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ABSTRACT 
Limnological variables from 30 lakes situated along the proposed Mackenzie Gas Project pipeline route in the Canadian 

Northwest Territories were examined. Sampled lakes were shallow (Zmax = 1.5-30 m; mean depth = 6.6 m), generally nutrient poor 
(TP often ≤10 µg L-1), and alkaline (mean pH = 8.2). Floodplain lakes located within Arctic-tundra watersheds tended to have 
higher conductivity and major ions (Na, Cl, Ca, SO4) concentrations relative to non-flooded Arctic-tundra or forest-tundra lakes, 
reflecting differences in vegetation, elevation and most importantly, proximity to the Mackenzie River. The first two axes of a 
principal component analysis explained 56.1% of the variance in the environmental data. Variables most strongly associated with 
the first principal component axis were latitude, elevation, dissolved oxygen, temperature, conductivity and turbidity while the 
second principal component axis represented gradients of nutrients and Chlorophyll-a (Chl-a). Factors affecting Chl-a varied among 
the different ecological zones. This study provides reference data for future monitoring of potential effects of development and 
warming in the Arctic. 
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1. INTRODUCTION 

The lower Mackenzie River basin (MRB) is a rela-
tively isolated and undisturbed watershed located in the 
Canadian Northwest Territories (NT; MRBB 2004). 
However, this condition could change with the imple-
mentation of the Mackenzie Gas Project (MGP) with its 
three drill pads located in the Mackenzie River delta 
region and a pipeline running south 1220 km into north-
ern Alberta (Imperial Oil Resources Ventures Limited 
2004). Some of the activities related to drill pad and 
pipeline construction and operation that may have 
adverse effects on aquatic ecosystems include habitat 
disruption, water diversion and increased nutrient 
releases associated with sewage discharges (MRBB 
2004). Although some limnological studies have been 
conducted in the general area of the proposed drill pads 
and pipeline route, they focused on lakes in the upper 
Mackenzie River delta (Squires & Lesack 2003; Spears 
& Lesack 2006), on Tuktoyaktuk Peninsula (Fee et al. 
1988; Anema et al. 1990; Ramlal et al. 1991), or further 
south near Yellowknife, NT (Pienitz et al. 1997a, b). As 
well, baseline environmental impact assessment studies 
that were conducted as part of the MGP (Imperial Oil 
Resources Ventures Limited 2004), obtained very lim-
ited information on the water chemistry of lakes situated 
along the proposed pipeline route including Chloro-
phyll-a (Chl-a) concentrations and phytoplankton and 
invertebrate communities (Evans et al. 2007). Conse-

quently, there is a very limited understanding of the 
relationship between algal biomass (measured as Chl-a) 
and environmental factors in the lakes near the drill pad 
areas and along the pipeline route. 

Since the mid-1960s, empirical models based on the 
regressions of Chl-a on epilimnetic total phosphorus 
(TP) have been used to predict algal biomass in lakes 
(Sakamoto 1966; Schindler 1977; McCauley et al. 1989; 
Evans et al. 1996; Elser et al. 2007; Schindler et al. 
2008). Such models have strong support from empirical 
studies (Dillon & Rigler 1974), whole-lake experimen-
tal studies (Schindler 1977), and successful manage-
ment of eutrophication (Edmondson 1991). However, 
because these empirically-derived models were based 
on data from northern temperate regions, they may not 
apply to subarctic and Arctic lakes (Flanagan et al. 
2003).  

Recent studies suggest that Arctic freshwaters 
respond differently to TP addition than temperate sys-
tems because they have very different chemical and 
physical properties (Rűhland et al. 2003; Prowse et al. 
2006). Moreover, dramatic changes in the prevailing 
environmental features of the Arctic (i.e., extreme sea-
sonal variations in solar radiation and water tempera-
tures, and persistently low nutrients) due to global cli-
mate change may have profound effects on phyto-
plankton biomass. Some of the effects associated with 
warming, such as reduced ice cover and thawing perma-
frost in combination with increased water temperatures 


