
Total Phosphorus
•Exists naturally in small concentrations, but can be increased by anthropogenic factors
•Increases susceptibility to algal blooms, which accelerate eutrophication, decrease light penetration and 
reduce macrophyte growth  
•Aerobic decomposition of algae depletes dissolved oxygen, especially at lake bottoms 
•Salmon Lake first bloomed in 1971 and most recently in 2003
•McGrath Pond has never experienced an algal bloom   
•Salmon Lake has higher historic and current phosphorus concentrations than McGrath Pond due to increased 
shoreline development and its deep, rounded basin  
•Epicore phosphorus concentrations for Salmon Lake from 1975-2009 have been around the critical 13 ppb
•Salmon Lake experienced a peak epicore concentration of 25 ppb in 1975
•McGrath Pond peaked at 14 ppb in 1979
•Both lakes have improved since the 1970s

The Salmon/McGrath watershed covers 2,043 ha in the towns of Belgrade and Oakland, ME. The total 
surface area is 470 ha. Salmon Lake has one deep basin, reaching 14.9 m, in the southeast portion of 
the lake. McGrath Pond is more uniform throughout the center of its basin, reaching depths of 7 m.
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E X C ESS NU T RI E N TS A ND A N IN VASI V E M A C R OPH Y T E T H R E AT E N SA L M O N 
L A K E A ND Mc G R AT H PO ND , K E NN E B E C C O UN T Y, M A IN E   
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Invasive Species
Salmon Lake and McGrath Pond are a pair of connected, mesotrophic lakes in the Belgrade Lakes 
chain.  In the summer and fall of 2009, the Colby Environmental Assessment Team (CEAT) collected 
data on water quality parameters, bathymetry and land use to assess trends in water quality, predict the 
total external load of phosphorus into the waterbodies and model the potential of recently discovered 
invasive species to spread within Salmon Lake, McGrath Pond and other Belgrade Lakes.  
Historically, the water quality of these two lakes has oscillated around an acceptable level.  Salmon 
Lake has been susceptible to algal blooms in the past.  Phosphorus is the most important limiting 
nutrient for plant growth in freshwater ecosystems.  The addition of phosphorus to a lake ecosystem, 
from either external or internal sources, can result in algal blooms if the concentration is raised above 
13 ppb.  In 2008, the invasive aquatic plant Eurasian watermilfoil (Myriophyllum spicatum) was 
discovered in the outlet cove of Salmon Lake.  The Maine Department of Environmental Protection 
(MDEP) immediately took action to contain and eliminate the plant, culminating with the application 
of an herbicide.  The success of these efforts is not yet known.

Water Quality
CEAT collected data on many water quality parameters including 
dissolved oxygen, transparency and phosphorus from 14 sites in 
Salmon Lake and McGrath Pond in the summer and fall of 2009.  
These data were combined with historic data to assess long-term 
trends and the current status of the lakes.  

Phosphorus Loading Model
Phosphorus export coefficients were assigned to each land use type in 
the watershed based on values obtained by MDEP studies for 
developing TMDLs on local lakes. Export coefficients were 
multiplied by the areas of land use types in the watershed and 
summed across all land use types to yield an estimate of the total 
external phosphorus load.  Future changes in land use patterns were 
incorporated to predict the impact of future development on the total 
external load.

Invasive Species Spread Model
Over 40,000 bathymetric measurements were taken using a Lowrance 
instrument, a combined sonar and GPS device, in the summer and fall 
of 2009.  ArcGIS® 9.3.1 was used to perform kriging interpolations 
to create a bathymetry map for the two lakes.  Depth categories were 
characterized by the likelihood of watermilfoil growth, which was 
based on available sunlight.  A map was created to depict these 
predictions.  

DEP’s Rapid Response Team hand-removing Eurasian 
watermilfoil from Salmon Lake.

Largest Contributors
•Model quantified the total external 
phosphorus load and the relative 
contribution of specific land uses
•Agricultural land, roads and 
shoreline residential land contributed 
disproportionally large amounts of 
phosphorus relative to surface area 
•The high impact of these lands is 
attributable to increased runoff and 
erosion facilitated by the clearing of 
natural vegetation and creation of 
impervious surfaces  

Eurasian Watermilfoil (Myriophyllum spicatum)

• Highly aggressive aquatic plant that crowds out native vegetation

• Discovered in the outlet cove of Salmon Lake on August 1, 2008

• MDEP launched its Rapid Response Plan immediately after confirmation 

• Controlled spread with diver removal and benthic barriers from August 2008 to July 2009 

• Number of plants increased with each dive, with 119 plants found on the July 1 dive

• Herbicide treatment was applied in September 2009

• The effectiveness of the treatment will be determined in Spring 2010

• New populations can be started 

by fragments of stems or roots

• CEAT used bathymetric data to 

highlight areas of infestation risk

• Depths classified by likeliness of 

growth

• Has the potential to cover 56% 

of Salmon Lake and all of 

McGrath Pond

• Could become established in 

Great Pond via the outlet cove

Transparency
• A measure of light penetration used to gauge algal growth, lake productivity and impacts of soil erosion  

• Transparency in Salmon Lake and McGrath Pond has improved in recent decades

• Salmon Lake has a mean of 5 m since 1975

• McGrath Pond has a mean of 5.7 m since 1975

• Salmon Lake is more productive than McGrath Pond

• Transparency in Salmon Lake and McGrath Pond is slightly worse than that of other Belgrade Lakes

Conclusion

Projections
•Total phosphorus concentration prediction given watershed development projections for 2020:
Low Estimate = 5.8 ppb; High Estimate = 24.8 ppb; Best Estimate = 12.9 ppb 
•Best estimate of 12.9 ppb is close to the critical 13 ppb threshold necessary to stimulate algal blooms
•Need for continued monitoring of development and lake health as well as strict code enforcement

• Overall improvement in water quality since the 1970s 
• Transparency has generally improved in both lakes, but McGrath Pond has shown a downward   

trend since 2007  
• Phosphorus loading from non-point sources continues to be a problem that could cause algal 

blooms  
• Residential development, roads, agricultural land and logged land are some of the largest 

contributors of phosphorus  
• Eurasian watermilfoil could spread to 56% of Salmon Lake, all of McGrath Pond and possibly 

into Great Pond 
• Continued monitoring of water quality and diligent efforts to eradicate Eurasian watermilfoil are 

essential to the future health of Salmon Lake and McGrath Pond 

Sites for water quality tests in the Salmon/McGrath watershed. Study area in relation to other Belgrade Lakes.

CEAT member collecting water 
sample.

CEAT member conducting a 
shoreline survey.

Historical mean transparency for Salmon Lake and McGrath Pond from 1975-2009.
Surface total phosphorus concentrations at all sites in 
Salmon Lake and McGrath Pond from September-09.

Land use composition (left) and percent contribution of land use types to the overall 
phosphorus load into Salmon Lake and McGrath Pond (right).

Eurasian watermilfoil

Potential spread of Eurasian watermilfoil based on bathymetric data. 
Circle indicates current location.
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