
• Forests are critical for the provision of safe and reliable drinking water globally

• Phosphorus is the limiting nutrient in freshwater aquatic ecosystems. Excess
nutrient loadings can cause harmful algal blooms that challenge drinking water
treatment operations

• Phosphorus transport in forested streams can increase after forest harvesting
operations

• Previous studies have focused on immediate post harvesting effects (< 5 years) on
phosphorus transport dynamics. However, the long-term legacy (> 10 years)
impacts are poorly documented

• Additionally, under changing environmental conditions (i.e., climate change)
forest harvesting impacts on water quantity and quality are of increasing concern
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Background 

• The TLW is a long-term experimental watershed located on the Great Lakes – St.
Lawrence Forest region within the Boreal Shield Ecozone of central Canada

• Originally created to evaluate the impacts of acid rain on small headwater
streams and lakes

• Thirteen sub-catchments within TLW have been monitored for water quantity and
quality since 1981. Three catchments were treated with clear cut, selection cut
and shelterwood cut harvest in 1997

• Data record used for this analysis spans from 1981 to 2012 (17 years pre harvest
and 15 years post harvest)

• TLW has experienced multiple disturbances including changing climate, recovery
from acid rain and forest harvesting

Study Area - Turkey Lakes Watershed (TLW)  

Changing Environmental Conditions and Trends in Forested Catchments 

• Declining trends in TP concentration and TP yield driven by the changing
environmental conditions observed at TLW

• These changing environmental conditions likely counteracted the impacts of
harvesting resulting in the small harvesting effects observed for TP
concentration and TP yield

Combined and Competing Effects on Total 
Phosphorus Concentration and Yield 

Harvesting Effects on Total Phosphorus Concentration and Yield 

Objective 1
• Evaluate long term changes within forested (non-harvested) catchments to

discern potential effects of environmental change on total phosphorus (TP)
concentration and yield

• Assess long term response of TP concentration and TP yield to changes in various
meteorological parameters

Objective 2

• Determine the pre harvesting as well as the immediate and legacy effects of three
harvesting treatments (clear cut, selective cut and shelterwood cut) on TP
concentration and yield

• Utilize a 31-year Before-After-Control-Impact study design with multiple control
catchments

Research Objectives & Approach  

• Decreasing trend in annual precipitation and increasing mean annual 
temperature related to changing climate 

• Recovery from acid rain also evident with declining trends in sulfate and 
nitrate deposition 

• Declines in total phosphorus in wet and dry deposition are observed  

• Trends in TP concentration are decreasing significantly in most forested 
catchments for the period of record 

• Exceptions include the wetland dominated catchments C37 and C38 which 
show increasing trends in TP concentration  

• Trends in TP yield have decreased significantly in most forested catchments 
for the period of record   

Meteorological Trends Trends in Total Phosphorus Concentration and Yield

Total Phosphorus Concentration 

Total Phosphorus Yield  

Mean Harvesting Effects 
• Clear Cut:  0.62 ± 1.16 to 0.91 ± 1.43 µg L-1

• Selection Cut: 0.34 ± 0.81 to 0.51 ± 1.01 µg L-1

• Shelterwood Cut 0.1 ± 1.24 to 0.32 ± 1.4 µg L-1

• Small but significant harvesting effects observed in the clear cut 
and selection cut catchment 

• Harvesting effects in order of largest to smallest were clear cut > 
selection cut > shelterwood cut 

• Largest harvesting effects observed 3 to 9 years after disturbance 
• Harvesting effects within the range of variability that naturally 

occurs between control and harvested catchments 
• Largest seasonal effects are observed in the spring and winter  

Mean Harvesting Effects 
• Clear Cut:  1.95 ± 3.18 to 2.93 ± 3.97 g ha-1

• Selection Cut: 1.92 ± 2.65 to 2.84 ± 3.17 g ha-1

• Shelterwood Cut 1.02 ± 2.71 to 2.07 ± 3.95 g ha-1

Annual Harvesting Effects 
• Clear Cut: -0.51 to 21.57 g ha-1 year-1

• Selection Cut: 0.06 to 14.38 g ha-1 year-1

• Shelterwood Cut: -3.5 to 20.89 g ha-1 year-1

• Small but significant harvesting effects observed in the clear cut 
and selection cut catchments

• Largest harvesting effects observed 3 to 9 years after disturbance 
• Harvesting effects in order of largest to smallest were the clear cut 

> selection cut > shelterwood cut 
• Largest seasonal effects observed in the spring and fall

Implications for Forest Management and 
Drinking Water Treatability 
• Small increases in TP concentration (< 2 µg L-1)  and TP yield (< 22 g ha-1 year-1) 

are unlikely to have an impact on downstream aquatic environments 
• Research has shown TP concentration thresholds causing harmful algal 

blooms range from 20 to 50 µg L-1

• Similar studies around the world (see table below) show that the impacts 
observed at TLW are relatively small

• Surprisingly the selection cut (lowest harvesting intensity) showed the second 
largest harvesting effects 
• Likely caused by a poorly constructed road that redirects surface runoff into 

the stream channel 
• Other studies that have found larger harvesting effects associated with road 

construction and site preparation 
• Shows that timber removal is not the main cause of degraded water quality 

but linear features and infrastructure associated with forest harvesting 
• Lack of an impact observed in the shelterwood cut catchment suggests that 

forest harvesting with appropriate road construction can be conducted on this 
landscape with little threat to drinking water treatability

• However, results may be confounded by the changing environmental conditions  
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