±0.14. 

§ Photosynthetic assimilation ratios [mg C hr irig chi-a] 
Open water: 0.82 ±0.45. 

Fig. NAM-4-8 Chlorophyll a [mg m], primary productivity [mg C m hr- ], total phos. 
phorus 11119  PO 4  -P m1 and Secchi disc transparency [m] in the Great 
Lakes. 

100 
Chlorophyll a 

50 
	 'lull' Primary Productivity 

10 

5 

1,0 

0.5 

0.1 

Lake Erie 	Lake 	Lake 	Lake 
Western 	Michigan 	Huron 	Superior 

Basin 

8 
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F4 BIOMASS 

Fig. NAM-4-9 Nearshore phvtoplankton standing crop (1971). 

ISLE 
ROVAE 

TAKE SUPERIOR 

2 	4 

1 

 14 5AMPLN L3CATNS 	 3 

4:;:  

14-  0 2 
	 0C.?l0 

F5 FISHERY PRODUCTS 
Annual fish catch in 1977 : 4,184 [metric tons]. 

G. SOCIO-ECONOMIC CONDITIONS (Q, 3, 5, 10, 11, 16-22, 27) 

Gi LAND USE IN THE CATCHMENT AREA 

Area [km2] 	[0/] 

Natural landscape 
Vvoodv vegetation 	 117 970 	 95.0 
Herbaceous vegetation 	 4,963 	 4.0 

Agricultural land 	 1,740 	 1.0 
Residential area 	 165 	 1.0 
Total 	 124.838 	 100. 

§ Main types of woody vegetation : Aspen-birch forest, beech-maple forest, spruce-fir forest, pine 
forest. 

§ Main types of herbaceous vegetation : Ptiridium aquilinioo. 
§ Main kinds of crops : Hay and potato. 
§ Levels of fertilizer application on crop fields : Light. 
§ Trends of change in land use : No significant changes in the last 20 years. 
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G2 INDUSTRIES IN THE CATCHEMENT AREA AND THE LAKE (U. S. only) 

Gross product No. of No. Of 1\Iain products 
per year persons establishments and main kinds 

[10- 	1 engaged of industry 

Primary industry 

Agriculture 32.40 10,900 7 	19.1 
Livestock, hay, 
forest products 

Fisheries 2.06 173 N. A. Lake herring 
Others 2 	321 . 55 6,660 203 Paper produts 

Secondary industry 
- Machinarv, paper 

Manufacturing 982 . 5)) 25,485 N. A. products, printing. 
publishing 

Mining 624.73 17.044 N. A. 
Others 254. -10 125, -188 N. A. 

§ 	Numbers of domestic animals in the catchment area 	Cattle 26,000. sheep 5,200, swine 2,800, poultry 
68,500. 

G3 	POPULATION IN THE CATCHMENT AREA (1970. U.S. only) 

Population Population density Main cities 
[knr ] 

Duluth, Marquette. .00 I 	i - Super 1 or 

H. LAKE UTILIZATION (Q) 

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

tioi-l. 

H2 THE LAKE AS WATER RESOURCE (1975, U.S. only) 

Use rate [m 3  day - '] 

Domestic water 1 .5 x 10 
Irrigation 8.7 v 10 
Industrial water 10 .8 X 10 
Power plant 21.1 X I 95 

Mining 8.3 X 10 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 

Ii ENHANCED SILTATION (Q) 
§ Extent of damage : Not serious. 
§ Supplementary notes : Local siltation in Duluth-Superior harbor and in Thunder Bay from 

mining. High water levels (1987) have led to increased siltation in some shoreline areas due 
to shore erosion. Presently, the problem is not serious, because the area is very lightly farmed 
and there is little open area however, it could become serious if not controlled. 

10 
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12 TOXIC CONTAMINATION 
§ Present status Detected but not serious (Q). 
§ Past trends of decrease of contaminants in various fish [ppm wet weight hasisj (25). 

Degree of decrease [ppm] 

DDT 	 Lake trout* 	1.211977) 	0. 11982) 
PCB 	 Lake trout 	1.8(1980) -, 0.4(1982) 
Dicidrin 	Lake trout 	 0.5 

*( z l, e 1!n1€s  nanzavcush muscle samples tested. 

Fig. NAM-4- 0 Total DDT residues in Lake Superior lake trout. 

16 	 I 

Names of 	Fish* 
c out am iii ants 

4-) 

12 

E 
8 

C 
0 
ri 

(0 
C- 
41 
C 4 
Q.) 
U 
C 
0 

C-, 

Salvelinus namaycush 

o Sscowet subspecies 

1967 	1969 	1971 	1973 	1975 	1977 	1979 	1981 	1983 

Year 

11 
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Fig. NAM-4- II Total PCI residues in Lake Superior lake trout. 

iI 

x Salvelinus namaycush 

o Siscowet subspecies 

1967 1969 1971 	1973 1975 1977 	1979 1981 	1983 

Year 

Fig. NAM-4-- 12 Dieldrin residues in Lake Superior lake trout. 
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Fig. NAM-4-13 Mercury residues in Lake Superior lake trout. 

1. 

-4-) 

.8 
-4-,  a-, 

-' 	6 

E 

0 

.4) 
4-c, 
L 

.2 

0 

1969 	1971 	1973 	1975 	1977 

Year 

Distribution of contaminants in the lake sediments 
[ppb, dry weight basis] (26, 27) 

Names of Range on t a minant S 

DDT 	 <1.0-3.0< 
PCB 	 <5-10< 
Dieldrin 	 - 
Hg 	 <50-500 
Pb 	 <50 000, 100 000-150, ooc 

§ Distribution of contaminants in the lake sediments 
[ppm, dry weight basis] (1973) (Q) 

maycush 

;pec ies 

Average 

0.71 
3.3 

<0.25 

1979 
	

1981 	1983 

Content in dry sediments (ng g )* -- 

p,p'-DDE HEOD* 
Number Mean SD Mean SD 

216 1.1 1.9 0.25 0.18 
189 0.4 0.6 <0.25 
27 1.9 1.6 <0.25 
27 0.7 0.8 <0.25 - 

13 0.6 0.7 0.25 0.19 
17 2.7 5.5 0.27 0.17 
50 0.8 0.7 0.25 0.15 

5 1.2 1.3 0.26 0.13 
6 0.7 0.3 0.32 0.18 
4 0.8 0.7 <0.25 

49 0.8 1.0 0.27 0.28 
18 0.9 1.2 0.28 0.16 

PCB 
Mean SD 

	

4.8 	5.5 

	

3.9 	2.1 

	

8.6 	13.7 

	

3.3 	1.3 

	

5.0 	2.2 

	

5.5 	2.9 

	

4.5 	2.2 

	

5.7 	3.6 

	

6.4 	7.3 

	

3.1 	1.3 

	

3.7 	1.6 

	

4.4 	3.0 

Locations 

All basins 
Non-depositional zone 
Duluth sub-basin 
Chefswet sub-basin 
Apostle sub-basin 
Thunder Bay Trough 
Isle Royale sub-basin 
Thunder Bay 
Marathon basin 
Keweenaw basin 
Caribou sub-basin 
Whitefish sub-basin 

13 
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* For purposes of calculating the Mean and SD, trace amounts 00.25-0.50 ng/g) of DDE and 
HEOD were assigned 0.1 ng /g  and non-detectable amounts (<0.25 ug ;g)  assigned 0.1 ng/g, 
and for PCI3 trace amounts (2.5-50 ng/g) were assigned 1.0 ng/g and non-detectable amounts 
(<2.5 ng/g) assigned 1.0 ngg. 

**HEOD : Dieldrin. 

Fig. NAM-4-14 PCB concentrations in surface sediments (3 cm) (38). 

MA 
PMK 

arm" 
	

-- 

:. 	 o. 	..., 	
. 

oeo  

Food safety standards or tolerance limits for toxic contaminant residue (Q) 
Regulatory limitations are set by the U.S. Food and Drug Administration and Canada Dept. 

of National Health and Welfare and are advisories only with regard to human consumption of 
fish. The U.S. standards are: PCB 2 mg kg', DDT S mg kg', Dieldrin 3 mg kg' and mercury 
1 mg kg -1  (Federal limit) and 0.5 mg kg' (State limit). 

Restrict consumption 	 Do not eat Important * 

Lake Superior (applies to 

	

Michigan, \Vjscoin and 
	

Lake Trout up to 30" 	Lake Trout over 30" 
Minnesota waters) 

* Nursing mothers, pregnant women, women who anticipate bearing children, and children 
age 1 and under should not eat the fish listed in any of the categories listed above. 

§ Environmental quality standards for contaminants in the lake (Q) 
IJC 1978 Agreement objectives are "no-effect levels, for the protection of aquatic life, human 

consumers of fish, or fish-consuming aquatic birds." Objectives have been recommended for 
approximately 40 organic and inorganic chemicals, including persistent toxic substances, non-
persistent toxic substances, physical materials, microbiological and radiological contaminants. 
Examples of specific objectives include : Dieldrin, less than 0.001 ,ug,/ in water and less than 0.3 
mg/kg in edible portions of fish DDT and metabolites, less than 0.003 ,Lg/ I in water and 1.0 mg/ 
kg in fish; PCB should not exceed 0.1 mg/kg in fish. while the mercury content of filtered water 
should be less than 0.2 jig// and 0.5 mg/kg in fish flesh. 

§ Supplementary notes (Q, 37) 
Critical pollutants in the Great Lakes ecosystem include: FCB. 2, 3, 7, 8-TCDD, mirex, 2, 3. 

7, 8-TCDF, hexachlorobenzene, benzo-a-pyrene, dieldrin, alkvlated lead, DDT and metaholites, 
toxaphene, and mercury. The worst problems associated with contaminated sediments occurs 

5-10 
>1 4  

14 
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in bays, harbor mouths and connecting channels. For example, the sediments in some of the 
drainage ditches emptying into Waukegan Harbor near Chicago contain as much as 500,00)) 
mg kg PCB. Heavy urban and industrial development and use of connecting channels as a 
transportation corridor have contributed to the degradation of the water quality of the St. 
Mary's River connecting Lake Superior and Lake Michigan. 

Past experience with persistent toxic chemicals such as PCB, DOT, mercury. dielclrin and 
mirex show that once they are introduced into an aquatic ecosystem, they are extremely difficult 
to remove, especially in sediments which become a source for their remobilization into the water 
column. Therefore, the emphasis of regulatory officials has been directed toward preventing 
their release and the development of effective and efficient responses to identified problems. 

Both the United States and Canada monitor atmospheric deposition for a range of organic 
chemicals and heavy metals of concern to the Great Lakes Ecosystem. An estimated 20% to 
25% of the pollutants into the Great Lakes come from atmospheric fallout. The latest data 
relative to the total deposition of airborne trace metals and organics are attached. No effective 
countermeasures have been implemented to date. 

Total deposition of airborne trace substances to Lake Superior Imetric tons year '1 28L 

Metal 	Total deposition 

Zn 	 8,210 
P1) 	 1.230 
Cu 	 821 
Cd 	 82 
Ni 	 328 
Fe 	 8,21)) 
Al 	 14.000 
Mn 	 1,640 

Substance Total deposition 

Total PCB 9.8 
Total DOT .58 
a-BHC 3.3 
y-BHC 15.9 
Dieldrin .44 
HCB 1.7 
p,p'-methoxvchlor 8.3 
a-endosulfan 7.9 

-endosulfan 8. 
Total PAH 163 
Anthracene 4.8 
Phenanthrene 4.8  
Pyrene 8.3  
Benzo (a) anthracene -1 	1 
Perylene 4.8 
Benzo (a) pvrene 7.9 
DBP 16 
DEHP 16 
Total organic carbon 2 x 10 

Other hazards include the input of toxic inorganic and organic chemicals from municipal 
point sources, combined sewer overflows, rural and urban nonpoint sources and leachates from 
municipal and hazardous waste landfill disposal sites. Problems from these sources are most 
apparent in highly industrialized harbors and embayments and nearby areas. 
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The IJC areas of concern include locales where environmental degradation and impairment 
of beneficial uses is severe and those where some environmental degradation is obvious and 
where uses may be impaired. The Lake Superior areas of concern are attached. 

Fig. NAM-4-15 Areas of concern in Lake Superior. 

Niptgoci Bay 	mercury, phenols 

Jacklish Bay - mercury, phenols 

Mararlon - mercury, PCB's, dioxin PCI' 

Thunder Bay - PCP. mercury 

S Michipicoten Harbour - PCP 

LAKE SUPERIOR 

Western Basin 	 Copper nhine tailings 

- asbestiform fibers 	 I 

Ashland - PAl-I's, heaoy metals 

),Marquett, 

Deer Lake/Carp River - nlercury 

'-':,• St. Marys Riser 
Sault Ste. Marie 	- phenols 

13 EUTROPHICATION 
§ Nuisance caused by eutrophication (Q) 

Others : Not a significant problem except in urban areas. bays and river mouth. 

14 ACIDIFICATION 
§ Extent of damage : No information (Q). 
§ Kinds of damage : Evidence of damage to Lake Superior from acidic deposition is not discerna-

ble at this time (Q). 
§ Supplemtary notes (Q) 

Data relating the amount of airborne acid deposition and stream effect are highly variable 
depending on the total stream alkalinity. For very soft water streams in the Upper Peninsula 
of Michigan (i.e., alkalinity less than 10 mg/I as CaCO 3 ). pH decreases of 1 to 2 units (from 
stream pH values of 7 or 8 to 6 or 7) have been observed in the headwaters area. To date, no 
studies have demonstrated detectable ecosystem trends which can be totally ascribed to 
acidification. The effects of increased acidic deposition, especially over terrestrial watershed 
with little alkaline character, may be more discernable. 

Mean monthly value of pH (Washington Creek. Isle Royale National 
Park, 1967-1980) (58). 

Month 
0 	F 	M 

	
M 	.1 	.J 	A 	S 

7.28 7.47 7.41 7.20 7.33 7.57 7.38 7.19 

Because of its size, Lake Superior possesses a large buffering capacity and apparently is 
able to neutralize the airborne acid deposition it receives. Consequently, Lake Superior doesn't 
appear to be directly affected. This is not true for many of the streams and tributaries and 
smaller lakes that surround and feed Lake Superior and the other Great Lakes. 

16 
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U. WASTEWATER TREATMENTS 
U 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (c) Limited pollution with 

wastewater treatment, and (d) Measurable pollution with limited wastewater treatment. 
Situafion differs lecally. 

J2 APPROXIMATE PERCENTAGE DISTRUBUTION OF POLLUTANT LOADS 
Summary of total phosphorus loads, 1976 (27) 

Sources 

Direct municipal sewage treatment plants 
Tributary municipal sewage treatment 
Plants 
Direct industrial 
Tributary industrial 
Urban nonpoint direct 
Tributary diffuse 
(Tributary total) 

SuUtotai 

Atmospheric 
Load from upstream lake 

Fotal 

Shoreline erosion 
(not included in total) 

P [metric tons year - '] 
Canada U.S. Total [Percent] 

29 39 68 [2] 

38 162 200 151 

102 0 102 [2] 
0 33 33 [<1] 

16 16 [<1] 
1,453 769 2,222 [53] 

(1.491) (964) (2.455) 

1,638 1,003 2,641 [63] 
- 

- 1,566 [371 

4,207 [100] 

0 3,781 3,781 

J3 SANITARY FACILITIES AND SEWERAGE (Q) 
§ Municipal wastewater treatment systems (data for Michigan only) 

Number of tertiary treatment systems : 3. 
Number of secondary treatment systems : 38. 
Number of primary treatment systems : 9. 

K. IMPROVEMENT WORKS IN THE LAKE (Q) 

None. 

L. DEVELOPMENT PLANS (Q) 
On the southern shore of Lake Superior, some limited development planning has occurred with 

respect to increased recreational use (second homes, tourism) by the states' Sea Grant Programs 
and the Coastal Management Program of NOAA. The Coastal Management Program has been 
especially concerned since 1982 with high water levels. 

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

M 1 NATIONAL AND LOCAL LAWS CONCERNED 
§ Names of the laws (the year of legislation) 

Rivers and Harbors Acts of 1899 and 1909 (33 USC 401 et seq.) 
Flood Control Acts of 1917, 1936 and 1944 
Safe Drinking Water Act 
State legislation implementing and augmenting federal laws 
Federal Water Pollution Control (Clean Water) Act of 1972 (PL 92-500) and Amend- 
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merits of 1977 and 1987 (33 USC 125 et seq.) 
(6) Boundary Water Treaty of 1909 between United State and Canada 
(7) 1972 and 1978 United StatesCanada Agreements on Great Lakes Water Quality 
(8) Canada Shipping Act (Section XX) 
(9) Canada Navigable Water Protection Act 
(10) Canada Waters Act 
01) Canada Environmental Contaminants Act 

Canada Fisheries Act (Section XXXIII) 
Canada Pesticide Registration Act 

(11) Ontario Water Resources Act (1982) 
(15) Ontario Environmental Protection Act (amended 1983) 
(16; Ontario Pesticide Act (1974 as amended) 

Responsible authorities 
(1) Corps of Engineers of the 
(2) Corps of Engineers of the U.S. Army 
(3) State Agencies for Environment and Natural Resources 
(4) U.S. Environmental Protection Agency 
(5) U.S. Environmental Protection Agency 
(6) International Joint Commission 
(7 International Joint Commission 
(8) Canadian Ministry of Transport 
(9) Canadian Ministry of Transport 
(10) Environment Canada 
(11) Environment Canada 
(12) Environment Canada 
(13) Environment Canada and Agriculture Canada 
(14) Ontario Ministry (>1 the Environment 
(1) Ontario Ministry of the Environment 
(116) Ontario Ministry of the Environment 

§ Main items of control 
Discharges, dredging and filling 
Flood control 
Drinking water- including standards 
The entire range of water related problems 
Water pollution 

16) Quality of Great Lakes water relative to nutrients 
(7) Quality of Great Lakes water relative to toxic chemicals 
(8) All contaminants 
(9) All contaminants 
(ll) Nutrients 
(11) Toxic organic and inorganic chemicals 
(1)) Substances injurious to fish 
(13) Pesticides 
(11) All contaminants 
(15) All contaminants 
(16) Pesticides, herbicides and slimicicles 

§ Supplementary notes 
Other U.S. laws which indirectly relate to preserving the water quality of the Great Lakes 

include the 1976 Resource Conservation and Recovery Acts (RCRA), the 1976 Toxic Substances 
Control Act (TSCA) and the Comprehensive Environmental Response, Compensation, and 
Liability Act of 1980 as amended 1987 (CERCLA or Superfund). 

M2 INSTITUTIONAL MEASURES 
Great Lakes Fishery Commission (International) was established in 1960 to formulate, 

coordinate and implement fisheries research programs related to the Great Lakes. MI. 
International Joint Commission (International) was established in 1909 to investigate pollu-

tion in the boundary waters of the United States and Canada. Windsor, Ontario. 

18 
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3: United States Environmental Protection Agency was established in 1972 to protect the 
nation's atmospheric, terrestrial and aquatic environments and enforce legislation enacted to 
protect them. Chicago. IL. 

The United States Army Corps of Engineers (U.S.. Federal) is concerned with all aspects of 
water resources as they relate to present and future needs of navigation, flood control, power, 
water supply, irrigation, beach erosion, dredging and recreational activities. Chicago, IL. 

The United States Bureau of Commercial Fisheries (U.S., Federal) is concerned with 
maintaining viable and expanding fisheries in the Great Lakes. In this regard, it conducts a 
broad research program on parasite (lamprey) control, effects of exploitation on the Great 
Lakes Fishery and establishing the relationship between limnological conditions and the 
general biology of commercial fish species. 

The United States Public health Service (U.S.. Federal) is concerned with monitoring food 
and waler supplies as they relate to human health. One of their primary functions is to 
develop and maintain an inventory of the sources and nature of pollutants entering each lake 
relative to the population and industry of the region. Washington DC. 

U.S. Department of Agriculture (U.S.. Federal) is concerned with developing programs and 
research to minimize nonpoint pollution from agriculture (pesticides, nutrients, and erosion) as 
it relates to protecting the water quality of the Great Lakes. 

( 	U.S. Department of Commerce (U.S.. Federal) has Great Lakes research and monitoring 
programs administered under its National Oceanic and Atmospheric Adminstration (NOAA). 

U.S. Department of the interior (U.S., Federal) under its U.S. Geological Survey, sponsors 
research and education programs through the State \V ater Resources Institute program. 

Great Lakes Commission (an interstate Comnpact Conimission) was established in 1955 by the 
eight states bordering the Great Lakes to provide communication, coordination and advocacy 
on Lakes issues. The Commission deals with environmental quality, resources management, 
transportation and economic development. Ann Arbor, MI. 

The State Departments of Natural Resources (U.S State). Each state in the United States 
has a Department of Natural Resources or equivalent department which is responsible for 
monitoring the state's natural resources and enforcing legislation enacted to protect them. 

(14 The State Departments of Public Health (U.S., State). Each state in the United States has 
a Department of Public I-Iealth or equivalent department, which is responsible for monitoring 
food and water supplies as they relate to human health. 

(13) Environment Canada (Canada, Federal). Primary concerns are related to the protection of 
the atmospheric, terrestrial and aquatic environments. Toronto, Ontario. 

(11) Department of Fisheries and Oceans (Canada. Federal). Primary function is to protect the 
water quality of freshwater and marine environments as fish habitats. Burlington, Ontario. 

(13) health and Welfare Canada (Canada, Federal). Primary function is to monitor food (fish) 
taken from the Great Lakes as it relates to human health. Ottawa, Ontario. 

Agriculture Canada (Canada. Federal) is responsible for developing programs and research 
to minimize nonpoint pollution from agriculture (pesticides, nutrients and erosion) as it relates 
to protecting the water quality of the Great Lakes. Ottawa, Ontario. 

Ministry of Agriculture and Food (Canada. Provincial). Primary function is to monitor 
food (fish) taken from the Great Lakes as it relates to human health. Toronto, Ontario. 

The Ontario Ministry of the Environment (Canada. Provincial) is responsible for monitoring 
the water quality of lakes, streams, groundwater and drinking water and to enforce abatement 
activities around industrial and municipal facilities. Toront, Ontario. 

Ontario Ministry of Natural Resources (Canada, Provincial). Primary function is to protect 
the environmental quality of forests and lakes as related to fisheries and wildlife habitat. 
loronto, Ontario. 

M3 RESEARCH INSTITUTE ENGAGED IN THE LAKE ENVIRONMENT STUDIES 
1) Institute of Environmental Studies. University of Toronto, Toronto, Ontario Emphasis 

monitoring and research 
Lakehead University, Thunder Bay, Ontario Emphasis : fish toxicity studies as related to 

Lake Superior 
Great Lakes Institute. University of Windsor, Windsor, Canada Emphasis : Great Lakes 

monitoring and research 

IIl 
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Great Lakes Research Division, University of Michigan. Ann Arbor, Michigan Emphasis 
monitoring and research 

University of Minnesota Limnological Research Center. University of Minnesota, St. Paul, 
Minnesota Emphasis : monitoring and research 

§ Supplementary notes 
Private orgalnzations concerned with the well being of the Great Lakes 
(1) Center for the Great Lakes, Chicago, IL 
(2) Great Lakes Tomorrow, Toronto. Ontario 
(3) Great Lakes United, Buffalo, NY 
(4) Operation Clean Niagara, Niagara.on-the- Lake, Ontario 
(5) Pollution Probe, Toronto, Ontario 

N. SOURCES OF DATA 

(Q) Questionnaire filled by Prof. F. M. D'Itri, Institute of Water Research, Michigan State 
University based on the following sources. 

ilough, J. L. (1958) Geology of the Great Lakes. University of Illinois Press, Urbana, Illinois. 
Pincus. H. J. (3962) Great Lakes Basin. American .Association for the Advancement of 

Science, Washington, D. C. 
Great Lakes Basin Commission Public Information Office (1974) (;reat Lakes Basin 

Framework Study. Ann Arbor, Michigan. 
(1) Great Lakes Fishery Commission (1980) Annual Report. Ann Arbor, Michigan. 
(5) Great Lakes Fisheries Commission (1978) Commercial Fish Production in the Great Lakes 1868 

-1977. Technical Report 3. Ann Arbor, Michigan. 
(6) National Oceanic and Atmospheric Administration, National Environmental Satellite. Data 

and Information Service, National Climatic Data Center. Department of Commerce. Ashville, 
North Carolina. 

(7) Solar Energy Research Institute. Solar Energy Information Data Book, Insolation Data 
Manual. Golden, Colorado. 

(8) National Oceanic and Atmospheric Administration Environmental Data Service, U.S. Depart-
ment of Commerce. Local Climatological Data. 

(9) Great Lakes Water Quality Board, International joint Commission, United States and Canada 
Great Lakes Regional Office (1973) Great Lakes Water Quality Annual Report to the Interna-
tional Joint Commission. Windsor, Ontario. 

(11) International Joint Commission, United States and Canada Great Lakes Regional Office (1980) 
(;reat Lakes Water Quality, 7th Annual Report. Windsor. Ontario. 

(11) International Joint Commission (1978) Inventory of Land Use and Land Use Practices, 1, 
Canadian Great Lakes Basin Summary. 

(13) Great Lakes Research Division, Institute of Science and Technology. University of Michigan 
(1972) Phytoplankton and Physical-Chemical Conditions in Selected Rivers and the Coastal 
Zone of Lake Michigan, 1972. Publication No. 19. The University of Michigan, Ann Arbor. 

Sommers, L. M. (1982) Fish in Lake Michigan. Michigan Sea Grant, University of Michigan. 
Ann Arbor, Michigan. 

United States Environmental Protection Agency. Limnological Condition in Southern Lake 
Huron, 1974 and 1975. 

(ii) Interagency Committee on Marine Science and Engineering, Federal Council for Science and 
Technology, Argonne National Laboratory (1975) Proceedings of the Second Federal Confer-
ence on the Great Lakes. 

Weathesen, G. L. (1983) Ontario Mineral Score, 1982. Ontario Ministry of Natural Resour-
ces, Video Census Series No. 2. 

International Joint Commission. United States and Canada Great Lakes Regional Office (1978) 
Environmental Management Strategy for the Great Lakes sstem. Windsor. Ontario. 

International Great Lakes Diversions and Consumptive Uses Study Board (1981) Great Lakes 
Diversions and Consumptive Uses, Annex F: Consumptive Water Uses. 

Ontario Ministry of Agriculture and Food Statistics Section (1982) Agricultural Statistics for 
Ontario, 1981. 

(28) Ontario Ministry of Treastiry and Economics. Ontario Statistics, 1982. 
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(21) Ontario Ministry of Natural Resources, Fisheries Branch. Employment and Investment in the 
Commercial Fishery, 1982 and Conmiercial Fish Industry. 

(P) International joint Commission, United States and Canada Great Lakes Regional Office (1 90) 
Pollution in the Great Lakes Basin from Land Use Activities. 

Beeton, A.M. (1962) Light Penetration in the Great Lakes. Pub. No. 9, Great Lakes Res. Div., 
Inst. Sci. and Tech., Univ. of Michigan. Ann Arbor. Ml, pp. 68-79. 

Conwa, H.L., Parker, J.I. Yaguchi E.M. & Mellinger D.L. (1977). Biological utilization and 
regeneration of silicon in Lake Michigan. J. Fish. Res. Board Can. 34 : 537-544. 

(23) D'Itri, F.M. (1987) Contaminants in selected fishes from the Upper Great Lakes. Proceedings 
of World Conference on Large Lakes-Mackinac '86. WAY. Schmicltke, Editor. Lewis Publishers, 
Inc., Chelsea, MI. In press. 

Frank, R.. Thomas, R.L. Braun, H.E. Gross D.L. & Davies T.T. (1981). Organochlorine 
insecticides and PCB in surficial sediments of Lake Michigan. J. Great Lakes Research 7 12 
-50. 

IjC. (1978) Environmental Management Strategy for the Great Lakes System. International 
Reference Group on Great Lakes Pollution from Land Use Activities (PLUARG). Final Report, 
International Joint Commission, Great Lakes Regional Office. 100 Ouellette Avenue, Windsor, 
Ontario N9A 6T3. Canada. 

IjC. (1980) A Perspective on the Problem of Hazardous Substances in the Great Lakes 
Ecosystem. Great Lakes Science Advisory Board, Annual Report. international ,Toint Coinmis-
sion, Great Lakes Regional Office, 11)1) Ouellette Avenue, Windsor. Ontario N9A 6T3, Canada. 

(29)IJC. (1985) Report on Great Lakes Water Quality. Intem'national joint Commission, Great 
Lakes Water Qaulity Board. 

Kinkead, J.D. & Chatterjee, R.M. (1974) A Limnological Survey of Nearshore Waters of Lake 
Superior. Proc. 17th Conf. Great Lakes Res., Int'l Assoc. Great Lakes Res.. pp. 549-573. 

Schelske, G.L. (1977) Trophic status and nutrient loading for Lake Michigan. In : North 
American Project.A Study of U.S. Water Bodies : A Report for the Organization of Economic 
Cooperation and Development. Great Lakes Res. Div., Univ. of Michigan, Ann Arbor. Ml. pp. 
499 536. 

Schelske, G.E. & Roth O.C. (1973) Limnological survey of Lakes Michigan, Superior, Huron 
and Erie. Great Lakes Res. Div., Univ. of Michigan, Ann Arbor, MI. Pub. 17. 

Schelske. C.L. & Stoermer E.F. (1971) Eutrophication, sillica depletion and predicted changes 
in algal quality in Lake Michigan. Science 173 : 423- 424. 

Schelske. C. L. & Stoermer. E.F. (1972) Phosphorus, silica and eutrophication of Lake 
Michigan. In : G.E. Likens (Ed.). Nutrients and Eutrophication. Special Symposium Vol. 1. 
American Society of Limnology and Oceanography, Allen Press, Lawrence. KS. pp. 157-171. 

Schelske, CL., Stoermer, E.F. Cannon. J.E. & Simmons. M.S. (1976) Biological, chemical and 
physical relationships in the Straits of Mackinac. Ecol. Res. Series, U.S. Environmental Protec-
tion Agency, Duluth, MN, Rep. No. EPA-600 3-76.095. 266 pp. 

Stoermer, F..F., Bowman, M.M. Kingston, J.C. & Schaedel. A.L. (1974) Phytoplankton compo-
sition and abundance during IFYGL. Great Lakes Res. Div., Univ. of Michigan, Ann Arbor, MI, 
Spec. Rep. No.53, 373 pp. 

Villeneuve. D.C. (1986) Proceeding of Governor's Conference on Illinois' Great Lake- Lake 
Michigan. illinois Department of Energy and Natural Resources, DOC No. RE-IS -86:03. Spring-
field, IL, PP.  23-25. 

Frank, R., Thomas, R.S. Braun. H.E. Raspher, J. & Dawson. R. (198))) Organochiorine in-
secticides and PCB in surficial sediments of Lake Superior (1973) J. Great Lakes Research. 6 
113-120. 
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LAKE HURON 

A view from Fort Mackinac 
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A. LOCATION 

§ \lichigan. U. S. A. and Ontario, Canada. 
§ 13 00 46 21 N 79 30 -84 43 \ 	176 in Tho\ e s ea lc\ ci 

B. DESCRIPTION 

Lake huron is the second largest of the Great Lakes and the fifth largest in the world, with 
the most irregular shape of any of the Great Lakes. Even its largest island . Manitoulin, is wider 
than the State of Rhode Island, and has five small lakes of its own. 'I'he lake is connected with 
its neighbor, nearly same-sized L. Michigan, only bva narrow straight called the Straights of 
Mackinac, which is spanned by a 8 km-long bridge, the Mighty Mac. The shores around 
Mackinac offer spectacular landscape. 

The water quality of the lake is still excellent and uligotrophic. Triinsparencv is generally 
recorded at 8 m, and chlorophyll-a concentration at the lake center is less than 2 mg in 1 
However, the water in Saginaw Bay in the southern part has become considerably worse due to the 
nutrient loading from surrounding areas. 

Many long freighters and other seafacing vessels come and go on this ''inland sea". In 
summer, recreational boating and yacht -racing are supported by many P cal clubs almost e cry 
day. 

C. PHYSICAL DIMENSIONS (Q) 

Surface area [km 2 ] 	 59 . 57(I 
\olume  
1\laximum depth [mj 	 22$ 
Mean depth [m] 	 53 
\Vater level 	 Unregulated 
Length of shoreline [kin]  
Residence time lyrl  
Catchment area [km2]* 	 128. 161 

Not including the catchineiits of the two upstream Great 
Lakes. 
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D. PHYSIOGRAPHIC FEATURES 
Dl GEOGRAPHICAL (1 5) 

§ Bathymetric map (Fig. NA1'vI-5J). 
§ Main islands : Manitoulin, Durrimond, St. Joseph, Cockhurn. 
§ Outflowing rivers and channels (number and names) : 1 (St. Claire R.). 

D2 CLIMATIC (4-8) 
§ Climatic data at Alpena, 1943-1980 

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

Mean temp. [ - C] 	7.1 -7.5 -2.9 4.2 10.4 16.0 19.0 18.2 13.9 8.5 1.9 	3.9 	5.9 
Precipitation [mm] 	46 	38 	49 	58 	73 	78 	69 	75 	79 	61 	hO 	19 	739 

§ Number of hours of bright sunshine (Alpena. 1943-1980) : 2,324 hr vr'. 
§ Solar rediation (Alpena. 1943-1980) : 11.10 MJ m 2 day. 
§ Period of snowfall : 120 day yr ' (mid Nov-mid Mar.). 
§ Amount of total snowfall : 2.46 in yr -1 . 

Fig. NAM-5-I Bathymetric map (Q). 

4, 	
-!_ 

§ Water temperature [C] 

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

Surface 	1 	0 	1 	3 	6 	14 	20 	20 	18 	11 	7 	3 

§ Freezing period: 80 days with Ca. 60 % ice coverage. 
§ Mixing type : Dimictic. 
§ Notes on thermocline formation : Generally from July to November and from January to March. 

E. LAKE WATER QUALITY (3-5, 9-13) 

El TRANSPARENCY 
Lake center, 1954 : 12 m (Jun.).  14 m (Jul.), 13 m (Aug.). 
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Fig. NAM-5-2 Distribution of transparency [in] (Aug. 1954) (Avers. 1956). 

E2 pH 
Off Harbor Beach, 1974 

Depth 	May Jun Jul Aug Sep Oct Nov 

Surface 	8.40 8.45 8.30 8.55 	- 	- 	8.3 

E4 DO 

Fig. NAM-5-3 Percent saturation of DO [% I of bottom water (1971). 

4 
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E6 CHLOROPHYLL CONCENTRATION Lug! 1]  

Off Harbor Beach, 1974 

Depth 	Apr May Jun Jul Aug Sep Oct Nov 

Surface 	2 	2 	2 	0.4 	0.6 	1.5 	0.6 

E7 NITROGEN CONCENTRATION 

Fig. NAM-5-4 Distribution of inorganic nitrogen. Isopleths refer to mean concentrations 
[,ug ! ] at I m depth (1971). 

E8 PHOSPHORUS CONCENTRATION 

Fig. NAM-5-5 Distribution of total phosphorus. Isopleths refer to mean concentrations 
Lug 1 11  at 1 in depth (1971). 
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E9 PAST TRENDS 
The water quality of open Lake Huron and that of Saginaw Bay should he considered 

separately because they are distinct limnologicallv. The open waters of Lake Huron exhibit 
low concentrations of dissolved ions with a general increase occurring from north to south. 
Although the levels indicate a general absence of contamination, the transparency data indicate 
a decrease from 10 m to 7 in during the 1957-1971 period (Dobson. H. H. (1971) : Nutrients in 
Lake Huron, Canada Centre for Inland Waters). 

A review of Saginaw Bay water quality data (12) indicates that high levels of nutrient 
loading have continued from 1956 to 1971. Concentrations of all parameters are higher than 
those found in the open waters of Lake Huron and are a substantial cause for the north to south 
increasing concentration gradient. 

Loadings of total dissolved solids to all of the Great Lakes, with the exception of Lake 
Superior, have increased significantly over the past 50 years. This has resulted in increased 
concentrations of nutrients, chlorides, sulphates, and numerous other ions and compounds in 
Lakes Michigan, Huron. Erie and Ontario. 

F. BIOLOGICAL FEATURES (3-5, 11. 13-16) 

Fl FLORA 
Emerged macrophytes 	irJnis acu/z's, S. (fl?ciiCa1/?fs..5jaga ilium Sp., P1? rag;;iitrs sp.. Eleodiaris 
sp. 

§ Submerged macrophytes : A'i'tcila flex//is, Cliaru globe/uris. Isoiles riuria. 
§ Fhytoplankton : CrtIotella CO)17?'J?5iS, C. cone/u. C. g/omerutu. Cue/as/rum re/ice/alum, Tube//aria 

fenestrata, Asterione/la tormosa. 

F2 FAUNA 
§ Zooplankton : Protozoa (Dtf/ugia  globe/usa, Codoic/la sp.). Claclocera (Bosmina /Ongisf)inhI, 

Daplinia retrocuria). Rotifera (Po/vartlira iu/garizs, Au/lie/ca long/s/nra) Copepocla (Diap/omus 
aslilancli. Linnocalanus macrurus). 

§ Benthos : Amphipodl (Pon/oporeia aft7nis), Oligochaeta (Limuodri/us sp.. Tub/fox 5I..  .",'tv/udii/its 
sp.), NI ullusca (Pisidiuni sp.). 

§ Fish _'l lose sL'udoharengus, Oncochvnclius /tisutcli, C). lscliait'vlsclzu, Pcrca Ilarescens, Osnicrus 
sp.. Stizostcdion rilreuin. Sa/ic/inus nainavc'ush, Corc1 011115 c11(1)cat()umis. 

F3 PRIMARY PRODUCTION RATE [mg C m hr - ] (1969-1970) 
(L)pen water 0.77 1.69, Saginaw Bay 2. 

6 
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Fig. NAM-5-6 Chlorophyll-a [mg rn -3 ], primary productivity rng C in hr 1. total phos-
phorus [rng PO 4 -P rn 3] and Secchi disc transparency [ni] in Great Lakes 
(16). 

r7A_ 	Chlorophl a ____  

Primary Productivity 

Total P 

Secchi Disc 

I I 

/\ 
Lake Erie 	Lake 	Lake 	Lake 
Western 	Michigan 	Huron 	Superior 

Basin 

F5 FISHERY PRODUCTS 
§ Annual fish catch (commercial) in 1977 : 2,977 [metric tons]. 

F7 NOTES ON THE REMERKABLE CHANGES OF BIOTA IN THE LAKE IN RECENT YEARS (Q) 
During the past 40 years major upheavals have occurred. By 1946 sea lamprey had invaded 

all the Great Lakes and decimated the native fish population, especially lake trout (Se/retinas 
namayc'ush). The decline of native fish populations created conditions favorable for the ex-
plosive increase of alewife (A/osa pseudohareagus) which, in turn, greatly reduced the populations 
of yellow perch (Perca lavescens), cisco (Coregonus sp.) and lake herring (Coregonus artedu). 
Salmon species were introduced in 1964 and have effectively utilized the alewife as a food source. 
This has served to both reduce the alewife populations and create a vital sport-fishing industry. 
The predominance of alewife also resulted in a shift toward smaller size zooplankton as the 
larger species were selectively harvested (Wells, L. (1969) : U. S. Fish Wildlife Service, Fish. 
Bull., 60: 343-369). 

G. SOCIO-ECONOMIC CONDITIONS (3-5, 17-24) 

Gi LAND USE IN THE CATCHMENT AREA (1978) 

Natural landscape 
Woody vegetation 84,447 66.0 
Herbaceous vegetation 12,841 10.0 

Agricultural land 28,840 22 . 0 
Residential area 2,336 2.0  
Total 128,464 100.0 
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§ Main types of woody vegetation Aspen-birch forest. oak-hickory forest, maple-beech forest and 
pine forest. 

§ Main kinds of crops : Dry field bean. sugar beet, hay, potato. corn and soybean. 

G2 INDUSTRIES IN THE CATCHEMENT AREA AND THE LAKE (1970) 

Gross product 	No. of 	N 	f 	Main products 
during the 	persons 	 ?' 	 and main kinds establishments year [10' 	engaged 	 of industry 

23,977 

N. A. 
-18 

Manufacturing 5.336. 70 165.133 1,186 

Mining 2,427.25 1.696 N. A. 

Others 1,172.85 243.524 N. A. 

Primary industry 

Agriculture 	 1, 090 .09 	12,000 

Fisheries 	 8, 
 72 	325 

Others 	 541.69 	1,554 
Secondary industry 

Dry field beans, 
livestock, sugar 
beet, hay, grains 
Whitefish 
Paper products 

Tnsportion 
equipment, 
machinery, 
metal fabrication 
Sand, cement, gravel, 
crushed stone 
Building. construc-
tion engineering 

G3 POPULATION IN THE CATCHMENT AREA (U. . only) (1970) 

Population density Population 	Main cities 

	

- 	 Flint, Midland I otal 	1 .2.36. 300 	9.6 Alpena, Saginaw 

H. LAKE UTILIZATION 

H 1 LAKE UTILIZATION 
Source of water, fisheries, navigation, tourism and recreation (swimming, sport-fishing. 

yachting). 

H2 THE LAKE AS WATER RESOURCE U. S. only) (1975) 

Use rate [m 3day'] 

Domestic 	 3.5 / 10 
Irrigation 	 0.4 > 10 5  

Industrial 	 30.8 >< I 0 
Power plant 	 27.1X 10 
Mining 	 2.7x br 

8 
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I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 

12 	TOXIC CONTAMINATION 
§ 	Mean contaminant concentrations in whole fish samples of Lake Huron rainbow smelt, 1979 1983 [mg 

kg, wet weight] (25) - 

Year 	PCB pp'DDE IDDT Ag As Se 

1979 	0.19 0.05 0.07 0.06 0.27 0.64 

1980 	0.11 0.05 0.07 0.07 0.26 0.69 

1981 	0.13 0.07 0.10 0.06 0.31 0.68 

1982 	0.29 0.08 0.12 (L05 0.36 0.54 

1983 	0.18 0.07 0.10 - - 

§ 	Mean contaminant concentrations in whole fish samples of Lake Huron lake trout. 1979 1983 [mg km 1 . 

wet weight] (25) 

Year 	PCB pp'DDE DDT Ag As Se 

1979 	0.78 0.15 0.20 0.16 0.15 0.70 

1980 	0.42 0.22 0.23 0.18 0.18 0.75 

1981 	2.26 0.60 1.06 0.24 0.13 0.48 

1982 	2.44 0.48 0.73 0.19 0.13 ((.62 

1983 	1.24 0.39 0.68 - 

Fig. NAM-5-7 Distribution of cadmium concentrations in surface bottom sediments (26). 

Or 
	c 0  

Cadmium, ppm 

<2 

E 2-4 

_ 4< 

9 



NAM-5 

Fig. NAM-5-8 Distribution of quartz-corrected PCBs in surface bottom sediments (27). 

Quartz Corrected 

PCBs,ppb 

<20 

tv') 	 20-50 

. 1-50-100  
100< 

Supplementary notes (Q) 
Toxic contamination hazards included the input of toxic inorganic and organic chemicals 

from municipal point sources, combined sewer overflows, rural and urban nonpoint sources and 
leachates from municipal and hazardous waste landfill disposal sites. Problems from these 
sources are most apparent in highly industrialized harbors and embayments and nearby areas. 

13 EUTROPHICATION (Q) 
§ Nitrogen and phosphorus loadings to the lake (1976) [t yr'] 

Sources 	Industrial 	Domestic 	Agricultural 	- Natural 	Total 
T-N 	N. A. 	N. A. 	N. A. 	N. A. 	24,700 
T-P 	122 	515 	2.442 	1,129 	4,857 * 

* Including 657 t from upstream lakes. 

10 
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Fig. NAM-5-9 Areas of concern in Lake Huron. The International Joint Commission 
areas of concern include locales where environmental degradation and 
impairment of beneficial uses is severe and those where some environ-
mental degradation is obvious and where uses may be impaired. 

St. Marys River - phenols 
Serpent Harbour - heavy metals, 

e s 

enols 

'~D---_..DDT, 
Spanish River - PCB's, heavy metals. 

114 

LAKE HURON 	

) 

Collingwood - heavy metals, PCB's 

Pine/Tittabawassee/Saginaw Rivers - 

PBB's, dioxin, PCB's, PCDF's 

f 	/ 
•Saginaw Bay - PCB's, PCDF's, DOT 

'Bay City 

Sarnia - PAH's, mercury 
chlorinated organics 
C~ s arina 

PC B's, 

U. WASTEWATER TREATMENTS (Q) 
U 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (f) Measurable pollution 
with well-developed wastewater treatment. 

U3 SANITARY FACILITIES AND SEWERAGE 
§ Municipal wastewater treatment systems 

Number of secondary and tertiary treatment (activated sludge, trickling filter and oxidation 
pond) systems : 81 (rate of treatment 420,000 m 3  day ') (1978). 

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

M 1 NATIONAL AND LOCAL LAWS CONCERNED 
§ Names of the laws (the year of legislation) 

A large number of Federal and State Laws, Policies and Industrial Agreements (see Lake 

11 
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Erie). 
Responsible authorities 

United States and Canadian Federal Governments, State of Michigan and Province of 
Ontario, local governments 
§ Main items of control 
(1) Water quality and waste disposal, water use and withdrawal, fishing rights, navigation, 

flood and erosion control 

K. IMPROVEMENT WORKS IN THE LAKE (Q) 

Beginning in 1970, a multi-billion dollar remedial program was undertaken by the United 
States and Canada under the supervision of the International joint Commission. 

N. SOURCES OF DATA 

(Q) Questionnaire was filled by Prof. F. M. D'Itri, Institute of \Vater Research, Michigan State 
University, Lansing, based on the data obtained from the following sources (1-27). 

Hough. J. L. (1958) Geology of the Great Lakes. University of Illinois Press, Urbana. Illinois. 
Pincus, H. J. (1962) Great Lakes Basin. American Association for the Advancement of 

Science, Washington, D. C. 
Great Lakes Basin Commission Public Information Office (1974) Great Lakes Basin Frame. 

work Study. Ann Arbor, Michigan. 
Great Lakes Fishery Commission (1980) Annual Report. Ann Arbor. Michigan. 
Great Lakes Fisheries Commission (1978) Commercial Fish Production in the Great Lakes. 

1967-1977. Technical Report 3. Ann Arbor, Michigan. 
National Oceanic and Atmospheric Administration, National Environmental Satellite, Data 

and Information Service, National Climatic Data Center. Department of Commerce, Asheville, 
North Carolina. 

Solar Energy Research Institute. Solar Energy Information Data Bock, Insolation Data 
Manual. Golden, Colorado. 

National Oceanic and Atmospheric Administration Environmental Data Service. U. S. 
Department of Commerce, Local Climatological Data. 

Great Lakes Water Quality Board, International joint Commission United States and 
Canada Great Lakes Regional Office (1973) Great Lakes Water Quality Annual Report to the 
International joint Commission. Windsor, Ontario. 

(111) International Joint Commission United States and Canada Great Lakes Regional Office 
(1980) Great Lakes Water Quality, 7th Annual Report. Windsor, Ontario. 

United States Environmental Protection Agency. Limnological Conditions in Southern Lake 
Huron, 1974 and 1975. Publication No. EPA-600/3-80.074. Duluth, Minnesota. 

Great Lakes Research Division, Institute of Science and Technology, University of Michigan 
(1973) Limnological Survey of Lakes Michigan, Superior, Huron and Erie. Publication No. 17. 
The University of Michigan, Ann Arbor. Michigan. 

Great Lakes Research Division, Institute of Science and Technology, University of Michigan 
(1972) Phytoplankton and Phvsical.Chernical Conditions in Selected Rivers and the Coastal 
Zone of Lake Michigan, 1972. Publication No. 19. The University of Michigan. Ann Arbor. 
Michigan. 

Sommers. L. M. (1982) Fish in Lake Michigan. Michigan Sea Grant, University of Michigan. 
Ann Arbor, Michigan. 

Interagency Committee on Marine Science and Engineering. Federal Council for Science and 
Technology. Argonne National Laboratory (1975) Proceedings of the Second Federal Confer-
ence on the Great Lakes. 

Weathesen, G. L. (1983) Ontario Mineral Score. 1982. Ontario Ministry of Natural Resour-
ces, Video Census Series No. 2. 

() International Joint Commission; United States and Canada Great Lakes Regional Office 
(1978) Environmental Management Strategy for the Great Lakes System. Windsor, Ontario. 

(18) International Great Lakes Diversions and Consumptive Uses Study Board (1981) Great Lakes 
Diversions and Consumptive Uses, Annex F : Consumptive Water Uses. 

12 
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International Joint Commission (1978) Inventory of Land Use and Land Use Practices, 1 
Canadian Great Lakes Basin Summary. 

Ontario Ministry of Agriculture and Food, Statistics Section (1982) Agricultural Statistics for 
Ontario, 1981. 

Ontario Ministry of Treasury and Econcmics. Ontario Statistics, 1982. 
Ontario Ministry of Natural Resources, Fisheries Branch. Employment and Investment in the 

Commercial Fishery, 1982 and Commercial Fish Industry. 
International joint Commission United States and Canada Great Lakes Regional Office 

(1980) Pollution in the Great Lakes Basin from Land Use Activities. Windsor, Ontario. 
International joint Commission United States and Canada Great Lakes Regional Office 

(1978) Great Lakes Water Quality Agreement. Windsor, Ontario. 
Great Lakes Water Quality Board (1985) 1985 Report on Great Lakes Water Quality. 

(76) Thomas. R. L. & Mudroch. A. (1979) Report to Small Craft Harhours, Ontario Region, 
December 1979. 149. pp. 

(27) Frank, R., Thomas, R. L., Kemp, A. W. L., Broun, H. F. & Dawson, R. (1979) J. Great Lakes 
Res., 5 : 131-138. 
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LAKE ERIE 

On the northwestern end of Canadian lakeshore 

Photo:H. Kurata 

Copyright John Bartholomew & Son Limited MCMLXXXII. Reproduced with permission. 
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A. LOCATION 

§ Michigan, Ohio. Pennsylvania and New York. U. S. A. and Ontario. Canada, 
§ 41 21'-4207'N, 7848' 8328'W 174 in above sea level, 

B. DESCRIPTION 

Lake Erie is the fourth largest and shallowest of the five Great Lakes, and is the only one with 
its floor above sea level. Generally the eastern portion of the lake is deep. while the western part 
is shallow and has many islands. The northern shore of the lake is in the Province of Ontario, 
Canada, and the southern shore is shared by four states of the United States. The lake water 
comes from L. Huron through the St. Clair River and the Detroit River (via L. St. Clair) at the west 
end. The only natural flow-out is at the northeast end through the Niagara River besides, the 
Welland Canal bypasses Niagara Falls leading to F. Ontario. 

Extensive commerce is carried out between the harbors on the lake as well as to and from the 
other Great Lakes. L. Erie is thus quite important to the St. Lawrence seaway system. The 
western shore side is one of the most highly industrialized and densely populated areas in the 
United States. The lake reached a fairly high level of eutrophication similar to that of L. Ontario 
before the 1970's. On the other hand. L. Erie is known, together with L. Michigan. for abundant 
fish catch which is much greater than that in other Great Lakes, 

C. PHYSICAL DIMENSIONS 

Surface area [km 2 ] 	 23. 21 
Volume [10 9 m 3 1 
Maximum depth [m] 	 64 
Mean depth [rn] 	 17.7 
Water level 	 U nregulated 
Length of shoreline [km] 	 I .169 
Residence time [yr] 	 2 . 6  
Catchrnent area [knd] 	 78.769 

Not including the catchrnents of the three upstream Great 
Lakes. 

I 
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL (Qi) 
§ Bathymetric map (Fig. NAM-6-1). 
§ Main islands Pelee. 
§ Outflowing rivers and channels (number and names) 2 (Niagara R. and Welland Canal). 

02 CLIMATIC 
§ Climatic data at Cleveland (Qi) 

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

Mean temp. [Ci 	-2.8 	2.3 2.3 9.0 14.6 19.9 21.9 21.1 17.7 12.1 5.3 -0.9 	9.8 
Precipitation [mm] 	63 	58 	71 	71 	79 	84 	86 	74 	79 	66 	66 	61 	864 

§ Number of hours of bright sunshine (Cleveland) : 2,352 hr yr'. 
§ Solar radiation (Cleveland) : 12.38 MJ m 2day. 
§ Average depth of maximum snow accumulation : ca. 0.3 m. 

Fig. NAM-6-- I Bathymetric map (QI). 

§ Water temperature LCI (QI) 
Whole lake, 1968-1983 

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

Surface 	1 	1 	1 	4 	9 	17 	21 	22 	19 	15 	9 	3 

§ Freezing period : 80 days 95-100 % ice coverage often present. 
§ Thermocline formation 

Western basin Isothermal throughout the year. Central basin : Early June to early Sep-
tember. Eastern basin : Early June to mid October. 
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E. LAKE WATER QUALITY 

El TRANSPARENCY [m] (Qi) 
Lake-wide surveys. 1962-1972 

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

- 	2.7 	1.4 	2.1 	2.5 	2.8 	1.2 	4.2 	3.2 	2.4 	1.8 	1.5 

E2 pH 
Surface water (1968 1983) : 7.8-8.6 (mostly 8. 0-8.5) (QI). 

E4 DO 

Fig. NAM-6-2 Vertical distribution of DO ( 
'
cast-west profile from Sandusk to Buffalo. 

29 Jul. 2 Aug., 1968( [mg l] (Qi). 

Distonce from Sanfrskv [km 

0 	 40 	 80 	120 	160 	200 	240 	280 	320 	360 

8 

21 

:: 

Lake bottom 
 

32 	 ofl 

36 	 / 

64  

E5 COD [mg 1] (1) 
1963-1968 

- Average Maximum Minimum - 

Western basin 10.1 19.0 1.1 
Central basin 7.8 16.0 3.1 
Eastern basin 7.8 27.0 4.7 

4 
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E6 CHLOROPHYLL CONCENTRATION 

Fig. NAM-6-3 Chlorophyll-a concentration [,ug 1 1 ] ( East Central Basin. Apr. - Jun.) (2). 

S 

E7 NITROGEN CONCENTRATION 
§ Inorganic-N (lake-wide surveys, 1968-1980) : 100 1020 [pig Ih] (Qi). 

E8 PHOSPHORUS CONCENTRATION 
§ Total-P 

Fig. NAM-6-4 Total-P concentration [,Lg 1_l] (East Central Basin. Apr-jun.) (2). 

30 

ean ± S.D. 

f 	f 
I 	 I 

- 	1974 	75 	76 	77 	 78 	79 

F. BIOLOGICAL FEATURES 
Fl FLORA 

§ Emerged macrophytes : Tbha sp., Scirpus (icutus, S. arnericanuj, Sparganium sp., Phragmites sp.. 
Eleocharis sp. (Qi). 

§ Submerged macrophytes : A1i'riophvliurn spp., Potamogeton spp.. Vallisneiw americana, Nile/la 
flexilis, Cliam giobularis, Isoetes uijaria (Qi). 

§ Phytoplankton Coscinodiscus rothit, Fragilaria ca/wcina, P. crotonensis, i/]e/osira hinderana, M. 

20 

(S 
J 10 
0 
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islandica, Stephanodiscus tenuis, Crvptonzonas erosa. Rhodomonas minuta, Ceraliuni hirundinel-
Ia, Aphanizon2enon J7os-aquae, Cliroococcus dispersus var. minor, C/i/ore/la sp., Cosmarium sp.. 
Oedogonium sp. (3). 

F2 FAUNA (Qi) 
§ Zooplankton : Protozoa (Difflugia globulosa, Codonella cratera) ; Cladocera (Bosmina longispina, 

Daphnia retrocurva) ; Rotifera (Polvarlhra cu/guns, Notholca longisbira) : Copepoda (Dia,btomus 
ashlandi, L im nocalanus macrurus). 

§ Benthos : Western basin (Chironomus plumosus, Liinnodri/us spp.. Pisidiun2, Sphaerium) 
Central basin (Chironomus plumosus, Potamothnix splierox) ; Eastern basin (Procladius cf. 
denticu latus, Chironomus ,blumosus, TuhUex  spp.) 

§ Fish Stizostedion vitreum, Osmorus more/ox, Perca .1/a eescens, Dorosoma cepedianum, 
Aplodinotus grunniens, Notropis atherinoides, \. JIUdSOOZUS. 

F3 PRIMARY PRODUCTION RATE (4, Q2) 
§ Net primary production rate [rng C m 2day 1 ] (Jan -Dec., 1970) 

Western basin (3 stations) 30-4,760, Central basin (14 stations) 120-1,690, Eastern basin (8 
stations) 140-1,440, Whole lake average 250. 

Fig. NAM-6-5 Chlorophyll-a [mg rn-3], primary productivity [mg C m 3hr 1 ], total phos-
phorus [rng PO 4 -P rn -3] and Secchi disc transparency [rn] in the Great Lakes 
(Schelske, 1974). 

Mai 

50 
	

Primary Productivity 

iDi 

5 

MR 

ru 
Lake Erie 	Lake 	Lake 	Lake 
Western 	tvlichigan 	Huron 	Superior 

Basin 

6 



NAM-6 

F4 BIOMASS 
Phytoplankton biomass [mg 1'] (Apr-Dec., 1970) (QI). 

W estern basin 0 8-13 2 Centr 11 h isin 0 6-6 0 E istern basin 1 0-4 2 

F5 FISHERY PRODUCTS 
Annual fish catch in 1915-1980 (commercial, Canada & U. S.) : 13,000 33.000 [metric tons]. 

F7 NOTES ON THE REMERKABLE CHANGES OF BIOTA IN THE LAKE IN RECENT YEARS Q1) 
Primary production since the 1130's has experienced shifts both in species dominance and 

standing crop. Generally the diatoms are becoming less dominant, while green and blue-green 
algae are becoming more important. A program of phosphorus control (removal from deter-
gents and sewage treatment plants) was initiated in 1972 in both Canada and the United States. 
This has curtailed the rate of increase of phytoplankton. 

There was a dramatic decline in walleve (Stisos/edion ?'itreum) fishery in the late 1940's 
dramatic recovery in the late 1970's following closure of the commercial walleye fishery because 
of high levels of mercury. 

The rnayflv, Hexogenia, which was an important component of the bottom fauna in the 
Central and Western basins, virtually disappeared in the 1950's and 1960's apparently from 
periods of low oxygen in bottom waters, 

G. SOCIO-ECONOMIC CONDITIONS 

Gi LAND USE IN THE CATCHMENT AREA (1978) (2. 5-10) 

Area [krn 2 ] lotal 
U. S. Canada 	- Total 1%] 

- Forest/woodland 10.057 3,422 11,479 17.1 
Barren/brush \vetland 11,148 344 11.492 14.6 
Cropland 19,233 11,822 31.055 39.4 
Pasture 8,823 6,700 15,523 19.7 
Residential 5,531 659 6,190 7.9 
Commercial 797 233 1.030 1.3 
'lotal 55,589 23.180 78,769 100.0 

Main types of woody vegetation : (Tarpiiius caroliniana, Acer spp., Juglans nigra, Caryc' ore/a, 
Quercus Spp., Liuiodendron lulipifera, Magnolia acuminate, A simina tri/oba, Lindera hen.zoin, 
Rosa setigera, Cords canadeizsis, Corn us .florida. 
Main kinds of crops : Maize, wheat, soybean, vegetables, fruit trees and tobacco. 
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G2 INDUSTRIES IN THE CATCHEMENT AREA AND THE LAKE (U. S. 1970, Canada 1980-1982) 
(2. 5 - 8) 

Gross product 	No. of 	N -  f 	Main products 

establishments during the 	persons 	 and main kinds 
year [10- -. ] 	engaged 	 of industry 

Primary industry 
Agriculture 

U.S. 	 1,731.58 	144,900 72,533 
Canada 	 2,200.23 	N. A. 26,256 

Fisheries 
U. S. 	 10.55 ** 	N. A. N. A. 

7) 
Canada 	 26.26 	N. A. N. A. 

Others 
U.S. 	 N. A. 	N. A. N. A. 
Canada 	 185.92 	 133 

Secondary industry 
Manufacturing 

U. S. 	 19,347.30 	1,597,426 N. A. 
Canada 	 21,954.00 	210,963 2,701 

Mining 
U. S. 	 297,602.43 	 8.662 N. A. 
Canada 	 187,069.93 	N. A. N. A. 

Others 
U.S. 	 N. A. 	2,731.336 N. A. 
Canada 	 3,628.57 	56,097 N. A. 6) 

Tertiary industry 	N. A. 	 N. A. N. A. 

U. S. and Canada data in U. S. dollars and Canadian dollars, respectively. U. S. 81= 
Canad. $1.24 in 1982. 
Data for 1977. 
Grains, vegetables, dairy products and fruits. 
Smelt and yellow perch. 
Saw and planning mills. 
Transportation equipment, metal fabrication, machinery and primary metal industries. 
Salt, cement, sand, gravel and crushed stone. 
Building, engineering and construction. 

G3 POPULATION IN THE CATCHMENT AREA (U. S. 1970, Canada 1981) (2, 5-10) 

Population density 	Main cities (population) Total 	Population 	 [k 2] 

U. S. 	11,513,900 	 N. A. 	 Detroit* (1.290,000). 
Canada 	2,335,200 	 N. A. 	 Buffalo, Toledo, 
Total 	13,849, 100 	 175.8 	 Cleveland, Erie 

Not all the city area is included in the catchment area. 

8 
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H. LAKE UTILIZATION 
Hi LAKE UTILIZATION (Qi) 

Source of water, fisheries, navigation, tourism and recreation (swimming, sport-fishing. 
yachting). 

H2 THE LAKE AS WATER RESOURCE (1983) (2, 5-7) 

Use rate [m 3day 1 ] 

U. S. Canada 

Domestic 4,556 465 
Irrigation 100 196 
Rural-stock - 73 
Industrial 24,205 3718 
Mining 748 
Power plant 30,829 2,470 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 

12 TOXIC CONTAMINATION 
§ Toxic metals in suspended particles and surficial sediments (11) 

Lake Erie' Typical upper 2  Typical lower 3  
Sample type 	 Element Basin Niagara River Niagara River 

[ug g- '] [pg g- '] [pg g- '] 

Suspended particles 	As - 9.8 16 
Cd 6.6 8.2 3 
Cr 53 160 80 
Cu 170 290 100 
Pb 79 170 100 
Hg 0.14 0.73 0.69 
Ni 91 75 53 
Zn 160 870 330 

Surficial sediments 	As 3.2 1.9 2.5 
Cd 2.5 0.50 0.72 
Cr 53 11 15 
Cu 39 8.5 8.8 
Pb 81 11 13 
Hg 0.48 0.09 0.19 
Ni 49 6 7.2 
Zn 177 100 63 

Station in Thunder Bay and represents eastern Lake Erie. 
Station in Tonawanda Channel some 8 km above Niagara Falls. 
Station below Niagara Falls some 8 km above Lake Ontario. 

9 
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Organic chemicals in suspended particles and surficial sediments (11) 

Lake Erie*l  Typical upper *2 Typical l ower *3 

Sample type Chemical Basin Niagara River Niagara River 
g g'J rio-3 	g g'] [1O 	pg g- '] 

Suspended Total PCBs 150 660 230 
particles Lindane ND ND 8 

Total DDT 	metaholites 30 43 9 
11GB ND 30 97 
Mirex 20 15 130 

Surficial Total PCBs 86 960 2,700 
sediments Lindane - ND ND 

Total DDT--metaholites 30 2 179 
HCB ND 250 
Mirex ND ND 640 

§ 	Mean levels of selected contaminants in herring gull eggs from the Niagara River and nearby monitor 
colonies [pg g', wet weight] (11) 

Colony Contaminants 1979 

-- 

1981 1982 

Lake Erie pp' DDE 3.4 4.7 7.5 
PCBs 38 44 60 
Mirex 0.25 0.42 0.60 

Niagara River pp' DDE 4.1 5. 7 3.7 
PCBs 50 50 46 
Mirex 0.19 0.74 0.98 

§ 	Mean contaminant concentrations in whole fish samples of Lake Erie walleye. 1977-1983 [mg kg. wet 
weight] (12) 

Year 	PCB pp' DDE DDT Dieldrin Fig -_Zn As Se 

1977 	1.61 0.36 0.50 0.07 0.20 12.93 0.26 
1978 	1.47 0.14 0.26 0.05 0.15 12.34 0.22 0.35 
1979 	3.05 0.21 0.49 0.10 0.15 12.99 0.32 0.37 
1980 	1.40 0.19 0.45 0.04 0.13 13.76 0.33 0.33 
1981 	1.16 0.04 0.10 0.02 0.10 11.03 0.38 0.44 
1982 	1.62 0.10 0.24 0.04 0.12 13.58 0.31 0.36 
1983 	1.54 0.13 0.26 0.05 - - 

§ Mean contaminant concentrations in whole fish samples of Lake Erie rainbow smelt, 1977-1983 [rng kg - ' 
wet weight] (12) 

Year PCB pp' DDE 2DDT Hg Ph As Se 

1977 0.18 0.04 0.06 0.05 tr* 0.29 
1978 0.27 0.04 0.06 (1.05 tr 0.15 0.36 
1979 0.38 0.05 0.10 0.04 tr 0.23 0.31 
1980 0.26 0.06 0.12 tr 0.21 0.16 0.37 
1981 0.23 0.03 0.06 0.04 tr 0.23 0.35 
1982 0.30 0.03 0.07 0.03 tr 0.26 0.35 
1983 0.32 0.02 0.04 - - - 

* >50% of results below detection limit. 

10 
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Fig. NAM-6-6 Comparative mean values for whole body contaminant burdens [,ug g' vet 
weight] for 3*  aged Coho salmon (Oncho)-hvndius kisut('h) from Lake Erie 
and Lake Ontario (13). 

Ø-OD€ 	DQ 	 PCB 	 Hq 	M 	C. 	S.  

Fig. NAM-67 Cadmium concentrations in surface bottom sediments (11). 

> 

Cadimium, ppm 

<2 

Er. 2-4 

_ 4< 

§ Supplementary notes 
Toxic contamination hazards included the input of toxic inorganic and organic chemicals 

from municipal point sources, combined sewer overflows, rural and urban nonpoint sources and 
leachates from municipal and hazardous waste landfill disposal sites. Problems from these 
sources are most apparent in highly industrialized harbors and embayments and nearby areas. 
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Fig. NAM-6-8 Areas of concern in Lake Erie. The International Joint Commission areas 
of concern include locales where environmental degradation and impair-
ment of beneficial uses is severe and those where some environmental 
degradation is obvious and where uses may he impaired. 

( 	 Port Colbourne - heavy metals 

St. Chair River - heavy metals. PCB's, 

chlorinated organics, alkyl lead. PCB's 	 ,.'" 	 Buffalo River - PAHs, phenols, 

heavy metals, chlorinated orgaics 
lake Sr. Clair - mercury 	 /V 

Detroit River - PAH's, 
Thames River - pesticides 

PCB s, heavy metals. 
 Wheatley Harbour - pesticides, PCB ,  5 

Wyandotte - 	 -' 

chlorinated :c5 

'i'' 	 --' 	

Ashtabola River - heavy metals, PCB's, 

PAH's, PCS's, HCB's, HCBD's 

Toledo 

Cleveland Area - heavy retals 
Black River - heavy metals, PAH' 

13 EUTROPHICATION 
§ Nuisance caused by eutrophication 

lJnusual bloom of blue-green algae (Aphanizomenon. A;zahaL'na) (Qi) 
§ Nitrogen and phosphorus loadings to the lake : T-N 1967-1976, T-P 1976 [t yr'] (9, 10) 

Sources 	Industrial 	Domestic 	Agricultural 	Natural 	- 	Total 
T-N 	N. A. 	N. A. 	N. A. 	N. A. 	193,000-29200 
T-P 	347 	6,828 	8,445 	 774 	 17,474* 

* Including 1.070 t from upstream lakes. Ihe T P load declined to Ca. 11,000 t vr' by 1983. 

U. WASTEWATER TREATMENTS (Qi) 

Ui GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (f) Severe pollution 
with well -developed waste\vater treatment. 

J3 SANITARY FACILITIES AND SEWERAGE 
§ Municipal and industrial wastewater treatment systems 

Number of secondary and tertiary treatment (activated sludge, trickling filter, oxidation 
pond) systems : 135 (U. S. 102. Canada 33 rate of treatment 10,370.000 m 3  dav'). 

M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR 
UPGRANDING LAKE ENVIRONMENTS (Qi) 

M 1 NATIONAL AND LOCAL LAWS CONCERNED 
§ Names of the laws concerned (the year of legislation). 

Canada: Canada Water Act, Fisheries Act Ontario Water Resources Commission 
Act, Ontario Environment Protection Act ; Environmental Contaminants Act, 

U. S.: National Environmental Policy Act. Clean Water Act, Clean Air Act; Water 
Resources Planning Act, Federal Water Pollution Control Act, Toxic Substances 
Control Act. 

Canada/U. S. : Boundary Waters Treaty (1909) Great Lakes Water Quality Agree-
ment (1972 and 1978). 

§ Responsible authorities. 
Canada: Governments of Canada and the Province of Ontario. 
U. S.: Governments of U. S. A. and the States of Michigan. Ohio. Pennsylvania and 

12 
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New York. 
(3) Canada/U. S. : International Joint Commission Great Lakes Fishery Commission. 

Main items of control. 
Canada : Waste disposal, water quality, air quality and water use. 
U. S. : Waste disposal, water quality, air quality and water use. 
Canada/U. S. : Water withdrawals advisory roles in water quality, air quality and 

fisheries. 

N. SOURCES OF DATA 
(Qi) Questionnaire filled by Drs. J. R. Vallentyne and K. Suhock, Canada Centre for Inland 

Waters. Burlington. 
(Q2) Questionnaire filled by Prof. F. M. D'Itri. Institute of Water Research, Michigan State 

University. Lansing. 
Data supplied to Drs. Vallentyne and Subock by Prof. F. D'Itri, Institute of Water 

Research, Michigan State University. 
International Joint Commission (1983) International joint Commission Great Lakes 

Water Quality Board Report for 1983. 
Munawar, M. & I. F. (1981) A general comparison of the taxonornic composition and size 

analyses of the phytoplankton of the North American Great Lakes. Verh. Intern. Verein 
Limnol.. 21: 1695-1716. 

\ollenweider, R. A., Munawar, M. & Stadelman. P. (1974) A comparative review of 
phvtoplankton and primary production in the Laurentian Great Lakes. J. Fish. Res. Bd. 
Can., 31(5) : 739.792. 

Weatheson, C. L. (1983) Ontario Mineral Score, 1982. Ontario Statistics 1982. Ministry 
of Natural Resources, Video Census Series No. 2. 

Ontario Ministry of Treasury and Economics (1983) Ontario Statistics 1982. 
International Great Lakes Diversions and Consumptive Uses Study Board (1981) Great 

Lakes Diversions and Consumptive Uses, Annex F, Consumptive Water Uses. 
Ontario Ministry of Natural Resources, Fisheries Branch (1983) Eniplovment and Invest-

ment in the Commercial Fisherv-1982 and Commercial Fish Industry. 
International joint Commission. Inventory of Land Use Practices, Vol. 1. 
Ontario Ministry of Agriculture and Food. Statistics Section (1982) Agricultural Statis-

tics for Ontario, 1981. 
Allan, R. J. (1986) The Role of Particulate Matter in the Fate of Contaminants in Aquatic 

Ecosystems. Scientific Series No. 142, 128. pp. Inland Waters Directorate, National Water 
Research Institute, Canada Centre for Inland Waters. Burlington. 

Great Lakes Water Quality Board (1985) 1985 Report on Great Lakes Water Quality. 
Whittle. D. M. & Fitzsimons. J. D. (1983) J. Great Lakes Res. 9 : 295-302. 
Thomas, R. L. & Mudroch. A. (1979) Report to Small Craft Harbours, Ontario Region, 

December 1979. 149 pp. 
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LAKE ONTARIO 

On the lakeshore at Burlington 

- 

 

- 

- ---. 

Photo:A Kurata 

Copyright © John Bartholomew & Son Limited MCMLXXXII. Reproduced with permission. 
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A. LOCATION 
Ontario, Canada ; and New iork, U.S.A. 
4312'-44'13'N, 76J5'-79191V : 75 in above sea level. 

B. DESCRIPTION 
Lake Ontario is the smallest and easternmost of the Great Lakes. covering only 19.099 km 2 . but 

is still nearly 30 times the area of L. Biwa. The Lake forms part of the international boundary 
between Canada and the United States : the whole northern shore belongs to the Canadian 
Province of Ontario and its southern shore is in the State of New York. \Vater flows into the lake 
from L. Erie through the Niagara River with the famous Niagara Falls, and flows out at the 
northeast end into the St. Lawrence River. There are no large islands in the lake, apart from the 
far east corner at the entrance to the St. Lawrence River. The most densely populated and 
industrialized area of Ontario Province is located on the west side of the lake, but there are only 
a few cities of significant size on the American side. 

The eutrophication of the lake started with the increase of population in the lake's drainage 
basin at the beginning of this century. and continued to advance until around 1973. It has been 
shown by scientists that the eutrophication of Lakes Ontario, Erie and Michigan is clue to the 
increase in phosphorus loading, of which the main source is sewage effluents and in particular the 
domestic use of detergents containing phosphorus. A fter the Canada- U.S. international treaty 
was signed in 1972 for preventing eutrophication of the Great Lakes, however, the concentration 
of phosphorus in the lake water is decreasing owing to the prohibition on detergent use and the 
required treatment of sewage discharged into the drainage basin. 

C. PHYSICAL DIMENSIONS (1) 

Surface area [km 2 l 19 . 	 09 
\olunle [0 9 m] 1 ,638  
1\Iaxinlunl depth [ml 221 
Mean depth [m] 86 
Vater level Lnregulatecl 
Length of shoreline [krii] I . 16I 
Residence time [yr] 7.9 
Catchment area [km 2 ] 75, 272 

* Not including the catchments of the four upstream Great 
Lakes. 
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL 
§ Bathymetric map (Fig. NAM-74). 
§ Outfiowing rivers and channels (number and names) 1 (St. Lawrence R.) (Q). 

D2 CLIMATIC 
§ Climatic data at Rochester, 1941-1970 (Q) 

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

Mean temp. LC] 	-4.4 	4.0 0.6 7.8 13.6 19.4 21.8 20.7 16.8 11.3 4.7 -2.1 	8.8 

- Precipitation [mm] 	63 	61 	66 	66 	74 	76 	79 	71 	69 	71 	69 	66 -  828 - 

§ Number of hours of bright sunshine (Rochester, 1978) 2.392 hr yr 
§ Solar radiation (Rochester, 1978) 11.84 MJ m 2dav'. 
§ Average depth of maximum snow accumulation : ca. 0.2 rn. 
§ Period of snowfall (Rochester. 1978) : 120 day yr'. 

Fig. NAM-7- I Bathymetric map (1). 
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§ Water temperature [C] (Qi, 2) 
1904- 1968 

Depth 	Jan Feb NI ar Apr May Jun Jul Aug Sep Oct Nov Dec 

Surface 	2 	2 
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4 	7 	12 	19 	20 	18 	13 	7 	3 
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Fig. NAM-7-2 Temperature (C) at a depth of 20 rn, September 7-11, 1976 (after Dobson. 
1984). 

I, 

--_J  

§ Freezing period Mid January-early April 15 % ice coverage normal rarely freezes over. 
§ Notes on thermocline formation Early June-mid October ; a thermal bar forms in mid April-mid 

June, isolating nearshore from offshore waters. 

Fig. NAM-7-3 Temperature profile (32 stations distributed over the lake, 5-11 September, 
1972) (3). 
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E. LAKE WATER QUALITY 

El TRANSPARENCY [m] (Q1) 
Lake-wide surveys for 15-176 stations, 1979 

1.8 	3.4 	4.2 	6.2 	5.3 	4.9 	2.9 

E2 pH (Qi) 
Lake-wide surveys for 15-176 stations, 1979 

Apr May jun Jul Aug Sep Oct 

7.76 8.25 8.36 7.97 8.20 8.35 8.14 

E4 DO 

Fig. NAM-7-4 Depth / season distribution of DO percent staturation [%] (4). 
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E6 CHLOROPHYLL CONCENTRATION [mg m 3 ] (5) 
Lake-wide surveys, 1974 

Apr May Jun Jul Aug Sep Oct Nov 

5.7 	6.3 	5.0 	4.8 	4.2 	5.5 	8.8 	5.9 

5 



IN AM-? 

Fig. NAM-7-5 Seasonal and annual variation of chlorophyll-a and phaeopigments con-
centrations g  l'] in offshore, near-surface waters (cruise-mean values for 
1967- 1981) (6). 

• Total chlorophyll-a (active chlorophyll-a + phaeopigments). 
• Total chlorophyll-a, integrated samples in June, July. August 

integrated to 20 in when epilimnion is <10 m thick. 
A 	APhaeopigments, inactive chlorophyll, perhaps indicative of zoo- 

plankton grazing. 

A 
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E8 PHOSPHORUS CONCENTRATION 
Fig. NAM-7-6 Seansonal change of soluble reactive P concentration [,ug 1 - '] in offshore 

surface water (mean with S. D.. 19681972) (7). 
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E9 PAST TRENDS 

Fig. NAM7-7 Trend of NO 3 -N concentration in offhsore, near-surface water during 
March and April (8). 
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Fig. NAM-7-8 Trend of soluble reactive P concentration in offshore, near-surface waters 
during March and April; the goal is 6.0 ,ug 1. 
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F. BIOLOGICAL FEATURES 
Fl FLORA 

Emerged macrophytes: Tvpha spp. (Qi). 
§ Submerged macrophytes : Potamogelo;z spp., Mvriopj!yllum spp. (Qi). 
§ Phytoplankton : Asterionel/a Jorowsa, Frog//aria crotonesis. Me/os/re hinderana, iVacicula sp., 

Nitzchja pa/ca, Stepizanocliscits as/rca, Tahellaria Ie'nestrata, Crvp/omonas erosa, Ceratiuzn izirun-
dine/la, Glenodiniuni pu/i/scums, Aphanizonienoo .1/os-a qz'ae. Oscilla/oria i/zn netica, A nkis-
trodesmus borgei, Pediastruin simplex, .Stauras/rum Paradoxum, Wthrix sub/hiss/ma (10). 

F2 FAUNA (Qi) 
§ Zooplankton : C'yclops hicuspidatus tizomasi, Daphnia retrocnrza, Bosuzina longirostris, Tropocv- 

clops prasinus mexicanus, Cerioda,blznia lacustris, Keraleila coclilearis, Po/vartlzra sp. 
§ Benthos : Pontoporeia affinis, lie/c rotrissoc/adius oliceri, Proc/adios sp Sty lodri/us heringienus, 

Zlysis so licta. 
§ Fish : Coregonus cupeaformis, A losa pseudoharcngis, Osmeros mordax, 5/igos/edion zitreum, 

fktorone anz.ericana, Perca fiaz'cscens, Micropterus do/emiezu, Lepom/s gibbosus, L. macr()chzrlzs, 
Ic/a/us nebulosus, Catos/omus coflimersoni. 

F3 PRIMARY PRODUCTION RATE 
§ Net primary production rate (whole lake surveys, Jan-Dec. 1970) : 120-1.080 mgC rn 2 dav (11). 

F5 FISHERY PRODUCTS (Qi) 
§ Annual fish catch (commercial, 1975-1981) : 1,1003,500 [metric tons]. 

F7 NOTES ON THE REMARKABLE CHANGES OF BIOTA IN THE LAKE IN RECENT YEARS 
(Qi) 
Between 1923 and 1954 the standing crop of phvtoplankton approximately doubled in the 

waters near Toronto. The dominant algae in the spring pulse changed from Aster/one//a to 
yc/o/el/a and Melosira during this period. 

Dramatic decline of lake trout (So/re/inns nainavcush) and Coregonzzs spp. to very low levels 
took place during 1930-1950. 

G. SOCIO-ECONOMIC CONDITIONS 
Gl LAND USE IN THE CATCHMENT AREA (1978) (Q1) 

- 	Area [km2] 	 [%] 
Natural landscape 

Woody vegetation 
Herbaceous vegetation 
Swamp 

Agricultural land 
Crop field 
Pasture land 

Settlement area 
Others 
Total 

U. S. A. Canada Total 
29,422 12,546 41,968 55.8 

5,387 848 6,235 8.3 

4.079 3,877 7,956 10.6 
5,262 10,565 15,827 21.0 
1,553 1,102 2.655 3.5 

67 564 631 0.8 
45,770 29.502 75,272 100.0 

§ Main types of woody vegetation : Maple-beech, elm, ash, aspen-birch, spruce.fir (U. S. A.) ; red 
pine (Pinus resinosa), white pine (P. strobus), Acer spp., Quercus spp., basswood (Ti/ia amer-
icana) (Canada); northern limit of many deciduous broadleaf species (Qi). 

§ Types of important scrub vegetation : Staghorn sumach (Ruts tvphina), raspberries and blackber-
ries (Rubus), spice bush (Lindera ben2oin), climbing rose (Rosa setigera) (Canada) (Qi). 

§ Main kinds of crops : Vegetables, fruits, grains (U. S. A.) ; maize, winter wheat, spring grain, 
peach, cherry, plum, apple (Canada) (Qi). 
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G2 INDUSTRIES IN THE CATCHEMENT AREA AND THE LAKE (U. S. A. 1970, Canada 198(1) 
-1981) 

Gross product 	No. of 	I\o. of 	Main products 
per year 	persons 	 and main kinds establishments [10 ] 	engaged 	 of industry 

Primary industry 
Agriculture 

U. S. A. 1.00335 31,677 29,151 
L Canada 952.44 N.A. 22.374 

Fisheries 
U. S. A. N.A. N.A. N.A. 
Canada 1.90 294 N.A. 

Others 
U. S. A. N.A. N.A. N.A. 
Canada 185.72 533 17 3 

Secondary industry 
Manufacturing 

U. S. A. 8,255.30 308,787 N.A. 
Canada 14,720.70 514,620 7.665 

Mining 
U. S. A. 116.40 3,206 N.A. 
Canada 398.06 N.A. N.A. 

Others 
U. S. A. N.A. 620,696 N.A. 

6 Canada 7,150.02 110,538 N.A. 

* U. S. A. data in U. S. 8 Canada data in Canada $ (in 1982 $1 U. S.1.24 Canadian). 
Vegetables, dairy products, poultry, fruits and cattle. 
White perch and yellow perch. 
Saw and planning mill. 
Machinery, motor vehicles, metal fabrication and primary metal industries (salt, 
stone, zinc). 
Cement and stone. 
Building, engineering and construction. 

G3 POPULATION IN THE DRAINAGE BASIN (U. S. A. 1970, Canada 1981) (Qi) 

Population 	Population density 	 Main cities 
[km - ] 	 (population) 

U. S. A. 	2,531,700 	 94.8 	 loronto (633,000), 	- 
Canada 	4,604,100 	 N.A. 	 Hamilton, Rochester, 
Total 	7,135,800 	 N.A. 	 St. Catherines 

9 
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H. LAKE UTILIZATION 

H 1 LAKE UTILIZATION (Q1) 
Source of water, navigation, fisheries, tourism and recreation (swimming, sport-fishing. 

yachting) 

H2 THE LAKE AS WATER RESOURCE (1975) 

Use rate [m 3 sec 	] 

U. S. A. 	Canada 

Domestic 8.4 17.6 
Irrigation 0.6 1.1  
Industrial 18.0 56.3 
Mining 2.6 0.3 
Rural-stock N.A. 0.6 
Power plant 101.7 129.4 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 

12 TOXIC CONTAMINATION 

§ Summary and range of concentrations of organic contaminants in Lake Ontario media [ppt]*l  (12) 

Chemical 	Raw water 	Bottom sediment 	Benthos Suspended" Plankton 	 Fishes Herring gull eggs sedtments -- 	- 
Total Dl)'!' 	0 	3-57 	25.000-216.007 	440,0(2 	1.068,1910 40)5))) 65,9,15 	73,5101 	57 1 7905 - 7,700,939 7,705,050-3.1.000,000 
PCBs 	 5900 	110.000-1 	600.0)))) 	470 	009- 9,10)0 	111)5 6111)0131) 	51)01) 	[Ill)) 171 	.1(l)1 	6 	1011 	1190 	1375 	1100-17501)555 41 ,955,555-7)14,055,Olil) 
Mires 	 0 	1 	111.1100 	 41 	905-378,000 12,017)) ND 12 	12,011)) 	56s0 11 0-311j,000 1.505.507-0,35,0.0011 
CBs 	 1-54 	11,000-4 500000 	NA 57413 141 ) 77 250 	 0 595-3701550 300.1100 
Dioxins 	0 01 0 03 	6,000 	 NA N.'\ \'-\ 	 5-107 14 	1 700 
Lindane 	0.1-11 	46,000 	 NA 1,055-12,005 17 	0)1)1 	 7 	1)1111-360 	055 76,0011 

These values are only of the crudest nature and are not statistical means. Where only one reference existed, the numbers are means. 
often of widely ranging values. 	Where a range is given, several sources of data were Involved. 

*5 	Not detected. 
Not analyzed. 

§ Toxic metals in surficial sediments Lug g ] ( 12) 

Element Concentration 

As 3.3 
Cd 2.5 
Cr .48 
Cu 50 
Pb 106 
Hg 0.65 
Hi 52 
Zn 192 

§ Mean levels of selected contaminants in herring gull eggs lug g', wet weighti (12) 

Contaminants 	1979 	1981 	1982 

DDE 9.0 10 12 
PCBs 76 72 64 
Mirex 1.8 2.5 3.6 

10 
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Fig. NAM-7-9 Comparative mean values for whole body contaminant burdens [,ug g' wet 
weight] for 3 aged Coho salmon (Onchorhvnclius kisotch) from Lake Erie 
and Lake Ontario (after Whittle & Fitzimons, 1983). 

DOT 	 PCB 	 Hg 	-1 	 C 

Fig. NAM-7-IO Distribution of cadmium in surficia] bottom sediments (after Thomas and 
Mudroch. 1979). 

mium, ppm 
<2 
2-4 

Fig. NAM-7- II Distribution of total PCBs in surface bottom sediments (after Thomas, 
1983). 

11 
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Supplementary notes (Q2) 
Toxic contamination hazards included the input of toxic inorganic and organic chemicals 

from municipal point sources, combined sewer overflows, rural and urban nonpoint sources and 
leachates from municipal and hazardous waste landfill disposal sites. Problems from these 
sources are most apparent in highly industrialized harbors and embayments and nearby areas. 

Fig. NAM-7-12 Areas of concern in Lake Ontario. The International joint Commission 
areas of concern include locales where environmental degradation and 
impairment of beneficial uses is severe and those where some environ-
mental degradation is obvious and where uses may be impaired. 

Cornwall - rCD's, heavy metals .4 
Maitlaud - alkyl Jr.,] 

•/ 	is 
Mas seria/Grass River - PCB's 

/ 

Ray of Qoirrtr -mercury, dioxin, PCp 	Morn River - heavy rrietals1\) f 
Sockets Harbor - niercory - • 

-'Port Hope - urarnivm, radium, 

• 	." heavy metals 

/'hitby Harbour - 
polychlorinated biphenyl ethers J 

LAKE ONTARIO 

l'CB'v. 
Toronto - PCR's, pesticides 

Oswego Harbor - micro, 

heavy metals 
dioxin, ,rlirex, heavy metals 

Harrkltvo Harb..r - PCP'v, 

Rochester Embaynient - heavy nnrtalv 

--• 
St. Catherlues - PCB's 

I.. 

Niagara Falls (Love Canal) - 	Niagara River - irtirex, l°CR's, PAH 

dioxin, chlorinated orgarlieS 	heavy metals, chlvrinatesl vrganrcs 

13 EUTROPHICATION (Q) 
§ Nuisance caused by eutrophication 

Disturbed filtration in cleaning bed. While eutrophication problems are not evident in the 
open waters, there are local problems near major tributaries. 
§ Nitrogen and phosphorus loadings to the lake [t Vr''] 

Sources Industrial Domestic Agricultural Natural Total 

T-N 1967 N.A. NA. N.A. N.A. 176,000 
T-P 1967 N.A. N.A. N.A. N.A. 27,300 

1976 102 2.815 3,581 488 11.755 * 

* Including 4.769 t from upstream lakes. 

U. WASTE WATER TREATMENTS 

J 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (1) Severe pollution with 
well-developed wastewater treatment. 

J3 SANITARY FACILITIES AND SEWERAGE 
§ Municipal wastewater treatment systems 

Number of secondary and tertiary treatment systems: 95 (U. S. A. 51, Canada 44: rate of 
treatment 6.846,000 m 3  day- '). 

12 



K. IMPROVEMENT WORKS IN THE LAKE 

Ki RESTORATION 
Multi-billion dollar remedial programs (capital operating) to improve sewage treatment for 

removal of BOD and phosphorus (to 1 mg 1_i)  were inaugurated in Canada and the U. S. A. in 
1970, following a report on pollution in Lake Erie and Ontario undertaken by the International 
Joint Commission. A regional (Great Lakes) Office of the International Joint Commission was 
established under the Canada-United States Great Lakes Water Quality Agreement of 1972 in 
Windsor. Ontario. 

M. LEGISLATIVE AND INSTITUTIONAL MEASURES 
FOR UPGRADING LAKE ENVIRONMENTS 

See L. Erie. 

N. SOURCES OF DATA 

Questionnaire filled by Drs. J. R. Vallentyne and K. Suboch, Canada Centre for Inland 
Waters, Burlington. 
Questionnaire filled by Prof. F. M. D'Itri, Institute of Water Research, Michigan State 
University, Lansing. 

International Joint Commission (1969) Report on Pollution of Lakes Ontario and Eric. 
Dobson, H. F. H. (1984) National Water Research Institute, Contribution No. 15, 157 pp. 
Dobson, H. F. H. (1972) Unpublished atlas. 
Dobson, H. F. H. Unpublished atlas. 
Dobson, H. F. II. (1981) Trophic conditions and trends in the Laurentian Great Lakes. 

Water Quality Bulletin, 6(4) : 146-151, 158. 
Dobson, H. F. H. (1967-1981) Unpublished atlas. 
Dobson, H. F. H. (1968-1981) Unpublished atlas, 
Dobson, H. F. H. (1968-1981) Unpublished atlas. 
Dobson, H. F. H. (1969-1983) Unpublished atlas. 
Munawar, M. & I. F. (1981) A general composition of the taxonomic composition and size 

analyses of the phytoplankton of the North American Great Lakes. Verh. Internat. Verein. 
Limnol., 21: 1695-1716. 

Vollenweider, R. A., Munawar, M. & Stadelmann, P. (1974) A comparative review of 
phytoplankton and primary production in the Laurentian Great lakes. J. Fish. Res. Bd. Can., 
31(5) : 739-762. 

Allan, R. J. (1986) The Role of Particulate Matter in the Fate of Contaminants in Aquatic 
Ecosystems. Scientific Series No. 142, 128. pp. Inland Waters Directorate, National Water 
Research Institute, Canada Centre for Inland Waters. 

Whittle, D. M. & J. D. Fitzsimons (1983) J. Great Lakes Res., 9: 295-302. 
Thomas. R. L. & A. Mudroch (1979) Report to Small Craft Harhours, Ontario Region, 

December 1979. 149 pp. 
Thomas, R. L. (1983) J. Great Lakes Res., 9: 118-124. 

13 



s uP E 

NAM-8 

LAKE WINNIPEG 

Swimming beach in the provincial park in the south basin 
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A. LOCATION 

§ Manitoba, Canada. 
§ 50'23-53 - 50'N, 9622-9911'\V 217 m above sea level. 

B. DESCRIPTION 

Lake Winnipeg is located on the northern fringe of the Canadian prairie where endless wheat 
fields and grasslands dotted with grazing cattle are characteristic of the landscape. The lake 
itself is surrounded by dense stands of elm, ash, basswood, maple and aspen, which bring, fleet-
inglv, their gorgeous rich autumn color to the scenery. 

The lake is composed of two basins ; a wide north basin and a narrow south basin. The 
Nelson River, the only outflow of this lake, proceeds northward from the north basin to Hudson 
Bay. On the other hand, the Red River flows into the south basin with abundant loads of mud and 
nutrients washed out from the prairie. The city of Winnipeg is situated in the upper reaches of 
the Red River in the heart of Manitoba. The lake is so shallow in spite of its extensive area that 
the water remains always muddy due to wave and turbulent mixing by strong winds. The 
population density in the drainage basin is still very low, but the lake has been fairly eutrophicated 
by nutrient loading of the Red and other inflowing rivers. 

C. PHYSICAL DIMENSIONS (1) 

Surface area [km 2 ] 23. 750 
\olume [1 0 9 m 3 ] 281 
Maximum depth [m] 36.0 
Mean depth [ml 12.0 
Water level Unregulated 
Length of shoreline [krn] 1, 750 
Residence time [yr]  
Catchment area 1knil 933_. 250 



D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL 
§ Bathymetric map (Fig. NAM.8-1). 
§ Main islands: Reindeer, Berens, Black and Helca (2). 
§ Outfiowing rivers and channels (number and names) : 1 (Nelson R.). 

D2 CLIMATIC 
§ Climatic data at Winnipeg, 1931-1960 (3) 

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

Mean temp. C] 	-17.7-15.5 -7.9 3.3 	11.3 16.5 20.2 18.9 12.8 	6.2 	-4.8 -12.9 	2.5 
Precipitation [mm] 26 21 27 	30 	50 	81 	69 	70 	55 	37 	29 	22 	517 

§ Number of hours of bright sunshine : 2,177 hr yr' (3). 

Fig. NAM-8-I Bathymetric map (1). 
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§ Water temperature ['Cl (4) 
Center of North Basin, 1969 

	

Depth [m] Apr 	May 	Jun 	Jul 	Aug 	Sep 	Oct 

1 	- 	- 	5.9 	15.8 	- 	17.5 	10.0 
2 	0.1 	 - 	 - 	- 	- 
5 	 - 	- 	- 	10.0 
8 	0.3 	 - 	- 	- 	- 	- 

15-17 	2.3 	 - 	11.0 	- 	-- 	10.0 

§ Freezing period Nov-Mar. 

E. LAKE WATER QUALITY 

El TRANSPARENCY [m] (1) 
§ Transparency at the mouths of 5 rivers (mid-summer, 1979) : 0.35-2.0m. 

E2 pH (4) 
Center of North Basin, surface water, 1969 

Apr 	May 	Jun 	Jul 	Aug 	Sep 	Oct 

8.1 	- 	8.1 	8.2 	- 	8.4 	8.4 

F. BIOLOGICAL FEATURES 

Fl FLORA (5) 
§ Phytoplankton Pediastrum duplex, Closterium acutitm, .S'taurastrum apzdi.ilatum, Melosira 

granulata, Cyclotella meneghiniana. Stepahnodiscus astraea, Tabellaria .Ienestrata, Fragilaria 
crotonensi's, Nitzschia dissipata, Rhodomonas minuta, G\'mnodin ?Ufl2 ,balustre. 

F2 FAUNA (6) 
§ Zooplankton : Ceriodaphnia quadrangu in, Diaptomus sic/to/des, D. minutus, D. leplopus, Daph n/a 

schoedleri, D. pulex, D. ambigua. D. parvula. 
§ Benthos Oecetis inconspicua, Mo/anna ulai'icornis, Phrvganea cinerea. 
§ Fish : Stizostedion canadense, Coregonus clu.bea form/s. Perca fluviatilis, Esox lucius, Hiodon 

aloso ides, .4cipenser fulvescens, Catostoinus catostomus, Morone chrvsops, A mblop/ities rupestris. 

F3 PRIMARY PRODUCTION RATE (6) 
16.44 mg C m 2day. 

F5 FISHERY PRODUCTS (6) 
§ Annual fish catch in 1982-1983 : 7,726 [metric tons]. 

G. SOCIO-ECONOMIC CONDITIONS 

G 1 LAND USE IN THE CATCHMENT AREA (6) 

Area [krn 2 ] 	[%] 
Natural landscape 476,000 50 

Woody vegetation 381.000 40 
Swamp 95,000 10 

Agricultural land 177,000 50 
Total 953,000 100 

§ Main types of woody vegetation Pinus banks/ann, Larix mr/dna, Picea mariana, P. canadensis, 
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Carva cordz7ir,nis.  Tilia americana, Populus deltoides. P. balsa:nuifeia, Qeercus macrocar,ba. 
§ Main kinds of crops : Wheat, oats, barley, rye, flax, sugar beet. 

G2 INDUSTRIES IN THE CATCHMENT AREA AND THE LAKE (1) 

No. of No. of Main products 
persons establish- and main kinds 

engaged [x 10] ments of industry 

Primary industry 

Agriculture N.A. N.A. Wheat, oats, sunflower, 
apple. vegetables 

Livestock-farming N.A. N.A. Cattle, swine, sheep, poultry 
Forestry N.A. N.A. Saw-mill 

Secondary industry 
Paper mill, refineries, 

Manufacturing 2 5 - 5 0 N.A. pulp, steel, fabricated 
metals, machinery 

Mining - 	 10 ; N.A. Petroleum, nickel, gold. 
silver, copper 

G3 POPULATION IN THE CATCHMENT AREA (1970) (1) 

Population density 	Main cities (population) Total population 	[k] 

3,859.000 	 4. 0 	 Winnipeg (560,000). 
Calgary, Edmonton 

H. LAKE UTILIZATION 

Hi LAKE UTILIZATION (6) 
Tourism and recreation (swimming, sport-fishing. yachting). 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 

13 EUTROPHICATION (1) 
§ Nitrogen and phosphorus loadings (1969-1974) 

Total-N : 47,020 108.280 t yr'. 
Total-P : 2,980-10,570 t vr. 

J. WASTEWATER TREATMENTS (6) 

U 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (c) Limited pollution with 
wastewater treatments. 

J3 SANITARY FACILITIES AND SEWERAGE 
§ Municipal and industrial wastewater treatment systems 

Number of treatment systems : 3 (activated sludge) rate of treatment 260 m 3day' 

N. SOURCES OF DATA 

Brunskill, G.J., Elliott, S.E.M. & Campbell, P. (1980) Morpphometrv, Hydrology and Water-
shed Data Pertinent to the Limnology of Lake Winnipeg. Canadian Manuscript Report of 
Fisheries & Aquatic Sciences, No. 1556. 

john Bartholomew & Son Ltd. (1985) The Times Atlas of the World, Plate 100. Times 
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Books Ltd., London. 
MUller, M.J.  (1982) Selected Climatic Data for a Global Set of Standard Stations for Vegeta-

tion Science. 306 pp. Dr. W. Junk Publishers, The Hague. 
Brunskill, G.J.,  Campbell P. & Elliott, S.E.M. (1979) Temperature, Oxygen, Conductance and 

Dissolved Major Elements in Lake Winnipeg. Fisheries & Marine Service Manuscript Report, 
No. 1526. 

Killing, H. & Holmgren. S.K. (1970) Data Based on the Lake Winnipeg Cruise 300, June 4-12, 
1969. Manuscript Rerport, 1970. 

Hara, T., personal communication. 
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LAKE WASHINGTON 

A view of the lake with Mt. Rainier in the background 

Copyright © John Bartholomew & Son Limited MCMLXXXII. Reproduced with permission. 
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A. LOCATION 
§ Washington. U. S. A. 
§ 4T30'-45'N. 122J0'-161V; Nearly 0 m above sea level. 

B. DESCRIPTION 

Lake Washington is a long, narrow lake located in an urbanized area close to Seattle. It 
covers an area of 88 km 2  and is crossed by two floating bridges. The lake shore affords a good 
view of the snow-covered cone of Mt. Rainier. The climate around the lake is mild throughout the 
year with only sporadic snowfall in winter. 

In 1916, a canal with locks and a fish ladder was made connecting the lake with the open sea 
to the west for navigation. The lake had been still oligotrophic in the late 1930's, but an increasing 
influx of urban sewage from the surrounding area caused rapid progress of eutrophication, as 
indicated by the frequent bloom of blue-green algae in summer since 1955. However, the construc-
tion of sewage treatment plants and the diversion of treated water through a 180 krn.long pipeline, 
carried out in the five years from 1963 to 1968, have improved the quality of the lake water until 
it recovered almost completely in 1975. The chemical parameters of the lake water have 
remained quite stable for the past ten years, and the citizens of Seattle and neighboring cities enjoy 
swimming, fishing and sailing in the lake again. 

C. PHYSICAL DIMENSIONS 

Surface area [km 2 ] 87.6 
Volume [10 9m 3 ] 2.89 
Maximum depth [ml 65.2 
Mean depth [m] 32.9 
Aater level Regulated 
Residence time [vr] 3. 1-1.7 
Catchment area [km 7 ] 1, 271 



Na c 

D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL 
§ Bathymetric map (Fig. NAM-9-1). 
§ Main islands : Mercer. 
§ Outflowing rivers and channels (number and names) : 1 (Lake Washington Ship Canal). 

D2 CLIMATIC 
§ Climatic data at Seattle (1931-1960) (1) 

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

Mean temp. 	C] 	5.1 	6.4 	8.0 11.0 14.1 16.3 18.7 18.3 16.2 12.4 8.3 6.6 11.8 

Precipitation [mm] 	132 	99 	84 50 40 36 16 19 42 83 127 138 865 

§ Number of hours of bright sunshine : 2,019 hr yr' 
§ Solar radiation 11.77 MJ m 2day'. 
§ Snowfall : Intermittent (Q). 

Fig. NAM-9-I Bathymetric map (Q). 
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§ Water temperature C] (Q) 
Surface (Madison Park Station), 1982 

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

7.7 	7.4 	7.6 	9.4 	13.8 	19.9 20.0 20.2 	18.7 	15.1 	11.0 	9.1 

Fig. NAM-9-2 Seasonal and vertical distribution of water temprature (Madison Park 
Station), 1982 (Q). 

§ Freezing period None. 
§ Mixing type : vIonornictic. 
§ Notes on water mixing and thermocline formation 

early May until early December. 
Thermocline exists usually from late April or 

E. LAKE WATER QUALITY (Q) 

El TRANSPARENCY [m] 
Madison Park Station, 1982 

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

7.2 	7.0 	5.7 	4.4 	2.6 	6.4 	6.4 	5.9 	5.6 	5.4 	6.6 	6.9 

E2 pH 
Surface water (Madison Park Station), 1982 

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

7.20 7.26 6.25 8.19 9.02 8.75 8.38 8.22 8.18 7.71 7.42 7.27 

E3 SS [mg 11 

Madison Park Station, 1982 

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

0 1.19 1.35 1.52 3.99 5.52 - 	 1.27 1.92 2.98 1.81 1.64 1.86 
5 4.32 5.50 - 	 1.30 2.03 2.16 1.69 - 

10 1.47 1.51 1.58 3.61 2.79 - 	 1.38 2.01 1.99 2.03 1.54 1.50 
15 - - - 2.72 1.28 - 	 1.39 0.81 0.80 1.69 - - 

20 - .- - - 0.86 - 	 0.69 0.71 0.78 0.65 1.56 - 

30 - - - - - 	 0.38 0.59 0.87 0.58 0.90 1.58 
40 - - - - - 	 0.30 0.56 0.62 0.76 0.90 1.40 
50 - - - - - - 	 0.40 0.56 0.64 0.93 1.52 1.47 
60 1.23 1.79 1.95 3.15 1.84 - 	 1.38 1.90 0.96 1.92 1.62 1.91 
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E4 DO [rng I 
Madison Park Station, 1982 

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

0 10.17 11.14 11.52 12.96 12.76 10.14 9.51 9.78 9.42 9.66 9.55 9.51 
5 12.84 12.72 10.99 9.51 9.88 9.38 9.64 9.55 - 

10 10.12 11.10 11.58 12.06 11.53 10.19 9.24 9.31 9.12 9.54 9.49 9.51 
15 - - - 11.44 11.09 9.79 8.56 7.51 9.06 6.77 
20 - - 10.97 9.93 8.84 8.17 7.45 6.83 9.45 
30 10.42 9.72 9.11 8.48 7.67 6.70 9.55 
40 - 9.86 9.05 8.37 7.87 6.42 9.55 
50 - - - - 9.84 9.61 8.57 8.19 6.99 5.99 9.35 
60 10.05 11.05 11.13 10.92 9.43 7.69 7.64 6.11 5.98 5.50 5.54 6.15 

E6 CHLOROPHYLL CONCENTRATION [Ltg 1 
Madison Park Station, 1982 

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

0 0.40 0.61 3.08 11.61 19.96 2.40 3.22 2.53 3.03 5.64 4.00 3.18 
5 11.37 24.34 3.46 2.92 4.40 3.44 6.17 5.28 - 

10 0.57 0.61 3.52 8.61 11.47 3.44 2.79 3.87 2.61 7.32 4.18 3.32 
15 7.37 4.77 2.97 1.96 2.54 1.12 6.33 - 
20 - - - 2.38 1.34 1.48 1.52 0.90 0.83 4.66 - 
30 - - - 0.75 0.71 0.49 0.43 0.60 0.97 3.59 
40 - - - 0.87 0.37 0.40 0.59 0.98 3.51 
50 0.61 0.70 0.31 0.28 0.74 1.09 3.30 
60 0.66 0.56 1.87 2.91 2.71 1.03 1.20 0.99 0.21 1.27 1.32 2.94 

§ Total-N 
Total Kieldhal N [mg 1'],  Madison Park Station, 1982 

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

0 .24.244 .203 .249 .322 .248 .213 .294 .268 .277 .299 .216 
5 - - .289 .327 .317 .219 .256 .223 .254 .446 

10 .221 .266 .182 .249 .275 .311 .183 .256 .268 .277 .247 .171 
15 - - - .223 .236 .279 .195 .138 .189 .331 - - 
20 - - - - .178 .216 .207 .225 .242 .215 .247 - 
30 - - - - - .178 .178 .213 .175 .277 .194 .22 
40 - - - - - - .178 .294 .182 .231 .262 .156 
50 - - - - - .19 .225 .256 .189 .277 .232 .182 
60 .212 .216 .194 .151 .171 .197 .178 .313 .195 .277 .239 .192 
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E8 PHOSPHORUS CONCENTRATION 
§ Total-P Lug 1 - '] 

Madison Park Station, 1982 

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

0 	.027 	.030 	- .025 .029 .011 .009 .011 .012 .013 .012 .018 
5 	- 	- 	- .026 .021 .015 .010 .012 .013 .010 .011 .015 

10 	.028 	.030 .029 .013 .019 .009 .012 .012 .010 .011 - 
15 	 - .026 .010 .008 .009 .011 .007 010 
20 	- 	- 	- - .016 .008 .009 .010 .006 .006 .012 
30 	- - .019 .017 .015 .014 .013 .023 .016 
40 - - - .019 .025 .023 .022 .028 .017 
50 	- 	- 	- - - .024 .022 .030 .030 .032 .030 .022 
60 	.028 	.032 	- .043 .031 .026 .031 .045 .034 .041 .037 .026 

E1O PAST TRENDS 
Secondarily treated sewage effluent had once been dumped into the lake from the city of 

Seattle and other small cities around the lake, until a diversion system was implemented in 1968. 
Certain chemical parameters were much different in the late 1950's and early to mid 1960's than 
they are today. Winter PO 4  and total-P routinely reached a level of 50 pg 11.  There has also 
been a temporal shift in peak chlorophyll concentration. In 1963, maximum values occurred in 
the summer with the bloom of the blue-green filament, Oscillator/a agardhii. Since sewage 
diversion, however, maximum phytoplankton biomass has occured in spring when diatoms are 
in the greatest abundance, and so the maximum chlorophyll concentration tended to appear in 
late April through May. Oxygen depletion at the bottom during late summer continues to occur, 
but in a lesser degree since production has been reduced. When large summer blooms used to 
occur, surface pH became more alkaline than it does now, often reaching 9. The chemistry 
values for the lake have been fairly stable for the past ten years, and the year 1982 for which the 
data are given here is considered a typical year chemically. 

F. BIOLOGICAL FEATURES 

Fl FLORA 
§ Floating macrophytes: Nyrnphaea odorata. 
§ Submerged m acrophytes : Myriophyllum spicaturn, Ceratoph v//urn dernersurn, Potarnogeton spp., 

Elodea canade n.ci.c, Zun iche i/ia palus/ris. 
§ Phytoplankton : Spring (Mobs/ia i/al/ca, Fragilaria crotonensis, Stephanodiscus spp., C'yclotella 

pseudosteiligera) ; Summer and autumn (ApJzanizoinenon fbosaquae, Micro cyslis aeruginosa, 
Coebo.cphaeriurn huegilianurn, Tube b/aria floccubosurn, Oociptis gigas). 

F2 FAUNA 
§ Zooplankton Daphnia pulicaria, D. thorata, Diaplomus ashlandi, Episc/2ura sp.. \TeOrnySis  mci-

cedis - 
§ Benthos : Various species of chironomids (not identified). 
§ Fish : Oncorhvnchus nerka, 0. tshaorytscha, Salmo gardneri, Micropterus sairnoides, Perca 

flavescens, Lepornis gibbosus, Osrnerus sp. 

F5 FISHERY PRODUCTS 
§ Annual fish catch in 1984 : Not estimated ; sport fishing only. 

F7 NOTES ON THE REMARKABLE CHANGES OF BIOTA IN THE LAKE 
Change in phytoplankton from Oscillator/a dominance to diatom dominance since sewage 

diversion. 
Appearance and domination of Daphnia spp. since 1976. 
Appearance and spread of Myriophvllurn in shallow water zones. 
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G. SOCIO-ECONOMIC CONDITIONS 
Gi LAND USEIN THE CATCHMENT AREA (1984) 

Area 

[km2 ] [%] 
Woody and herbaceous vegetation 382 - 30 
Agricultural land 127 10 
Residential area 765 60 
Total 1,274 100 

§ Main types of woody vegetation : Pseudotsuga menziesii forest Alnus rubia forest. 
§ Main types of herbaceous vegetation : Pasture and grasslands. 
§ Main kinds of crops : Grasses for hay. 

G2 INDUSTRIES IN THE CATCHEMENT AREA AND THE LAKE (1982) 
Mainly residential and recreational use of the lake and shoreline. 
Boeing Company at the south end of the lake. 

G3 POPULATION IN THE CATCHMENT AREA (1982) 

Population 	Population density 	Main cities 
[km 2 ] 	 ( population) 

Total 	1.500,000 1,180 
Seattle (490,000), 
Bell cv ue 

H. LAKE UTILIZATION 

H 1 LAKE UTILIZATION 
Navigation, tourism and recreation (swimming, yachting and sport-fishing). 

H2 THE LAKE AS WATER RESOURCE (1984) 
Not used. 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 
Ii ENHANCED SILTATION 

§ Extent of damage : Not serious. 

13 EUTROPHICATION 
§ Nuisance caused by eutrophication : Unusual bloom of Oscillatoria agardhii in the late 1950's to 

1974; since gone from the lake. 
§ Nitrogen and phosphorus loadings Nitrogen mainly from agricultural and natural sources, and 

phosphorus mainly from domestic and agricultural sources. 

14 ACIDIFICATION 
§ Extent of damage : Not serious. 

U. WASTEWATER TREATMENTS 

J 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (c) Limited pollution with 
wastewater treatment. 

§ Municipal wastewater treatment systems : Present (activated sludge ; for domestic wastewater and 
rainwater). 
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K. IMPROVEMENT WORKS IN THE LAKE 
Ki RESTORATION 

Diversion : All sewage effluent diverted from the lake in 1968 and disposed 01 elsewhere 
(Puget Sound). 

M. LEGISLATIVE AND INSTITUTIONAL MEASURES 
FOR UPGRADING LAKE ENVIRONMENTS 

M 1 NATIONAL AND LOCAL LAWS CONCERNED 
§ Responsible authorities 

(1) Municipality of metropolitan Seattle 
§ Main items of control 

(1) Sewage treatment and disposal 

N. SOURCES OF DATA 
(Q) Questionnaire filled by Dr. S. Abella by recommendation of Dr. W. T. Edmondson. Department 

of Zoology. University of Washington. 
(1) Muller, M. J. (1982) Selected Climatic Data for a Global Set of Standard Stations for 

vegetation Science. 306 pp.  Dr. W. Junk Publishers, The Hague. 
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REPRESA DO LOBO (BROA RESERVOIR) 

A bird-eye view of the whole lake 

Fhoto:JG. Tundisi 
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A. LOCATION 

Säo Paulo State, Brazil. 
22'12'S, 47'51'W : 710 ui above sea level. 

B. DESCRIPTION (Q) 

Broa Reservoir is a man-made lake at the center of Sào Paulo State of Brazil created in a 
tropical savanna (cerrado) region in 1936 by damming up the Itaqueri River, a small tributary of 
the Rio Parana. At present, however, the lake is turned into an area of environmental protection 
because of its importance as a recreation area of scenic beauty and of scientific activities in and 
around the lake. Large scientific and educational pro)ects are now in progress. 

The lake is 7.5 km long and has a very flat basin with a mean water ,  depth of 3m. A maximum 
depth of 12m is observed near the darn site. The water level fluctuates within a range of 1.5m, 
being high in April at the end of rainy season and low in September at the end of dry season. 

A large portion of its catchment area is covered by sandy soils, which are very aged and 
extremely infertile. The lake water is also oligotrophic and low in nitrogen level, and certain 
heavy metals often limit phvtoplankton production. 

Since the lake is located only 100 km apart from large reservoir systems of S. Paulo State and 
its water remains relatively free from eutrophication and pollution, it serves as an important 
standard system for comparison with the large eutrophied reservoirs. The lirnnologv of this 
reservoir was opened by Brazilian scientists in 1971. Several climatological, hydrological. 
biological and water chemistry aspects were studied. The researches also cover the ecology, 
physiology and chemistry of almost all organisms present in the lake. The number of scientific 
papers so far published regarding this lake now amounts to approximately 200, including several 
masters and doctoral theses prepared at the University of S. Paulo and Federal University of S. 
Carlos. The Centre for Hydrological Researches and Applied EcologY. Lniversity of S. Paulo, is 
currently engaged in scientific projects including the modelling of Broa Reservoir system. 
Educational programs using the lake area as a natural laboratory have also started since 193 (Q3. 
Qi, Q2). 

C. PHYSICAL DIMENSIONS 0.2) 

Surface area [krn 2 ] 	 6. 
Volume [1Orn 3 ] 	 0.22 
Maximum depth [m] 	 12.0 
Mean depth [m] 	 3. 
Normal range of annual water 	 1 - level fluctuation (regulated) [ni] 	 . 

Length of shoreline [km] 1 .3 
Residence time [vr]  
Catchrnerit area [km 7 1 2'0) 
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL (Q3) 
§ Bathymetric map (Fig. SAI\i-1-1 and 2). 
§ Main islands : None. 
§ Outflowing rivers and channels (number and names) : 1 (Rio do Lobo-Rio Jacare Guacu). 

D2 CLIMATIC (Q3. 17, 18) 
§ Climatic data at Centre for Hydric Resources, University of S. Paulo, 1971 1986 (Fig. SAM-1-3). 
§ Number of hours of bright sunshine (Säo Carlos) : 2,663 hr yr 1 . 

§ Solar radiation (Sao Carlos) : 8.0 MJ m 2  dav. 

Fig. SAM-I-I Sketch map of Broa Reservoir, showing morphometry. sampling stations (1 
-5), limit of macrophvte distribution and prevailing wind direction (W) (18). 
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Fig. SAM- 1-2 Map of Broa watershed, showing the main characteristics of its hydro-
graphic network, in- and out-flowing rivers, and compartments of the lake 
(17). 
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Fig. SAM- -3 Seasonal trends of precipitation, solar radiation, wind velocity and water 
temperature (17). 
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§ Water temperature ['Cl (3) 
Station 1, Nov. 1974-Oct. 1973 

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

Surface 	25.7 26.1 26.8 23.6 20.9 18.5 17.4 19.8 21.8 23.0 24.5 24.5 

§ Freezing period : None. 
§ Notes on water mixing and thermocline formation : Prevailing strong wind prevents stratification. 

E. LAKE WATER QUALITY 

El TRANSPARENCY Imi. 1973-1975 (3) 

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

1.3 1.7 2.1 2.1 2.1 2.0 1.8 1.9 1.7 1.5 1.7 1.6 

E2 pH, 1973-1974 (3) 

Depth 	jan - Feb Mar Apr May jun Jul Aug Sep Oct Nov Dec 

Surface 	5.5 	5.6 	6.2 	- 	5.8 	5.9 	5.9 	6.0 	5.8 	5.9 	6.3 	5.8 

E3 SS [mg 1']. 1973-1974 (3) 

Depth 	Jan Feb Mar -- Apr May jun Jul Aug Sep Oct Nov Dec 

Surface 	7.9 	5.8 	5.1 	7.1 	4.8 	5.3 	2.4 	5.6 	6.5 	8.1 	9.4 	4.6 

E4 DO [rng l']. 1973-1971 (3) 

Depth 	jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Surface 	7.5 	7.3 	7.3 	8.5 	8.4 	7.7 	8.8 	8.7 	8.3 	8.1 	17 .5 	7.6 
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ES CHLOROPHYLL CONCENTRATION [,ug l]. 1973 1976 (1) 

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

Surface 	17 	10 	10 	9 	22 	15 	15 	11 	14 	23 	33 	23 

E7 NITROGEN CONCENTRATION (3) 
§ NO 3 -N [,ug1 1 ] : Summer (Jan-Feb.),  0,6-2.6 winter (Jul.). 

E8 PHOSPHORUS CONCENTRATION Lug 1'1 (3) 

Sumrner(Jan Feb) 	\Vinter(jul) 

Dissolved-P 	 0.8 0.9 	 0.7-0.8 
Total-P 	 12 16 	 11 14 

F. BIOLOGICAL FEATURES 
Fl 	FLORA (6, 7. 11, 12, 15, 16, 18 and 19) 

§ Floating macrophytes : Vvin,blioid s indiezim. Poizlcdcria cOId(Itu. 
§ Submerged macrophytes : 1iavaca sellou'iana, (711(1! lana int7ata. U. L'u/ga)71, Ludu'i.çiia sp.. 

Eleochanis sp. 
§ Phytoplankton : A no 1OEIOIU d scnians. Cr;nbella pusila. C. 	iplucephala. Fnzistulia nhoiuhoidcs, 

Melosina italica, Aai 'icula J)et'Pula. 
Dominant phvtoplankton during winter (Jul - Sep.) : ,lIt'(osira italica (wind action on the 
bottom of the lake resuspends IA los/na). 

F2 FAUNA (Q. 8, 11, 12, 15 and 16) 
§ Zooplankton : Rotifera (Ptvgura. Conochiloide, Fl/in/a, Brachionus fa/catus, B. ;nirahi/is, K rat! 1-

la, Lecaile, Polvarthia), Cladocera (Bosulina ('1v//)ni, Bos iinosis (A ilL 151, Diaplzaizorania sp., 
A igvrocIiaptomus muncatus, Theninoxvc/ops )Oil?l(t1(S). 

§ Benthos : Chironomidae. Chaoborinae, Tanvpodinae. 
§ Fish : Geopliagus basilican/s. * Hob/ias nlalaha)'icus, Lcponiniec och)fasciatus. * A sivanax lasciatus, 

*4 h/maui/a/us (*econornicallv  important). 

F3 PRIMARY PRODUCTION RATE [mg C m 2dav J (10) 
Station 1, 1973-1976 

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

Gross 
production 	350 	280 	300 	250 	180 	150 	130 	160 	220 	230 	330 	400 

(cf. J\Iaximurn production rate of A rgvnodiaptoa?us furcatus in winter :30 rngC rn 3 clav -) 

F7 NOTES ON THE REMARKABLE CHANGES OF BIOTA IN THE LAKE (17) 
No remarkable change. Occasional changes occurred due to the interaction of such 

hydrological processes as low water level, increase in flushing rate, etc.. resulting in the shift of 
dominance from diatoms (e.g. M losira ita/ica) to flagellates (e.g. Chrvsophyceae), from large-
celled phvtoplankton to small-celled species, and from copepods to rotifers. 

6 
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G. SOCIO-ECONOMIC CONDITIONS 
Gi LAND USE IN THE CATCHMENT AREA (1986) (16. Q3) 

Area [km] 	[%] 
Natural landscape 

Vooc1y vegetation 56 20 
Herbaceous vegetation 56 20 
Swamp 28 10 
Others 14 5 

Agricultural land 
Crop field 56 20 
Pasture land 28 10 

Settlement area 28 10 
Others 14 5 
Total 280 100 

§ Main types of woody vegetation Gallery forest along the river. 
§ Main types of herbaceous vegetation Savanna (ce) -raa'o type). 
§ Types of other important vegetation : Grass swamp. 
§ Main kinds of crops : Maize and rice. 
§ Levels of fertilizer application on crop fields Moderate. 
§ Trends of change in land use in recent years : Decrease of natural forest due to the progress of 

urbanization (recreation areas) and road construction. 

G2 INDUSTRIES IN THE CATCHMENT AREA AND THE LAKE (1986) (11) 

No. of 	No. of 	Main products and 
Gross product persons establishments major industries engaged 

Primary industry 
Crop production 	N.A 
Animal husbandry 	N.A 
Others 	 N.A 

Secondary industry 
Tertiary industry 

N.A. 	12 	Maize, rice 
N.A. 	N.A. 	Cattle 
N.A. 	N.A. 	Mining (sand) 

None 
None 

§ Number of domestic animals in the catchment area Cattle 1,000. sheep 50. 

G3 POPULATION IN THE CATCHMENT AREA (1986) (11) 

Population density Main cities Population 	 km 21  

Urban 	 - 	 - 
Rural 	27,000 	 None 
Total 	27.000 	 96.4 

H. LAKE UTILIZATION 

Hi LAKE UTILIZATION (14) 
Tourism (number of visitors in 1986 150.000), recreation (swimming, sport fishing, yacht-

ing), scientific studies and education. 

P1 
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H2 THE LAKE AS WATER RESOURCE (1986) (14) 
Use rate 

Domestic water 	 Negligible 
Irrigation 	 Experimental, negligible 
Industrial water 	Negligible 
Power plant 	 3 m sec 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 
Ii ENHANCED SILTATION (Q3) 

§ Extent of damage : Not serious. 
§ Supplementary notes : The deforestation and mining for sand are the causes of increased 

siltation. Rate of sedimentation : 1 mm yr 

12 TOXIC CONTAMINATION (03) 
§ Present status Detected but not serious. 
§ Supplementary notes Contamination with herbicides and pesticides was detected in the early 

1980's, causing a slight increase in their accumulation in fish bodies through food chain. 
Countermeasures are related to the legislation of a government act to protect this area in 1983. 

13 EUTROPHICATION (Q3) 
§ Nuisance caused by eutrophication : None. 
§ Supplementary notes : No eutrophication processes were observed in the last ten years. Eutro-

phication is prevented by the long residence time of the lake and the growth of macrophvtes 
in the main inflowing rivers. Measures taken to prevent eutrophication include the treatment 
of domestic sewage and the use of septic tanks in individual residences. 

14 ACIDIFICATION (Q3) 
§ Extent of damage : Detected but not serious. 
§ Supplementary notes : The mining operation caused only occasional, slight changes in acidity, 

but is expected to stop by 1987 by the legislation of the government act. 

Ts OTHER HAZARDS (Q3) 
Deforestation in the catchment area. 

U. WASTEWATER TREATMENTS 

U 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (a) Pristine lake environ-
ments (14). 

J2 APPROXIMATE PERCENTAGE DISTRIBUTION OF NUTRIENT LOAD (13) 

Percentage 

Non-point sources 	 60 
Point sources 

Municipal 	 20 
Industrial 	 10 
Others (occasional non-point sources) 	10 

Total 	 100 

U3 SANITARY FACILITIES AND SEWERAGE (11) 
§ Percentage of municipal population in the catchment area provided with adequate sanitary facilities 

(on-site treatment system) or public sewerage : 80%. 
§ Percentage of rural population with adequate sanitary facilities : 60%. 
§ Municipal wastewater treatment systems 

8 
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Number of tertiary treatmeiit systems: None. 
Number of secondary treatment systems : None. 
Number of primary treatment svst ems: 2 (oxidation ponds). 
Number of other types : Septic tanks for residences. 

§ Industrial wastewater treatment systems : 1 (treatment tanks for mining). 

K. IMPROVEMENT WORKS IN THE LAKE 
K3 OTHERS (17) 

Solid waste collection system and reforestation of gallery forests. 

L. DEVELOPMENT PLANS 
The development of recreation areas and the plantation of non-native tree species (Ei(c7flv/)t/(s 

sp.) for commercial purposes have been carried out in the catchment area by private companies. 
The development plan of Broa area for scientific educational purposes is also in progress under 
the scheme shown below (17). 

tic 

iic 

Scrv:c 	hi 5i•11i11 
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L •\iici5ci 	Ci>-'tii 	5iiis - 

ilc 

'licr])c!liill 	I > Iaililiiun-i\iiilii 

iiiicl 	\ I 	iiz 	iciit 

M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR UPGRADING 
LAKE ENVIRONMENTS 

Ml NATIONAL AND LOCAL LAWS CONCERNED (17) 
§ Names of the laws (the year of legislation) 

(1) Law Declaring Broa Watershed Area of Environmental Protection (1983). 
§ Responsible authorities 

(i) State Government of S. Paulo and Municipalities. 
§ Main items of control 

Road construction : deforestation impariment of wildlife, fish fauna and gallery forest. 
§ Supplementary notes 

Broa Catchment area has been protected since 1983 by a special law of the State Government 
of S. Paulo for its landscape, wildlife, scientific studies and recreational activity. 

M2 INSTITUTIONAL MEASURES (17) 
P Legislative measures (s-ce above) 

(21 Association for Protection of llroa Watershed (authorized as a public utility organization in 
1981) 
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M3 RESEARCH INSTITUTES ENGAGED IN THE LAKE ENVIRONMENT STUDIES (Q3) 
Center for Hydric Resources, School of Engineering, University of S. Paulo 
Institute of Physics, University of S. Paulo 
Federal University of S. Carlos 

N. SOURCES OF DATA 
(Q) Questionnaire filled by Dr. N. Nakamoto, Shinshu University, Ueda, Japan. 

Questionnaire filled by Prof. T. Sunaga, Kagawa University, Takamatsu, Japan. 
Questionnaire filled by Prof. J.  G. Tundisi, School of Engineering. University of São Paulo. 
São Carlos, Brazil. 

Tundisj, J. G. Strinxino, T., Marins, M., Tundisi, T. M.. Strinxino, S., Moraes, E. M. & Santos. 
E. P. (1972) Ecological Studies in a Lacustrine Environment. I. Progress Report. Univ. Fed. 
S. Carlos, São Carlos. 

Nakamoto. N., Marins, M. & Tundisi, J. G. (1976) Oecologia (Berl.), 23 179.184. 
Godinho. M. J. L. (1976) Ciclo sazonal, standing stock e distribucSo do bacterioplancton em 

ecosisterna lacustre artificial. Represa do Lobo, São Carlos. Masters Thesis, Univ. S. Paulo. 
Rocha, 0. (1978) Flutuacan sazonal e distribucão de populacão de Dia,btomus frcatus Sars 

(Copepoda. Clanoida) na Represa do Loho Broa), São Carlos, S. P. Masters Thesis. Univ. S. 
Paulo. 

Tundisi, J. G., Tundisi, T. M., Rocha, 0., Gentil, J. G. & Nakamoto, N. (1977) Scm. Medic> 
Ambiente y Represas (Montevideo, Lfrguay). 1: 138.172. 

Ikusirna. I., Hino. K. & Tundisi, J. G. (1983) jap. J. Limnol., 44(4) : 304-310. 
Tundisi, J. G. & Flino, K. (1981) Rev. Brasil. Biol., 41: 63-68. 
Matsumura.Tundisi, T. & Tundisi. J. G. (1976) Oecologia (Berl.), 25 : 265-270. 
Tundisi, J. G., Gentil, J. G. & Dirickson, M. C. (1978) Revta Brasil. Bot., 1: 35.39 

00) Tundisi, J. G. (1981) Verb. Intern. Verein Limnol.. 21: 1031-1039. 
Tundisi, J. G. (1986) Bol. Hidraulica e Saneamento, 11: 1-46. 
Tundisi. J. G. (in press) The Loho (Broa) ecosystem. 'Ecosystem Dynamics in Wetland and 

Shallow Water Bodies Proceedings of a SCOPE Meeting". Tallin, USSR. 
Tundisi. J. C. & Matsumura-Tundisi, T. (1986) Eutrophication process and trophic state for 

23 reservoirs in S. Paulo State, Southern Brazil. Paper presented at the 5th Brazil-japan 
Symposium on Science and Technology, Tokyo, October 1986. 

Tundisj, J. G. & Schiel. D. (1986) Sistema de Atualizacão de Professores de Ciericias e 
Geografia corn a Utilizacão do Conceito de Bacia Hidrografica corno Unidade : Conceitos 
Basicos, Projeto e Perspectivas. 13pp. PubI. Especial CRHESCDCC, IFQUSP. 

(11) Tunclisi, J. G.. Matsurnura-Tunclisi, T., Strinxino, G., Marins, M., Mattos, M. A. & Santos, E. 
P. (1972) Ecological Studies at Broa Reservoir. I. 	Progress Report. 123pp. 

Tundisi. J. G. & Matsurnura-Tundisi. T. (1972) Ibid. II. Progress Report. l65pp. 
Tundisi, J. G. (1986) Local community involvement in environmental planning and manage-

ment—The Lobo-Broa Reservoir case study. UNCRD/ILEC/UNEP Expert Group W/orkshop 
on Environmental Planning and Managenent : Focus on Training Aspects Derived from Studies 
of Inland Water Management, Otsu and Nagoya. November 1986. 

Tunclisi. J. G. (1977) Producão Primaria. "Standing stock", Fracionarnento do Fitoplancton. 
e Factores Ecologicos em Ecosistema Lacustre Artificial. 409pp. DSC Thesis, Univ. S. Paulo 
(with English summary). 

(19 Rocha, 0. & Matsurnura-Tundisi. T. (1984) Hydrohiologia, 113 .31)7-311. 
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LAGO NAHUEL HUAPI (LAKE NAHUEL HUAPI) 

A bird-eye view of the lake 
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Photo: I. R. Was-Badgen 
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A. LOCATION 

§ Rio Negro Province, Argentina. 
§ 40 40'-4110'S, 71J0'-50'W 740-767 in above sea level. 

B. DESCRIPTION 
Nahuel Huapi is a glacial lake located along the eastern slope of Southern Andean Range with 

a maximum length of 67 km and a maximum width of Ui km. The lake resembles in its shape ''a 
gigantic amoeba with enormous tentacles extending in all directions to form (1)' a number of arms 
or fjords. It is also encircled by many smaller lakes. Mountains fringe almost all its coastline 
there is a succession of bays and coves., shingle and sandy beaches, perpendicular rocky cliffs, steep 
prornontories, and wooded isthmuses and peninsulas. 

The lake offers one of the nicest landscapes in South America, and has been included since 
1909 in Nahuel Huapi National Park, the largest of Argentine national parks (785,000 ha). The 
international city of San Carlos de Bariloche, growing up very fast on the southeastern margin of 
the lake, attracts every year lots of tourists with pleasant summer weather and winter sports. 

The report of a Swedish South-American expedition in 1953-195-1(1) states that "the luxuriant 
forests of 4estrocedns and Not1ioItg1is surrounding its solitary fjords contrast with the scant 
acivatic macrophvtes' and that "the scarcity of the latter is partly dependent on the very limited 
shallow water areas...... This situation, however, changed in the last years when a rapid cultural 
eutrophication was observed in some small and less deep inlets of the lake, particularly near the 
city of Bariloche, though the main body of Nahuel Huapi remains oligotrophic. Thus, a lot of 
macrophvtes, especially Sci pus cu/it3r,ucus, cover those inlets and are expanding in some arms. 
Those arms are also rich in nutrients and phytoplankton owing to the result of human activities. 
Protective measures should he taken before the eutrophication and other kinds of pollution spoil 
the value of the National Park, where the municipal authorities of Bariloche have jurisdiction of 
administration (Q). 

C. PHYSICAL DIMENSIONS (1) 

Surface area [km] 	 646 
Maximum depth [m] 	 More than 300 
\Vater level 	 Unregulated 
Length of shoreline [km] 	 :357 
Catchment area [knY] 	 2 75 
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL (Q) 

Fig. SAM-2--1 Sketch map of the lake. 

\--- 1 

San 
de 

jurisdiction 	i io km 

§ Main islands Victoria. 
§ Outflowing rivers and channels (number and names) I (Himav R., belonging to Rio Negro system 

draining into the Atlantic Ocean). 

D2 CLIMATIC 

§ Precipitation around the lake : Bariloche 1.009 mm yr (2) Puerto Blest (western side of the 
lake) 3,59(1) mm yr' (3) 4.026 mm yr 1  (2). 

§ Water temperature (Fig, SAI\1-2-2). 
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Fig. SAM-2-2 Water temperature profiles (1. 1). 
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Freezing period : None. 
§ Mixing type : Monomictic (holomictic). 
§ Notes on water mixing and thermocline formation Nahuel Huapi is a subtropical lake, in which the 

overturn takes place throughout entire depths once a year in winter jul-Aug.). The summer 
stratification is well developed and the temperature of hvpolininion is 7- C throughout the 
year (Q). 

F. BIOLOGICAL FEATURES 

Fl FLORA 
§ Emerged macrophytes Scirpus cu/itornuns, i'elcs s(nzit/L')i (Q). 
§ Submerged macrophytes Ceratojth v/lion (Je)ncrsunl, 1Io70Jh1111(1n eletoieidi's (Q). 
§ Phytoplankton : Dictvosliacriuin /ulchc/lu;n, 1I(losi7 	ra1lI(/ata (winter spring). Rh! so/eu/a 

eriensis, Dinohrvon thveigens, D. v/im!rieum, Me/os/ia auiulala (summer-autumn) (5). 

F2 FAUNA 
§ Zooplankton Rotatoria (J/eiate//a coch/eaivs. PO/\'a)/hia (l(4gau7s, Poni/ho/w sii/cola, I'zlina 

longisela. Gastropus stv/ifi) Copepoda (Boeckella ira(il/tk s) Cladocera (Bosnuina chi/ensis) 
(5). 

§ Benthos : Decapoda (Saniaslacus s/iau/iiais, slog/a rio/nnavana) Amphipoda (Hval/cla cia -
rispina) : Mollusca (C/ui//)a /sue/clia. Ch. k(rcllaI)poi. Dip/odon /suttonicus) Oligochaeta 
(Chac/ogaster fin aei, Stia/iO(/)7/i(s aeg/oJh i/us) (Q). 

§ Fish : Percichtluvs tm/ta, P. co/hua/nenszs .5ruloui hid/a (introduced), S. gaudneri (introduced), 
Dip/onustes sp.. Hate/icr/a sp., 4p/oc/uton sp.. Gci/axias ;uiacu/a/us 	 important) (Q(. 

§ Supplementary notes The biota of all the Andean Patagonic area is characterized by a high 
degree of endemism, at a species or genus level in sonic cases but even at a family level in 
others (6-11). 

1 
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H. LAKE UTILIZATION 

Hi LAKE UTILIZATION (Q) 
Navigation and transportation, sightseeing and tourism, recreation (swimming, sport 

fishing, yachting) and source of water. 

H2 THE LAKE AS WATER RESOURCE (Q) 
Domestic water and some industrial water. 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 

Ii ENHANCED SILTATION (Q) 
§ Extent of damage : None. 

12 TOXIC CONTAMINATION (Q) 
§ Present status Detected but not serious ( ? 
§ Supplementary notes : There is still very poor information serious studies as well as continued 

complete monitoring and assessment are lacking. 

13 EUTROPHICATION (Q) 
§ Nuisance caused by eutrophication : Unusual algal bloom. 
§ Supplementary notes : Limited to small inlets near the city of Bariloche. Refer to B (Descrip-

tion). 

14 ACIDIFICATION (Q) 
§ Extent of damage : None. 

J. WASTEWATER TREATMENTS 

u i GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (C) Limited pollution with 
wastewater treatment. 

N. SOURCES OF DATA 

(Q) Questionnaire filled by Lic. Irene R. \Vais-Badgen. Instituto Nacional de las Ciencias Natur-
ales, Buenos Aires. 

Tomasson, K. (1959) Acta Phvtogeogr. Suer.. 42 : 1-83. 
Ljungner. E. (1959) Nahuel Huapi. Uppsala Univ.. Arsskr. 
Jefferson, M. (1921) The Rainfall of Chile ..Amer. Geogr. Soc. Res. Ser. 7 (in Spanish). 
Cordini, I. R. (1939) Nahueal Huapi Lake. Bol. Direr. Mm. Geol. B. Aires. 47 (in Spanish). 
Thomasson, K. (1963) Acta Phvtogeogr. Suer., 47: 1-139. 
Wais, I. R. (1984) Ann. Limnol., 20 (1-2) : 115-122. 

(1985) Verh. Intern. Verein Limnol,, 22 : 2167-2172. 
(1985) Corn. Mus. Arg. Cienc. Nat. Hidrobiol., 2 : 148-154 (in Spanish). 

--- (1986) Spheniscus, 4 : 39-41 (in Spanish). 
(in press) Macrozoohenthos of Negro River basin, Argentine Patagonia. Stud. 

Neotrop. Fauna & Environ. 
(in press) Verh. Intern. Verein Limnol., 23. 
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EZEQUIEL RAMOS MEXIA RESERVOIR 

A view from the lakeside 

Photo A. Mariazzi 
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A. LOCATION 

§ Rio Negro Province. Argentina. 
§ 3950'S, 6620'W; 381 in above sea level. 

B. DESCRIPTION (Q) 

Ezequiel Ramos Mexia Reservoir is a man-made lake in the Southern Andean Range, about 
600 km away from Bahia Blanca. The lake was formed in 1972 by the damming of Limav River. 
which flows out from Lake Nahuel Huapi. The Limay Valley is formed by the 10-30 in thick layer 
of well-graded pebbles mixed with 30 % of sand. The stratigraphic structure of the lake district 
consists of three kinds of sediments; a) Cretaceous sediments emerging continuously on both sides 
of the reservoir, b) Cenozoic sediments of conglomerates of variable sandy and clayey matrix, and 
c) recent sediments of fine to very fine sands forming dunes up to 7 in high on the northeastern side 
of the reservoir. 

The lake water is soft, neutral to slightly alkaline, basically bicarbonate-calcic. The chioro-
phvll concentration and primary production are relatively low because of the low concentrations 
of nutrients (inorganic nitrogen and total phosphorus) and the short residence time. Therefore, 
the reservoir may he classified as an oligo-mesotrophic lake. 

C. PHYSICAL DIMENSIONS (Q) 

Surface area [kni2] - 	 816 	- 

Volume [ 19 9 m 3 ] 20.2 
Maximum depth [m] 60 
Mean depth Imi 24.7 
Water level Regulated 
Length of shoreline [km] 346 
Residence time [vr] 
Catchrnent area [km 2 ] 24,42)) 
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D. PHYSIOGRAPHIC FEATURES (Q) 

Dl GEOGRAPHICAL 
§ Sketch map (Fig. SAM-3-1). 
§ Main islands : None. 
§ Outfiowing rivers and channels (number and names) : I (R. Negro). 

Fig. SAM-3-I Sketch map of the lake system. 
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D2 CLIMATIC 
§ Water temperature 

Fig. SAM-3-2 Spatial-time distribution of water temperature [C]. 
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§ Mixing type Monomictic. 
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E. LAKE WATER QUALITY (Q) 

El TRANSPARENCY 

Fig. SAM-3-3 Seasonal trend of transparency [m] and relative light transmission [%]. 
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E3 SS [mg 1_I]:  Mean value (annual range): 57.8 (52.1-69.5). 

E4 DO 

Fig. SAM-3-4 Spatial-time distribution of DO [rng 11. 
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E6 CHLOROPHYLL CONCENTRATION 

Fig. SAM-3-5 Spatial-time distribution of Chlorophyll-a [,ug 1'] 

E7 NITROGEN CONCENTRATION 
Mean value of annual variation of NH 4 -N Lug I  ']: 10. 
Mean value (range) of annual variation of NO 3  N [,ug 1'] : 10(10-50). 

§ Mean value of annual variation of NO 2 -N [,ug 1 - '] : 10. 

E8 PHOSPHORUS CONCENTRATION 
§ Mean value (range) of annual variation of PO-P Lug 1 ] 5 (5-47). 
§ Mean value (range) of annual variation of Total-P [,ug 1 - '] : 10 (5-53). 

F. BIOLOGICAL FEATURES (Q) 

Fl FLORA 
§ Phytoplankton : Anahaza C1ICIfr1(iliS, Pandoiina imo -uin, Eudoriza clega;is, BinuclL'aria eliensis, 

Cyc/otella stelligera, Me/os/ia italica, M. granulata, M. granulata var. an,gustissrna 1. s,bz Ia/is, 
[)inobr)on divergens, Gym nod/n/urn sp. 
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F3 PRIMARY PRODUCTION RATE 

Fig. SAM-3-6 Vertical distribution of primary production [mg C n 	h 1 ] : M total 
phvtoplankton and [ below,  25 jm fraction. (1) Secchi disc depth and 
(—.- ) light extinction (the upper end of the curve corresponds to 100% of 
light intensity). 
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F4 BIOMASS 

Fig SAM 3-7 Monthly fluctuation of phytoplankton density; (-) total cells, ( 
Bacillarvophvceae, (— -) Chlorophvta and (......) Cvanophvta. 
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Fig. SAM-3-8 Vertical distribution of phytoplankton density; 	 / total and 	dominant 
algal group. 
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1982 
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G. 50010-ECONOMIC CONDITIONS 
G2 INDUSTRIES IN THE CATCHMENT AREA AND THE LAKE (Q) 

§ Secondary and tertiary industries None. 
§ Number of domestic animals in the catchment area : None, 

G3 POPULATION IN THE CATCHMENT AREA (Q) 

Population density Population 	 Main cities [km -] 

Rural 	2,000 	 None 
Total 	2,000 	 0.08 	 (One small villege) 

H. LAKE UTILIZATION 

Hi LAKE UTILIZATION (Q) 
Sources of water, navigation and transportation, sightseeing and tourism, recreation (swim-

ming and sport-fishing) and fisheries. 

H2 THE LAKE AS WATER RESOURCES (1987) 

Use rate 
Domestic water 
Irrigation 	 Negligible 
Industrial water 
Power plant 	 1.200 MW 

I. DETERIORATION OF LAKE ENVIRONMENTS AND HAZARDS 

Ii ENHANCED SILTATION (Q) 
§ Extent of damage : Not serious. 

12 TOXIC CONTAMINATION (Q) 
§ Present status Not detected. 
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13 EUTROPHICATION (Q) 
§ Nuisance caused by eutrophication None. 

Mean values and ranges of annual variation of nitrogen and phosphorus concentration in affluents Lug 1 

Collon Cura River Lirnay River Limay River 
Affluent (Al icura) (Pantan ito) 

Average 	Range Average 	Range Average 	Range 

O 4 -P 5 	- 5 5 
Total P 17 	3-34 8 	5-11 9 	5-11 
NO 3 -N 10 10 10 	- 

NO 2 -N 10 	- 10 	- 10 
NH 4  N 10 	- 10 10 

14 ACIDIFICATION (Q) 
§ Extent of damage : None. 

U. WASTEWATER TREATMENTS 

J 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (b) No sources of signifi-
cant pollution (Q). 

J3 SANITARY FACILITIES AND SEWERAGE (Q) 
§ Wastewater treatment systems : One small-scale domestic wastewater treatment plant. 

K. IMPROVEMENT WORKS IN THE LAKE 

None (Q). 

L. DEVELOPMENT PLANS 

None (Q). 

N. SOURCES OF DATA 

(Q) Questionnaire filled by Dr. A. Mariazzi. Facultad de Ciencias Naturales y Museo. Instituto de 
Limnologia, La Plata, Argentina. 
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LAGO TITICACA (LAKE TITICACA) 

An inlet of Lago Pequeho with totora stands and totora boats 
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A. LOCATION 
Puno. Peru; and La Paz, Bolivia. 
1407'-17'08'S, 68O2'-7106'W 3,812 rn above sea level. 

B. DESCRIPTION 
Lake Titicaca is the largest freshwater lake in South America, located on the border between 

Peru and Bolivia between the two snowy mountain ranges of East and West Cordillera in the 
central Andes. The lake is 8,372 km 2  wide, including both the deep main basin (Lago Mayor) and 
the shallow sub-basin (Lago Pequeño), and its altitude (3.812m) is unrivalled among large lakes of 
this size class in the world. 

The distribution of old coastal terraces indicates that a huge body of water reaching as far 
south as the Uyuni Depression once existed during an interglacial period of the Pleistocene, but the 
lake's size has been greatly reduced due to the increasing aridity of climate and the formation of 
an effluent stream. The water of Titicaca is now drained via the Rio Desaguadero into Lago 
PoopO, which, however, has no outlet to the sea. 

The whole catchment area 011 the high plateau of Altiplano remains almost treeless, and is 
covered by coarse grasses with scattered fields of potato, barley. quinoa (C/unobodium quinoa) and 
the other local crops. The lake is fringed by a swampy zone of totora Sciipus tatora), which is 
indispensable for the life of inhabitants on the shore, furnishing materials for the famous reed-
boats and floating gardens where they grow potatoes. 

The line between Puno (Peru) at the northwestern end of the lake and Guaqui (Bolivia) on the 
southwestern shore is an important shipping route for Bolivia, an inland country without seaside 
territory. Recent development of cities with manufacturing industry and a few sightseeing sites 
are going to affect the quality of the lake water to a certain extent. 

C. PHYSICAL DIMENSIONS (Q. 3) 

Surface area [knl 2 J 8.372 
\olume [10 9 m] 893 
Maximum depth [m] 281 
Mean depth [m] 107 
Water level Unregulated 
Length of shoreline [km] 1, 125 
Residence time [yr] 1, 343 
Catchment area [km 2 ] 58 . 000 
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D. PHYSIOGRAPHIC FEATURES 

Dl GEOGRAPHICAL 
§ Sketch map (Fig. SAM-4-1). 
§ Outfiowing rivers and channels (number and names) : 1 (Desaguadero R.). 

D2 CLIMATIC 
§ Climatic data at Puno, 1973 (Q) 

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

Mean temp. [CC] 	10.7 10.7 10.3 9.5 	8.0 	6.2 	5.7 	7.4 	8.3 10.4 10.7 10.3 	9.0 
Precipitation [mm] 238 132 159 98 	13 	0 	2 	6 	33 	16 	30 	71 	797 

§ Number of hours of bright sunshine (Puno, 1973) : 3.034 hr yr -1  

Fig. SAM-4-I Sketch map of the lake (Q). 

0 	20 	40KM 	 4 

§ Water temperature 

Fig. SAM-4-2 Seasonal trend of water temprature [C] profile. 1975 (1). 

Water temperature [C1 

11 12 13 1. 	114114214 	12 	
1 

12 	14 	12 	1 	1214 	14 	12 	14 

Jan. 	Feb. 	Far. 	Way . 	Jun. 	Jul. 	Aug. 	Sea. 	Oct. 	Dec. 

§ Mixing type Monornictic. 
§ Notes on water mixing and thermocline formation Thermal profiles in the lake show a thick 

epilimnion with relatively little difference between epilimnetic (16CC max.) and hypolimnetic 
(11.1'C) temperatures. There is a period of almost complete overturn in the dry season from 
July to September. 
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E. LAKE WATER QUALITY 

El TRANSPARENCY [m], 1973 (Q) 

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

5.3 	4.5 	5.8 	6.5 	7.0 	8.5 	10.0 10.5 	8.7 	9.3 	6.2 	6.0 

E2 pH 
Surface water : 8.6 (annual mean) (Q). 

E3 SS 
780 rng 1' (annual mean) (Q) 

E4 DO 

Fig. SAM-4-3 Seasonal and vertical distribution of DO [rng li]. 1975 (1). 

Feb.
160   I Aj,r. May. I  

E7 NITROGEN CONCENTRATION 
§ NO 3 -N [mg 1_ 1 1, 1973 (2) 

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

0-30 .060 .060 .065 .110 .120 .165 .240 .130 .105 .070 .115 .105 
>30 .060 .085 .095 .190 .190 .130 .240 .120 .105 .060 .125 .120 

E8 PHOSPHORUS CONCENTRATION 
§ PO4 - P [mg 1'],  1973 

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

0 - 30 	.023 	.016 	.017 	.013 	.013 	.016 	.020 	.023 	.016 	.009 	.007 
>30 	.065 .038 .049 .029 .044 .046 .027 	.039 .028 .016 .025 

F. BIOLOGICAL FEATURES 

Fl FLORA(Q) 
§ Emerged macrophytes : Scrirpus tatora, Hydrocotvle sp., Lilaeopsis sp. 
§ floating macrophytes : Lemna sp., Azolia sp. 
§ Submerged macrophytes: Myriophyllum elatinoides, Chara sp., Elodea potarnogeton, Nitella 

clavata, Potamogeton strictus, Ruppia filifolia. 
§ Phytoplankton Lyngbya vacuohfera, Anabaena splzaerica, Noclularia harveyaba, Utothrix subtilis-

sima, Oocvstis borgei, AnkistrodesRnus fialcatus, Selena.struin ininutum, Cyctotella stelligera. 

F2 FAUNA 
§ Zooplankton: Copepoda (Boeckella titicacae, Microcyclops leptopus), Cladocera (Bosmina hagman. 

ni ), Rotifera (Asplanchna sp.) (Q). 
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§ Benthos Taphius spp., Litloriclina spp. (3). 
§ Fish : ()restias agassii, 0. lu/ens, 0. pentlandii, Trichomvcterus rivulatus, So/mo gairdnerii, 

Basilichthvs bonariensis (Q). 

F3 PRIMARY PRODUCTION RATE [g C m 2day- ']. 1973 (2) 

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

	

1.35 1.11 1.25 1.17 1.47 1.64 1.48 2.01 1.20 0.74 1.28 2.79 	1.46 

F4 BIOMASS 
§ Phytoplankton biomass [mg C rn 3 1, 1973 

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

	

17.4 58.5 29.4 23.5 30.9 30.9 28.1 29.3 16.7 13.5 13.2 28.0 	26.8 

Fig. SAM-4-4 Zooplankton biomass [g rn 2 ]. 1973 (1). 

20 

10 

5 

2 

1 

U) 	0.5 
to to 
0 0.2 

.14 
ro 

0.1 

0.05 

0.02 

0.01 

B. 

- B. p. 	
B. C. 	Microcyclops Leptopus 	B. h. 

A. sp. 	
B. h. 	B. p. 

C.q. 	C. 
c.q.

q.  

M 	A 	M 	J 	J 	A 	S 	0 	N 	D 
o.: BoeckeUa occidentalis, 	B. h. : Bosrnina 1ag1nanni, 

A. sp.: Asplanchna sp., 	B. p.: Daphnia pulex, 

q.: Ceriodaphnia quadrangu?.a. 

F5 FISHERY PRODUCTS 
§ Annual fish catch in 1980 6,327 [metric tons]. 
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G. SOCIO-ECONOMIC CONDITIONS (Peru only) 

G 1 LAND USE IN THE CATCHMENT AREA (1983) 

Area [krn 2 ] 	[%] 
Natural landscape 

Woody vegetation 25 0.0 
Herbaceous vegetation 36,375 74 . 8 
Swamp 210 0.4 
Others 4,120 8.5 

Agricultural land 2,500 5.2 
Settlement area 10 0.0 
Others 5,380 11.1 
Total 48.620 100.0 

§ Main types of woody vegetation : Bud/ia ccolli, Polviepis incana. 
§ Main types of herbaceous vegetation : Festuca dolichopvl!a, Muhienbergia tàstigiata, 	Carex sp.. 

Catarnagrostis heterophyila, C. curi'iia. 
§ Main species of swamp vegitation : Juncus sp., Scir,bus sp. 
§ Main kinds of crops : Barley. potato and quinoa. 

G2 INDUSTRIES IN THE CATCHMENT AREA AND THE LAKE (1981) (Q) 

Gross product 	No. of No. of during the 	persons establishments year [x 106  Soles] 	engaged 

Primary industry 
Agriculture 1.809 3,200 31 
Fisheries 21 180 9 

Secondary industry 
Manufacturing 1,027 869 22 
Mining 425 231 10 

Tertiary industry N.A. 425 37 

* Main agricultural products: Barley, potato and livestock (sheep, alpaca, 
llama). 

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

Population density 	Main cities (population) Population 	 [km2]  

890,300 12.3 
Juliaca (200,000), Puno 
Ilave, Ayaviri. 

H. LAKE UTLIZATION 

H 1 LAKE UTILIZATION (Q) 
Source of water, fisheries, navigation, tourism and recreation (sport.fishing). 
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H2 THE LAKE AS WATER RESOURCE (1982) (Q) 
Use rate [nfsec'] 

Domestic 0.40 
Irrigation 0.25 
Breeding 0.29 
Industrial 0.004  
Mining 0.03 
Power plant 0.40 

J. WASTEWATER TREATMENTS (Peru only) 

U 1 GENERATION OF POLLUTANTS IN THE CATCHMENT AREA: (f) Limited pollution with-
out wastewater treatment. 

.J3 SANITARY FACILITIES AND SEWERAGE (Q) 
§ Municipal sewerage system : Not present. 

M. LEGISLATIVE AND INSTITUTIONAL MEASURES FOR 
UPGRADING LAKE ENVIRONMENTS 

M 1 NATIONAL AND LOCAL LAWS CONCERNED (Peru) (Q) 
§ Names of the laws (the year of legislation) 

(1) Water Code (Law No. 17752) (1969) 
§ Responsible authorities 

(1) Ministry of Health (water quality) and Ministry of Agriculture (water managements) 

N. SOURCES OF DATA 
(Q) Questionnaire filled by Dr. José Vera Rivas Plata. the Peruvian Sea Institute, Callao. 

Hanek, G. (ccl.) (1982) La Pesqueria en el Lago Titicaca (Peru), Presente y Futuro. Proyecto 
FAO-PER/76/022. 

Richerson, P., Widmer, C. & Kittel, T. (1977) The Limnology of Lake Titicaca (Peru-Bolivia), 
a Large High Altitude Tropical Lake. 79 pp.  Univ. Calif. Davis. 

Serruya, C. & Pollingher, U. (1983) Lakes of the Warm Belt. 569 pp.  Cambridge University 
Press, London. 


