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Figure 1. Belgrade Lakes study area. 
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The purpose of this investigation was to assess the impacts of land use and land cover on water quality 

in the Belgrade Lakes on a regional scale. Past research on the Belgrade Lakes has focused on 

individual lakes and watersheds, but due to the interconnectivity of the system, regional research and 

cooperation could enhance lake water quality and our knowledge of the system. Nutrients such as 

phosphorus can be transported from one lake to another throughout the Belgrade Lakes chain, so it is 

logical that research and monitoring be conducted on a regional level. Phosphorus is an important 

factor limiting primary productivity in lake ecosystems. At concentrations above 12 ppb, phosphorus 

can result in algal blooms that can reduce water clarity, deplete dissolved oxygen, and produce foul 

odors. The results of this study have implications for responsible land use management and 

development planning that could minimize phosphorus loading from future development and reduce 

loading from existing development.  

!!The Belgrade Lakes watershed includes a 

chain of seven lakes connected by a 

complex system of streams and wetlands. 

The watershed covers 46,676 ha in three 

counties in central Maine (Figure 1). 

!!The Belgrade Lakes watershed includes 

land in the towns of Augusta, Belgrade, 

Manchester, Mercer, Mount Vernon, New 

Sharon, Norridgewock, Oakland, 

Readfield, Rome, Sidney, Smithfield and 

Vienna. 

!!The Belgrade Lakes are a valuable 

recreational and economic resource for 

local residents and tourists.  

Methods 

Land use and land cover were digitized in 24 categories and assembled into a composite shapefile for 

the entire Belgrade Lakes watershed in ArcGIS 9.3 using 2003 digital orthoquadrangles (DOQ) based 

on imagery from 2003, obtained from the Maine Office of GIS, and National Agricultural Imagery 

Program (NAIP) satellite imagery from 2007.  

Proportions of land use types in the Belgrade Lakes watershed  

!!Much of the watershed is still undeveloped and over 70% of the watershed is covered by mature forests. 

!!Wetlands are the next most common land use/land cover type and make up 7.9% of the watershed. 

Wetlands are scattered throughout the watershed, but are often located near the inlets and outlets of the 

lakes. 

!!Croplands comprise 5.1% of the watershed and are concentrated primarily in the southern portion of the 

watershed. 

!!Residential areas cover 4.7% of the watershed and tend to be clustered along lakeshores and major roads. 

Housing density is lower in the more rural northern and western portions of the watershed. 

!!Successional lands cover 2.8% of the watershed and are commonly found near agricultural areas. Many of 

these lands were previously used for agriculture but are slowly reverting back to forests.  

Best estimates of expected future total phosphorus concentrations 

!!Roads cover just 1.5% of the watershed. Roads are 

found throughout the watershed and can facilitate 

future development because development is more 

likely to occur in accessible areas. 

!!Commercial and municipal lands, commercial camps 

and golf courses each comprise less than 1% of the 

watershed. 

Lake  2008    2020    2035  2050 

East Pond 13.07 13.15 13.28 13.48 

Great Pond 11.04 11.18 11.48 11.98 

Long Pond 6.12 6.26 6.56 7.02 

Messalonskee 13.01 13.34 14.14 15.37 

North Pond 11.76 11.77 11.80 11.85 

Salmon/ 

McGrath 17.40 17.79 18.55 19.64 

!!Croplands contribute 22% of the total phsophorus 

load but cover just 5.1% of the watershed. 

!!Combined shoreline and non-shoreline residences 

lands contribute 27% of the phosphorus but cover 

4.7% of the watershed. 

!!  Roads contribute 12.6% of the phosphorus load but 

cover 1.5% of the watershed. 

!!Mature forests cover 73% of the watershed but 

contribute only 18.2% of the phosphorus. 

!! The results of the phosphorus model suggest that the phosphorus contributions of 

agricultural lands, residential areas and roads should be priorities in reducing phosphorus 

loading into the Belgrade Lakes. 

!! Homeowners should keep exposed soil to a minimum to decrease erosion, update septic 

systems, and in the case of shoreline lots, install proper shoreline buffers.  

!! It is important that farmers make efforts to reduce soil erosion and avoid the use of 

phosphorus-containing fertilizers. 

!!Messalonskee Lake and Salmon Lake/

McGrath Pond are the most vulnerable 

to residential development-related 

phosphorus increases. This can be 

attributed to the high level of projected 

growth in the Towns of Belgrade and 

Sidney and access to the lakes.  

Methods 

Phosphorus export coefficients were assigned to each land use/land cover type based on 

values obtained from MDEP studies for developing TMDLs on local lakes. Export 

coefficients were multiplied by the areas of land use/land cover types to estimate the 

total external phosphorus load.  Future changes in land use/land cover patterns were 

incorporated to predict the impact of future development on the total external load. 

Increases in residential inputs were based on population projections obtained from the 

Maine State Planning Office and mean household size. 
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Results/Discussion 

!!The concentration of phosphorus is 

projected to increase approximately 

0.2-0.3 ppb per decade due to 

increases in residential development. 

!!The contributions of shoreline and 

non-shoreline residential 

development is expected to increase 

if mitigation measures are not 

undertaken and current development 

trends continue.  

!!Commercial areas, residences and 

golf courses contain moderate or high 

amounts of impervious surface that 

can increase stormwater runoff and 

phosphorus loading. 
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